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Technical Bulletin No. 1043, 1951

.  UNITED STATES .+ °
PEPARTMENT OF AGRICULTURE
WASHINGTON, D. €. .. .

»

Marketing Potential for Oilseed Protein

Materials in Industrial Uses

Aoreport of Arthur D, Little, Inc., nncer contract as authorized by
the Research and Mavketing Act

INTRODUCTION

Tour principal oilseed crops make large contributions to farmers’
incomes. They are cottonseed, soybeans, peanuts, and flax, In 1949
they contributed considerably more than a billion dollars to farm
income and they utilized morve than 12 percent of the total cropland
acreage. The largest soturce of income from these crops was the
extracted oil. but the meal of high protein conteut, a residual from
the oil extraction process, is an increasingly valuable source of pratein
wmaterials for feed, food, and industrial uses.

The dry protein content of oilseed meals reached almost 7 billion
pounds during 1949, About 98 percent of this protein was utilized for
feed and fertilizer. The remaining 2 percent was almost evenly
divided between industrial uses: the profein wus used primarily for
its physical or chemical properties or for food uses in which its
human-nutritional properties had value. The quantity absorbed by
industrial uses are relatively small compared with the total supply,
but the &3 million pounds utilized in that year provided u higher
return per wnit to the supplier than did the portion that was used for
feed. Continuing research by industrial and governmental labora-
tories indicates that future industrial utilization of oilseed proteins
perhaps could reach five times the 1949 figure within the next few
years.

"The data on which this analysis is based were collected during the
period September 1949 through July 1950, Since that time, changes
have taken place in the oilsced sitnation and in economic conditions in
general. Several notations have been made throughout the text to
bring the information contained therein up to date as much as pos-
sible. Although this study was originally intended to aid develop-
mental research in expanding the outlets for oilseed matervials, the
report now is of value in helping to disclose the role of oilseed

' Subinitted for publiention May 18, 1051.
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materials during the present emergency. Oilseed materials are and
can be used to supplement and replace materials in critical uses that
are in short supply at the time this manuscript is going to press.

Protein from the major supplying crops is derived from widely
scattered agricultural areas. With cottonseed coming from the South
and the Southwest, soybeans from the Middle West and the South,
peanuts from the South and the Southwest, and flax from the northern
Great Plains, the utilization of these crops is impovtant to almost
every agricultural area. The interchangeability of these crops and
the byproduct nature of the protein meal means a complex patiern of
supply relationships. The substitution of soybeans for crops that are
under acreage control, as corn and cotton, and the interrelation be-
tween peanuis for edible and for oil uses make the supply pattern even
more complex, .

Increased production of fats and oils since World War 11, to offset
the eritical supply situation, resulted in a like inevease in the vesidual
protein meals. So far, the increased production of livestock has con-
sumed this increased supply. But the need for research to assist in
the advantageous utilization of these valuable protein materials is
evident.

The nature of this study necessarily demands g relatively long and
technical report. The data ave presented in major groups of uses or
application: Textiles, paper coating, weed-working glues, other
adhesives, water paints, rubber, plastics, asphalt proﬁucts, and mis-
cellaneous uses. An adéditional section contains the data on supplies
of the several oilseed protein materials. Many of the applications are
not limited specifically to one of these listed categories. In such
instances, cross veferences ave made, when possible, to prevent dupli-
cation in presentation.

As a part of the work undertaken by the contractor, specific
recommendations on research needs were collected from many of the
organizations interviewed. Although general statements ate given in
this bulletin, derived from the data obtained in regard to specific
research needed, most of these suggestions have already been supplied
to interested parties.

OBJECTIVES OF STUDY

This study was designed to ascertain the present status of oilseed
protein meals in industrial uses and to measure the potential which
might reasonably be expected in thesc uses within the next few years.

The quantity of oilseed protein consumed in Industrial uses has
been inereasing gradually for several years. The proportionate use
of protein materinls in specific uses has been decreasing but in several
instances the growth of these Industries has increased their total
utilization of protein. The decline in industrial use of protein has
been attributable chiefly to the use of stavches and synthetics in the ad-
hesives fields. ‘The general feeling among those who were interviewed
in the course of this study indicates that the large store of basic funda-
mental information thatis available regarding the competing starches
and synthetics has placed these commodities in a better competitive
position in relation (o protein materials. Research on the basic char-
acteristics of starches and in the application of synthetics to specific
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uges has far cutdistanced the available knowledge on the physical and
chemical charactevistics of the protein molecules.

Those in the U. 8. Department of Agriculture who ave concerned
with physical reseaveh on oilsecd proteins had suspeeted that the pro-
tein materials were in a poor competitive position because of lack of
vesearch, They wanted to learn the possibilities as to the future in-
dustrial use of these materials in ovder so to divect theirv research that
it might more easily contribute to expanding the industrial uses.

To fnlfill the major objective of the study it was neecssary to learn
the characteristies that ave wanted by the major users in both the pro-
teins now used and in the competing materials in these uses. The
data presented in this bulletin supply to governmental and industrial
research organizations infermation which may punide them in some of
their futuve researches.

METHOD AND PROCEDURE OF STUDY

The basic method used in this study was a field survey to obtain
opinions of representatives of selected industrial organizations that
supply or use oilseed protein materials or competing products. A
total of 222 interviews with representatives of 195 companies were
completed. The contract with Arthur D. Little, Inc. required at least
100 interviews, including 30 specified suppliers. Most of the informa-
tion was obtained in personal interviews with the appropriate repre-
senfatives of each organization. The remainder of the interviews were
made by telephone, usually after letters hnd been sent. Less than a
dozen interviews were based on a mere exchange of correspondence.
The personal interviews were mainty in large industrial areas and,
becaunse of the nature of the using indusivies, were scattered from
Maine to Washington and from Califernia to Georgie, Interviewing
on this study took place during the period of September 1949 to July
1950,

The selection of firms to be interviewed was determined in the fol-
lowing way. The Bureau of Agricultural Econemics furnished the
contractor with the names of key suppliers and users of vegetable
protein materials. These firms represented the nucleus of the sample.
To expand the sample, these fring were asked to suggest possible
firms to be interviewed. Other fivins were included on the basis of the
contractor's acquaintance with them or their couvenience to other
companies to be interviewed.! Basicully, the critoria nsed for the
final selection of firms to be inferviewed were (1) the size of the Rrm
in the industry, (2) the kind and extent of the research program
being carried on there, and (3} the special inlerests of the firm.

Users were interviewed in almost all of the industries in which pro-
tein materials are used.  This meant a seattering of interviews over
far too many industries to leave enough in any one industry to war-
rant scientific sampling within it.  For the protein-using mdustrics
most important fo this survey, however, organizations that repre-

*Retatively fow raw-naterizl supplicr- were interviowed heyond the 40 Syei-
fiedl in the contrael, This was beennse (1) the protein-supply situation was found
aot to be n onajor factur ia the choiee of malvrinl used except in the ease of
peanut proteins, wheat ghuten, nnd eagein, and (2} intormediate suppliers and
users fended te be befter sources of Information pn protein-use eharaeteristios,
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sented large proportions of the total production were interviewed,
and indirect appraisals of the entire industry were obtained through
suppliers,

Nearly all organizations with whom interviews were sought re-
sponded cooperatively, but the nature andl extent of their responses
varied greatjy. Buch variables were involved as their interests and
information, the policy of the industry and organization, willingness
to assist Federal research, and the time ut the disposal of the inter-
viewed men. 1t was difficult—in the instunce of some industries im-
possivle—to obtain reliable quontitative estimates for the industry;
sometimes it was difficult to get even reasonably good bases from which
these might be estimated, such as the use of estimates made by indi-
vidual companies of their own operations.

Interview outlines were prepared in advance, and were modified
after initial trial. Although they were freely adapted to the major
separate industries, to obtain from each organization information
on those points on which they could contribute most, usually required
congiderable improvisation during the interview. After each inter-
view a memorandum was prepared covering practically every point
for later use in preparing tLe report of the contractor.

Personnel engaged in the interviewing were a highly trained group.
Besides having considerabls experience as interviewers, they were
chemists or engineers specially trained in the fields of technical re-
search in which they were interviewing.

In addition to the information obtaired from interviews, data were
assembled from standard reference sources relating to supplies,
prices, protein content, physical constants, etc. There were 1o sub-
stantial attempts to make any general reviews of the literature of the
subjects because of the emphasis of this assignment on a direct field
survey.

SUMMARY REGARDING USES IN INDUSTRY

Oilseed meals predominate among the sources of protein. Qnly
a small quantity is used industrinlly. Nearly all of the nonfood in-
dustrial uses for oilseed proteins with the exception of the uses of
zein have been achieved at the expense of casein, yet their total use is
still essentially no more than that of easein. Further inreads on casein
markets are expected by research men as improvement of oilseed pro-
tein isolates continues, except to the extent thai the costs of casein
become more favorable to such uses than those of oilseed proteins.
This is a possibility for the intermediate future but is generally con-
sidered improbable for the long-term future. But for only two among
the large markets for animal glue and gelatin (warp sizing and photo-
graphic emulsions) do oilseed proteins appear to be seriously con-
sidered, and synthetics are of principal development interest for both,

The following tabulation mdicates the preponderance of oilseed
meals among protein sourges, and the small quantity used industriaily.
It also summarizes the supply situation of oilseed proteins and com-
petitive animal protein byproducts used in industry. This is based
for raw materials on the year beginning Qctober 1948. Estimates
of use are of the current unnual level. All data are in millions of
pounds of contained dry protein,
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The principal nalural prefeins production, U. 8., 1948

pgcl}n Teem ) o

Hem profein

Dasic matorials: mitionl] EStiTnated uses, ete.—Continued

Oilseed mesls: poxnds]| Oilgeed mesls, etc.—Con. (mittion

Soyhean. .. ... ... 3. 895 Other induatrial uses-—Con. | pounds)
Cottonseed..... . .___. .| 2,126 Zei 5
Corn gluten 424 55
Peanub. . . . _ ... . 85

Fiaxseced. . . 468 580

Total. _ R coo.] 5,908 Casein_..

Fishmeal..__ ... ......_. 1A Gelatin:
Tankage, ete ... . _____._. Foodo . ..l
Estimated uses cxcepd wool, Other
feed nud fertilizer;
Oilseed meals and products:
Food uses__ . e e k
Qther industrial uses: Beg. ... e
Sovbean isolntes Biood slbumen
Soybean meal.__ . .. . Gjf  Blood soluble

Soy-protein isolate and soy meal are by far the leading oilseed
proteins used in industry.®  Soy flour, zein, and corn gluten, are also
used in industry as are small quantities of cottonseed meal and, irregu-
larly, peanot meal. Table 1 gives a summary of their estimated uses
(annual rates as of early 1950), together with the uses of casein, their
chief competitor. Estimates of their trend and outlvok are included.
The table also carries estimates (sometimes very rough guesses) that
have been mude of the quantities of oilseed proteins which might uiti-
mately be used if these, and processes for their application, are de-
veloped as well us may be reasonably hoped; and estimates of the
probability of reasonuable success in such a development. In estimat-
ing reasonable success in development, no implication is intended that
any pavticular portion of the estimated potential will be achieved.

TEXTILES

Althongh only a few million pounds of regencruted protein fibers,
made from zein and from casein. arve currently produces in this coun-
try, one of the most promising possibilities of increased industrial
nse of oilseed p‘roteins?i esin this field. The production of fibers from
peanut protein in Britain and the development of keratin fiber in
this conniry fend o substaniinie this point of view. The potentiali-
ties of the development of regenerated protein fibers generally pro-
vide the best justification for the fundamental research on proteins
that can contribute to proper development.

Rrcexgraren Proveiy ¥iekus—Fibers and monofilaments made of
regencrated or medified oilseed proteins together represent one of the
four principal oppeortunities for oilseed proteins in the textile indus-

*Mhe contruet specifically exclwiled fourd, feed, and fertilizer nses of protein
materials [roin this siwdy. Thls was done te provide ng intensive a surver of
industrint uses of protein muterinds ns possible with the fands available,
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Rubher produets:
Tire cord dips.. ... . .. 4
Latex adhesives. - . , ir 't Do.

Rubber dispersions. o 0 . | . 1 | Fai Same
Plasties: o , :
Extruded. .. ... .. r i Fair to poor.

Fillers. . . oo odun Lol
- Asphall products: ‘
Felt, base floor covering. . .. 2 1 3. 3 | Fair. Good.
Emulsions. .. .. ... L] 0 . 5 Fair.
Food;
Nutritional, ete . I A . - . R -
S(,n.s()nmgs B T S . S L (35) ) Jixed . _..b..o. .. Large Fair.
Whipping, ;.,cllmg n;.,enl% ! 0 2 Fair. . .. 10 Do,
Dyastatic enzyme. .. .. ( 0 €3] 19 JR, (7).
7 Tudustrial nutrients. ... .- A N ) o I P A U1 63 A
Miscellaneous nses; 1
Insecticide emuilsifiers. ? 0 ]
Fire foam liguids. . _.._....0 0 . 28 2) 0 0 ® Fair to
poor.
Printing inks... . ... ) (N M Good... .- Tair to good.
Closmetics . . S 16 T PO DO
Leather finishing | L . 6 e } M Rair. .. . . 5 | Fair,
Photography. .. . 0 0 100( . Rair {0 poor.
Not clam\ here elnssified . 4 R 13 e e

Total ., . s 59 ; 5. 5 t a5l 140
Protein confont . NN B 2.9 ] 5 L5 | 112

STIVIYALVIN. NITLOYd ¥O0d SIVILNALOd LAMHVIN

1100,000 o 500,000 pounds. 5 Including 2,000,000 pounds ncutral aqucous extracts; not, stand-
2 Under 100,000 pmm(h ard alkaline acid-precipitated extraets.
I Mostly co(ion:(-éd meal, ¢ Steep-liquor products.

¢ Mostly wheat glutens
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try. The size of the potential market, which can be measured from
millions of pounds {o several hundred miltion pounds per year, de-
pends not only on the ability of the fibers to compete In price with
existing and prospective synthetic fbers, but also on improved knowl-
edge by the textile indusiry on how to utilize these new fibers to the
fullest advantage. The preduction in the United Stutes in 1949-50
of fibers and monofiluments from oilseed proteins and from ecascin
was less than 8 willion pounds® Move research of a velatively basic
character will be requived if they are to compete more effectively with
the newer synthetic fibers now being commercialized.

It is possible that regenerated protein fibers may supplement or
replace in part some natural fibers now in use. Even part of the mun-
afacturing arer held by nylon and seme other synthetics is a current
objective of at least one large company in this ficld. Tt is basing its
expeclations on the excepiona] resilience which these fibers seem to
possess but which most synthetics lack. This entive fiber field has
snbstantial strategic as well us economic and technical significance.

It 3s much too early to estimate the polential mavket Tor regeuer-
ated protein fibers or the newer synthetic fibers in staple form, cither
in replacing natural protein Bbers or in noncompetitive uses. Our
growth of population 1s expanding the total murket for fibers. More-
over, the lower cost and the “tailor-made” possibilities of these vegen-
erated fibers suggest their potential use for many purposes for which
natural prolein fibers ave now too expensive or are not well suited,
just as rayon and nylon have developed many markets not previously
held by siik, and as protein monolilainents now may be reaching both
into and beyond the markets held by horsehair,

Two {ypes of regenerated protein fibers, Vicara {u staple fiber
from zein) and Caslen (amonofilament from easein) are in production
in the United States; another from keratin is approaching produc-
tion here; and fibers based on peanut protein are under development
by the largest British rayon company, and are about to be vommer-
cially produced by the Jargest British chemieal company.t Hence,
although world production” in 1930 will probubly not exceed a rate
of about & million ponnds (nsing an cquivalent guantity of pure pro-
tein) if all goes well, the 1955 production could become 10 times as
Jarge, with further growth bevond that.

Regenernted protein fibers appear to have characteristics—notably
the combination of warmih and resilience—which, when more Tully
developed, will permit them to compete in substantial parts of the
market against any synthetics now known to be in production or
under active development. Their disadvaniages—notably poor wet
strength—have been subjeet to sfeady attrition through continuing
vesearch, and appear capable of sabstantial further 1mprovement,
especinlly as the enrrent knowledge of protein molecular structures,
which iz now limited, is broadened. It cannot now be predicted to
what extent oilseed proteins may conlinue their present dominance

* Ono of the four opportunites is throngh tive.cord dips, ‘Ihis s disenssod in
the seclion on rubber Loginning on page 77,

*Phe production rale In May 1957 is belioved Lo be nbout 5 mittion ponuls of
synthetic fibers fram oilsers protoing and ensein,

* Imperinl Chemienl Industries, Tid., hns begun commercinl production of this
fiber at an nanual rate reperted to he 190,000,000 pounds,
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in this field. Other proteins that are now cheap—from fish-process-
ing plants, meat and poultry packers, and wool processors and shoddy
milis—are available. Some of these ure definitely attractive to re-
search workers,

Ware Sizinc.—Warp sizing offers another prineipal opportunity
for oilseed proteins. It comsists of sizing-Rlament rayen warp
threads before they are woven; the sizing 1s removed later. The
potential market is now about 12 million pounds per year. Its
achievement by oilseed proteins would probably require more busic
development than has yet been provided. Inroads by synthetics
would probably be reversed if prices for proteins should drop sub-
stantially. Modernization of warp-sized mills may aid the position
of oilseed proteins in this industry.

Trxrree Frxismine.—Textile finishing offers another opportunity
in the feld of permanently sizing woven goods. This area is di-
vided into hundreds of specialized applications. Oilseed proteins
may eventually be adapted for wse in some of these, probably in
small specialties: but such adaptation seems worth frying only by
specialty companies that serve or operate in the textiie-finishing in-
dustry.  The consensus seems to be that the total potentially realiz-
able market for oilseed proteins in this use is relatively small. 1In
general, those applications for which proteins might be best suited
are now using, or moving rapidly toward, synthetic resin compo-
sitions.

Shade cloth from which window shades are made, has represented
the principal textile-finishing use for proteins: its cutlook reems too
oor to warrant any considerable direct effort toward this use on

chalf of oilseed proteins. .\ larger present use (1 million pounds
of casein and oilseed proteins per vear) is as an undersize for resin
coatings. but casein is used principally. Oilseed proteins have ap-
p:u'enﬁv obtained only Limited acceptance for this use: synthetics
ave actively and increasingly competing.

Parer COATING

Qilseed proteins have been used in the paper industry n varying
quantities for pigment coating. wallpaper coating. insulating-
beard coating and plying, in adhesives for plying paper and board.
and for paper sizing, They have been tried with variable success
as adhesive coatings and as clear coatings or over-coatings for paper.

Preanxt Coarixa—Soy-protein isolate is widely substituted for
rasein in pigment coating paper and paperboard. for the purpose
of binding pigments to the paper sfock and fo ench other. This 18
much the largest use of proteins by the paper industry—about 145
million pounds of soy-protein isolate and 20 million pou nels of ¢asein
are so used annually, At present, the outlook for nee of oilsead pro-
teing in this industry is threatened by latex additions. other syn-
{hetics. and starch coatings, which are maling jnvoads in this use.
But development of better rheological properties and further ex-
pansion in the demand for water-resistant coated paper may be off-
setting factors. .

WatLearzr Coarixe~—In coating wallpaper, soy-protein isolate
is preferred to casein because of superior rheological characteristics,
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brighter finishes, and lower price.  About 5 million pounds of soy-
protein isolate are used for this purpose annually, in addition to 2.5
million pounds protein content of soy flour. Latex is veducing the
nse of soy-protein isolate; indications arve that it may replace as
much ag one-third of the present use.

Ixnsvnarixe-Boarn Coamixg axn Pryixe.—Only about one-tenth
of the total 2 to 1+ million pounds of couting used 11 connection with
insulating board its now made by the proteins. Soy isolate and
ensein ure nsed but soy has the Targest part of the protein muket
Tor this use. Htarch is the predominant coating material used. but
is not wholly satisfactory, It satislactory properties are developed
in oilseedd proteing, they muy take over a part of the market now
lield by starch,

Crear Coamyes, Costaoxny Over-Coarizas—Synthetic  resing
and related materials are usually applied to get clear coatings, com-
menly called over-coatings. Shellac is sometimes used, and zein has
won some rather snull nse as a shellue-like material, _

Apmnsivr Coar xoas—8ov-protein and espeeially peanut-protein
isolates have been iried as « replucement for dextring and for animal
glues as adhesive coutings on stamps, envelopes, gummed paper tape.
ete., hut it 18 not in commereinl nse.

Parer S1ze—Soy-protein-stabilized beater sizing that is rosin-based
is nsed to some extent in the paper industry. There is no basis for
r«stilﬁating the quantity of soy protein so used, but appavently it is
small.,

Woonwonkise GLUES

(ilnes for the production of plywood and related vencer products
constitufe the Inrgest industvial (that is, nonnulritional) use of S0y
meal other than for the production of soy-protein isolafe, coating
paper. and wallpaper.  The plywood industry nses about 42 million
pounds of soy meal annually, * 1t also uses roughly an annual 3 million
pounds cach of cusein and of Dlood, hut uses practically na say-protein
isolate, Tt has used peanut and cottonseed menls as adhesives, and
rvetaing a moderate interest in the former.  The production of plywood
and velated veneer produets uses far more glues than dees any other
pavt of the woodworking industry.

Soy-meal glues have been Tosing ground to phienolic resing in theiv
majn market—sofiwond plywood—and they havé been losing to urea
vesing in the produetion of hardwood plywoad. Tn bolh instances,
but especinlly in relation to phenolies. the situation has tended to
become temporavily stabilized.” Research in industry on gluing tech-
nology, soy-meal eharneteristics. and the rheology of soy-meal solu-
tions has helped soy meal o hold its position.  The long-ferm outlook
Tor the production of soltwood plywood and trends in the technology
of the Industry, suggest that soy meal will need more research if if, 13
to hold its ground here, but (hat sueh reseaveh will be fraitful. The
work of the Southern Regional Research Taboratory of the United
States Department of Agriculiure, on mixtures of dilseed meal and
uvea (not uren aldehyde resing) may strengthen the position of ailseed
meals, especinlly in the hardwood plywood industry, hut this hiad not
yet been evalunted by users who were interviewed in’ this study.
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OTtHER ApuEeSivE [JsEs

The greatest possibilities in this field for additional use of oilseggl
proteins appear to lie in connection with solid fiberboard (perhaps
a million pounds—one-fourth of the annual potentinl of 4 million
pounds—is now so used} and in spotting thin cork-bonrd inserts on
metnl bottle caps (w market of comparab%e size). The adaptation of
soy-protein isolate for use in the manufncture of solid fiberboard
shipping boxes has been successful, but the maore general potentialities
of oilseed proteins are in the production of corrugated fiberboard
shipping containers, which is the largest muarket for adhesive. In
peacetime, solid fAberboard boxes constitute only 4 percent of the
fiberboard shipping-box industry; they ave much move important in
wartinie for tough export containers. Conswmption of easein and oil-
seed proteins us ndhesives for purposes other than woodworking up-
proximates 5 million pounds per wvear; most of this is casein,
Consumption liere continues to decline, however, as competing mate-
rials ave improved in quality or arve reduced in cost. For many uses,
synthetic materials, particularly the vinyls, have proved to be superior
in both quality and ease of handling; the better control of adhesive
film whieh they impart frequently means savings in costs.  Adhesives
based on starch usually ave considerably clicaper; progress in starch
technology has made staveh products inevensi ng]ly vigrorous competitors
ol profeins, especially in the absence of comparuble knowledge on
which to build protein developments. ‘Ihervefore, any veally Inrge-
seale use of vegetable proteins must be in competition with starch and
silicate of soda, used Tor the manulacture of corrugnted board. It
seems doubtful {hat proteins will be able to overcome the ndvantages of
these minferials as corrugated-hoard adhesives.

Multiwall paper bags offer n velatively large market for adhesives,
of which oilsted proteins might nehiove an attractive minor shave, be-
cause of their waler resistance, if they were developed so they eould
be applied cheaply.

Miscellaneous prepared adhesives will benefit by oilseed protein
research generally, but most ol their markets are too diverse to appear
to warrant special effort except within that industry or by users.

Warer Paixts

Consimption of the powder-nnd-puste tvpe of water painls con-
tinues to decline ns the resin-emulsion Lype meels growing consumer
acceptance. ‘The husiness of wuter-thinned puints hus declined some-
what Trom the peak war and early postwar demands to a velutively
stable sules Ieveﬁ of #0,000.000: this represents only about -k percent
of the total paint industry. However, technological improvements
in the resin-emulsion paint industry are expected to lead to some
future growth in the use of water paints.

Synthetic emulsifying ageuts threaten proteins over the long term,
but their eurvent use is limited by theiv higher costs.  About 6 million
pounls of casein and 4 million pounds of oilseed proteins are currently
used in water paints, The 6 million pounds of casein afford a likely
target for l’m'dmr development of soy 1solate and corn gluten. Some
tendency toward the use of # declining quantity of protein per gallon
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of water paint may be offset by a gradually expunding market, espe-
cially for the latex or resin-emulsion £ype of paint.

* A moderate forther increase (about 1 million pounds) in the use
of zein in special markets for spirit varnishes seems probable as appli-
cation development continues by its produeer.

Rusprk

The tire-cord dip mavket which uses proteins (usually cnsein) to
promote better adhesion to the rubber-tire stock, is the most signifieant
use of proteins in the robber feld, consuming about 4 million pounds
of casein per year. The magnitude of casein consnmption In other
Intex products is not readily estimated but it is probably about 2
million pounds per year. This makes the total consumption of protein
in association with rubber about ¢ millien pounds annually. Apart
Trom a decided trend toward the use of synthetic vesins, partienlarly
for tire-cord dips, these markets are fairly stable and no other im-
mediate shifts in consumplion are forescenble. It does not seem
probable that oilseed proteins can suceessfully compete for these rubber
!atex markets. unless there ave marked improvements in their quality.
However, results of semi-fundamental research on otlseed proteins, 1f
undertaken for the lurger potentials, may be applied to displace easein
(now 6 million pounds cnrrently used} from use in tire-cord dips and
in latex adhesives. But as vesorcinol resins are tending to displace
casein in the making of the tires, the oilsced proteins will have to watch
this market carefully.

PLastics

Use of cilseed proteins as vesin extenders and Allers for plastics is
gencrally considered to be distinetly unattractive, B]om}-phonnli(-
resin combinatiens in plywood glues, however, suggest some poten-
tialities for oilseed protein research. The limited and deelining use
of casein for exiraded plastics is potentially replaceable by oilseed
proteins, but unless based on useful new knowledge about the char-
acteristics of oilseed protein, renewed attempts to secure this market
may not be warranted.

Asruant Propucts

Printed felt base, as the least expensive of floor coverings, represents
= velatively stable industry, using annually roughly 3 million pounds
of protein ; casein ncconnts for 2 million pounds and soy-protein isolate
the remaining 1 million pounds. The use of asphalt emulsions in
roads is alse a stable market and one in which the consumption of
protein may conceivably beinereased. At present, economic considera-
tions have limited such consumption to less than 1 million pounds per
year of protein in a crude form.  Cottonseed and soy proteins compete
with cagein, blood, and lignin, for this market.

MiiscerLLaneous Usis

Except zein-based inks, and the possibilities of purified oilseed
proteins for nse in photography, other miscellaneous nses of oilsced
proteins do nob appear to warrant speeinl effort.  Both of these, how-
ever, would potentiaily provide substantial specialty markels, requir-
ing considerable research.
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SvuppLies oF Onseep PrRoTEINS

Except tor peanut protein and wheat gluten, supplies of the oilseed
proteins on which development has been bused so $ar seem to be ample
in eomparison with any prospective need. The development of pea-
nut protein in this country depends in purt on working out Iower costs
in the production of the peanuts and providing a large and reliable
supply for the regniar production of oil and meul, rather than divert-
ing only the snrpluses to such milling. The use of wheat gluten is
linsited by the market for wheat starel, of which it is & minor by-
product. Supplies of casein have been irregular, and most imports
have been poor and vaviable in quality; these facts have helped the
acceptance of soy-protein isolate in competition with ensein.  Current
development of soy-protein isolate having several standard rhedlogical
chavacteristics is likely to assist such displacements.

TEXTILES OFFER AN INTERESTING POTENTIAL FOR OILSEEDS
Recexerateh Provey Finuns

The term “regenerated profein fibers™ as nsed here means protein
fibers which have been manufactured hy dissolving proteins in a sol-
vent, extnding them through a die, and subsequently coagnlating
them to form a Alament,  The term “regenerated™ is intended to dis-
tinguish them from “natural” protein fibers, sueh as woel ov sillk, Tt
is not wholtly satisfactory: some ave inclined to think that “synthetic”
world be more deseriplive.  But that term has eertain shortcomings
also, us the proteins used in preparing these fibers nve not stricily
synthetic. The disadvaniage of the word “regenevated™ resides in the
fact that mumny of the protein fibers have been prepared from such
proteing as zemn or casein which never existed in o fibrous form.
Nevertheless the term s nsed throughout this bulletin as it appears to
he a relatively well-accepted definition of fibers of this kind.

The hisrory of vegenerated profein fihers goes back several hun-
dred years but thelr commercial production began much more
recently. Appavently the fiest lnrge-seale production of protein fibers
from casein was initiated in Ttaly in 1935, These fibers were sold
there under tliec name of Tanitul. At the shime time fhey were manu-
factured und sokl in Germany under the nume of Tiolan, and in
Belgimm under the name of Cargauw,  Later, in the United States a

asein fiber seld as Aralac has been produced which wus used on a sub-

stantial seale during the war as a supplement for wool and also as a
substitute for hair in the manutaciuve of felt hats.  The manutncture
ol casein moanofilaments {relatively coarse fibers), ns an alteraative
for curled horsebair and curled cattle hair, has been undertaken.

Soy-protein isolate has also heen used in the manufacture of iibers ™
In this country inferest in this development was noted, and s early
as 1939 textile fibers made from soy prolein woere exhibited.  ‘The soy-
protein fibers manufactured in this country have been on an experi-
mental basis and have not reached commercinl production.  The pro-

Tiiercaficr In thils letln the ierm “soy isolnke will be used in most enses
rather than “sov-protein isolufe,” Other vogelnbie protein isolntes will be han
dled in the snine way.
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duction of textile fibers from soy protein was noted in Germany as
early as 1940. .

Peanut protein has also been used. Courtaulds, in Britain, has
been experimenting with this material for a considerable period and
1t is thought that they have peanut-protein fibers in production on
& pilot-plant scale. Of more immediate importarnce is the work, also
in Britain; of Imperial Chemical Industries, Ltd., which is now pro-
ducing peanut-protein fibers in & pilot plant on a small scale, and
expects to have them available in commercial quantities in the near
fature.”

Zein (corn protein) is currently being used in the production cf
fiber and is sold commercially under the trade name of Vicara,

Reasons ror Interest.—This considerable interest in the produc-
tion of fibers from proteins, particularly at the ﬂ)resent time when
increasing pumbers of synthetics are becomin & available, raises funda-
mental questions concerning their potentialities. The early develop-
ment worle probably was initiated in the hope of producing a low-
cost fiber similar in its properties to silk. More recently, work has
been directed toward the development of a fiber which might be used
economically and satisfactorily as a blend or other type of supple-
ment for inadeguate supplies of wool. This interest has been in-
creased by the fact that wool production in the United States, during
recent, years, has averaged less than 75 percent of the average clip for
the 1980%. Moreover, despite continned growth in world popula-
tion and in world consumption of textiles generally, the world produe-
tion of wool has expanded very Jittle beyond the average for the 1030%
and world production of fine wools has declined slightly.

Prorerries.—The rather meager physieal data that ave available
indicate that regenerated protein fibers have several features that
tend to offer market opportunities:

(1) The regenerated protein fibers can be produced in essentially
any desived diameter. This is especially important, as fine wools are
becoming increasingly scarce. Similarly the fibers can be produced
in any desired staple length.

(2) Like natural protein Gbers—such as wool and silk—regener-
ated protein fibers ave resilient. The following tabulation indicates
that, under Jong-term loads, regenerated profein fibers tend to show
a much higher degree of recovery than do such cellulosic fibers as

sisal.

Restleney at 50 per
cent B, HLY relativey

Hovaehasv__. 100
50-50 mixtnre of curled horse hog hair 67
High-grade sisal - an
Wool ———— . S0
Coslen {eascin fiber) 43
Curled regenerated keratin 80

! Based on tests recently developed for monollaments hy Avthur D, Little, Ine,

Another convineing demonstration of the resiliency of regenerated
casein yarn has been made at the Bastern Regional Research Labora-
tory, where it has Leen shown that if casen and vayon yarns ave
elongated to a similar extent, the casein yarn thereafter retuins almost

* 8oe footnote §, p. 8.
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to its original length whereas the rayon shows a much higher degree
of permanent elongation.

{3) Improved resistance to moths and carpet beeties is a potential
property of these fibers: By incorporating mercury salts or other
nsecticides in the fibers, they can apparently be made compleiely
resistant to these insects. 1t is expected that other less objectionable
agents can be found that will be suitable for this purpose.

“(4) In their susceptibility to dyes, regenerated protein filaments
ave generally shmilar to wool, and are-far superior to synthetics (8).°
Atterapts have been made fo untilize the dyeability of proteins in
viscose rayon by incorporating casein in the spinning dope. Snia
Viscosa, in Ttaly, produced expermmentally such a procFuct ander the
uname of Cisalfa, which eontained 3 percent casein. Iis development
was abandoned during the war when skim milk was requirved for food
and was not available for nonessential casein uses. No record of
trial in this country has been noted. Possibly this is a potential use
for oilseed proteins. A partially hydrolyzed wool product (from
serap wool) has been developed in the United States for this purpose.

Se far this discussion has centered about the comparatively good
properties of regenerated protein fibers. A considerable number of
major disadvantages of regenerated protein fibers are found when
they are compared with comnpeting fibers.

Some of the disadvaniages may never be overcome entirely owing
to the inherent characteristics of the fiber. Some of the mherent
advantages of wool, as its warmth, its insulating qualities, its resil-
iency, and its dyeing qualities, may never be overcome. This is more
fully discussed on page 18. f—Iowever, some disandvantage attvibuted
to regenerafed protein fibers which might be avercome by more funda-
mental research on the protein molecule follow,

{1) Most of the fibers of this type show some color; only easein
fibers can be made almost white.

(2} None of these fibers has yet achieved a dry tensile strength
equal to that of wool.®

{8) The fibers’ Iack of cystine as found in wool. Some cross-link-
ing agent for regenerated protein fibers might be developed to com-
pensate for this lack, The cystine imparts a high degree of cross-
linking and is believed fo be responsible in part for wool’s excellent
resilience.

(4} Regenerated protein fibers ave not so resistant to strong sulfuric
acid. An important characteristic of wool is its resistance to this
acid, which permits it to be recovered for re-use from wastes in whieh
it is mixed with other fibers, particularly cotiton. More intimate ac-
quaintance with the protein molecule might lead to corvection of this
fack. : -

{5) Regenerated protein fibers tend to putrefy, because of the ac-
tion of bacterin and fungi. This is particularly true of casein fibers,
Treatment by the commonly accepted bactericides and fungicides
has been ineffective.
* Tigures in pirentheses refer to literntare eited, 1. 119,

*The dry tensile strength of Inboratory zein fiber has been shown io be enqual
£c the average strength for wool.

353359—351- 2




16 TECHNICAL BULLETIN 1043, U. S. DEPT. OF AGRICUUIURE

(6) The poot wet strength and related mechanical fuilure of re-
generated protein fibers has been a serious handicap.’* Substantial
progress has been made toward minimizing these disadvantages. The
Eastern Regional Research Laboratory has reported the production
of stabilized casein yarn that is superior in its wet processing re-
sistance despite its being lower in wet and dry fensile strength than
other like fibers which were unsatisfactory. In auother counection,
a large company has recently found, during work on alternates for
Chinese hog bristle, that it is.possible to produce vegenernted pro-
tein fbers which arve satisfactory for water base paints but which
huave approximately the same wet tensile strength as wholly unsat-
isfactory muaterial.

(7) Regenerated protein fibers tend to be deficient in flexibility.
Here agam the standard of measurement needs to be re-exnmined
in terms of the use of the fiber in the end product. In the past,
brittleness has been measured by the knot test. Ifibers having a
relatively high tensile strength accovding to the knot test have been
found not able to withstand certain processing operations. This
has been traced to the fact that another quality, toughness or impact
resistance, is requived in the fiber other than the quality necessavy
to meet the knot test.  Thevefore it is important that fibers be evnlu-
ated with respect to this quality of toughness. If this is done, prob-
ably some of the disadvantages of deficiency in flexibility in vegen-
erafed protein tibers will he removed.

(8) The sealy structure of the filament surface inherent in the wool
fiber gives it some properties that are diflicult or impossible to obtain
in the smooth fiber surfaces of regenerated protein fibers. This scaly
surfuce mukes possible the felting operation, during which wool fab-
rics under mechanical wovking become more and more dense. Widely
differing fubries, ranging from blankets to overcoatings, depend on
this property for their production. Another property imparted by
the sealy surface of the wool fiber 15 the characteristic “feel” of wool
fabries. Blending of regenerated protein fbers with wool would seem
to be essential if the protein fibers are used in fabrics that depend on
Telting properties,

Costs—A number of comments during. the inferviews indicated
the expectation that regenerated protein fibers ought basically to be
distinetiy cheap. In practice this has not proved to be true, although
they have leen ('nnsi(]lel'nbly cheaper than some competing products,
TFor exumple, at the time this study was made. zein {iber was selling
for $0.83 n pound.  Casein monefiinment was selling for $69 to $0.94
a pound, depending on the quantity bought. DBritish interests suggest
that their peanut-protein fiber will sell at a price closer to that of
viscose rayon stapie (then about $0.35) than to that of weol {which
was considerably cheaper in Britain than here).

" Home of the resenreh work eneeled on in the ficld of protein fibers is being
measured by sowe misleading yardstieks,  This s not fo say, for exnmple, that
the waler resistance of regenerated protein flamenis has proved eatirely satis-
Tactery. It definitely has not. But seeepted metheds of assessing laboratory re-
sulls divegted townrd improving (hese fibees, in using as n eeiterion {heir ten-
sile strengths when wet, are migleading and must have dlscouraged many
workers from otherwise attractive appronches, On the other hand, good stiff-
ness—n potentiully vitduable propevty which appears {0 be charagteristic of
wool and regenernted profein fibers—uappeurs to huve been mostly neglected,
heennse of dependence on tests that fall te reveal it
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Large-scale production would tend to reduce all ¢f these prices of
regenerated protein fibers but probably not radically. The high cost
of protein fibers in comparison with rayon depends partly on the cost
of the base raw materials of pure proteins—which was about $0_.20
per pound or more compared with about $0.07 a pound for dissolving
pulp. The processing operations necessary to procuce a spinnable
dope are probably not much simpler nor less expensive for proteins
than they are for rayon. The subsequent operations on the protein
fibers are much more difficult, as the fibers must be tanned or hardened
with formaldehyde or some equivalent material. The after-treating
processes for proteins are all the more difticult because of the low wet
strength, immediately after extrusion particularly. Therefore, the
cconomical processes that have been developed for rayon cannot read-
ily be used. It might be expected that, even after much further de-
velopment, and the achievement of large-scale production, regenerated
protein staple fibers will sell at 40 to 50 percent more than viscose
staple, that is (about $0.50 per pound, in terms of the price level
prevailing in 1949). ’

Raw Maverians—The possibility of muking regenerated protein
fibers from surplus farm products has attracted several of their de-
velopers., Production of casein fiber in Italy and Germany, initiated
just before World Wi II, had to be stopped because the skim milk
was required for food uses. Morve recently, when an American com-
pany was considering the production of regencrated protein fibers,
it was first attracted by peanut protein. An inadequate supply of
peanut meal in the United States for lavge operations, plus the prices
that were supported by the Government, raised its costs to an uneco-
nomic level. So the company used zein instead. The question has
been raised: Could enough zein be made economieally if such fiber
production should reach even a moderate percenuge of the total of
our wool consumption? Apparently it could be. Despite the demand
for corn gluten for feeds, it appears highly probable that an adequate
supply will be provided to meet all foreseeable needs for the produc-
tion of zein.

Two fuctors tend to veduce the quantity ot ecasein available for
fiber production. TFirst, the only grade of casein that has been dem-
onstrated to be commereially satisfactory for the production of mono-
filament fibers is the continuously produced grade, developed and pro-
duced in this country under the trade-name “New Process Casein.”
Production of this material 1s limited. The total quantity produced
at present approximates 5,000,000 pounds per vear. Second, govern-
mental purchases of dried skim milk during recent years have ve-
sulted in an artificially high price for domestic casein, thereby making
its use for the production of fibers less desivable than it domestic
casein could be made in a free market.

There is, of course, the possibility of using imported casein.
Argentina is by far the largest exporter of eascin but this is generally
of poor quality, as it contains a good deal of dirt from being dried in
the open. As it is mostly self-sonred, the coincident bacterial de-
composition tends to degrade the protein molecule, Production of
casein of better quality, in Argentina, appears improbable in the fore-
seeable future. Among other foreign sources for casein, only two
are of present interest for this purpose; both are now small,
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Casein from New Zealand is of excellent quality ; after a minor treat-
ment, it can be made acceptable for use in fiber production. Casein
from the Netherlands is smad to be of very high guality for paper coat-
ing, but does not yet appear to have been evaluated for fiber produc-
tion in this country.*  The possibility of using either or both is im-
portant should the cousumption of easein fiber expand rapidly, for
the expansion of production of continucus-process domestic easein
cannot be counted on.  Also the price for casein from the Netherlunds
or New Zealand. duty paid, was about $0.02 per pound less than the
price of good domestic casein, when thig study was madle. This lower
price might be a determining frctor in establishing easein fibers. par-
ticularly when casein is trying to establish itself in fields now domi-
nated by other and slightly cheaper fibers. Moreover, this spread in
price may increase if the demand for domestic New Process casein in-
Creases.

Cottonseed protein izolate is under trinl as a possible substitute in
monofil production, for such uses in which its color is not a limitation.
Byproduct keratin (such us is obtainuble from wool waste, feathers,
horns, hoots, ete.) is alse being worked with for this purpose.

Conparisox BETwEEN PROPERTIES OF W0OL AND OF SYNTHETIC FIBERS

As one of the purposes of the development of synthetic as well as
other fibers has been to produce a fiber that is a satisfactory supple-
ment tor wool. it is useful to know the desirable features in wool which
might coheeivably Le found or developed in such fibers.  The one mast
often cited is that wool tabries havewwarmth eharacteristies not found
in materials made from any other fibers. “Uhis is generally accepted,
but the reason why wool is warm is not well understood. For ex-
ample, for a long time it has been believed that the warmth of wool is
due mostly to its ability to absorb moisture, thereby removing the
moisture from the skin, and eliminuting the cold. clammy feel which
is charneteristic of some less absorbent inaterials. Nylon, for ex-
ample, is known to be cold. and its coldness was helisved to be due to
its hydrophobie properties.  But more recently Orlon is becoming
available, and Orlon is generally accepted as being » warm material,
compared with nylon.  Yet Orlon is at least as hydrophobic as nylon.
Apparently no good explnacion is known for this difference between
the two materinls; henee the warmth of wool is all the move difiicult
to expliin.

Another explanation is thai wool. breatse of its highly criniped
character. is a better insulntor, therefore material made From it Teels
warmer than other materialz.  This is questionable.  Both nylon and
Orlon have been supplied o textile manufacturers in crimped form.
Yet material mude from crimped nylon. nt least. is not warm, Theve-
fore on the basis of the only good physieal evidence tlat can be deter-
mined in the laboratory. it appears that the chartcieristies of wool
whieh make it & wiorm Rber ave not well understood.

Warmth is not aiways desived in materials (hal use wool. Waol
15 used in summer suitings, for example, for its resilience and other
advantages, rather than for its warmth.  Sinee 1947, the percentage

T usein fibers have recenty boen developed in ibe Netherlands, presummbly
using similar easein. :
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of summer suits made almost entively of rayon, nylon, or cotton, has
increased very greatly (table 2). Technological improvements in
rayon and the supply-price situation for wool are among the major
causes.® In 1949, summer suits constituted 19 percent of all suits eut,
and about twice as many separate dress and sport trousers were cut as

suits of all types.

Tasre 2.—Percentage distribution of fibers in sunvner suitings, anvual
: 194645, flrst 8 weeks, 1949 and 19501

First 8 weeks

Ttem
1949 | 1950

Per-
Summer-weight suits: . cent
‘.?.R:': percentlor iinorc wool. . A ] . 2 6l 7
ayon and nylon. , . . s
Gotton : 5 " 35. 3
Separate dress and sport trousers:
25 pereent or amors wool. oo __| 54 . , . 48,
Rayon 3 4. , 40. 39.
Coblon . - o caes : . 1

t Men's Apparel, (M678), (271,

Resiliency is a property of wool that is as important as its warmth.
Resiliency is its ability to return to its original shape after being
stressed during consideruble periods. A familiar everyday example
of this characleristic is the ability of wool fabries to resist wrinkling.
This chavacteristic is well recognized ; there is no question as to its
importance. But there ave scbually little or no physical test dala to
mensure Chis quaiity. Most of the physical tests which have been
carried out have involved a relatively vapid degree of loading and
unloading.™  Tn these tests, cold flow does not come into play fo the
extent that it dees in many praetical applieations. Uinder these un-
satisfactory test conditions many fibers will appenr to be relatively
equivalent. Yet, in fact, the ability of wool (0 resist creasing when
loaded for long periods, particularly at relatively high humidities,
does distinguish 1t from all of the other move common fibers. For
example, although nylon is now heing mixed with weol in paper-mill

_felts to increase resistance to wear, 1t 15 recognized that its use involves
a noteworthy sacrifice in loss of resiliency and springiness.

Stiffness is another physical property of libers which does not scem
to have been sufliciently investigated. TUntil recently, stiffness has
been defined as a function of elongation and load at break. This value,

® Adthough prodaction has tended to shift from wool to rayon, n lurge propor-
tion of owners of sammer suits siill prefer wool amd wool mixtures to nay other
fiher, These findings are presenied in the nationnl constuner preference studies
on wen’s clothing conducied by the DBurean of Agriculturn] Economics {(18).

1 Ag recentdy ns April 1048, W. H. Rees {7) described o test proceduse in which
the recovery properties of various fibers wore determined after the fibers had
heen compressed for 1 minute,
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whatever its significance, dees not deseribg the physical property which
would normally be thought of as stiffness in textile fibers. For these
fibers, stiffness shonld be mensured by ascertaining the force required
te.bend the individual fibers. When such bending measurenients are
applied {o Rbers, wool is shown to be far stiffer than most of the
common synthetics, ineliding rayon nnd nylon.

Tn table 3. duta are shown comparing stiffness ealues expressed as
Young's Moduli and as a function of load vs, elongation,

Tasir d~-1alue of séijfness inspecified fibers, by two melhods of
megsurement
=

) Sliffness

Young Modult in Lond vs. elonga-
bending * tion 2

10 dynesfsg. om, framsfdenter

AT - N 7 4

Fiber V (Dacron or Tervlene) i 5 90 -

NYlon e AL 05 (fuliv drawn) |15 (high tenacity)
DO e o . . 814 {uadrawn) 24 (reguiar tenacity)

! Data supplicd by 1. L. Barach, Alexander Smith Carpel Co.
* Rayon and Syathetic ‘lextiles, February 1950 (30, p. 40).

It is apparent from these data that these two methods of measure-
ment depend upon wholly different properties.  Wherveas Young's
Modulus measurement shows wool (o be upwards of three times as
st us nylon, ihe conventional lests show it to be roughly one-sixth
to one-tenth as stiff, One barge company has found in its laboratories
that regenerated profein monofitaments nve comparable with nitwrad
protein fibers in stiffness (in bending). Tt is not yet possible to relate
the value of stiffness in these terms to the performance of the fibers
when woven info fubrics,  But the vegenerated materiuls closely ap-
proximate weol and ether natural keratinous filaments.  In this
vespeet they show considerably higher values than the syntheties other
than Tiber V.37 a polymer of ethylene glyeol and terephihatic aeid
development in England as Terylene. o .

Finully, the dyeing qualities of wool permit it to be coloved with a
rather wide range of dyes, thus allowing a large variety of shades to
be obtained. "This quality is particubaly laeldng in wost of the syn-
thetics which, becnnse of their lower reaclivity with dyestufls, are
harder ¢n dye and ave susceptible to n much narvrower range of
dyestufls.

The geaveh for new synthefie fibers has been stimulated by the fact
that population (both in the United States and the world as a whole)
is mcreasing faster than production of natural Bbers. Moveover, re-
search worlers and lextile manufacturers have found that blends or
mixtures of synthetics with nutural fibers ure more desirable for some
nses than any of the fibers used alone.

wepude name of this fiber, whieh will be produeed commercially in 1952, has
heent changed to Daeron.
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Syntheties are finding a substantial market in satisfying our ex-
panding requirements for more fiber and new types of fber. Al-
though much of the market for the protein synthetics will apparently
be in blends witlr natural fibers, some of the regenerated protein fibers
show promise when used alone.

The continuing emphasis of several of the major chemical companies
on the development of synthetic fibers, inveolving heavy expenditures
on research, must not be overlooked—in any projection of the market
tor fibers. Althongh often possessing definitely supevior physical
characteristics of their own, the synthetic fibers have sulliciently dif-
ferent textile properties to cause difficuity in their adaptation to con-
ventional textile-mill technique and consumer application. Therefore,
the size of their potential market depends not only on the ability of the
fibers to compete in price with cotton, rayon, and wool, but &lso on
improved knowledge by the textile industry in utilizing them to the
fullest advantage.

Acrylic fibers are receiving most of the sttention among new syn-
theties on which advanced development ov production is especially
ackive. In their staple (nonfilament) form they are expected by their
manufacturers to compete in some uses with wool.  Orlon, Dynel, and
Chemstrand, are all basically acrylic fibers. How active sueh compe-
tition will be depends on the extent of the fabric development and the
consumer testing necessary to appraise these new fibers, as well as on
their own forther development,

Among new nonacrylic synthetics, Dacren is of special interest.
Tts excellent resilience may lead it to compete for some uses with pro-
tein fibers, on a stronger basis than do otLer synthetics.

Appavel grades of wool are properly considered to be the principal
standard of comparison, but in addition to the possible market in non-
wool natoral protein fibers, a substantial additional mavket exists for

arpet grade wool. During the recent periods when wool markets
were 1'eTativcly normal, 1939-40 and 194749, consumption of carpet
wool in the United States. scoured basis, averaged about one-third of
the consumption of dpparel wool. In IS, after a sharp climb, the
consumption of carpet wool totaled 209 million pounds. The market
for this wool is smailer fhan Lhe one for apparel wool and it uses sev-
eral of the coarser grades of less expensive wools. It is subject to
heavy eyclieal fluctuations.  Yet there is considerable intevest within
the earpet industry concerning the possible use of regenerated protein
fibers, nnd trinl is now being inade of fine ensein monofilanents as pile,
This interest has been necentuated by the increasing price and the de-
creasing availability of both carpet and apparel wools, Resiliency is
considered of greai value in rugs and carpets,

SuscesTEp Rosearcit ox FIBERs

This increasing importance of synthetic polymer fibers in the tex-
tile market (but still negligible compared with an annual consump-
tion of slightly less than 3 billion pounds of cotton and slightly more
than 1 hillion pounds of rayon} does not necessarily represent an
obstacle to the promotion of a protein fiber. Improved knowledge
of blending both natural and synthetic fibers in staple form will
bt necessary (o advantageous promotion. The advantage of com-
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bining the strength of the synthetic nylon, and the soft, resilient,
cconomic wooliness of Vieara. for exanple, has attracted some in-
tevest. It is reasenable to believe that the advantages of cost and
availubility of the raw material of the fibers based on oilseed pro-
teins indieate an excellent poteniial muarket. Resemrch eflort and
expenditure comparable to that which has resulted in the continu-
ing development of aceinte and viscose rayon, nylon, and now acrylic
fibers, will prabably be requirved,

Most of the suggestions for research received by the Regional Re-
search Laboratories, aimed =t making vegenerated protein fibers
more acceptable for textile use, have been rather genernl, Predom-
inantly, they request that more fundamental studies of (he strue-
tures of proteins be conducted, not only on extracted materinl but
also on the profeins us they naturally occur, to learn to what extent
they are altered in the extraetion process. The value of sueh work.,
of course. would not be limifed to the production of fibers. The work
of the Western Regionn! Research Laboratory on physical-chemical
fundamentals is Lighly vegarded Ly industrial reseaveh workers.
Technieal men workina in this fleld want fo have the Taboratory’s
current related work on wool coordinated with corresponding waork
on profeins for regencrated fibers.

The determination of the siructures of profeing, thely structures
after regeneration in fibers, and the relationsliip of their structurey
to the physieal characteristies of the fibers s0 made, is cousidered to
Le extremely important. Tor example. one interviewed seientist
who is exceptionally well-informed in this field, believes that little
of the work done on producing fibers from soy-protein isolate would
hve been undertaken had dain like these been adequately available
at the time. The worl would probably have been direeted either
lo more promising proteing or to achieving hasic modificalions in
the stroeture of soy protein.

Fundumental work requested of the United States Depntient of
Agriculture inchudes physical studies to find means for transform-
ing globular to fibrous proteins. The work at the Southern Re-
gional Research Labheratory on fnereasing profein molecular weight
or otherwise allering physical-chemical characterisiies by linking
together two or more protein melecules, or protein and nonprofein
molecules, is of general inferest, us is its proposed study of the course
of the reaction between formuldehyde and profeins, and of other
“lanning” reactions, using radioactive carbon. It has also been sug-
gested that proteing be enrefully broken down, possibly even o ulli-
mate amino acids. and that the parts then be synthesized to high
polymers along lines likely fo give, for exammple, high moleculnr
weight and linearity.

Other suggestions of more immedinte commereinl importance have
been made. One Is thal a carelnl study should be made of thaose
Belds into which protein libers will hest fil. 1t s generally consid-
ered that the vse of XLralue In poorly suiled fields munde textile manu-
facturers wary of adopling any of the newer regrenerated protein
fibers. 'To some extent useful data ean be obtained by practical mill
trinls bat there s a need for wmave basic abjective information cou-
cerning the properties of fabvies (to replace such subjective terms
as “hand™), and for fucls in regard te these fibers ag to the uses of
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such qualities as to vesistance fo abrasion, rvesiliency, stiffness,
strength, erimp, surface charaeteristics, and other properties,

A general start on this work has been made at the Texiile Research
Institute, at Princeton, N. J.. and in other Ilaboratories—some of
them commercinl. But the supplementary ciforts of the Regional
Research Lahoratories, emphasizing certain aspects of the regenerated
protein fibers, is considered to be of substantial potential value by tech-
nieal men in this fiedd. Work in developing special fibrics employ-
ing these fibers in approprinte mixtures has also been suggested,
coupled with qualitative and quantitative studies of the textile mar-
ket involved,

Warr Sizes a Liserep Marger

Warp sizes offer a potentinl market for oilseed profeins of about 12
million pounds a year. They would be nsed in weaving confinuous
filament rayon {including ncefale, viscose. amd eupranunonium} in-
stead of some of the gelatin, glue, vesins, and easein, now used for this
purpose. This estimaie assumes their use at 1he same rate per unil
of warp sized as the gelatin now generally used. Vossibly smatler
additional quantities might he developed for uxe in size compositions
employed for sach synthetie libers as nylon.

Considerable experimental work has been done in this field, mostly
when price velations were more favorable for oilseed proteins. This
entire mavket ix now subjecl to retive competition Trom syntheties but
oilseed profeins sUill have a chanee {o compete with syntheties on the
hasis of price.

Warp sizes function as temporary Llongh films used {o proteet threads
when they are weven into fabries.  Cotton mills use starch for warp
sizes, heeasse cotlon endures the hot water. at aboul 200° . neeessary
to wash out these sizes completely.  Bat ravon fabries cannot he sub-
jected to a temperature above 1307 I which ix not high enough to
remove stareh,  Rayon staple threads nre sized with ~fareh, but are
desized with enzymes,  Producers of filament rayon continue to nse
protein or resin sizes,  Stavel sizex do nel Torm sufliciently strong
continuous fitms to hind together the individual fibers in threads and
form a smoolh supface, espoeially n view of the residual oil on filament
rayon surfaces,

Appreximately 125 mitlion pounds of starch are used as n warp
size Tor cotton and ravon staple.  The equivaient. of aboni 12 million
pounds of glne or gelatin are used as a warp size for Blament rayon.
Mozt of this markel consists of sizes tor acefude filament. .\ little more
acelate than viscose filament is used; acetate warps arve often filled
with viseose: and a given quantily of acetate uses voughly three fimeg
as much size as an equivalent quaniity of viscose,

Alhongh small guantities of sizes, hased on polyvinyl aleohol or
other synthetie polymers, or using casein. sre n=ed for nylon filament
threads nnd {(hreads of oltier synithetie fibers, no renlly suitable sine
lias yet been found for these threads. The main dificnlty with sylon
is thal the fibers are so smooth that sizes do nol shick Lo thom.  In
addition. the nylon fabries have to e desized in mild and tepid solu-
tions.

The main development in warp sizing daring recent years has been
{he introduction of synthetic vesinous materinls as sizing malerials for
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continuous filament rayons. Polyvinyl aleohol was introduced some
years ago but its use has been limited by its price (30.76 per pound).
Maleie anhydride resins were introduced abeut 3 years ago. Their
sodium salt, sold as Stymer S, alveady nccounts, probably, for one-
fifth of the filament rayon market: it is used predominantly on acetate
warp. It could possibly get half this inarket within 3 mote years, but
if prices for proteins dvop substantially, most of this market will
probably revert to them. “This possibility gives oilseed proteins an
Interesting potentinl.

Only 60 percent as much Stymer 8 as gelatin is used in a sizing
Tormula ; both fowaulas give the same “milenge” on the warp. Henee
{at $0.44 per pound) $0.264 worth of Stymer S is reguired for mileage
equivalent to gelatin’s. for which most mills pay about $0.25. The
real advantages of Stymer 8 ave operational. I permits saving the
yarn that Is now wasled during washing down, and saving time on
the slasher. Tt does net change weaving efliciency, which is already
extremely high in well-mn mills.  Some mills are reporied to con-
stder they can afford to pay twice as much Tor Stymer 8 as for gelutin,
but this docs not seem typieal. Stymer 8, unlike polyvinyl alcolol,
has desirable anti-static properties,

"The Stymer 8 price ($0.44 per pound) is lower than earlier prices,
and is made possible by the cconomies of larger seale of production,
Moderate further reductions in price are expecied by the manufactuver
as production continues to increase. On the other hand, apart from
this. prices of Stymer 8 are not likely to be able to decrense substan-
tially if gelatin prices decrcase. The manufacturer of Stymer 8§
expects to be able 1o hold this market only so long as prices of gelatin
remain somewhere near or above the level that prevailed in the SPring
of 1950,

Although some textile mitls make up their own warp-sizing mix-
tures, most of those that nse protein sizes seem (o buy blends from
companies that specialize in their production: these blends require
only the addition of water and heat in the mill. ‘Phese size-manu-
facturing companies provide a good deal of technical service to the
purchasing mills. For eolton sizes these companies provide size
Bleads. to 1 pound of which the mill adds approximately 10 pounds
of starch :m(ll 100 pounds of water. The blending materials include
plasficizers.  Sizing materials for rayon may inehude a blend of bone
glue and gelatin amd sometimes some casein., When ensein is used,
an allali sueh as borax is used to permit its solution ut a low pH.
and preservatives are added to prevent spoilage of gray goods (from
which the size has not been renioved) in storage,

Reports collected during the interviews on the relative use of slue
and gelatin in profein sizes are confliciing.  Most mills that componnd
Hheir own sizes are belioved (o use gelatin,  Casein is somelimoes used
straight, as well as in bleads with other proteins,

The price of the glue and gelatin normally wsed for warp sizinge
rangres Trom # 19-cont bone glne to o 33-cent gelatin,  Most of the
geladin fusnally 250 gm strength) sold for this prrpose was bhought,
rearky 1950, at around 25 conts.  But for some specinlties, the sizin
of velvets, for example, a stronger grade of gelatin is required: (his
sells up to «10 cents per pound. Warp sizing represents one of the
tavgest uses for industrial-grade gelatin.

one ghies as cheap as $0.16 per pound are used to some extent,
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especiully in blends with better materials, bub ave ravely regarded as
resulting in a net saving. During World War II, when gelnbin was
extremely searce, cusein was used as a substitule by many mi lis, usually
in speeinlly blended formulas sold under trade names by specialty
sizing houses. In some of these formulations, casein was the only
proteln, bug i others it was used as an extender for gelutin, As
the technique of using it to best ndlvantage was difficult to establish,
the bulk of the market has reverted to gelatin or has shifted to syn-
thetics. But ut least one large weaver of rayon learned fo use casein
skilifully and has continued its use in definite preference to gelatin,
Other mills would probubly use it if they learned hiow to do it well.
This mill has recently changed to maleie anhydride but will probably
-change back to casein if easein’s price drops substuntinily,

Soy isolate has been given considernble development for this use
by warp-size manufacturers for rayon, in cooperation with all present
and nt Jeast two prospective commercial producers ol soy-protein iso-
late. In meeting this rayon sizing muarket there ave several diffieul-
ties. The size nust be applied at u pH not greater than 83 it must
wash oul easily in lukewarm water. On Loth of these points glue
and gelatin have an advantage. Degraded products of soy isoﬁate
tend to be insoluble in water, wheress those of glue and gelatin are
water-soluble. Then the filns formed on rayon by sizes that are
based on soy prutein are relatively poor in flexibility and they generite
too much heat of friction during the weaving. Soy-isolate sizes are
said to be inferior to gelatin size in resistance to abrasion. N everthe-
less, considerable interest remains in theiv potentialities, especially 1L
basic research is done to hnprove the film-forming propertics of soy
isolate. One qualificd producer considers that, in the most wodern
mills, soy-isolale sizes are distinetly promising. Bxeept for a very
few such mills, however, the industry requires greuter abrasion re-
sistunce than is now available in soy-isolate sizes,

One size company gives three miin objections to soy-isolale:

(1} It would not solubilize in mild (low pH) solutions.

{(2) It tended to gel in a relatively short lime after dispersion,
and would not re-dissolve. A soy-isolute paste sizing turned to
a nseloss insoluble gel in the containers within o few hours.

(3) Even (hough all of ihe size washes oul, f goods turn out
to have an off-color, it is likely to be atiributed to the size material
it it is less colorless or Tess white than is customary.

Peanut-protein isolate has been of interest bevause of the possibility
that it might he applied at a relatively low pH. But it tends to set
up an irreversible, msoluble gel, difficult to remove Trom the thread.

Soy and peanul, isolates, when accompanicd by a suitable preserv-
ative, de not puirefy during storage {gray goods may be held in stor-
age for considernble periods before the size is washed out and the
dyeing takes place). Casein and zein ave less satisfactory in this
respect,

Peraanext Sizes Not Promsing as Ourrer

Among the many types of textile finishing operations, none ap-
pears to offer u potential market for which any available oilsecd prw.-
teins are worth developmont, as suely, by the Regional Research Labo-
ratories. As a byproduct of developments for obher purposes oilseed
proteins may ultimately find a place in some part of this market, but
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synthetics are making marked progress throughout. Use of proteins
is declining in sizing for shade cloth and is threatened in the making
of undersizes for resin coatings.

SHave-orortt Size—For a long time the only part of the permanent.
textile-size industry, or textile finishing in general, in which casein or
oilseed proteins were  substantial fuctor was in connection with shade
cloth. Possibly 300,000 pounds of casein are now used annually,
blended with enrboxymethyl cellulose (CMC) or gums, to coat 10 to
12 million yurds of shade cloth, at a cost of 12 to 14 cents Per pound
of size, ov 1.5 cents per yard of cloth. Casein provides better and more
uniform quality, but glue is cheaper per yard of ecloth sized, us it
oceludes into the ¢loth most of the water in which it has been dissolved,
retaining this for severul years, Glue is used exclusively in the pro- -
duction of hand-sized shade cloth and in such machine-sizing plants as
lack facilities for festoon drying. Perhaps 500,000 pounds per year
of glue are nsed,

1 addition to sized shade cloths, there is a much larger preduction
of cheap, low-count, filled shade cloth—filled with starch-hound clay,
whiting, or tale—to give the appearance of body. The high operating
temperature (240° F.) reached in its production precludes the use ot
glue.  An increasing proportion of shade cloth is filled instead of
sizedl. :

But the outlook for conventional shade clofh, in general, is extremely
poor. Principal producers expect s continued mavked decline in the
market n8 it 1s being displaced by Venetian blinds, draw curtains, and
shades made of conted paper, vesin-coated cloth, and plastic sheets.

Rapid decline in the production of conventional sized shade cloth
has Jed to a general Joss of intevest in alternatives to casein or glae
for this purpose, unless they promise rather marked improvement.
Therefore, it is only of slight interest perhaps that soy and peanut
isolates and zein have been tried in shade-cloth sizing, in a variety of
formulas. All lacked sulfficient flexibility ; they broke nnder repeated
flexing.  The zein lacked suflicient water-resistance to make an easily
cleanable shade cloth unless given a formaldehyde treatment that was
objectionable to the employee doing the work. ~ Zein is-still of intevest
Tor some smull specinlty uses. Color has been a principal detervefit
to use of oilseed proteins. 'This has been especially true when soy
Nour has been tried, instead of the more customary isolate.

Some profein-stabilized water-thinned paints nve used to paint
paper to be used for shades, but usuxlly oil paints are used.

Uxpensizes—Resin coatings for shade cloth and other specinlty
cloths are commonly applied over an undersize that helps to hind the
resin to the fubric and reduces the quantity needed. "This is now the
largest fahrie-finishing use for ensein. Tt is estimated by the indnstry
that about 3,000.000 ponnds of casein are used annually for this pur-
pose.  Recent trials with soy isolate by a competent mill vesulted in
mferior bonding strength, hence poorer “hand® and color, than when
casein was used.  Polyvinyl aleohol, despite its higher priee, is now
actively threatening this use of casein. Styreue resin emulsions,
though still in the development stage, also appear to be promising,

However, another mill does use n 50-50 blend of casein and S0y
isolate, probably ns an undersize, though possibly also as a conven-

- tionul size for shade cloth. Tt preters the quality of this biend to the
size obtained with straight casein,




MARKET POTENTIALS FOR PROVEIN MATERIALS 27

Carerr Size.—About 10 million pounds of starch and 1 million
pounds of synthetic resin are now utilized in conjunction with clay to
size carpets or actually to stiffen them. Both are figured on an an-
hydrous basis. Many hydrophilie materinls—snch as alginates, car-
boxymethyl cellulose, o1 vegetable gums—could be used but starch
has an advantage in price. As casein has been unsatisfactory, techni-
cally as well as economiecally, no effort has been made to adapt vege-
table proleins to this application. There is some tendency toward
use of styrene-butadiene lntex.

PAPER COATING INCREASING IN USE

Coated paper (or pigment-coated paper as it is sometimes called)
represents a substantinl proportion of all paper produeed (roughly 30
percent of paper and 17 percent of light folding box-board).” Most
paper is coated in ovder to up-grade a relatively low-cost base shest
to a higher grade of paper capable of providing good reproductions of
printing-plate designs, especially of half-tones. In addition, paper
and particularly paperboard are coated to provids the paper with
varying degrees of resistance to water or grense.

Pigment coatings ave mixtures of pigments and an adhesive, to-
gether with such minor ingredients ns are needed for the particular
end use. The adhesive serves to bind the pigment particles to each
other and to the base paper steck.

The uses of conted paper are many and varied including use in
magazines and books, advertising brochures, posters, labels, speeialty
wrapping papers, and box covers.

Conted paperboard is manufuctured primarily for making folding
and set-up paper boxes, such as are used to packnge individual units
of consumer goods, and which ave in tnrn packed in keaft container-
board shipping cartons. Some of these cartons are now being coated
also, to facilitate the printing of advertising displays on them. This
is a new and promising market, for which several conting materials ave
being tested.

Matevinls used as paper-coating adhesives principally include
starch, glue, casein, soy isolate, and a synthetic Jatex. The end use
of the coated paper dictates the choice of the coating adhesive since
the adhesives made from these materials differ in such basie prop-
erties as binding power, waterproefiing ability, color, llexibility, cost,
and ease of handlin o

Tye CoNSUMING INDUSTRY

The paper industry is so Iarge that any material entering into the
production or finishing of paper is used in large quantities. Fine
papers are produced to receive printing inks satisfactorily, and bet-
ter printing can be done on coanted than an uncoated paper. The
base stock cun be vather inexpensive sinee it ncts mainly as a earrier
for the coating material, but ndds strength characteristics to the fin-
ished coated sheet.

The production of coated papers in 1049 was approximately 1,500,-
000 tons. The trend in production lhias been incrensing at a rate of
about 200,000 tons per year, since World Wuar 11, In addition, the
production of coated box-board was about 500,000 tons in that year.
The box-board coating used only about 5 percent of the total paper-
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coating adhesives, for it has much less surface areg und coating, per
ton, than do the coated papers. Box-board constitutes 2 good market
for protein adhesives as about 25 percent of the total adhesives going
into box-bourd coating eomes from protein.

Those in the industry who were interviewed in this study expect @
the upward trend in the use of coated papers to continue. Some of
this increase is expected to come from increased demand by ad-
vertisers for better printing papers and from an expansion of printed
advertising. Some think there is a possibility that even some news-
print may be conted in the future. The expansion of the market
for coated papers is being greatly aided by the improvement and
increasing use of machine-coated papers, which are cheaper than
the off-machine coated pupers and yet are satisfactory for most uses.

MerHoos or Parer Coamine

The two processes by which pigment-conted papers are coated arce
known as off-machine coating and machine coating. Paper has been
coated by the off-machine or conversion process since early in the
century; the machine-coating process is relatively new, having been
introduced in the middie 1930’s, The off-machine coating operation
comprises applying to finished paper, supplied in rolls, a coating of
pigment and adhesive. The coating is applied as & water disper-
sion and is subsequently dried to remove the water. The drying
must be done carefully to prevent the coated stock from carling s
and slowly, so that the partiaily drvy coating will not stick to the
drying cans that ave normally used.” The coating has Leen applied
by one of several methods, including knife coating, roll coating, and
brush coating. In the last few years a new process—air-knife coat-
mmg—has been nbrvoduced. It i5 increasingly used. It is different
from the other methods in that the costing is spread or leveled by
Impingement on the wet, coating of high-véiecity aiy from a narrow
shit.  This has the advantage of providing a uniform coating con-
taining no streaks.

The sheet that has been conted by any of these methods is lnter dried,
and the surface is then finished by supercalenderi ng. This operation
compacts the surface and tends to level the high spots and fill the
valleys. It provides a very smooth and more-or-less glossy surface to
receive print, . :

Machime coating is carried out by coating the paper as it is being
made on the usual paper machine. "It is necessary merely to provide
a coating head on the paper machine, loeated just ahead of the can
driers. Machine coating eliminates the extra handling of off-machine
coating, and applies the coating to the full width of the sheet 2s mude.
Until vecently only starches have been commercially successful as
adhesives in machine-coating paper but recently limited success has
been obtained using soy isolate.’ :

™A recent publieution (10} describes work on the adapintion of casein to
machine coating. The useal difficnlty, low solids confent of the eoating mix,
apparently has been overcome by the use of sedimm ses(nisilicate, a compound
whieh modifles the complicated rheologicnl properties of the coting mix to
permit high-solids conting in a satisfactory way. High-solids content is nlways
desirgble to reduce the cost of evaporating the liquid part of ihe coating, For
ntnchine-coating, in which the ceating is applied to a sheet of paper that Is
alrendy wet, it is essential,



http:iso]ate.16

MARKET POTENTIALS FOR PROTEIN MATERIALS 20

Coaring Mareriars.—Animal glue was the adhesive used in early
paper coatings, but it has been largely replaced by casein because of
casein’s better color and its water-proofing ability. Casein was of
predominant importance until recent years; but improvements in
starch, the application of soy isolate, and the development of a syn-
thetic latex, have been responsible for a decided decrease in the market
held by casein. At present, starch accounts for about 75 percent of
the paper-coating adhesive in use. Starch, so far, is used preponder-
antly in machine-coating, most of which has developed at the expense
of noncoated paper.

Synthetic materials are beginning to enter this market. Although
only synthetic latex is now being used as u paper-coating adbesive, it
is the Teeling of many of the paper-mill technical personnel that there
is n veal opportunity in this field for manufacturers of such materials,
The present material is known as Dow 512K latex. Itis 2 high styrene
copolymer with butadiene, sold at about 45 percent solids content.
1t would not be surprising to find an equally satisfactory material
among the wide variety o% synthetic polymers available today. In
addition, there are many possible copolymers not yet available com-
mercially. At least one well-informed technical director thinks that
the copolymer field is the most promising of any in which to find a
new, different, and improved paper-coating adhesive.

The styrene-butadiene co-pelymer latex, now being used, is only
one of several latices which might be adapted for this use. The results
of experimental work conducted with polyvinyl alechol have been
extremely encouraging from a technical viewpoint, as its binding
power is exceptionally good, it can be applied in very high solids
contents, and it is easily waterproofed. Its use on an appreciable
scale has been prevented because of its cost—$0.76 per pound. Al-
though some reduction in price may accompeny the completion of
new Facilities for production, it seetns improbable that the price will
decline to the $0.25 to $0.40 per pound that is estimated in the trade as
necessary to ohtain a substantial market in paper coating.

Hydroxyethyl cellulose is occasioning more current Interest than
any other synthetic material now considered for paper coating., A
special type has been developed for this use. Industry vesearch
workers consider it, pound for pound, to be three times as effective as
starch in binding power and twice as'effective as casein. It is priced
at $0.30 per pound for the pilot quantities used in current trials, but it
is anticipated by the developer that it will vltimately be sold at an
appreciably lower price. One of the companies planning its produe-
tion thinks there is a fair chance that, after a few yenrs, its level of
production will approximate 40 millien pounds—eguivalent to 80
million pounds of casein or 120 million pounds of starch.

CUrRENT AND PoTeENnTIAL, PosimioNn oF PrOTEINS

Tn contrast to the prewar paper-coating situation, which casein
dominated, having a prewar peak annual consumption of 40 million
pounds, it is now estimated by the industry that starch accounts for
roughly three-fourths of the total weight of paper-ceating adhesives,
and soy isolate and latex account for a substantial share of the
remainder.
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Table 4 gives estimated figures based on interviews with men in the
industry for the use of various adhesives in coated papers, for the
Yyear 1049,

TasLe &—Estimated quantity and value of adhesives used in coated ®
papers, by Lind, 1949

Cuantity Value

Kind Pereent-
Actual age of
total

Cost per
pound

Miltion Alitlion

pounids Percent dollurs Liotlars
103. 5 72,2 3.

, 13. 9

Soy protein.... ... ____ ... . 10. 1
Ig latex (solids)____  _ . 3 3.8

212

100. 0 15, 6

Estimated by Arthur D, Little, Ine., from numerous frade solrees interviewed
and literature reviewed.

Although a1l proteins account for less than one-fourth of the weight
of ull paper-conting adhesives, they ncecount for about 43 percent of the
dollar value. These data should be distinguished from these which
also include adhesives used in wallpaper coating. Sources which esti-
mate totul protein consumption in this industry at as high xs 40 million
pounds apparently include wallpaper and wallboard.

TrENDS 1v Parer CoaTing

In order to compare the competing produets for the purpose of
analysis it was assumed that the price relationships between the vari-
ous materials would remain the same; that no new materials would
enter the field; and that no substantial changes wonld occur in present
materials.

Under these assumptions it is believed thab:

L. The use of starch will continue to increase as its development
continues and as more machine-coated paper is made.

2. The use of proteins as adhesives will be limited to those materials
which require a greater degree ot waterprootness than is obtainable
with starch coatings. The volume of proteins used in future years will
probably decline moderately from the 1949 Jevel, In past years, rel-
ative declines in the use of proteins have been offset by mavked expan-
sion in tofal prodnetion of conted paper.  Future expansion of coated-
paper production will probably not keep pace with declining
proportionate use of protein. However, it is possible that increase
n the use of offset printing, hence of moisture-resistant paper, may
be more rapid than the cdisplacement of protein by starch and
synthetics,

3. The use of soy isolate will continue to inerease moderately at the
expense of casein, as more manufacturers who prefer its relatively
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Jower and more stable price, and its unitormity, find it to be roughly
equzl fo easein.

4, The use of prodnets such as Dow 512K latex will continue to
increase, because of its ability to up-grade starch coatings and te
provide a more flexible cascin or soy isolale conled sheet.

The above situation could be changed materially by changes in the
price of the several muterirls, by changes in the properties of the
materials, or by the entry of new materials into the field.

The effect of such changes on soy isolate may be sugugested as
{ollows: '

Relative reductions in prices are generally cousideved fo be move
likely for synthetics, for easein (during the next ¥few years), and for
starch products, than for soy-protein isolates. Technical advances
n the production of the relatively new synthetics may tend to reduce
their prices to the paper-coating industry. Prices of casein have fine-
tuated erratieally since World War 1T and the quality of hmported
supplies has been variable. Improvement in their quality and decrease
m price may be expected. Starclies used in paper coating have been
made from relatively high-priced raw materials and these prices may
be expected to decline somewhat in the next few years, according to
the views of those interrogated.

Tmiprovements in the properties of all products are expected by
rescarch men.  Syntheties and specially modified corn starches are
new and are subjoct to furvther active development. Cascein of greater
parity and uniformity, compurable to U, 8. continuous process grade,
may become more widely available from foreign sources. Improve-
ment of soy isolate Is continning, wotably toward the development
of rheclogical properties that will permit the use of higher selids
contings.

Development of easein nud oilsced protein isolates to permit their
cfficient use in machine couting appears fo be their best apporlumity
to shave in the further expansion of this field. The extent of the
market se opened depends on fulure increase of machine coating, in-
crease of offset printing, on relative cosls, and on the progress of
cther materinls towazd providing water-registant coatings at moder-
ute costs. The low cost of corn stureh is a censtunt challenge toward
mnproving the water-resistance of its conlings hy its modification,
ond its use in combinntion wilh syutheties and other materials, For
example, latex additions help to improve the water-resisiance of starch
coatings.

About 15 pereent of the publicution grades of coated paper are used
for off-set purposes, for which water-vesistance is ol special impor-
tance. This pereentage 15 generally expected to incrense substantially
over the years.

New materials, especially syathetics, could alter futnre trends de-
cidedly. The possible use of synthetic polymer latices, other than
Dow 512K latex, is a distinet possibility. So far as can be Jearned,
relatively litite attention has been given to such makerials. As noted
above, a new coaling process using hydroxyethyl celinlose is rather
promising.

Uses sy Tyees or Covieen Svock

Several principal types of conted paper and related products, their

¥ palb by ¢l 1 proaucts, ther
preduction, and their use of coating adhesives, are shown in tuble 5,
These &ypes ave:

J53250—01 3
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1. General publication grades. They include mugazine and much
book paper. They constitute the largest market for paper coating.
Practically all muehine-couted paper is divected toward this end use.
Some off-machine coated paper is also used in books and magazines,
inclading some which is protein-coated. About 1,100,060 tons of mau-
chine-coated paper were produced in 1949,

2. Distributor grades. These arc sold through dealers, normally
without the end use being known in advance. They ave still usually
off-machine conted. As the end unse is not kuewn, and many end uses
require water-resistance, these coatings are customarily made to be
water-resistant.  This requires the use of casein or soy protein as the
hinder for the coating. Abeout 400,000 tons of such papers were man-
ufactyred in 1949,

3. Coated box-board. This must normally be water-vesistant, as
its end use is often unknown when it is conted, and most uses require
water-resistance. Fence proteins ave normally used as the adhesives.
Approximately 500,000 tons of coated bex-boards were produced in
1949, eut of about 3,000,000 tons of folding box-board manufactured,

4. Miscellaneous stock. This includes stock for calendars, box
covers, posters and illustrations, labels, tags, and Bristol board. The
stock is usunlly conted, with protein as the hinder.

TasLe 5.—Lstimated produclion of coated puper and couting materials
used, by type, 1949

Paper .
) . Falding @ Miseel- | Totat
Hei i box- | lancous welhesives
ST istrib-{ board? | stock | used ?
Publicalion aior !

Tons Tons Tons

Production 1,180, 000 3109, D00 |500, 000

Coaline matorials:
Coating...- . ....._...1 220,000 f 80,000 | 25, 000 !
Adhesives . 55,000 ¢ 12 G600 3, 758 71,750

Millioa | Millron | Million | Aillion. - Million
ponnds 3 | powsnds 3 pounds® | ponnds ¥ | pounds
Searehl o oL 181. 5 L3 8.5 " 153

. 13, 4,0
Boy isolate . .. | . 9.6 1 3.0
512K latex.. . ... . 3@

Toral . ... 1.0 210 7.5

P Bxelusive of wallpaper, which wses aboul 5,000,000 pounds of soy protein
isolnie,

? Inetuding haxeover paper siock {that is, conted paper used Lo cover uncoalod
hex-hoard hox egvers).

3 Dry weirhls,

¥ Uander 180,000 paunds,

5 108,000 to 50G,000 pounda.

Estimuted by Al 1) Liktke, Ine,, from munerous trade solreos inlerviewed
and llieralanre reviewed,
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Cost oF Coating CoMpPounys

One reason given for the increase in the quantity of paper being
coated is that coated paper is cheaper than unconted paper of the
same weight. Partly for this reason, as well as for the betier printing
which coated puper permits, some technical men in the industry expect
that even newspring may be coated ultimately; this would use a starch
base adhesive. Most newsprint used in this country is imported from
Canada; a tariff on any paper that contains more than 3 percent ush
now effectively prevents the entry of conted paper from Canada.

An examination of a typical formula for a paper-conting compound
will illustrate the major part played by the adbesive in the toinl cost
of the compound. The following formula is representative of those
used for good water-resistant paper coatings, although it uses =« little
more pigment per unit of binder {casein) than the average for the
industry {table 6).

Tavre 6.—Quantity and cost of compounds for coating 5,000 pounds of
paper, by a typical cazein formde

Cost

Tormuls and materiad Quantily| Por

pound ! Tolal

Casein: Pounds | Dollars | Dollars
Coating clay ool 7. 20
Precipitated chalk P2 82 4. 00

33. 00

.72
. 836
.08
.30
MRY.
.10

BN e . ;
Goustiesodn. L. e o E

D e e e e m e amm e mmm e
Formalin
Bactericide

av e on Loa g2

LB416 1 45 64

Boy isolate} .

1 By substituting for the casein 150 pounds of soy isolate at $0.19 per pound,
the cost of the coating compound is reduced to $0.0361 por pound,

Coleulated by applying June 1930 prices, derived from trade sources inter-
viewed and from the Qil, Paint and Drug Reporler to a Lypical high-grade cascin
formula supplied by an interviewed paper-coating company.

A starch-bonded conting typienily is formulated as follows:

Tantn T—Quantity and cost of compounds for coaling 5,000 pounds
of paper, by a typical starch formula

Cost

Quan- |

Formula and malerial ity Per
pound :

Total

Starch: Pounds | Dollars | Dollars

Cosating clay 720 | 0. 61 7. 20
Precipitates chalk i 200 .02 4. 00
Starch ; 250 .03 |, 1250

b 11701 o202 9370
Estimated by Arthur D, Littie, Tne., based on trade sources interviewed.
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Thas we find that representative eosts per pound for paper-coating
compounds bused on the three principal adbhesives ave as follows:
SO o e e e et ———— ——— S0, 416
Soy el . - 0361
Stareh Ll e e e L O20R
As cach of the above formulas is sullicient for coating 3,000 ponnds
of paper, the cost of coating compound, per ton of paper, is:
Cosein . %18, 24
Soy isolate 15. 86
Starch . 0. 48
As costs of raw paper range from $0.05 per pound for newsprint to
$0.17 per pound for uncoated boolt puper, the applieation of these coat-
Ings tends to provide & means for producing a given weight of paper
ab a lower cost of materinl. The costs of applications are relatively
low, as is indicated by the following relationships of quoted prices:
Grade of book paper: Cost por pound

T'neoated . e - 50010179
Stareh-bound machine-conied ______.. . ... 148 1605
Protein-bound off-maehine gouted e TETH- L 209

Proreiy INTERCONPOSITION VXD OTHER ATTRIBLUTES

Estimates of the share of the protein coatings held by soy isolate
range from 25 pervent to 30 pereenl. L\t present, soy isolate appears
to account for ahont 42 pereent of the profeins nsed a8 paper-coating
adhestves: nearly all the vest are casein. .\ liftle glue and a little soy
flony ave used.”

So far as can be learned. no products of oibseed protein that ave as
yet commercial show any clear-en{ technien] ndvantage over top-grade
casein, Tor nse in puper couting. Until vecently, eascin had botter
color than sey-isolale coatings. This is important. since users of
conted papers incrensingly accept only materinls that provide the
whitest feasible coatings. Soy isolates of standavd quality ave now
considered adequate in this respect by most uvers, The achesive value
of soy isolute and casein are approximately equal. Coati ng compounds
made from them “handle” with aboul (he same degree of ease. and
the several rheological propertics of such compounds (especially vis-
vosity and thixotropy) are comparable.

As the traditional protein adhesive for paper coating, casein is still
exclusively used by some miils simply because they have not gained
sufficient experience fo be able to evaluate sov-profein isolate of the
quabity and wniformity currently being produced. The relatively
poor, and pariicularly the varving, quality of the soy isolate made
up to 2 or 3 ovears ago prejuthicedd several mills ngainst it enough to
rebiard its acceptance in its preseat improved form. s they learn of
its satisfactory use by other mills, more mill men are likely to re-test
soy isolate, and spend enongh time to adapt their methods of its wse.

T Only limited use of soy Howr has boen made for conting printing papers.
Ray four is cldmed o give as good brighiness or gloss as (e isolnte, hat its
Use bBrings in a slightly groenish-vellow fingo. A solation of un impare soy-
profein isointe, dissolved ot of sey flonr angd fresd Do 68 selids by eoenteifuging,
s being introduced Loy sale by lnnk-teuck delivery 1o sone pitper coatfers in
Michigon, ar .10 per pouad, oaa dey bsis,
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Whereas lack of uniform quality used to be perhaps the main dis-
advantage of =oy isolate, its production has been improved to such
an extent thal many mills now congider ils uniformily a prime advan-
tage compared with most easein, Ouly {1} premium grade, domestic,
continuons-process easein, and (2} top-grade, carcfully blended, stand-
ard casein ave considered its cqual in uniformity, Uniformity 1s
particularly important in producing coated paper of nniform quality
without the expensive nuisance of adjusting conting formulas for
diflerent lols.

The cleanliness of soyv isolate gives it a distinet advantage over most
asein from Argentina. moch of which i= erudely made and contains
a good deal of divt. which semetimes shows up as black spots in
coating.

The Tact that the price of sox lxolale is relatively stable, in com-
parison with {he price of ¢asein. is importani to most users. Those
mterviewed mentioned the consideralde fluctuntion of its price from
day to day and Trom month to month. This is particularly obyjection-
abie to mills that dislike to make speculative purchases.  As engein and
=0y i~olafe beeome more diveetly interchangeable in use (pound tor
pound inmost instances). the more stable price of =ov isolate is tending
roward slabilizing the price of cazein.  However, the price of casein
ia still comsiderably more volatiles

As soy protein s used hi paper confings primarily beeause of its
Jower and more stable price. its consumption is likely to be seriously
affected by any drop in prices of casein io levels which producer: of
soy-protein isolate eannot meet.  As the costs of these producers.
over wind above the cost of sov meal. wre much higher than those of
most easein manafactwrers aver and wbove the cost of =kim niillk,
they are vulnerable in the event of o marked deop in skim mill prices.

Apart Trom its iniformity and price, the main prospeetive advan-
fage of w0y isolate is thal rades of this are heing developed that
permit use of higher solids-content coatings than are normally
achievable with casein. A prime fechnieal advantage of staveh coat-
ings is that their viscosity 3% Tow enough Lo he satisfactory und their
ather rhealoeieal characteristics muke them soifuble for contings
huving a bigh solids content.  TF the solids content of protein cont-
ings can be inereased substantially, they may become suitable Tor use
n machine coating where a high-grade. water-resistant conling 18
desived. Moreover, as high-solids protein coatings waoutd be more
eeonomie for conventionnl off-muchine conting (requiring less evap-
ovation of moisture). proteins v=efol for such coatings can better
resist the ellorts ol stareh contings to enter (his market for off-ma-
¢hine conting.

Many disadvantages of soy Jsolafe are eited by industrial users
when its use is compiored with the vee of ensein. Most of these are
discounteld by mills whose use of 1f B current and on a seale Juego

B A g st ensein cpines From Arvgenting, papor mills often God @6 gosirahie fo
place ovders for iE 2 io 3 months In atdvanee, Beeanse of ity severe fluctuntions
in price, this is a serious disadvantoge, Sy protein, as a domes{ieally produced
cormmndily of which rensonahle inventories s ndntained Ly manuthetorers,
can usvally be delivered prowply after nn order is received,
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enough to give them the best basis for judgment, but they concede
several disadvantages,

Soy iselate is still considered inferior to casein, with respeet to
the waterproofness of its contings, by several mill men who are ex-
serienced in its use and whe speak well of it in other respeets.  As
llthowmplnc and other offset printing is increasing in vollmm'. and
requires a waterprool coaling for satisfactory results. this reporled
limitation is of increasing !mpmt.mce.

Diverse resulis obtained by different mills on the relative capa-
bility of casein and of soy-isolate coating solutions to be well water-
proofed sugeest that the vesults depend ‘on the formulations used in
different mills.

Soy isolate coatings tend to foam more than do these of the better
erades of casein. This slight disadvantage is easily overcome by
adding anti-foaming agents.

The briglitness of the contings made from soy-isolate is generally
(‘«'umdelod Lo be somewhat loss satisfactor i than that obk ained from
casein. This is commonly belioved by regenvel men to be due to the
Lrowner color of the solutions of soy isolate; however, ncconding to
reports of mills who have tested this. this eolor does not show up on
the coated paper.  Techniead men in the industry believe the slightly
poorer brightness and covering power of soy pzo[om -bound ({)d[l!]"‘:
may be duie to a less satisfac tm' H‘|l(l{t1\'l‘ index, This difference
between the soy isolate and casein is generally regarded as too slight
to be signifieant. and to be maore than offset hy the dirt in most im-
ported easein,

The need for a_higher pH solulion fo dissolve oy isolate than
enseln was claimed l).\ one mill. Tt was considered disadvantageous
for its effect both on the paper and on the Inwushes used to .‘-ii)l‘l‘:ld ot
the couting solution. This was not noted by other mills in the study.

Tew of the interviewed mill men have had any experience in the
last several vears with paper-voating proteins other than casein and
soy products. Bot during this pmlotl_ hone glue, peanut isolute,
wheat gluten, whole-corn rr]uten and degraded wool waste, have heen
Lried b\' some mills with varving degrees of suevess, The tests have
leen too small to give any sigmifieant clue as to the probable potentinl
use of the produets in coating processes.

Protiing vs, Oriren MATERIALS

Corn stareh s the main compelitor of proteins in paper coating,
based on its mueh Tower net cost and higher solids content in contings.
Tts soitabiliy for use in paper umlmn’ has been fremendously -
creased by eontinuing veseareh by iis p:()(im ers in cooperation with
paper coaters. Maodifiention of corn stavel Tor paper coating has been
and continues {o be active, by acid and enzymie hydrolysis, b‘} oxida-
tion and related ehemical madifieation, and by dextrination.  The
modifications have been aimed ab depolymerizing the starch molecules
to the level ruited Tor these adbesive dpph(“timns, and altering the

wtio of Hineay (o branched polymer moleeules,

# Rubsinntind literature, of which a 1949 TADPL monograph (8) is ontsiand-
ing, aoles the progress i the field, which is conliniing, A recent brief review
s grlso pnblished in Toppi 110).
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The principul objectives of vesearch on stureh conting ave to gain
reduced viseosity and higher adhesive strength. Sucecess in this work
is mainly responsible for the greal expansion in machine coating. A
third objective receiving incrensed attention is the modifieation of
starch, or its use with synthetic additives, to increase its water-resist-
ance. The effect of the use of Dow 312K latex in increasing the
water-resistance of siarch coatings has been noted.  Substantial effovt
s been applied to combinations of starches with produets related to
urea formnidehyde resins. These provide excellent water-resistance,
but make too harsh @ corting—one so stiff that it cracks easily when
the paper is folded.

There is still some hope among researchers that starch may be used
with some resinous materinls which can be plasticized, to form flexibie
waterproof contings. ,

Tho extent to which starches permit a higher solids content than
conventional casein or soy isolate is differently reported by different
mills. Proabubly about 60 percent solids und 46 percent waler is vepre-
sentalive for starch coatings, with one mill reporting up to 70 percent
solids in special voulings, Probably aboul 50 pereent solids amd 50
percent water is representative for profein coatings. though coatings
containing less than 43 pereent casein were veported as Uhe most
viscons that could be used in some civenmsinnees. Lower viscosity.
alone, is not enough: the entire rheology of Lhese protein contings
needs control. For example. the conlings fend to he too thixotropic,
flowing through a pipe and nipple, bul not spreading well enough on
the paper.

Current prices of starches used in paper conting are about $0.05 or
%0.06 a pound compared with about $0.20 a peund for proteins, The
actual offective spread is less than this, however, as the profeing “go
farther,” than starch in Biading power or adhesive value,  Different
mills, uging varying types of coatings. estimate that 108 pounds of
starch can be replaeed by 48 fo 67 pounds of casein; 60 pounds is the
maost common figure, Tience when $0.06 per pound is paid for stavch,
proteing have a value of 50,10 for their binding power alone. The
rest of their premimn goes moxily for waler-vesislance.

The smaller quantity of protein required to bind a unit of c¢lay is
advantageous not merely for economie ressons. but beenuse the less
binder used per unit of pigment, the heller and brighler the prinling
surface,

A main ndvantage both for slarches and synthetics compared with
protein is (hat thetr nniformity is very high, much more so than that
of most easein which many mills siill consider the standard protein.

Protein coating adhesives are being squeezed on the one side by the
continuing improvement of cheaper starches. and on the other by
the development of syntheties. Several miils and one large supplier
to the paper trade believe that it is only a question of time before
proteins are pretty well squeezed pnt betwoeen these two. There s
some expectation that synthelics will make the greater gains, and will
move inte some areas now held by starches.

Among the syntheties, only styrenc-butadiene latex has so far won
a substantial position. It, of course, is limited to use us a modifier of
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stareh- ot profein-based coalings. The hope of these who are working
with other latices is that these mny be able fo be used more fully.

The styrene butadiene latex, Dow 312K, is used principally to pro-
vide & means for flexibilizing contings that ave made primarvily from
other materinls.  As a result, continugs wsing it will super-calender
mueh better and have a betier finish.  Tts use mukes the coating more
flexible, so that the paper can be ereased without cracking the cont-
g, It is claimed that it improves inlk receptivity, but this is not
a major factor in ifs use. Tt ean he used satisfacforily up to 20 to
50 pereent {depending on the end product and averaging about B4
percent) of the origingl weight of the ofher adhesives used, on n
dry basis, Beyond that it {ends (o make the sheet too limp, Oun
a dry basis it substituies for protein on a pound-for-pound basis, aned
Tor starch on o basis of 1.0 pound for L3220 ponnds of staveh.  As
it is anore than twice as expensive as protein, it is used only for (he
best guality iF can produce. 16 wives some waterproofness to spe-
cinl stareh coatings, thus allowing them to be used even for cheap
lithograply pyper,

Wartpserr & DEcLang Mansrer ror Sizes

In the wallpaper industry. proteins funetion to bind clay and
other pigment coating particles to the paper.  About Y0 percent of
the binder, or size, used s say profein, mostly as soy isolate, but to
a lesser degree as sov llome,  Stureh and animal glue have been al-
most completely displaced by sox proleing or casein. Casein is limited
10 speeinl Usea: @0y protein s preferred to casein in ordinaey uses.

Svathetie latices, purticularly styrene-budadiene latex, constitule a
threat to continued dominanee of protein in this market.  The man-
ofacture of wallpaper is yather highly eyelieal.  Tts inereasing pro-
duetion in 1950 shoubd Dring it closer 1o enpacii v operations than i
LMD At eapaeity operation. the Industey’s consamplion of protein
Linder approximates 10 million pounds per yvear, of which 30 por-
cent is likely to be displaced by Tatex.

Masvracrene or Wanneavm~—Most wallpaper is covered with a
solid conf—n graund coat-—amd s then conted a second Hime with the
prinf-design eont. Manuficture of nongromnded walipaper. in which
the desien ix printed direetly on the paper stock, has virtually consed.
The Tess expensive grades ol wallpaper today are nol washable, but
most wallpaper has been waterproofed hy running it through an
alumy bath after the second conting or printing operation. s io
guality it s classified aveording to design. pignients used, and the
like. Usually & to 12 pownds of o binder are used per 100 pomiuds
of elay, In the indusiry this averages about & pounds of hinder per
M volls of paper. As peak aanum! output of the industry ap-
proximades 300 to 350 million rolls, the peak annual consuniption of
wallpaper size approximates 1 million pounds: during the postwar
period it has averaged about 7.5 million. The maoulpeture of wall-
paper o HHG was reported (o Le ot its Jowest point in 23 vears,
It is expected by the indusiry to approach more nearly o normal
aperation during the next 5 yenrs

Posirtox or Vieagraene Proreiss ix Wannearsr Innrseev—Prol)-
ably D0 peveent of 1he wallpaper coaiing binder now used is made
of soy protein.  Aboul two-thirds of this (5 million ponnds) is used
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as isolate and one-third as soy flowr.  Soy meal has been extensively
tried for cheap wallpaper, but the manufacture of such wallpaper
has decidedly declined. = Casein is velegnted to special applientions, as
with goid and bronze powder. One of the smaller producers continues
to use animal glue, and a few producers use starch for the cheaper non-
washable grades of wallpaper. The use of Dow 512K latex is in-
creasing in blends with protein as a size; it is expected by the industry
to displace one-Tourth to one-third of the protein used duving (he
next 5 years, nnless demand for styrene for purposes with n higher
defense priovity retavds this growth. Otherwise no displacement of
the soy-protein contings now wsed is expected within the mndustry.
by those interviewed in the walipaper business.

Soy isolate is generally preferred to all but the best: premium-grade
casein because it is now more uniform so far as pi requirements and
viscosity dilution curves are concerned.  Viscosity is controlled by pIFL
regulation. Except for first-quulity casein, a hefter hrighiness of
color is reported for soy protein; soy profein gives more body, the
paper appearing painted rather than printed.  Soy flour is nltractive
to users beecaunse of its Jower cosi. The high pH vequired for the flour,
however, causes & vellowness; to offset this with titanium dioxide or
lithopone is expensive.  Alternatively, a soy flour modified with wet-
ting agents, such as low-cost pelreleum sulfonates, can be used al a
pH similar to that of a soy isolate.

Antmal glue excels in shavpness of color, but it is not ndequately
wushable, it congenls when temperatures drop n few degrees, aud it
requires more pigment. It 3s nsed for “print-contings,” in 1:2 blends
with soy flour, logether with a dispersing ngent.  Lhis composition is
claimed Lo provide a better, flat surface with 50 percent pigment, be-
cause of its nbility to dissolve at a Tower pIT with a G0 pereent (vs 38
pereent) solids conlent.

Starvch is lmited to use with certain colored pigments; it cannof, be
used iz conjunetion with protein because the fwo forin a curdy precipi-
tate which camot be handled by the pnmps in modern planis. The
sharpne~z of color obtainalle with either soy protein or casein cannot
be matched by starch,

Soy meal, solvent-extracted, has been nsed rather extensively in the
past Tor eoating cheap grades of wallpaper. A main disadvantage is
that it dees not “lay down’ a smooth pattern.

Use or Syxrmeeie Larmess—Smuall quantities of high styrvene-
butadiene latex nve now used in walipaper conting, usually blended
with profein Lo prevent curling.  Increasing applicaiion of latex is
anticipated by the manufacturer, ulthmately displacing perhaps 30
percent of the proiein used, despite the laiex’s higher cost. ™ The
principal supplier of latex was seiling it to the wallpaper trade as
4 pereent sohds emiudsion for $0.26 per pownmd in December 1049, No
other synthetic malerial now actively threatens: ethyl cellnlose has
been used on specialty wallpaper (o impart grease-resistance, but is
mueh too expensive for wide use sinee an organic solvent is vequired
for its application.  Likewise methyl methaerylate and vinyls have
found negligible nse hiere, although the former s applied ns a water
crnulsion. It is doubted that such developments will aecount for ns
much as 10 percent of the wallpaper markel within the foresceable
future although new materials not yel evaluated by the industry, for
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example, hydroxyethyl cellulose, might change this situation de-
cidedly.

Apnesives,—Adhesives to make wallpaper stick to walls are based
on whent starch. Precooked and dvied wheat starch is canventionally
used. A wheat-protein adhesive, due to sell at about 20 cents a pound,
was reported to be in & pilot-plant stage. '

SucGEsTIONS FOR OILSEED RESEARCH

(1) Fundamental investigation of theories regavding paper coating
would benefit the whole industry, according to the industry representa-
tives. A basic understanding of the viscosity and other rheological
characteristics of soy protein, 1n particular would be nseful. A work-
ably low viscosity with high solids content would be desirable for
wallpaper conting, Too much water tends to carry the color inte the
paper, making the color less sharp and requiring more pigment; like-
wise 1t causes the paper to curl,  An isolate with a higher viscosity
might be preferred for the prime ov ground coating as there would
then be less loss of the protein into the fbers, and therefore greater
adhesive strength per unit.

Methods of testing wallpaper are of an empirieal nature and are
inadequate for present materials. It has heen shown that the tradi-
tional wax pick test for bonding strength is not applicable to latex
sizes, .

(2) Some method of producin% an improved washable wallpaper
without the use of an alum bath is highly desirable. It might possibly
be achieved with a certain combination of a protein and synthetic
resin binder.

IxsvnaTiNg Boarp Orrews Soxi Prosrrcrs ror OiLsenp ProTEINS

Insulating board, and some other wood or bagasse fiber boards,
are commonly given a light pigment coating. Acoustical insulatin
boards nre included in this group, All grades that are intendes
for interior use and that have nn exposed surface are normally coated
on this one side, by practically all itms in the industry. This coat-
ing improves the 1nitial appearance and paintability. The natural
board has a relatively rough and dark surface that is not readily paint-
able, and that tends to absorb oil or water paints unless previously
coated.

Starches nre predominantly used by the industry as the binder for
these coatings. Some apprecinble use is mde of proteins and of
synthetics in formulations analagous to those of water-based paints.
The total anunual petential market for proteins in coating these boards
has been estimated as 2 to 4 millien pounds; in terms of soy-protein
isolate, probably only about 300,000 pounds per year are used now,
This insulating-board market is expanding rather rapidly, though it
15 of course subject to the cyclical character of purchases of these
huilding materials.

Starch is used because it has a Jower cost and a better resistance to
mold than proteins have. It has adequate water-resistance for most
uses. But the industry is not fully satisfied with starch. They want
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a coating that is more resistant to water, fire, and roaches. Starch
coatings attract rouches more than insolubilized casein or soy-isolate
coatings., Starch’s rather linited water-resistance is a main reason
for such use of proteins as is now made—for coating bourd for use
in which waber-vesistance will be particularly important. But resin
emuisions {of poly-styrene and acrylic resins, for example) are con-
sidered much more of o threat to starch than are proieins,

Casein, soy-protein isolate, soy flour, and soy meal, have all been
tried for coating insulating board. Only the fivst two are believed
to be used by the industry.

In addition to the main use of starch for sizing, the indnstry
uses it for laminsting heavy stock. Most board as 1t comes off the
machine is 14 to 1inch thick. Tor greater thiclmesses fwo boards ave
laminated; starch is used for this. Board so laminated meeis Ameri-
can Standard Testing Methods, 209-48 (which requires a 8-hour souk-
ing period) as well as the old Federal specification LLF321B. Soy
flour is useful as u Jaminating adhesive, but it is not used because it is
too susceptible to the growth of mold, and because it becomes infested
with weevils during storage.

The following iniprovements are wanted in proteins to aid their use
in this industry.

1. Increased water-vesistance. Proteins need better means for in-
solubilizing them. It wounld greatly increase their indusirial at-
tractiveness if an inselubilizing or havdening agent could be incorpo-
rated in protein formulations (of contings or acThesives, for example)
which would insolubilize the protein without subsequent additions,
but only after heating ov drying.

2. Incvensed Hexilnlity, Development of an effective permanent
and inexpensive plastieizer for protein films is wanted,

3. Deereased susceptibility to pnivefnction, mold, and mildew.

4, Simplifying of present complicated protein-dissolving method.
Starches, in some forms, nre simple o use,

5. Increased acid tolernnce-use in nentral or acid media. Often uses
of protein in paper and hoard ave difficult or impraetical beeause of
very low alkalinity or because of acid conditions encountered.

6. Increased resistance to absorption by porous surfaces. Some
starches provide such resistance. 1f protein is to be considered as an
adhesive in plying insulating boards this increase is needed.

PAPER S1zE A SpALL MARKET

Soy protein is now used in a produet put ont by a large soy-protein
supplier and user. This product is reported to be prepared as n mix-
ture of rosin and protein. The mixture as made up mitially isstrongly
alkaline but before use it is veduced to about pH 5 which tends to
precipitate the vosin from solulion. The protective action of the
protein prevents the rosin from coagulating, and maintaing jt as a
dispersion. Boric acid s snid to be particulurly satisfactory as a
means of acidifying the mixture as it acts to prevent any tendency
toward flocculation.

The Institute of Paper Chemistry is reported to have used casein
to stabilize wax emulsions for beater size. This size had good charvac-
teristies, especially for butchers’ paper, but apparently left the paper
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teo slippery to permit stacking it up. One company is said to have
developed a protein-stabilized wax-and-rosin size that was not slip-
pery.

None of the inter viewed representatives of paper mills made any
comments in which they showed much confidence concerning the value
of protein stabilizers for paper sizes. This muy be because their fa-
miliarity with proteins in this connection was indirect, us the proteins
are incovporated by others in proprictary sizes. It was suggested
that their value is enhanced in hot weather and that their use helps
to keep paper within specifications limiting the amount of allowed
sizing material. :

WOODWORKING GLUES A LARGE MARKET

The predominant use of oilseed proteins in gluing veneers is in the
softivood plywood industry, in whicl straight soy meal, soy-meal
blends, and extended phenolic resins, are contesting the market for
glues for interior-grade plywood, which accounts for the bulk of
procuction. The trend away from siraight soy meals is confinuing,
but large quantities are vsed. Soy-meal blends are enriched with
more concentrated proteins—mostly blood and, to a lesser extent,
easein.  Although the industry expects synthetics to make further
zuins over the years, substantinl progress in research on soy-meal
glues is under way.

The smaller use of oilseed proteing in the hardwood industry, for
gluing veueers, scems less likely to hold its ground for long, against
its principal competitive maferial—extended urea resin glues—but
it has been mulking some gains at the expense of staveh.

Tue Sorrwoop Prywoon IxpusToy

The sottwood plywood industry in the United States consists of
about 87 mills located in the Pacific Northwest. Together, they pro-
duce at capaeity about 2 hillion square feet of plywood per year, 95
percent of which is of Donglas fir. Nearly all of these companies
buy their glues from five companies. which have branches in the
aren, and which are vesponsible for the bulk of plywood glue and
gluing developments. They are depended upon for technical sules
sexvice. Three Inrge plywood companies also produce glues but only
one of them sells glues to other mills.

The industry uses soy meal (35 millien pounds in 1949) ; soy-nieal
blending materials (blood; easein, and a little soy flour); phenolic
resing; a little of other resins; fillers, extenders, and blending agents
for these; and associated chemicals {alkalis, carbon disulfide and
tetrachleride, auntifonming agents, efc.). Its nse of soy meal has been
declining in tavor of blendi ng agents and especially of phenolic resins;
but improvements i soy products may more nearly maintain their ap-
proximate present competitive positions for the next § to 10 years.

OuTtrLook ror PLywoop

_ Apart from its considerable dependence on the cyclical building
industry, the main Iimitations on the future expansion of the produc-
tzon of softwood plywood appears to he the increasing scareity and
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poorer quality of peeler logs (from which the veneers used for plywood
production are cut), and the great expansion expected inthe hardboard
industry. The latter is in part a consequence of the former, as hard-
board production can operate on second growth, on a sustained-yield
basis, ‘There is considerable diversity of opinion concerning the ade-
quacy of the supplies of peeler Jogs; but the uncertainty is in regard
to how much and how fast prices for peeler logs of good quality (by
today’s lowered standards) will go up, rather than whether they will
increase. ’

Hurdboard development is active among several organizations.
Douglas Fir Plywood Association has developed a very light-colored
hardboard. Some boards, somewhat mseleing hardboard, made
from resinbound (or even decayed-wood bound) waste-wood, have
been developed. Most of these new hardboards and related products
are expected to use synthetic resins as binders. Another related prod-
uch is a plyweod made of two plies of stock suitable only for coves or
backs, and faced with n composition sheet made of coavse wood
flour bound with phenolic resin.  “This overlay is nbout 14 inch thick.
This is an attractive product; there is considerable current discus-
sion within the industry about probable ultimate manufacturing costs
of it. Another plywood of similar chavacter is faced with an overluy
of phenelic-impregnated poper. No instance of a trial of protein as
a binder for hardbounrds, cores, ov overlnys, is lnown, but the plywood-
glue compuaies are actively developing synthetic resin compositions
as hardboard binders,

As n result of this increasing competition from hardboards and
overlaid plywood, much of the mndustry expects a long-term down-
ward trend for interior plywood, oflset by an uptrend for exterior
grade, emphasizing the purposes wherein waterproofness and strength
count: most.

The following statement from a member of the industry summarizes
the viewpoint ot its many well-infermed men in the industry.

“The biggest long-term threat to the continued use of soy meal in
plywoods is the prospect of greatly increased competition from hard-
bourds, It appears likely that Douglas fir plywood will have a rather
marked downward trend over the years in use #s intevior wall material,
It cannot be made as cheaply as hardboards that are adequate for
this important market. For present types of conslruction, that is,
for all types of building construction except some ‘prefabs’ in which
plywood is. used as a basic structural element. plywood is much
stronger than it needs to be for interior walls. With the expiration
of the basic Masonite patents there has arvisen a strong dvive within
the Jumber industry, including its plywood branch, tor development
and production of competing hardboards.”

Past DEVELOPMENTS 1N THE PLywoon INpusThy

Casein had been used as the basis of plywood glues from the first
World War until 1930-33. At that time, rather quickly, soy meal
took over substantially the entire market for casein, on u cost basis,
For a considerable period there were no standaxd grades of plywoed,
or really of plywood glues, and there weve large variations in the
quality of plywood, from mill to mill. Test methods weve poor. All
plywood was cold pressed.
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The first use of resing in the production of plywooed began in 1937
when cresylic resin glues were developed for use in an exterior grade
plywood. ~ Between 1938 and 1940 several plywood-glue companies
began to work with pheneolic glues; this resulted in the establishment
of standards for exterior grades. The Douglas Fir Plyweod Asso-
ciation then established separate standards for both exterior and inte-
rior plywood and set up a control laboratory to enforce them® Inte-
rior-grade plywood was required to pass a two-cycle test of 4 hours
of soaking and 20 hours of drying, The first plywood speeification
established by the U. S. Burean of Standarvds in 1933 wus CS45-83.
Several subsequent revisions were made.

It was nob nntil 194142 that exterior-grade plywood, other than
that sold by the pioneer producer under its trade-mark, becawe gen-
erally recognized, aceepted, and produced under controlled standards.
The hot press had been introduced about 1936 or 1937, and appavently
was first used with eresylic resins glues; it was used also with protein
glues. 1In recent years protein blends and extended phenolics have
been developed for interior use, and press time has been reduced. The
cold press has similarly been helped by the introduction of the “no-
clamp® process.

Radio-frequency-heated presses were introduced abong 1940, Their
use has expanded very little, although eaveful cost data concerning
them have been compiled. Comparisons of cost data indicate that
radio-frequency presses are advantagecus over standard hot presses
Tor only specialized uses or for thick panels.

During the second World War theve was a large demand for an ox-
pandable type of plywood for exterior use. owing fo the searcity of
facilities and materials for making standawd exterior plywood. Iut-
nteni-grade plywood was developed to meet this domand. It passed a
10-cyele test, soaking T hours in hot water and drying 1T howrs. ¥s-
sentially this type has since been used as concrefe-form plywood.
Bven from the carly 1930°s a better grade of slue was sold for conerete-
form worlk aund variations weve made by different plywosd manutac-
furers, each under his own brand.  Finally a standard for the indus-
try, with specifications, was evolved. 'The concreto-form grade, in
addition to the characteristios of tite Hatment grade, veguites an oil
thip to reduce the rake of water penetration,

Tn 1947 the 2-cycle test, up uniil then considered adequate for in-
terior grade and still the standacd for hardwood plywond, was elimi-
nafed Trom the Donglas Fir Plywood Association specifications.
There are now agrin only two basie standards for aghesion, exterigr
grade plywood und interior, the latter mceting the 10-cyele tost,
Straight soy-menl glaes are satisfactory for making plywood to meet
the 10-eycle test, using the cold-press method: but for soy-meal gines
fo be used in the hot press for plywond to meet this spectficalion, say
blends had to be developed.

®The DFPA standardizes Che gualify and protetes the use of plywood, Ti
serves a highly nseful fanetion,  Almost the ontire intiustry helongs, 1o bo
able to place the DFIA grade marking on plywood, one must comply with ai
ef their gquailty regmivements for a given prade. Thelr standards e Hore
stringent fimnn the ecommereinl sthndards of the Amorienn Standards Assacintion,
For example, for exterior grade the commoereinl standasd allows fiilure in <40
percent of the snmples; the DFEA in only 10 percent of Lhe samples.  This is Lo
minimize the ¢hanee of Molty goods. The DIPA nlso approves all new ndhesive
formulations except exploratery rans.
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EXTERIOR vS. INTERiOR PLYWOOD

Many members of the softwood plywood industry advocate that the
Douglas Fir Plywood Association require that all softwood plywood
meet the adhesive strength tests for exterior grade plywood, in order
to avoid misuse of interior grade for purposes requiring n moisture-
proot glue®* Such misuse tends to prejudice some users against all
plywood, but those who urge this step represent a minority, and their
inlluence seems to be declining. The consensus is that they will prob-
ably not achieve their objective within the next 10 years. Their suc-
coss wounld eliminate the use of proteins in this industry. Sheuld
means be worked out for setting phenolic glues as quickly as proten
clues, in the hot press, their case would be strengthened.

Regardless of such regulations, it is rather generally expected that
the long-term outleok for exterior grade plyweed, which now amounts
to about one-fifth of total preduction. is better than the long outlook
for interior grade. Tts uses are developing more rapidiy and it is
considered less subject to compelition from hardboard. But the pro-
duction of exterior grade board is inflated beyond true demand during
periods of peak use. As it sells at better margins, in the time of “sell-
evs’ markets” producers ave likely to make it in exeess of true demand,
expecting that it will be bought instead of interior grade when the
supply of the latter 1s unable to meet the demand. Thas the propor-
tion ot exterior grade produced dropped sharply from 1948 to 1049, as
there was u {urn from a sellers’ to a buyers’ market. Production n
1048, in millions of square feet, wus 1531 of interior and 620 of exte-
rior; in 1049, interior 1,573, exterior 404

The following quotation is representative of the arguments made by
people in the plywood-glue industry who support the case for an en-
forced all-exterior-grade glue.

“To requirve the use of exterior grades exelusively for all plywood
would increase the glue line costs of intevior grades only from about
$3 to about $4.75 per thousand squave feet. To the extent that ex-
rended phenolics are now used, this increase would be duc to more ex-
pensive glues (much less filler}, but to the extent that soy blends are
now used it would be due mostly to longer press time. The press time
for exterior-grade glues is generaily aboat the same as for extended
phenolic glnes—in faet, it tende to be a little less. Tt the industry re-
quired exterior-grade glues generaily, they would still maintain inte-
rior-grade plywood, the differentiating features then heing the differ-
ences in the grade of veneers used.”

A larpe plywood producer commented: “It wounld cost only
roughly $2 per thousand square feet of the three-ply plywood to shift
from interior- to exierior-grade glues. It would cost aboub twice this
for five-ply plywood, but this ply is much less used. At present, the
price spread between interior- and exterior-grade plywood of a given
type is about $6 for most grades of three-ply plywood, and about $12
for most grades of five-ply plywood, that 1s, almost three times the,

3 & wnin renson for the drive townrd a single standard of ndbesives is the
large poteatinls belicved to exist for plywood in agricuiture. Probably £0 per-
cont of the potential in agricalture is for exterior grade. Plywond can be ap-
Mied by farmers themselves, during fhelr off sensons, becnuse of its ense of in-
stallation.
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difference in glue costs. The spread is greater becauge exterior grade
tends to receive more carefully selected stock und better workmanship,
and fo get a better margin in price. To use exterior-grade glues exclu-
sively would, for most grades, add 1ittle more than 2 percent to total
costs.” These relationships can be noted in detail in the following
tabulation (table 8) of prices as of December 1949,

Tasre 8—Plyiwood, interior and sxterior: Cost per thousand square
fect, and spread as @ pereentage of interior, by ply

Cost per 1,000 square fect

Spread
as a per-
Interior | Exterior| Spread | contage
of
interior

Plywood: ;
3% ineh, 3-ply: Dollars | Dollars | Doliars | Pereent
ocD-CC 85

I S 5 10| 133

BD-BC . ._. e e 88 128 G 6.8

AD-AC : : 2 a8 fi G5

ADB-ADB . . e e 100 106 6 6.0
AA=AAL L L 112 114 2 1,78
RN e 150 10

— e 1 5

BO-BC .. 154 166 12
AD=-AC Cwa ame e, 158 170 12
ARB-AB. . B 166 178 12
AM-AA. . oL L . e 178 136 8

i

Calenlaied from the December 19149 priee list of one of the large softwood ply-
wood mills,

The rebuttal to these arguments is that education in proper use of
inferior-grade plyweod, and advertising, will achicve the same ob-
jective at Tower cost; that some mills would not zo along in produc-
ing only exterior grade, when intevior grade can be made at o lower
cost and used just as well for many purposes: and that such action,
making obsolefe the heavy investment in cold presses and in protein
adhesives, would he avbitrary and unwarvantoed,

Corp-Press vs. Hor-Press Provvertox.—Whether or not one uses
straight soy glues for interior-grade plywood depends on whether
he uses the cold press (ov the radio-frequency press) instead of the
hot press, after applying glue to the veneers nnd assembling them,
Straight soy glues have no veal competition in sight for the cold press
(except possibly peanut meal) but they are nof suited for hot-press
work. _

Hot-press production has heen inereasing at the expense of cold
press. It is now belicved to uccount for shightly more than half of
capacity and production, and is expected to confinue to increase its
share, but at & much slower and declining rate, and without re-
ducing cold-press production to much below 20 percent, so far as
can be foreseen (short of & forced shift to exterior grade, or other
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radical change)., In cold pressing, straight soy meal is used as the
base of the glue formula. In hot pressing enrviched soy meal (that
is, soy blends} or phenolic resins form the adhesive base. How-
ever, as cold presses are much cheaper and more quickly amortizable
than hot presses, they tend to be installed by small milis in prosper-
ous times, to “skim the cream off the boom® to a greater extent than
normally, thus temperarily increasing soy meal’s sharve. As noted
below, soy blends have n shorter hot-press schedule than phenclics.
In boom times, to squeeze out as much production as possible, they
are nsed somewhat more commonly. These two factors partially
offset the abnormally great nse of phenolics in boom years resulting
from excessive production of exterior-grade plywood.

Increased use of hot presses has had several reasons. One is the
wider latitude it provides in production. Use of the hot press per-
mits a shift between interior and exterior grades, depending on
market demand and on the quality of the peeler Jogs at hand. Some
mills which depend entirvely on hot press ave adding cold presses to
give them greater flexibilify. These additions ave not so great as
the hot-press additions by cold-press mills.

The hot press, with its much shorter press cycles, has provided an
exceilent means for greatly increasing plant capacity at low oper-
ating cost, and has been widely insta]letll on that account. Another
prime reason for growth in use of the hot press was the advance-
ments made in hot-press production of interior-grade plywood, based
on development both of soy blends and of extended phenolics that
produce panels of higher quality. Until 3 or 4 years age these ad-
vantages werve great enough fo cause several mills to shift to hot
press exclusively. Counter-development of cold-press techniques,
however, then provided an economic means for use of cold presses
in making interior-grade panels mecting the D. F. 1. A. i0-cycle
test, and possessing qualitative advantages of their owin. The “no-
clamp” process at the sume time permitted cufting the Tabor costs
of the cold press with only moderate extension of its press cycTe.
These developments have placed the cold press in a much sounder
situation, '

The advantages of the cold press were summarized by one ve-
spondent company us follows: “Cold-press operations involve n
lower investment, less upkeep and less drying of the veneers. Cold-
pressed plywood finishes better than hof-press plywood does, cspe-
cially better than exteriov-grade hot press, with its high tempeen-
tures and long press time. These dry the wood and tend to cause
checking. Cold-press panels are also preferved by some buyers be-
cause they tend to warp less than most hot-press panels, Altheugh
cold-press glue line costs are the same as hot, some manufacturers
fgure total cold-press costs per thousand square feet of plywood are
less than hot press; as for cold-press work they do not have to dry
the veneers down below § percent moisture as they do with hot press.
There ave also less losses on account of rejects, for theve is no blister-
ing when the cold press is used.  Because of the much greater invest-
ment for a hot press {$70,000) than a cold press ($17,000), it is vela-
tively uneconomic to produee smaller sized puanels in the hot press.
Becanse of the high overhead of the Lot press, one usually needs to
operate it only with full-size panels, 48 inches by 96 inches, instead

$53358— 51—
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of 36 inelr by 84 inch panels or smaller. TFowever, these are all rela-
tively minor reasons that help the cold pross against the trend. The
‘ne-clump’ process has helped cold-press operation because, though
trequires a little more press Lime, it permits use of less lubor,”

Rudio-frequency heating provides the speed and adaptability of
hot-press operations combined with the freedom from warping of
cold press. but its operation i too expensive for general use. One
mill in Oregon uses a radio-frequency press. which operates on soy
ghies at 160 to 163° Fahrenheit. This permils use of straight soy
glues: blends are not required. One ean use 2 higher spread than
would be permissible with the conventional hot press, and still avoid
biistering.  Radio-frequency presses ave not economic for mest oper-
ations, owing to the higher initial cost, and to the areater cost of
the electrienl power reguived than of the steam required in conven-
tiomal hot presses, A conventionul hot press is adequate for exterion-
arade plywood and for kraft laminated plywood. For heavy con-
struetions of intevior-grade plywood, and for very thin vencers, the
radio-frequency press oifers strong quality advantages. heeaunse the
moisture stays pud, with no warping or checking.,  Another advan-
tage is that one lays up the vencers in bundles and they are not dis-
tarbed again. This cuts the cost of Inbor.

Prorey BLesns vs, Extennen Prrsxouics

Comparntive net over-all operating  costs between  extended
phenolics and protein blends appeared to differ slightly in the var-
jous mills visited.  For the most part, however, these costs were
roughly equal. Tt was veporied that only 1 out of 10 mills keep ade-
diete cost unalyses, mud these are seeret. Actual datn on compuara-
{ive costs Tor all glue and @uing costs exeept mixing, were obtained
Trom one mill. but such data cwmotr be considered representative,
But for the purposes of (his report, it was thought that some con-
snferation should be given to them.

{sluing costs Tor (his mill were lower when using protein blends
than when using extended phenolies. Tt should he noted that this
mill uses Lwo spreaders per press {permitting full advaninge o be
taken of (he faster press cyele of soy blends). For this and other
reasons (his anadysis in table 9 is a 1itle more {avorable to pretein
blends than would be one averaging comparative costs for the entire
Industry.

The relative merits of prolein blends and extended phenolics for
use i hot-press production depend on the following factors.®

1. The lower cost of glue Tor extended phenolics,

2. Other costs of ghie department—higher for extended phenelics
because of their longer press time. This varies from mill to mill, de-
pending on such Taelors as whether twe or only one glue spreader is
used per press, extent (o which mill is operating its hot presses nt
capaeity, glue costs, depending on varvieties of each major type glue
usedd, and cost-aceounting systems used.

®Frem an intevview with (e cost accountant and the tochnienl nroduction
man who was most fnmiline with the wse of glue at the Inrge plant where actunl
vest dala were obinined.
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Taswe 9.—Hot-press plywood gluing costs, per thousand square fee!
of surface, for 3% inch, 3-ply plywood

Gluing cosis based on—

Press costs only All eoals except mixing

Soy blends Phenclics Boy blends Phenolices
ltem

Per- Per-
cent- , ceng- .
age Ex- age Ex-
: tend- torior

of of )
total ed fotal srade

cosk cosh

Per- Doi- } . Per- | Dol-
cend lars cond {ers
Materials. ... _.._ .. 72 230 | sk ] 307 | 2 410
Labor and burden..._ 28 L1 Ga . G5 36 | 3,90

100 | L 26 | 415 | 3.7 100 | G 97 | 7. , 50

t Based on reduetion of output, when using phenolics, 28 percent from the soy-
blend level, due to longer press eyeles required.

Caleulated from cost data supplied by n principal sof{wood plywood producer.

3. Kind of constructions produced; soy-blend glues are not very
satisfactory for heavy constructions, notably in 1454 inch thick, fve-
ply plywood.

4. Uniformity in glue-handling; if mills ave using phenolies for
heavy construction, they may use phenolics exclusively; they do not
like to bother with diflerent glucs.

5. Quality: By careful use of high-grade extended phenolies, one
mill reports that it is able to make 40 percent of the output of its
interior-grade plywood meet extevior-grade standards.  Nevertheless,
it uses only soy blends in interior-grade production, primarvily Lo get
out inore production.

Despite the enrrent use of soy blends in the industry, many of the
wills expect that soy blends will gradually be displaced by phenolie-
extended resins. The primary veasons for the cfislﬁzwement of soy
Ilends ave, (1) the desirebility of wsing only one kind of glue in the
milly (2) the increasing relative importance of exterior-grade ply-
wood, and (3) the expectation that, as extended phenolics ave further
Jeveloped, press times will be cut.

Orier Restns~—Only phenolie resing ave used to any large extent
in the softwood plywood industry. There i rarely any real staining
problem heve, as thereis in hardwoods, with which ureas are com-
monly used in preference to soy meal ov phenolics because of their
light color. Also the generally thicker softwoad vencers that arve
used rarely let the glues bleed through. Trea resing nevertheless
are used to an extent estimated (by different sources) as between
0.8 and 1.2 million pounds anmually by the industry, despite o distrust
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in the permanence of theiv strength. They ave used for plywood made
from Ponderosa pine (accounting for perhaps 4 percent of the in-
dustry’s production) and for special fabrications in which their light
color is advantageous, notably flusk doors for interiors. For some
other specialty constructions (white fir or eotlonwood for instance),
soy glues ave preferved. A very little casein is used straight for a
few special purposes. Resorcinol resins ave limited, by their cost, to
such special purposes as patching and jointing., Probably less than
15,000 pounds per year are so used, but incrensing use of poorer logs
will require more and more patehing, hence resorcinel.

DeveLoemexts Recamize Buoos—TDevelopments regarding the use
of blood in the plywood glue industry ave concentrated on the pos-
sibilities for blending with phenolics, as extended phenolics in which
the protein serves not only as an extender but as an auxiliary glue.
By using blood as the profein, one can achieve a guicker inifial set
frem the bloed, and 2 strong uitimate bond from the phenolic, com-
pleted after removal from the press, beeause of the latent heat in the
wood. This is another approach toward culting down press time for
phenolics. Blood has the advantage over oilsced menls of a high re-
sponsiveness to heat,

A leader in the development of blood in plywood glue has this
to say about the outlook concerning the use of blood in soy blends and
as phenolic extenders,

“Possibly most interior-grade glues will some day be displaced by
blood-based glues. This would require about 500 tons per day of
blood, an amount probably in excess of domwestic supplies but ade-
quately capable of supplementation by imports. However, al pres-
ent, improved soy-based glues have a prefersred position over the
glues that are based on fertilized grade blood. This is uttributed
nuinly to the unstable price of ferltilizer grade blood, less develop-
mental worle on this grade, and not quite so good mold resistance on
its part.  But even at the present stage of development, blood-meal
glues have several points of superiority over soy-meal glues. These
are & more uniform viscosity over a larger period, a longer assembly
time and superiority in cold press jobs on heavy plywood.™

“I’henolics extended with blood constitute the main field of plywood-
ghue reseureh on blood.  The related field of the addiiion of a little
phenolic resin (o a lot of bload is also promising; the main advaniage
is the fungus resistance imparted by the phenolie.?

Orciter Uses or Prorrins as Priexonie Bxesnoprs—Except for the
use of blood as a phenolie extender, no other use of proteins to extend
any resins is contemplaied by the plywood glue indastry. Of conrse
this situation might be changed by a valtability of wholly new {ypes of
proteins having suitable charucteristics {as, conceivably, keratin, or
sone radically modified oilseed protein). but (here is u noteworthy lack
of interest in the subject at present,

Use of proteing for extending exterior-grade plywood s of course
excluded by 1. F. 120 AL vegulations, followimg (heir experienee with
such use of blood.

Oruer Deverorsests Reearnine Proreix Mean v Poxwoon Ix-
nusTion—Oilsced protein development in the plywood glue industry
lias probably been retarded during recent years by the dissuasive in-
fluence of the magnitude of the effort in this field undertaken many
years ago by a Inrge company which, ut one time, necording to plyweod
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glue men reporting on this attitude, had 17 research men primarily
engaged on this work. Among some of those Interviewed, including 2
few wlho were with (hat company at that time there is a belief that, by
using new techniques and scientific knowledge achisved since then,
and by working more fundamentally and less empirically, many of the
objectives then sought would be much more likely to be veached now
than the limited work during the past dozen years would indicate.
Though the seale of recent and current work on, oilseed proteins for
glues has been much more modest, it has improved the quality,

Some of the best of this recont work is the result of close technical
cooperation between a soy-meal producer and a plywood glue pro-
ducer. There has been & marked increase in sales for both,

The cooperating glie producer commented that much of his com-
pany’s success in research has heen due to theiv strong cooperative
program with a soy-milling company. His company believed that the
only way they could muke real progress was to open up their technieal
knowledge to the soy-meal producer, which could develop the best
meals for the glue company to work with. The resuits of this coopera-
tion have beenr mutually geatifying, and the joint work is continuing.
The company hus vecently made » complete study of the rheology of
soy-meal glues, which has been of especial help in maling best use of
the improved soy meals available to them.

Although conceding that the use of resins probably has greater
prospects of expansion, this glue company stated that it has confidence
in the future of soy meal as an adhesive for plywood production.
There is room now, and always will he, they believe, for this type of
adhesive in the plyweod industry. Much has been published on the
opposite position, but mestly by people who apparently do not know
the petentianlities of soy meal. In contrast, this manufacturer of
plywood glue expects that if plywood production holds steady, soy
elues will maintain their present volume for at leust the next 5 years,
though they may not maintain their percentage position. becaunse of
the industry’s use of phenolics tfor new purposes, including not only
hardboards but also plywood that is specially faced. .\ Iarge part
of the reason for this confidence in the future of soy meal for the inter-
mediate term is the company’s own development of substantial im-
provements in the quality of its soy-meal glues, reflected in substan-
tially increased sales, and the prospeet of still further improvement.
The compuny has placed especial emphasis on protein research becanse
resin adhesives have been subject to cut-throat competition.

There is widesprend interest in tests on the influence on the quality
ol gltie of varieties of soy beans, growing aveas and conditions, har-
vesting and milling conditions, age, and other aspects.  Some believe
that fundamental work on specific characteristics to be tested for is
needed ; otherwise they think such tests might merely duplicate what
was done many years ngo.

Considerable use once was made of cottonseed and peanut meals.
Linseed meal hias had much more limited trial. Current interest among
oilseed meals other than soy is moderate, and appears restricted to
peanut meal. The large company just mentioned is reported to have
prevented its licensees at one time from using soy meal unadulterated
with other oilseed meals. One mill, which had tried cottonseed and
peanut meals for 2 years, reported no appurent advantage, and that
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the cottonseed-meal glues provided poorer water resistance and higher
viscosity for the same solids content, .

Another glue company which used them then (1949-50), claimed
to be able to duplicate the quality of straight soy meal, but with much
more difliculty, because of much poorer control by the producers of
these meals, who were then not technieally advanced. .

A thivd glue company said that thelr company has recently rein-
vestigated other oilseed menls, none of which equaled soy meal in
theiv belief. Lhey claimed that cottonsced meal has too much car-
bohydrates, They like the fluid and the tacky charvacteristies of pea-
nut-meal glues, but not their poor meisture resistance nor the
unfavorable supply situation.

A fourth give company noted that the advantage of soy meal is
duc not merely to a high protein confent, but also to the fact that
it can be had tu only very slightly denatured form. The company’s
tests of cottonseed meal. especially extracted to avoid dennturation,
also resulted in poor glues. Simlarly prepaved peanut meal made
an excellent glue, but was too expensive for the company’s nse.

An independent authority. noting the poor water rvesistance of cot-
tonseed and linsced meal glues, considers peannt-meal glue distinetly
promising although inferior in water vesistunce. Fle suggested the
removal of earbohydeates from these meais by fermentation, to help
overcome this deficiency,

The Western Regional Research Laboratory of the United States
Department of Agricultnre has recently initiated tvial by a producer
of plywood glue of keratin (ealeined feathers were used in the initial
tests} as a blending materinl {0 enrich soxy meal for hot-press use,

Blood. and to a somewhat leaser extent easein, nsually in combina-
tion, are helieved principally used to envich soy meal in hot-press
blends. One glue producer uses some soy flour for this purpose. in
addition to bloed. and believes his company gels betier net resulés by
50 doing. It hax preduced special soy flouvrs experimentally to estub-
lish an eptimum means for this use. Soy-protein isolate has also been
tried for this purpose, but casein is preferred beciuse, when the dry
glue is mixed at the mill, use of soy-protein isolate requires more water
for the same viscosity than does cascin.  In the hot-press operations
in which these blends are used, it is important to keep the moisture
content down as far as possible. Perhaps newly developed low-vis-
cosity soy isolates may warrant a re-examination of this market.

The Burean of the Census reporis the annual use of abont § million
pounds of casein by the softwood phywood industry. Thebe was rather
general ngreement among those mterviewed that this was mueh more
than s actually wsed, as it is used oniy in blends. It was considered
that the census figure for most mills probably represents the estimated
bleod and cusein content of hlends, and for some mills may represent
total blends nsed. .

‘T'wo points that may be of considernble significance to the develop-
ment of soy meal were established during discussions with plywood
glue manufacturers on enriching sov meals for blends. '

1. Soy menl appears to have some component other than its pro-
tein, possibly its hulls, which contributes to & good gine. This pos-
sibilify warrants research. (s presence probably helps to necount for
the industry’s use of soy meal insteadl of soy flour (a dehulled meal),

2. Yet the value of soy meal as a glue (and for practically all other
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purposes) depends predominantly on its protein content. In making
soy blends one adds to soy meal large quantities of other materinls
costing 8 to 5 times as mueh, to envich this protein content. 1t would
seein worth while for glue makers (and most other nsers of soy meal)
to pay a premium for soy meal of exceptionally high useful protein
content. For industrial users this premium might be considerably
greater than would be warranted merely by applying to the increment
the value of the protein content in ordinary meal. Not only would
the additional percentages of meal protein probably replace expensive
blood or casein, but thewr presence would mean less carbohydrates and
other diluents, such as probably Hmit water resistance. It was sug-
gested thut, in order to achieve higher protein meals, the breeders of
soy beans aim not merely at a higher oil content, but also at 2 higher
percentuge of profein in the residual meal.

Sounie comments were received during the study on such aspects as
general technology in plywood gluing, formulations, quantitics used
per 1,000 square feet of glue line, and costs of materials. As similur
data are available in the voluminous periedical and patent literature
ot the subject, these, details are not diseussed in this bulietin,

Harowoop GLuEs

The hardwood veneer Indusiry uses mwuch less of the protein
adhesives thun does the softwoed industey. But hardwood glues are
used under 4 ntuch greater variety of conditions, with products rang-
ing from the most expensive furniture vencers to cheap box-shook
plywood. The industry itself includes many more plants than does
the softwood plywood industry. Most ol the plants are relatively
small, being scattercd all over the hardweod areas of the United
States. The largest proportion of havrdwood plywood production is
in the Soulheastern Siates, where there are 80 plywood mills, 44 of
which are in the Carolinas. There are numerous mills in Wisconsin,
Michigan, Indiana, New York, and Verniont. Seuthern mills tend to
use soy-meal glues more commonly than do northern mills. Very fesw
companies that make glue hardweood vencers have more than the most
rudimentary understanding of glue technology. They arve likely to
depend even more than the softweod plywood industry on the tech-
nieal sales service of the glue compantes.

The great bulk of the glue used for hardwooeds is used in gluing
vencers, rather than for miscellaneous other furniture and millwork
joining.

Census data on the consumption of glne in softweod plyweod manu-
facture nre available monthly. ‘The collection of such data for the
diffuse hardwood plywood industey, was diseontinued at the end of
World War IT. At that time, the annunl use of glues approximated
the following, all on a dry basis:

Mitlian

pounds
Ureas - 220
Soy menls 10,
Tupiotn starehes 7.
Plhenolles 2,
Cusein . 1.5
All other? 10,
YHAN other™ is belleved to inctude other siarchos, pther resing (molpmines,

resoreinels), animal glues, bigod, nnd some extenders, bul use of soy iselate in
this industry, exeept on i trind or emergency basls, is unknowa,
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Reliable cuvrent estimates of the use of glue in the hardwood
industry were not available from the trede associations or the glue
companies, ov the hardwood plywoed companies. It is commonly
believed that the use of urea vesins is continuing to expand, at the
expense of all natural materials, but that soy meal has made some
counter gains at the expense of starch. This was the generul obser-
-ation drawn {rom interviews of management in hardwood mills.

On the whole, the use of soy meal has probably been declining, and
may continue to decline. One well-informed glue company estimated
that about 7 million pounds per year of soy meal is now used by this
mdustry. In general, the better the technienl qualifications of u plant,
the more Jikely it is to be using resin glnes.

Besides the glne companies that serve the sof{wood plywood indus-
try, theve ave other resinous glue producers and producers of animal
glue and of starches who serve the hardwood industry.

Proreivy GLues vs. Urgas

Two main disadvantages ef protein glues compuared with ureas—
thelr wain competitor in this industry—are the duestion of stnining,
and the fact that they requive more water in the glue mix.

Coror—Protein glues must be applied with rathoer strongly alkaline
solutions. In thin veneers these glues tend to bleed through porous
wood structures, or they may get on the surface of the wood during the
handling. Because of the free alkali present, the color of most hard-
woods is affected, causing a stained appeavance. This is especially
true of walhut, mahogany, and oak. Tor example, when during a
temporary shovtage of uren, resins casein glues were used by o working
crew who were not tsed to going to the trouble needed o minimize
staining, the rejects went up from o very low figure to a figure that
was 10 Lo 15 percent of the produclion, and these rejections were due
to staining.  Urea glues may bleed throueh, nso; but with their low
pH they do not stain the wood. ‘The color of the glue line itself, as
observed along its edge, is ravely mporvtant, but most woodworking
plaats wonld net want to hother with one glue for use when bleeding
through s important and with another when it is pot—that is, when
only the edge of the glue Iine would show,

But it protein glues had a substantial net advantage in other
respects there would be n murket for them in that pavt of the in-
dustry in which the question of staining is not important. This
is possibly one-fourth of the hardwood plywood industry, including
such products as box shooks and a vaviety of others, }ike bottoms of
drawers for instance.  Hence, it wight be worth while {o explore even
a dark glue, as one based on cottonseed mieal, for that part of the
industry, if its other chavacteristies were sabisfactory. Some stureh
glues are used despite thelr tendency to statn and their negligible
registance to moisture.

Warer Avprrions.—All protein glies are bucking the trend to-
ward use of Jess water in ghies.  The nltimate objeciive, likely some-
day to be reached, is a glue that is witerless, and inhevently Hguid.
Protein adbesives, like stavches. require n lot of water and heavy
spreads. This water causes the wood to expand lacally, so thub the
bond is made while the wood is in an expanded condition. The
wood needs to be dried as a result of this water addition, if it is to

.
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be sufficiently stabilized when used in furnitnre to avoid sttting up
straing there. This drying adds to the expense. Apnrt from this
problem, sinck the wood becomes dried in use in any cvent, the gluo
ling is then under strain.  This problem ig far more severe in regard
to most havdwoeods than in vegard te softwoods. as hardwood vencers
ave usually much thinner, and so ave niorve readily saturated by mois-
ture from the glue, :

One veason for keeping the water content of {he glue iine down
is to avoid bloating during the hot press. The moisture content ot
the panel should be down e about 8 or 9 pereent but it often is ag
high as 17 pereent.  Regardiess of the extra moisture introduced with
web glues and thick glue lives. the panel should be redvied, but of
conrse no company wants to add water {o the ghie and then go to
the expense of evaporating it eut,

Looreamoxs or MAonwsives—Basically, proteing have more of the
natore of surface adhesives than is trae of synthetices gencrally.  This
is the reason for the need for thick protein glue lines, for the glues
are not absorbed inte the wood. as ave the better synthelies. Thick
slue Tines (end to provide poor bonds and to be Jess dependable and
attractive. But beeause they ave surface ndhesives, they ave hetter
than resing for bonding plasiic sheets to wood—7for counter tops,
as an instance.  'Uhis represents w very small mavket,

Avarranruery ro Divergese Usis—N\ decided advantage of uveas s
the Aexibility in gquality that ean be ebtoined by blending ureas
with different quantitios of whent flour oy other extenders, for differ-
eni uses,  Steaight wrea vesing nsnally cost aboul 18 cents o pound,
These are nearly all extended (o varying degrees, mostly with soft-
wheat fone. Siraight vvea does nol give so good o bond as nvea
that hos been extended with 10 te 20 pereent of flour; most uren is
extended with more Howr than this.  Steaight ures vesins provide a
eold-waler proof bond. The quantily of extender for the cheapest
uses will be greater than the guantity of resin, - A probable average
formalation for the industry is the {ype 3 glue, consisting ol 100
pounds each of wrea resin and wheat ifour, and 250 pounds of water,
Thig is considered just barely beftor than casein.  In genernl, & com-
inalion of (30 parts of Hour to 100 parts of vesin produces o glue
congidered to be uboul equivalent to a casein wlue,  Sowe of the beller
cusein blends, when exceptionally well econtrolled, may oceasionally
mateh this. One phai that produces high-grade Furnitonre uses
100 parts urea, 15 parts wheat flour, and 50 {6 33 parls of water,

Beeanse variations in the quantity of extender used for wren resins
nre so greal, comparisons cannot be made of cosls or of many prop-
erties, belween urea and soy-meal glues, nnless their composilion
is known. This is especially Urne of nrea. Some mills use soy glues
heeanse they constder them eheaper fhan wreas; other mills elaim
that considerubly extended ureas, of a_quality equal to or betler than
soy-meal glues, are just as cheap. Most smaller mills, and mills
that. pay less for Inbor. prebably find soy-meal glues somewhat
cheaper. In many hardwood plants a main reason that soy-meal
glues ave wsed s (hal they requive o little less cave in use than do
vesin glues.  As teehnical control, even of & limited sovt, is extended,
the use of uvens is said to expand.

Day, BoNp Sraeyeri,—In general, normally extended ureas ave
preferred to soy protein fov dry bond strength. Protein glues give
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adequate strength to plywoed made of Douglas fiv but not to hard-
wood plywood, beeanse Douglas fiv as a wood is weaker than havd-
wood. Hence, in muny tests of glue, even though the glue bond for
lmrdwood is as strong as between plies of Douglas fir, one consist-
ently gefs wood failitve with Douglas fr but not with hairdwood.
Also, protein glues when used normally show 100 percent of wood
failure in inboratory tests when used 'on hardwoods, but never show
100 pereeut wood failure wnder the less cavefully controlled condi-
tions of {iant operation. As a practical matter, for most hardwood
uses. cagein provides a salisfactory dry bond; soy-protein isolate is
as good. Given a substantinl price advanfage they woald be used
much more commonly.

But the strains set up by the extra water contained in the casein
glue may eanse increased strain throughont the entive piece of furni-
ture, and result in bond failure. One hundred pounds of dry ures
vesing need about 35 pounds of water; of this wet mixture only 30
pounds s requived per 1,000 squave feet of single glue line. Thus
about 23 pounds of resin and 8 pounds of water are nsed per 1,000
squave feet. One hundred pounds of casein, however, needs nearly
us much watey, aad of this wet mixture about 65 pounds, halt of
which is water, is requived per 1.000 feet of glue Jine, This raises
The moisture content of the wood from 4 percent to about 18 percent.
TFor good results, this moisture has to be taken out to aveid uneven
shrinkage of the plywood, which wonld bring strains within the
panels and assemblies. It is much easier fo equalize the moisture
content with a thin resin glue iine.

Warer Resistaxce—~—DBused on practical standards, reasonably ex-
tended wrens ave considered definitely to have a better wet bond
strength for hardweods than do proteins. The moisture resistance
of casein and other proteins is decitdedly different when used as glues
in softwood as against hardwond. Protein glues are much more mais-
ture resistant when used on Douglas fiv than when used with hard-
woods. Douglas fiv ean get the same moisture vesistance with soy
meal as hardwood can get with a medium-extended uvea glue. For
the more gevere wet bond requivements; phenolics are nsed mstead of
urens.

Results on wet hond tests. as elsewhere. depend on the degree of
extension used with nrens. The nef et bond strength of most uren
glues, as used. is reported 1o be considerably better than that of ¢asein
and ether profein glues; the exient to which if is better or worse de-
pends on how much extender ts used with the nrea. The urea glues
show up poorly in the warm-water test called for in Federal speci-
fications. Protein glues are not bothered Ly feaied water. In the
much moie significant cold-water test the ureans, if not overly extended,
stand up well.  Actually, most hardwoods are used in conditions in
which protein ghues provide adequate moisture resistunce.

Becanse, vuder nearly all conditions of use, wood products are
exposed at times to relative humidities of 80 percent or more, there
is a decided difference, over the years, in the bond of ureas and of
proteins.  This difference is due to the tendeney of casein and other
protein glies to break down, by mold or other structural destruction,
when exposed to high relative humidities. There also is some question
concerning the permanence of urea bonds, Some of these have now
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been used as much as 15 years. Buat their pH is still a little low and
they are not yet fungus-proof. Adding 5 percent of sodium penta-
phenate helps them to withstand fungal attack fairly well without
affecting the bond strength. What is wanted is a cheap phenolic that
handles sasily.

Aparrapiiry ro Hor-Press Uss—In the hardwood plywood in-
dustry soy meal can be used on the hot press as well as on the cold
press. ‘This is because this industry’s test standards are less stringent
than those for the softwood plywood industry, notably in requiring
only a 2-cycle (not a 10-cycle) test for wet bond strength. However,
urea glues tend to “set up” faster, permitting more production from
this expensive equipment. Hence in the hardwood industry urea glues
appear to be all but universally nsed in hot-press work.

As costs of labor have increased, especially in the larger or more
urban mills, the hot press is commonly considered to be the more eco-
nomical. One mill says that in its own experience, for thin stock of
14 inch and under, which constitutes the bulk of operations, the hot
press is twice as economical as the cold press, apart from small
sizes. According to this mill, in laminating veneers to base stock,
when a rather good grade of nrea glne is used as the raw material (for
example, one costing about $5 per 1,000 square feet), the costs of ma-
terinls are about equal to the labor costs, plus overhead costs. On
the hot press, overhead and labor costs are divided more or less eventy.
On the cold press, the costs of labor tend to be considerably higher
than overhead. For thin sections, the “lay up” and the press costs
combined are cheaper when the hot press is used than are the press
costs alone when the cold press is used.

A few radio-frequency presses are used, but this is so expensive that
it is not generally believed that any appreciable number of installa-
tions are Hikely to be made in the future.

Orner CraracTERISTICS —Syntheties from different sources used
to be deficient in uniformity. Now the uniformity is excellent, ac-
cording to testimony, giving them an advantage over proteins and
starches. Shelf life of ureas used to be poor, and still 1s for Jiquid
ureas, but powdered ureas, which appear to be generally preferred,
maintain their character for 12 to 18 months. As phenolics have &
shelf life of only 3 to 5 months at room temperature, and as production
rates fluctuate violently, making inventories a problem, it is desirable
to have cold-storage facilities m the plants to extend the life of the
phenolics. The stable prices of synthetics are a point in their favor,
but not a major one.

ProTeins as ExTENDERS oF UrEa REsiy GLUE

Little comment was received on the possible value of proteins as
ures extenders. The companies in this industry who were interviewed
had had no experience with the cottonseed meal-urea compositions
wnder development by the Southern Regional Research Laboratory.
A glue company, serving mostly other markets, suggested research on
11]1'ea. and other ammonium compounds as liquefying agents for protein

es.

Blood has some advantages as an adhesive additive. When added
to ureas it is said to extend their wet strength greatly under condi-
tions of use for woods of high meisture content worked in hot-plate
presses. In these situations, blood acts as a blecking agent to prevent
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starved joints, at the same time serving as an adhesive. For use on
extremely dry wood, however, it is uppavently us detrimental as it
is helpful on moist wood; it produces in dry wood = brittle bond
physically resembling that of precured vesin, ~ Blood is af best when
used only in small quantities. L has very poor shelt Tife, its odon
is highly objectionable, and, even when mixel in small quantify with
ureas, it tends Lo support micro-orgunisies,

Despite the desive for wheat floyrs of Jow gluten content, as wren
extenders, one chemist who works with ghie did not exclude the pos-
sibility that oilsced proteins might be tailored to be as useful as b}ood
is: “Since the effect of proteing as extenders does not appear fo be
well known. some reasonably basic werk along this Tine may possibly
be worth while, Coneeivably somie proteins may be useful as uven
extenders.  To be sure, the urea is n little on the ncid side, hut on hot-
press jobs the pH is brought to ubout 6.0, Soy albumen might be tried
as an extender for nreas and melumines, to make them a little more
sensitive to heat, to cut the hot-press time, Use ol proteing for this
purpose may depend on fairly basie developments in which specific
protein fractions, possibly given specia] treabments, nre failored to
react in a desired fashion with the resin,”

ANiMaL GLuEs

Anmmal glues arve not known fo be used in the rogular production of
plywood but are still used by a good part of the industey Tor edlge-
glung and miscelluneous joining.  The entive industry is frending
away from animal glues; the producers of the better graties huve heen

giving them up for soime time. By use of synthetics, e veneers and
joints of furniture can be made so that they do not come apart when
kept under conditions in which men Tive.  Nevertheloss, wany fnni-
ture manntacturers in the Noutheast continne to use animal ghies he-
causge they ave cheuper to apply than ureas.

Box SHooks

The box-shook plywood indus{ry Las standards of its own, beeanse
of the low prices af which it must =ell. It has heen losing ground for
many years to shipping containers made of fiber: but it now appenrs
likely, over the years, according to indusi vy spolesmen. to gain wholly
new grownd. “This will apparently be doue by plying heavy keaft
paper to veaeers Trom hardwoad that is too low in grade to serve for
divect unvenecred use.  Qrange erates and similay containers are ox-
pected to be major users.  Soy-meal glues ave especially usefnd i this
kratt hardwood plying, beeause they adhere hetter than do the com-
petitive materials to the cheap, green. wood veneers.

In the conventional production of hox-shook plywood. stareh is ex-
tensively used, especinlly on northern woods, where wol strength is
nof. needed.  Bub soy meal provides substantially better dry bond
strength on seuthern woods. us gum and poplar. T the quality of the
starch is satistactory, as it is for most purposes, it is likely to be pre-
ferred, because one cun use a lower spread than is necded for proteins;
1t is_casier to use; and, as it introduces less water, no redrying is
usually done on starch-honded plywood. )

Extended ureas are likely to be used only to meet certnin specilica-
tions. Their net cost tends Lo be greater, for this grade of product.
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Summary or Prorermies or GLUES

The following summary of the properties of principal glues used
by the hardwood plywood industry, as used therein, has been provided
by a well-informed member of the industey.

Animal glue has good dry bond, dry shear 330—00 pounds per
square inch, very little water resistance, gives no stain, is quick setting,
must be heated to be used, has @ clear glue Iine; ghie is light brown;
cold press is used.

Starches have good dry bond, shear 300400 p. s. i., no water resist-
ance, give very liftle stnan and usually only at cracks, ave slow setting,
have glue Yines moderaiely dark; glues are opuque; cold press is used.

Soybean glue has good dry bond, dvy shear 350-400 p. s. i., wet shear
150925 p. 8. 1., moderate water resistance; gives considerable stain,
iseither fast {no-clamp process) or slow setting ; uses hot or cold press;
has dark glue lines; glue is yellow with slight greenish tint. No soy-
hean is used in liot press in the eust.

Urea vesin—high frequency has n very good dry bond, shear 400-
500 p. s. 1., good water resistance to cold water, moderale to hot water;
gives no stain; is very quick sefving; glue Jine is colorless to light
brown, depending on quantity of flour nsed.

Ureq resin—flour evtension has very good dry bond, 400-500 p. s. 1.
varying downward with increasing flour extension ; wet shear nsually
200-300 ; gives nostain ; sets fast with hot press; cold press givesslower
setting and is catulyst confrolied: glue line is colorless; giue is white.

Urea resin—no _exiension has dry bond, 100-880 p. s. 1., wet shear
85000 p. 8. 1,5 gives no stain, setting fast with hot press: ceold press
controlled by eatalyst—sgeveral howrsrequired.  Glue lines vavies from
fight to medium brewn.  \dl liguid-urea glues have some extension;
urea powders may be nsed an either hot or cold press without flour
extension,

OTHER ADHESIVES USES—SOME MARKETS APPEAR PROMISING

The combinakion of waler resistance and strong adbesive bond,
responsible for the wide use of proteins n plywood production, also
makes proteins useful in many types of adbesive products used for
a great variety of other purposes.™ _ . _ )

Some of these principal adhesives-using industries, and theiv esti-
mated total consumption of all adbesives, huve been arbitrarily
¢lassificd as follows:

Consumption

of ail adhesives

(million paunds]
Fiborboard shippiog boxes.. ... e HIEL
{Hher liber eontainers. oo . 15
Muiltiwnll paper BES o i m————mm 50
Prepaved adhesive products 20
Cork - : i 43
Bookbinging . oo oo oo C s e a e em——— 2

= Plie eopsunmption of protein mdhesives by the plywoeod indastry s disepssed
on . Gk Adbesives in the insulting board indostry aee discussed in & paré
of the soction on paper conling (p. . Use of proteins in adbesives based on
rabber latex is found on p, T
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Starch shares with sodium silicate the Jarge market for fiberboard
adhesives, and it aceounts for about one-third of eonsumption of ad-
hesives for the uses noted nbove, Animal glue dominates cork bind-
ing, wlthough egg and blood albumens are used for spotting cork
to metal caps. Synthetics, such as polyvinyl ucetate, threaten most
of the adhesives mn the remaining markets. ‘They are already pre-
ferred in bookbinding, because of increased “mileage” (that is,
spread) and for food containers, beenuse of thelr nontoxic, odorless,
and tasteless characteristies.

Nevertheless, the recent successful development of an adhesive
based on soy profein, now used for the manufacture of solid fiber-
board contaners, indicates a definite possibility that vegetable pro-
teins muy be able fo participate further in the large miscellancous
market for adhesives, It further modification of proteins is made
possible through basic research, their unusual charactevisties may
Trequently allow suceesstul competition in quality with synthetics,
and economie competition with stareh or silicate.

Fiperpoanrd Sinerixc Roxes

In this bulletin, the needs fol adhesives by the paperboard- or
{iberbonrd-container industry are discussed, first, in eounection with
fiberboard shipping boxes, and, second, in connection with other
fiber containers. The folding and set-up box industry (rated at
$663.000,000 in 1$H8). which accounted for 90 percent of the actual
number of containers produeed {about 90 billion per year in the
United States), is omitted from this discussion beeause of its rela-
tively negligible consumption ot adhesives. (It is considered, tor its
use of coatings, on page 30}.  The production of 6.2 billion {iberboard
shipping containers, in more than 300 plants, accounted for almest
halt the tonnage of paperbourd, or 25 percent of all the preduction
of domestic paper (of 22 million tons of paper produced m 1048, 11
million fons were paperboard). Corrugated fiberboard dominates
the puperboard industry, as is evident from the following break-
down of fiberboard production (table 10}.

Tasur 10.--Quantity and value of fiberboard production. by kind, 1948

Produelion
Wind Value
Square {eel

Afillion
Ritlion Afittign dollars
Corrugated_ ... e 50, 8 4.5 814,
ROl . e e 2.4 a4 56.

Tolad e mmee e (2.2 4.9 871,

Fiber Conlainers, August 1949, (3, p. 146).

{In 1949, the total production of fiberboard declined to 61.5 billion
gquare Teet, bub in 950 it was again at a very high level.)
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Solid fiberboard cousists of three or more paperboard liners held
together by a continuous adhesive film. 1n corrugated board, the
interior corrugated liner is necessarily adhered to the outer liners by
a discontinuous adhesive bond. Solid fiberboard is heavier; it has a
rather limited application in instances in which its greater strength
and durability justify its higher cost. There is, in fact, n certain
berderline area 1n the successful competition of fiberboard boxes with
wood, in which the strength of solid {iberboard, without the excess
bulkiness of corrugation, is preferved. Corrugated fiberboard is suit-
able for most applications recently dominated by wood, including even
nail kegs, soft-drink containers, and contuiners for radios, television
sets, and vefrigerators.

Solid fiberboard is also used for a variety of shipping containers
for products that require special protection ; it is used for ammunition,
for instance—and it is used for eggs. The major cutlel for solid Gber-
board today is for returnable beer cases. About GO million solid fiber-
board beer cases, having an average life of 25 round trips, are now
manufactured annually, Moisture-vesistant sdhesives are needed to
obtain this life.

Preference for corrugated boxes wherever physical charvacteristics
allow beeomes obvious from a comparison in cost of & corrugated and
solid fiberboard box of the same size submitted by a major producer:
Corrugated costs $0.13 plus $0.01 to nssemble; solid costs $0.38 plus
$0.03 to assemble.

Apursrves Guyenaney Usen—Charges for the rvaw materinls
dominate the total manufacturing costs of fiberboard. Fiber content
accounts for three-fourths of the cost of finished fberboard shipping
containers—adhesives represent only slightly more than 1 percent of
the cost. Nevertheless, the annual sales volume of the industry, of
roughly $850,000,000, represents an expenditure of about $10,000,000
for adhesives.

Probahly 200 million pounds of silicate and move than 150 million
pounds of starch, both computed on an anhydrous basis, were con-
sumed by the fiberboard illdllb‘tl'_}’, in 1949, Starch was used almost
exclusively at the inception of the corrugating industry, but was later
somewhat displaced by silicate of sods, which permitted inereased
specds of operation, The high solids content of sodium silicate, to-
gether with its property of increasing viscosity quickly when u little
water is Jost by evaporation through heat and adsorption into the fiber-
board, has allowed higher rates of production. But proguess in sturch
technology, has been helping stavch to regain those markets, and its
progress continues to be considerable. Characteristics of viscosity and
ﬂuiﬁity, similar to those of the silicate, are obtained by incorporating
one part of precooked starch with four parts of raw starch, and using
this as a 20-percent water solntion. Heat causes almost instant gelat-
inization to a hard gummy bond, in contrast to the formulation of
the silicate bond by crystallization due principally to adsorption of
water. The decided trend toward wse of kraft iners, for improvement
in strengih, has contributed to the increasing application of starch,
since the kraft liner 18 less easily penctrated by silicate.

Bepending upon freight charues, the cost of either material ranges
between $0.15 and $0.22 per thousand squave feet of single-wall
corrugated fiberboard. The largest domestic producer of corrugated
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fiberboard boxes claims that skillful handiing will realize savings when
starch is used. Some other manufacturers elaim a smoother and faster
operation if silicate is used. Silicate is sold with a varying ratio of
alkali to silica, as approximately a 40-percent solution {£1% Baumé).
It may present a storage problem,

AppesivEs Usen wrrr Sonn Fiservoarp—Although many adbe-
sives have suflicient dry bond strength to withstand the rigors that
shipping containers must withstand, initial tuck is the major adhesive
problem in the manufacture of fiberbonrd. .\ quick-setting bond is
a major criterion for use in solid fiberboard. This requirement is more
severe in the preduction of corvugnted fberboard becanse of the dis-
continnous adhesive bond and the lack of pressure applied to solid
hoardl.

In the manufacture of solid fiberboard the liners, while traveling at
a rate of 175 to 400 feet per minute, ave coated with adhesive and
passed through pressure rollers. and then along o distance of some
T5 feet, durhng a perimd of 10 to 25 seconds, the adhesive must set
sufficiently so that the Aberbourd may be eut into the degired dimen-
siong, Corrugated fiberboard. on the other hand, must be set by the
time it Jeaves the »ingle-Tacer, & period of only 1 to 2 seconds. A high
solids content in the adhbesive is especially desirable for solid fiber-
board, az in its production dissipation of moistire = morve diffieult
than n the manufactare of corragated fiberbonrd, Likewise. as most
solud fberboard mu~t with=stand a sttolard 24-howr immersion test,
stwreh (usually modified with abont 10 percent of its weight of urea-
Tormaldehyde for neveased waterproolness) s preferred to silleate.
Silicate bonds nve rather susceptible (o moishure,

Polyvingl eleohol. which forms an insoluble film when cool but is
completely goluble in witer at 173 F.. also proved to be an excelient
moistnreproot adhesive in the production of V-hoxes duving World
War I Lut, despite the sialler quantities required per unic wrea, it
ix about three timwex as expensive w= the nrea-starch eombination.
There are some difliculties in the use of ~stavch-urea, however, partic-
ularly a short pot Iife"—tha iz close pH control is vequired to reg-
alate poelyimerization.  As =turelr vt be rather acidl tackiness i
delayed and temperatures that e higher than are required with syn-
theties must be uged to gel rhe adhesive properly. 'J.‘Jl(‘l‘(‘f()l'(’. except
Tor Jarge volunwe W continnous operation. use of the more expensive
polyvinyl aleohol s often more feasible. Nowme x(arch-uren adhe-
gives are nged for the Hmifted manufaetuve of weather-proof corry-
aated bonwd,

Tse or Prorerxs.—\ major producer of ~olid fiberboard containers
uses an adhesive for solid fiberboprd based on say-izolate, which is
claimed to have teehnical mdvantages over stureh-based adhesives and
a probable cost advantage over sueh syntheties as polyvinyl aleohal,
Attempts to redoce the cost by wsing say meal or sox {lour as extenders
for soy iselate have been unsnecessBul. They vesnlt in insaflicient
initial tack, which makes the rate of serap prohibitive.  Tven more
Important is the tendeney of the sov lour (o spotl within a matier
of hours, despite preservalive: no spoilage prolilem iz present with
use of the isolate alene. The sov-isolate adbesive is elaimed to be
easy to handle and to produce a fllexible. nniform adhesive [lm,
although further improvement in initinl tnek would be destiuble. A
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more uniform and a superior performance, compaved with casein, is
claimed.

The adhesive from soy-isolate has u serious disadvantage inherent
in all proteins, hm\‘e\'er: it i dificult to obtain a high solids content
while refaining a worl.able viseosity. Improved initial tack would
probably result from an increase in solids content, but it is diflicult to
have solids above 10 to 45 pereent with a soy- |n0(muﬂdlum¢ Lalthough
GO to 70 pereent solids ave feasible with adhesives based on starel.
Therefore, in addition to having a much higher initial cost {han
starch adhesives, the soy-protein adhesive bears an additional dr ving
cost. With its use, it 18 pecessarey to vgmove almost twice as niuelt
water.  Greater absorption of wale® the wdhesive hy the liner
is not Feasible as it would result in warping.  Development of pro-
tein isolaves which can be uged wt =ubstantially higher solids contents
may alter this situntion. s proteins ave hest dlap('] wedd inoan alka
line medinm. they are ol suitable Tor solid fiberboard that lus beui
internlly sized For wet ~trensth und therefore needs to be leept on
the aeid side of the pIi seale.

Defsite these = antages, u~e of soy-isolate in the adhesive for-
inwlation of a prineipal producer of solid fiberboard is well establishied,
Tt xeems likely (o =pread fo other users. Even thougl it probably
will not eapture the entive market for adhesives used with solid fiber-
Board, which wonld approxinmie LOSLOK pounds a year, it niay soon
obtain the bulk of this market. i< users helieve.

Use of stv-isolate in corrugated hoavd 3= limited by itx cost and its
setting thue, Tor both of which the eorrmgated has more stringent
requirements than does the solid board,  Manufucturers of some spe-
eiadty water-resistan corrngated bowd would welcome availability
of a safliciently quick--etting protein adbesive. Tor purposes for which
staveli-urent and asphalt are nadegquate.

Axphalty ineidentally, i= an exeellent aind inexpensive water-proot-
ing apent: but it has inferior adliesive ~trengthe and it prevents the
1'1-]ntipiuf_:' of the serap. and this adds to the over-all manufacturing
costs. Guod water-vapor resistanee i~ not obtained anless a contin-
uons filth of asphalt 1= present: mieroerystalline waxes are not appli-
eable to fiberhoard,  Some development work is being done on poly-
ethelene. which is potentially a lower cost synthetic product (han is
}m]\\m\l aleahiol. Cnew type of hoard. impregnated with molten
sulfie ro nerease its compression resistance. vetains jts rigidity at
hieh hamidity: bat it= application will be Timited by a t(‘n(lent_\' to
tning foods and (o corrode metals. Nevertheless, this development
may allow fiberboard to ol tain a pare of the very large ¢itrus-pack-
aging hysiness. at the expense of wool.

Te<ins, ~ueh o~ melamine, may be added to inerease wet strength,
hut they increase the cost {oo muel exeept for speeial purposes.
Therefore. the use of a=phali. salfur. or resins, daes not renove the
need for o low-co<t. moisture-resisinut adhesive. Turther improve-
ments, hoth technical and economic, will enlinee the competitive po-
sition of liberboard containers generally by making possible the man-
vlacture of multiple eareiers that will have an even longer life.

To i< doubt fnd that the adverse faetors of velatively high cost, in-
ferior tnitial trek. and viscosity. ean he ufliviently solved to gain any
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appreciable part in the large corrugated fiberbourd industry for pro-
tein adhesives, unless they are radically improved. Txpensive equip-
ment, well adapted to the use of starch and siliente, is a mujor
intermediale-term detervent to the introduction of any new type of
adlhesive, unless it can demonstinie large cconomic advantages.

SuccEsTioNs rox Serciric Oistun ResgancH

Based on the suggestions made by the interviewed compunies, the
following vecomumendations for resenrch were made:

1. Rheologicenl studies to permit contings with highes solids contents.

2. Reduction in the cost ‘&ﬂwd protem adhesives by (a) Improve-
tnenis in adhesive charaeteristics, pavtieutarly in initial tack; (b} suit-
able extension of soy iselate with a cruder form of otlseed protein such
as soy flour (af present, soy flosr even when biended in small quanti-
ties cannob be used beeause of its tendeney to spoil) 3 (¢} development
of betler extenders of other types; () processing developments which
will appreciably lower the manufacluring costs of isolating the oilsced
profein.

3. Development of more fundamental knowledge on adhesiveness
through the investigation of chain length, molecular degradations,
methods of dispersing proteins, and especinlly betler methods ot test-
ing bond strength.  Such work could best be done on a cooperative
basis, pernitting application of the resalls of such study by processors
of the proteins wul major {iberboard manufacturers.  In any test of
adhesiveness, of course, i s necessavy o specify the environment, such
as Lemperature, pFL thickoess of film, viscosity, miethods of dispersion,
mechunieal fechniques of application. and the like.  Development of
curves showing how both the initial and ultimate strengths of vavious
bonds might vary wuler these eonditions would be ol considerable
intevest.  Eor example, althongh the initial adhesive bond of soy iso-
fate could be improved. the uitimate bond would be much higher than
i necessary.

Fisenpoanp (oATINGS

Hoan economic means of appiving coloved coatings to fiberborrd
boxes ean be developed, it will open up a large and relatively nntapped
melvertising medinm.  {This applieation should nol be confused with
corbing paperbonrd, as conzidered previously.})  Some atiention is be-
ing given to conling bulic fiberhonrd before its conversion into boxes,
mueh as paperboard is conted. But in the industry, it is mostly con-
templared that the Bherboard converter, or box manufactlurer, would
appiy aspecial colered conting to (he exterior snrfaces of the fiberboard
Box (eorrngatedt or solidy for specinl ad vertising purposes.  Protein-
conlaining coatings ave being considered. The problems encountered
in the use of proteins would be similar to those in the manufactare of
water paint, although the manufactarer of fiberboard coutniners wounld
prabably fornuidate his own product.

Oriten Fiser ConNIANERS

Many paperboard contziners, tneluding Bber deoms, paper cups,
smiller convelute contiiners Tor vaviouns food products, millt contuin-
ers, and shofgun shells, are grouped in this section.  Broadly, starch-
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based adhesives dominaie these various end uses, for economic reasons.
Yet there is a decided trend toward adhesives based on synthetic resins
where superior quality is important; frequencdy, this technical su-
periority may vesult in net mcﬁlctions in cost cven compared with the
use of starch. Neither oilseed proteins nor casein ind any substantinl
application among these tises and there is no present reason to expect
proteins to become mors important heve in the tutuve.

Parer Drrvxane Cors.—The three major types of paper cups and
their approxtmate participation in dollur sales, which amounted to
about $65,000,000 in 1949, are: Single wrap, 40 percent; hot drink
(coffee), B3 percent; and cone, 25 percent.

Single-wrap eups require an adhesive of high initial tack, as they
are manufactured by bending moderately stiff paper steck around »
mandrel and applying adhesive to a narrow lap joint fo hold the
paper in the shupe of a truncated cone. Pressure is applied at the
joint for about 3 seconds after which n shearing force is exerted on
the adhesive bond as soon as the pressure ig velensed.  This is neces-
sary becanse of the stiffness of the paper and its tendency to return
to a flat position. Both the single-wrap and the cone cups can
utilize starch or vinyl adhesives and, as they are treated with parni-
fin wax after fabrication, the water vesistance of the adhesive is not
of great importance. Although traditiondd starch, ot dextrin, ad-
hesives have demonstrated advintages in cost, there is an increasing
use of vinyl adhesives, especially polyvinyl acetate, becunse of case
in handling and superior adhesive charucteristics.  The greater “mile-
age” of the vinyls has veduced the cost differentinl and some mann-
facturers claim over-all savings in manufacturing costs, compared
with starch. There is a trend toward supplying the paper-cup nuun-
ulacturers with prewaxed paper to obvirte the need for applying
parafin wax afier fubvication, Therefore, n water-resistant ndbesive
may become more important. Nevertheless, adhesives based on oil-
seed protein are not Jikely to be used becanse of the necepted appli-
cability of vinyl adhesives,

Some hot-drink cnps ave of the single-wrap type. Starch adhe-
sives are frequently used for these, although vinyls ave preferred,
Most hot drink cups, however, have been double-wrapped-—that, is,
the paper js wrapped twice around the cup with a layer of adhesive,
usually stareh, between the sheets.  But the conversion, by the largest
supplier of hot-drink cups, to a plastic-coated single-wrap eup, points
up a definite movement away from the double-wrap enp. A speeial
synthetic adhesive is used for the plastic-coated cup.

On an anhydrous basis, about & mitlion pounds of adhesives, starch,
and synthetics, ave consumed annnally by manofacburers of cups.
Almost all of them rely on adhesive suppliers whose products ave
discussed in more detail in the general packaging adhesive section
{page 67).

SnorevN SueLis.—Soy iselate is preferred by one of the two mujor
producers of shotgun shells. Both technical and economic advan-
tages ure claimed over the traditional adhesive-—starch.  As the ap-
plication consists in flushing two sides of a paper lining with adhe-
stve, 16 1s somewhat similur to the manafacture of solid fiberboard
except for the extra tension caused by the spiral winding. Soy flour
has enough ultimate stvength, bui its initial tackiness is too lpw.
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Although reduced costs would always be dexivable, the soy iselate
adhesive is said to be satisfactory by the manufacturer In every way,
and is claimed ro be superior fo casein in initial tack, in addition to
heing more mmiform in price and quality. The waterproofness im-
parted by the isolate i= advantageous. for otherwise Iueh humidity
will oceasionally comse a shotgun shefl to =welll or shells may be
inadvertently damaged by being dropped into water,

Stareh adbesives based on a si-percent =olids eontent are satd
fo continue to be preferred by oue of the tws major praducers, but
the other applies a suy isolate adhesive of 15-percent ~nfids con-
tent.  About 10000 poiels of soy tsohtte o year are eurrently eon-
smned in £he manufactire of <hotaun shells, This nse will probably
nat beeome laree.

Froer Dut-ss, (axs. axp Orieg Cosrasees—5Synthetir re<ins.
and starveh modified with svnthette vesins, e graduatly displacing
considerable ensein a< a adhesive in the maunfacture of other Sher
containers, mostly for food wse, suely as liber deums, tubes, patls, and
il containers. The manufaeture of containers for frozen food
constitutes » relatively =mall but rapidly srowing industry which
ix utibizing vinyl hot-inelt adbesives. There i some overlapping in
se berween the heavy-duty denble-winpped eups, aud convolite wound
pails, but the requirements and the carrent use of adhesives are
similar.  An allservice tvpe of adhesive i» preferred by the indus
trv—one which, in additfon to satisfactovy adhesive clitpasteristies,
will be nentrxic. odorless, tasteless, and ervaseprovf.  Viayl-type ad-
hesives mwet such requirements sati=faetorily amd have eshibited
better watver resislanve wted botter quality contral than ensein does;
in addition. vinyhs s often Jo-s vxpensive beaase of creater mileame,
The price of g vinyl of lower olecular weizht averes =03 E per
ol and proper coating tecnigue in conjunction with the u-e of
a solvent recovery plaut has kept vasts i line with tho~e of the Lracdi-
tional adbesives previonsly neud

Zoin coatine= lave beett of ~ome intersst heeanse of their mloss re-
sistanee to grease. gomd privtabilisy, and Jisper-itgr effecl on waxes
Lut they have the disadvaniage of imderior water vesistahws, tendeney
toward prirefar Honsftinetivenes to e i arad relatively hioh cost.
Lven if sone of the-e disadvantages vere overcone, the lotal use of
zein here would probably be Hmited to less than 1 willion pounds 2
Year.

The rapidly growing fiber-druin bisines vontinnes (o ise sodiam
Glicate and =pme stareh adlesives, Fiber drute ave opdinartdy used
for dey materials in powder, Hake, or granujared forne, although
waxes aiud asphales imay be poured in hot and then <alidified.  Liquids
ave beginning to be shipped in dromss the - and 1-eailon siges pre
approved by railroads and elearanee 3 expreted on larger sizes shovely,
Acdhesive sequiremetits Sor (hese =peeial drams are best et by syn-
theties. however, in the opinion of theiv wwmfacturers. Polyvinyl
aleohol is now preferred o easein, beeanse of it~ high initinl tack,
althoned evet a Fastor setting action wonuld be desivable.  Application
of the voy-isolale adhesive wsed in the prodiction of xolid fiberboard
may be worth trinl,  Current production of fiber downs at o rate ot
1% mitlion & year consumes about 1 million pounds of adhesives an-
nually, on an anhyvdrons basis.
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Vinyl adhesives ave used exclusively for {iber milk containers the
nunutacture of which constitutes nnother growing industry. The
cuzrrent annual vate of production of milk contuiners exceeds 6 billion
containers, valued roughly al 110,000,008, About 4 million pounds
of the vinyl adhesive were probably used in their manufacture, in 1950.
¥or this use proteins ave liniited by decided adhesive defliciencies,
These deficiencies are evident in cost, taste, and picle-up; there is a
possibility of bactevial growtly, and the color is relatively poor, As
in this use easein has been vapidly replaced by vinyls, pavticulndy
polyvinyl acetate and polyvinyl alcohol, Tnrther development work
on the adhesive qualities of oilseed profein does not appear to be
warranted.

Muuriwans Paeer Bads—S8ome casein and soy iselile continne to
e used as adhesives in the manufacture of multiwall paper bags, The
bags are used widely and increasingly as shipping containers. Thedy
producers consider stareh maedilied with urea, which s considerably
Yess expensive, fo be equal and n some respeets superior in gquality te
the preteins, despite ils poor flexing strength.. Small quantities of
rabber Tatex adhesives ideseribed on p. 77} and polyvinyl aleohol.
ave alse consumed.  Polvviny]l aleohol is wsed purticularly for cello-
phane windows, as 1 will not penetrate through the paper, uf ils more
general application is liwafed by ils cost,

The mast influentinl Timitation of protein application is cost, In
additien, experience witl soy isolale, as well as with casein, indicates
that starell and synthetic resins are much easier to work with, as the
viscosily of & profein dispersion tonds to elinge, se that in o few hours
it may Decome too thick Lo apply. Time s frequently used Lo enhianee
the waterproofness of easein: thix adds Turther to fhe difliculties in
processing and has a teadeney to ehuse stwining,

No figures were obtained on (e consumption of adhesives in the
manutactore of multiwall paper bags, But based on n well-informed
estimate that about 3 pereont of the woight of the hag may be con-
sidered as adhesive, the 500.000 tons of Iondt paper nsed in the man-
ufaeture of 1.3 billion srultiwall bags, in 19, indieates u consumyption
of about 30 willion pounds of adhesives on solids basis. Probably
Tess than 1 millien pouneds of easein ave included in this quantily, This
consumplion of casein is expected to decline further, despite an in-
erease 1 the tolal consumption of adhesives consequent on the rapid
growth of (he muitiwall hag industey. Uhe Teed indnstry alone eon-
sumes 40 fo 50 pereent as many containers ag all (he present users
of mmitiwall bags togethier. Continued invonds by paper containers
ia the field now served by cotton and burlap bags are anticipaied be-
ennse of puper’s mavked advantage in cost.

Prepageo MiscrLiaNeous Anussive Propucts

The empirieal use of adhiesives and the inherently secret watnre of
the mdusiry concerned in the manufneture of miscellancous prepared
adhesives make it a clifficull field to nppraise aceurately. For example,
one major supplier of adhesives has 10,000 adhesive formulations, with
3,000 of these conprising regulae production itens. More than 2,000
different Taw materinls sve involved in Lhese products. Development,
work, therefore, is lmited to problems of application. Traditionally,
and al present, these adhesives are Inrgely based on starch and dextrin,



http:limitNl.lo
http:indust.ry
http:lllnHh,:a.1l

A8 WIECENICAL BULLETIN 1043, U. . DEPT., OF AGRICULTURE

but there is a strong trend toward the nse of synthetic resins which
now account for almest half of the mariet. Polyvinyl acetate is the
principal synthelic used. Other synthetic latices in use include those
of styvene, polyvinyl chloride, neoprene, GR-S, nitrile, and vinylidene
chloride.

Cagein-based adhesives continue to be used to a limited extent, al-
thongh consuinption of oilseed proteins by this industry is very small.
Apparently no bload albumen 1s used. Perhaps the most iinportant
ontlet for the casein adhesives is provided by the bevernge industry,
which requires an “ice proot” adhesive—that is, an adhesive (hat widl
hold a label on & bottie in the presence of cold water up to room tem-
perature, despite condensation; but with which, in hot water, the
Iabel ean eastly be remeved without leaving the seummy vesidue char-
aclevistic of starch-based adhesives. Synthetics have proved to be
superior for most of these speeinl adhesive applieations, however, so
that a continued dowirward trend in the prepaved-adhesives industry’s
small use of protein-based adhesives is anticipated. Decalcomanias,
another speecinl adhesive ontlet, continue fo use adhesives based on
staveh, '

Wallpaper adhesives are tvaditionally based on wheat, originally
flour, now stareh; paperhangers strongly prefer this to covhstarch.
An adhesive based on wheat protein was reported to be in a pilot-plant
stage. but no delails are now available. '

Decorative adhesives, such as are used for bathroom tile and the
like, are mostly based on rosin. The fast selting time of rosin ad-
hesives makes {hem useful also for speed labelling of cans, although
stareh adhesives generally prevail.

‘Technical factors ure even more important than economic in limiting
{he use of proteins umong general ndhesives. The chief objection 15
the difienlty in solubilizing proteins. although various liquefying
agents are employed to obtain n more workable viscosity. The most
common of the liquefying agents is urea, although many ammonium
compounds_and amines, including morpheline, ave used. Dicyan-
diamide reduces the viscosity of soy-protein dispersions up to 10 to
20 percent. But most wetting agents have negligible liquefying prop-
erties. ‘The industry believes that development of protein application
under sHghtly acid conditions, say in combination with nrea, may
warrant Turther work.

Tt is diflicult {o make a protein adhesive that wili form a continuous
film with good tack and, preferably, dry to an insoluble Alm. The
foaming tendency of profeins can be solved satisfactorily and is not
a deterrent to their use. Moy jsolate is considered to have better tacki-
ness than easein bul nol te form so smwooth a film; neither protein
has the high initial tackiness chmpeleristic of staveh.” It is apparently
diffieult to obtain a combinntion of desired fackiness and workable
viscosity. Synthetie resins, on the other hand, can be used easily, they
exhibit hetter {ack, and, because of the control possibie, they will go
miuch farther and so in many cases ave Jess expensive than starch or
alue. :

As a rule, miscellaneons adhesives are marketed in liquid form.
Consumers prefer water-soluble adhesives over the water-omulsion
type, and both of these are usually much preferved to solvent-type
adhesives. Uze in packaging and use with Jabels and wallpaper are
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the principal ontlets. The total volume of this adhesives market is
roughly 20 million pounds a yeur, on an anhydrous basis. This is
in addition, of conrse, to the speeial group of adhesive manufacturers
serving the plywood industry, and operated either by different com-
panies or by separate sections of the same company.

Conrx-Srorrine Apuesrves.—Although such ndhesives are used at
a rate of only one drop per cap, the magnitude of the domestic bever-
age market alone makes attractive the market for adhesives for spot-
ting, that is for sticking thin cork-liner mserts onto metnl caps, espe-
cially on crown caps for carbonaled beverages. About 4 million
pounds per year of egg and blood albumen are now used in this work.
The bleod albumen {at $0.16 per pound in April 1956) has the dis-
advantage of unpleasant odor and low adhesive strength and is used
to counterbalunce the high cost of egg, wiiich was $0.78 per pound in
Apitl 1950,

The neutral, uqueous, heat-setling specinl soy-protein isointe de-
veloped by the Northern Regional Research Laboratory as Gelsoy has
exhibited definite advantages over atbumen in prelimmary tests, but
results of extensive commuercial testing were not yet available st the
time of the survey, Tn addition to the fact thal n somewhat lower
price and lack of odor are anticipated, this isolate appemrs (o equal
egg nlbwmen in inilial tack and in quickness of setting tinme. The
move stable viscosity of the suy product likewise mukes it possible to
contvol the quantity used more easily.

Casein does not set fast enough to spet cork ta metal bottle caps
satisfactorily, although it is sometimes preferred in sticking cork
gaskets to plastic bottle eaps—which offers u miuch smaller outlet.
Bottle caps for whiskey are divided about evenly beltween prlastic clo-
sures using a nitrocellulose lacquer adhesive, nnd cork stoppers with 2
wooden flange, in which synthetic matevials are preferred Lo sov pro-
tein or albumoen, as syntheties require no hent.

Jork Binders—In tabrieating covkbonrd used to make closuves for
containers for foods und other products, it i customary to incorporate
a binder for the ground cork with a humectant plasticizer. The most
suitable combination so far has proved to be bone glue plasticized with
glycerin. 1t is doubtlul that oilseed proteins could replace glue in
thiz formulation even i economic considerations were disregnrded. as
these proteins are not now compatible with glycerin. Suitable lyeols,
with which oilseed proteins would be more compatible, ave avoided be-
cause of their possible toxicity; the bulk of corl so fabricated is in
eontact with food products, particularly beverages and bottled foods.
Soy flour and soy isolate have not been satisfaclory so far ns cork
binders. Casein isalso inferior to the glue used, and is more expensive.

There is an established nse for several thousand pounds o month
of zein in cork gaskets; the difficulty of plasticizing zein has prevenled
its wider usage in bottle caps but development work to this end con-
tinues. Some GR-3 latex is now used as a cork binder and muy ve-
place ghie to a considerable extent, according to some cork-board
producers.

Booxsmmne

Although both the adhesives and the coatings used in bookbinding
offer a smail potential market for vegetable proteins, there seems
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little likelihood that these will be able to obtain either market. About
2,000,000 pounds of adhesives and 500,000 pounds of coating are ve-
guired per year.

ApHestves.—Despite initial higher costs of synthetic resin ad-
hesives, their much greater covering power and ease of handling have
caunsed o definite shift away from the traditional use of unimal gluc,
Manufacture of inexpensive books (such us catalogues and telephone
hooks) can be done at reduced costs hy using synthetic viny] adhesives
rather than glue. "The difficulty in solubilizing oilseed proteins is a
major deterrent to their use, since the presence of too mueh water niy
cause warping. Bookbinding adhesives must also set instantly anl
haye good water resistance; u certain degree of color would not be
objectionable. But even if technical requirements could be met, the
cost is the deciding factor. The progiess made in synthetic adhesives
and the savings resulting from their proper application therefore malke
this mmlet an unlikely one tor oilseed proteins.

Coarmxves—Standard books, as a rule, continue to have pyroxylin
coatings. (ilossy protective coatings uve of infevest for pocket books.
the annual production rate of which is about 250 million; for cata-
Togues, whose amnual production is 40 million; and for children’s
books, of which about 35 million are manufactured annually. Most
glossy covers are achieved with & spivit varnish, bhut m any pocleet booles
nse a cellulose acetate laminate.  This is not entively satistactory, ns it
tends to peel. Zein is of potential interest. The total potential
mavket for zein, in a special varnish for Lhis mavket, is roughly esti-
mated to be 250,600 pounds a yenr. The cost of application, vot the
malerial, is the eritical fucior.

Guanmep Parer~—Gummed paper is puper conted with a Taver of
adhesive and dried: when the conting is rewet it again hecomes adlie-
sive. Envelopes. stamps, and sealing {ape are large users. The indus-
fry uses large quantities of adhesives. hut although several producers
of gummed paper have made (rials of peanut and of soy isolates.
nre willing to make further trinls of better samples. none of the nuate-
rial showed enough pronise to wareant a critical exaunination. Honee
no detailed coraments concerning their failings were made availalle
o the investigators.

The stamp, envelope, and luabel part of the industry predominantly
nses corn dextrins,  Taploca dextrins were lnrgely used until the war
cut off nearly ali of the supply. The sealing-tape part of the industry
predominantly uses animal glue. No interviewed sonrees were willing
to make estimates of the extent of the use of these adhesives, or to
supply data from which estimates might be made. Tt ix believed,
however, that the two largest envelope manufacturers use about 3
million pounds of dextrin annunBly for this purpose. Shipments of
gomed paper in 1947 fotaled 15315 tons, ‘Fhe kinds of glues and
the methods of npplication were so heterogencous that it wag inpros-
sible to make a_comprehensive estimate of the quantity of adhesive
used on gunmed papers.

WATER PAINTS COOD POTENTTAL MARKET TOR OILSEED
PROTETNS

Proteins Function in waler paints in (wo ways: (1) s pigment-
binding and film-forming ugents in old-lype powder-und-paste paints
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and (2) as protective colloids or stabilizers in the various so-called
resin-emulsion paints {a generic term commonly used to include latex
paints). .

Types oF WATER PanTs

Powner anp Pagre Parves—Powder paints consist of lime, pig-
nient, and about 10 pereent casein by weight, while the paste type,
made up of an alkaline solution of protein (casein or soy protein} and
pigment, but no lime, uses about 1 pound of protein per gallon. Both
consume a larger percentage of protein than resin-emulsion paints—
these paints incorporate about 0.4 pound of protein per gallon. Al-
though they still use more than one-third of the protein that is em-
ployed in the industvy, their importance is expected to continue to
decline. Hence in this report emphasis is directed toward resin-
emulsion and latex paints.

There is, of course, a substantial consumption of calcimine, which
i usnally bound with glue (an inferior binding agent compared with
asein), us well ag lime- and cement-hased exterior contings, ot both,
Wall sizes, used on plaster before wallpaper is applied, are also
usually bound with glue. Use of plastic texture paints, applied in
heavy coats with a trowel or applicator, has increased, probably at the
expense of caleimine, but they do not normally include protems.

Resix-Tarvnsion axp Taatkex Paixes—~—Resin-emulsion and latex
paints ure the natural development of attempts to improve the water
resistunce of paste paints. The excess Hme produces a waterproof
film with powder paints, but incorporation of vesins was necessary
with the more convenient paste type, to impart resistance to water.
Resin-emulsion paints, therefore. melude all types of paints in which
the rexl filn-forming agent is some type of alkyd resin, usually dis-
solved in n vegetable drying oil and mixed with water and pigment.
They include protein because it is an effective dispersing agent, and
not for its film-forming properties which are 2o important in paste
and powder paints.

A high styrene-butadiene Jatex has vecently begun to displuce the
ulieyd-oil combination in some resin-emulsified paints, because of the
improved washability and gloss of the vesulting product. In addition,
latex paints may be used on wet plaster or stucco without fear of the
alkalimity of these surfaces hydvolyzing the natural oils or resins
previously used. As proteins are the preferred stabilizer for latex
paints alse, this development may expand the market for water-paint
stabilizers that iz available to profeing. On the other hand, less pro-
tein miew ultimately be used per gallon of litex paint manufactured.

Paint products based on iatex ave finding inereasing consumer
acceplance.  As n result, manufacturvers of water-thinned paint are
becoming increasingly intevested in replacing the usual alkyd drying-
oil formulations with Intex despite the higher cost, and despite thewr
natural reluetance to forego their present control of raw material by
depending on o chemical manufacturer for such a stabilized emulsion
predncet.

Currvent annual production is believed to be at a vate of 18 million
gallons. Tubles 11 und 12 show the relative importance of the various
{ypes of water-thinned paints and includes estimates of casein and
mlseed proteing used. The tables also show the sales of water-thinned
paints from 1940 to 1947,
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Tasue 11.—Sules of water-thinned paints and contained profein, 1947

Estimated
contained
Water-thinned paints Quantity casein or
oilscegd
proteins

Paste and semipaste form; o Mition  + Million Million
Resin emulsion paints: guilons dollars pounds_

Interior 13. 27. 8 o4

.4

13.6 | 28. 2 &

2 3.7 2

Miflion +  AMillion Mitlion
Powder types: potnds dollars poinds
Lime andfor eement bound 38
Plastie texture, inzluding paste._ . {9
Protein bound:
Interior
Ixterior .
Calcimine, hot and cold water__ _i
Ciher glue hound :

Lol =+ KoL - B B U

Total water-thinned paints__ . ___

I Bmall guantities may he used.

L. & CENSUS OF MANUPACTORES, [Y47 (29). The last eolumn, *BEstimated
contained easein or vilseed proteins,” is based on trade interviews,

Facrors ArrecTing ProTeiy CoNsSUMPTION

Casury.—As ensein virtually dominates in powder and paste water
paints and is preferred by most produeers of vesin-emulsion pitints; it
tecounts for more than half of the stabilizer market (table 13).

Corx Grorex—Cormn gluten has been found to exhibit equal, or
perhaps even superior, performuance in water paints when used alone
ot In conjunction with casein. It issupplied to a major manufacturer
of water paints as an 80-percent crude whole-corn protein; the re-
muinder consists of carbohydrate and some fiber, As all water paints
are customarily pigmented, the color of the protein does not make
much difference so Jong as it is lighter than dark brown or blaclc. Say
isolate is preferred to corn gluten on a color basis but the gluten has
n definite economic advantage.

Caserx vs. Sov Prorery.—The preference of most manufacturers of
resin-emulsified paints for casein over plant proteins, despite its
slightly higher and less stable price, is due to its claimed better

viscosity control and greater bonding characteristics. High viscosity

allows the use of more water, thus lowering the cost, but is limited by
poorer brushability. Resin-emulsion paints are thinned with water by
the nser.  The high initial viscosity of soy isolate tends to decrease too
rapidly on dilution, compared with casein, so that proper flow and
Irushing chavacteristics ave difficult to control. There is apprently




TasLe 12.~8ales of water-thinned paints, 194047

. v

| 1940 1941 1942 1943

Water-thinned paints

ch-lil\l," Value Qtl:f;,]' Value %?g;l' Value Qt‘ili?;_ Value

Resin emulsion paints: 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000
PaIst% and semipaste form: gallons 3 dollars | gallons | dollars | gallons | dollars | gallons | dollars
nterior ; :

Cold water paints:
Interior:
Casein and other protein-bound:
Paste and semi-paste form. L .l ol ..ol 3, 468

1,000 - 1,000 1,000
pounds pounds pounds
Dry-powder form 14, 976 18, 363 15, 624
Glue-bound ! 3. 509

Exterior: ]
Casein and other protein-hound 9 ) 4, 814
Lime and/or cement hound : ] 12, 436

SFIVISELVIN NIGLOHd HOd STVILNHIOL LEAUVIN

Plastic texture water paints
Calcimines:

20, 295
58, 630 | 2 35, 580




Tanre 12—Sales of water-thinned paints, 1940-47—Continued

i

1944 1945 ‘ 1946 1947
t i

Water-thinmed paints ' [ I

: " - t 1 Y i- - -
: (rzt\;[:‘m‘xf),-,- ! YValue | Qtlilél;l'l " Yalue Quan Quan

tity Value tity Value

+

|
¢
1
}

Resin emulsion paints: S : 1,000 1,000 1,000 1,000 1,000 3 1,000 1,000
Paste and semipaste form: gallons  dollars + gallons | dollars | gallons-| dollars |, gallons | dollars
Interior . : : : ; 16,355 | 29,623 ; 13, 392 27, 794
~ | 13901 ‘341 13§ " arg
) .1 716, 595 | 99,964 13,545 198,171
Cold water paints: : o , i 1 1 i
Interior: : : t % i
Casein and other protein Hound: B : . i ; :
Paste and semipaste form : b4, 338 . . 2,530 3,264 2,523 3,735

1,000 | 1,000 | 1,000 1 1,000 i 1,000 . 1,000 | 1.000
z pownds | dollars | pounds | dollars | pouwnds | dollars | pounds | dollars

Dry powder form 7, S40 6801 7, 894 | 650.1 '8 : 7341 9, 314 027
Glue hound U920 2,669 ¢ 113 i 146 1 2,586 132
T O L A : B Ts2 3,022 DL T T g
Bxterior: , f o - :
Casein and other protein-bound 4,610 1° 292 3¢ 250 1 @ : 243, 3,341 266
Lime andjor cément bound 15,000 ¢ 1,147 L0614 i 3,718 3, 416
1, 864 3, 961 3, 681
Total cold water paings 4 , , T 2007 5, 780 |8, 104 | %476
Plastic texture water paints...____ .. ... S B, 620 ; 47‘6*{ 0,452 640671 20, 7487 1,409 + 32,3265 6ot
Calcimines: P ! ; ' !
F11,254 | 498 1 11,142 - 497 | 11,535 . 547 . 8, 620 491
114,558 1 714 14,198 1 718 | 11,470 | 522 | 9,873 544
25, 807 : 1,212 ; 25, 340 E 1,215 23,005 1,069 18, 498 1,035

I}
i

. AYALINDI¥OY J0 LAUd 'S ‘A ‘€01 NLLATINHE TVOINHOWL

t *

ot Includes paste and dry-powder plastic-texture water paints which cannot be shown separately without discldsing operations of
individual companies.

U. S. Barsv or tun CENSUS, FACTS FOR INDUSTRY, Seriga M19H. (24) Series discontinued June 1948, ,
; , @ | ®

L] 4 = A
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TapLe 13.—Fstimated consumption of protein stabilizevs in water-
thinned paints, 1949

Price
per )
: Stabilizer pound Qtl:?\n
] April :
! 14930

Price
per
Srabilizer pound
Aprit
1950

3

!
Onan- |
ity I
i

Mitiion - Million
Dollurs | pounds Poliurs | poumds
Cascin . e 0. 21 i ! Soy protein . 019 o
Corn gluten AR E! a4 Soy Nonr =

10

|
|

Based on interviews with representative companies in the indusiry.

no relation between viseosity aind dispersing action, The somewhat
superior solubility eharactoristies of casein have also been cited s
reasons for its choice, althongh no good comparable data have been
offered. Soy protein isolale. lowever, has demonstrated marked
technieal advantages over soy flour, but the latter has found some
application for cconomic reasons in partially replacing the isolate as
a stabilizer. Application of soy izolale in waler paints has been some-
what Jimited by patenis,

Proveixs v, Svxragrcs—Profteing continue fo be prefereed to
synthetic matorials as stabibizers Tor restu-emulsion and latex paivts
primarily becanse of their superior dispersing action m water and
theix lower price. This is trae despife the hnportant disadvantages
they possess. Limited appliculion of such products as merhyl cel-
Tulose {(ai $0.62 per pound in 350} combined with appropriale wetting
agents, such as special starches. alginales, or vegetable gums, cannot
mufch the effect of protective eollold action ol proleins en pigment
particles, to provide  homogenons dispersion.  Potentiaily, of course,
synthefic emulsifiers threnten the dominant position of proteins.
Shitts from rvesin-emulsion to latex-hased puinis ou the use of protein
stabilizers, are likely to affect the use of proteins per gallon adversely.
Technological progress continually being made in vegard to resm
emulsions, coupled with the increasing knowledge of synthetic emulsi-
Tying agents, makes the future market of protein stabilizers a fenuous
one.

ProTEN DEriCIENCiEs

Atterapts to substituie other stabilizers Tor the proteing now in use
ave aided by the following serious objections to protein stabilizers,
These,are considerd 1 in their velative order of hnportance as far as
water-thinned paint products ave coneerned.

Osor—"The unpleasant odor of protein-based paiuts, due to putre-
faction, has nof been solved completely by use of preservatives, for
though the preservatives are effective, they nsually have an undesivable
odor themselves.

Warer Restsrancs—\fter they are dried, swrfaces conted with
water paints based on profein do not have sufficient resistance to water.
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In order to compete successtully with oil paints for a larger sharve of
the murket for interior paints, such surfaces must be washable, not
only to facilitate cleaning, but also to gain a better initial resistance
to water stains. Treatment with formaldehyde would give a satisfac-
tory insoluble finish, but is not feasible tor a packaged consumer
produet. Of even greater importance to future market gains is ex-
pansion into exterior protective coatings, where consumption of
protein-based paints is now negligible.

Preseyr Codrparisiniry.—Based on covering power, one of the
cheapest white pigments is the composite caleinm sulfate-titanium
dioxide (7:3) pigment. Unforiunately, however, the culcium pre-
cipitates out as an insoluble proteinate when mixed into a water-
thinmed paint based on protein.  The corresponding barium composite
pigment, burium sulfate-titanium dioxide, hag Jess bulking power
because of higher density,  Manulacturers of water paints, thercfore,
must nse other types of pigments, frequently less desirable, if theiv
formulations are bused on pratein.  Henee the manufacturers of com-
posite ealeium sulfate-titanium dioxide (7:3) have been actively pro-
moting the use of wuch combinations as sulfonated eustor oil and
ethylene oxide fatty-ueld esters as stabilizers, instead of proteins.

Svecric Svgeestions Recauone Onsesn Bessarcu

As o resnit of this study the mvestigators believe the following
siggested improvements are worthy and probably practicable objec-
tives for research.

1. Investigabions on which development of viscosity characteristies
of low pereentage (that o 25 pereent solids content) protein dis-
persions may be based.  Investigating the maintenance of as constant
i viseosity at these Iow pereentages as i= now possible at higher
perventiges,

4. Prevention of putrefaction withont adversely aflecting the odor.

3. Tmprovement of water vesistanee, partienlarly for exterior coat-
ings. Bren conlings based on synthetie Iatices are likely to soften
nnder water: (hus water paints continue to be confined maostly lo
Hilerior application,

ReLaren Cozsesing Ixntsrgs Zrix CoaTiNgs

Spirit vaenishes--those that dry by evaporation of a volatile sol-
vent, usualty an aleohol—bave been the principal market for zein®
The unique akohol solubility of zein among i'}m vegetable proteins,
whieh niakes pos<ible this varnish nse, suggesis that the discussion
of these varmishes in conjuunction with profein water paints. Var-
fous zein formulations, frequently blended with rosin to rveduce
eoxty, are used as gloss decorntive coalings, wood sealers, and gasket
cements, in competition with shellae. They also compete with Ma-
nila gunr or reguiar nitroeellulose lacquers for everprint amd label
vatwishes.  Althongh zein varnishes huve vepresented the Jargest
single outlet for zein, they constitute & vory small proportion of the
varnish industry’s annual sales which total $140,000,000 for varnish

MLatest pslinuites (10510 reveal (it the zein fiber, Vieara, is now a2 hlrger
outlel for zein thun zein wvaroishes.  Dewand for zein for this purpose hgs
probably reduced the gquanticy used for other purposes.
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and $15,000,000 for shellac. Probably about 2 million pounds of
#ein have been used amnually for protective contings.

A major manufacturer of shellac, who was particularly snccess-
fnl in promoting a zein shellac substitute for shellac during World
War Il now reports un overwhelming consumer preference for shel-
lac. Even priced at $0.50 per gallon, the zein product is rarely able
to compete with shellac although probably technically as adequate
for many end uses. Shellac in Maveh 1950 was priced at $2.85 to
$2.65 per gallon. Refined bone-dry shellac sold for $0.52 per pound
and superfime gum shellac for $0.37 per pound, compared with a
price ot $0.30 per peund for zein,

An interesting rosin-zein fusion phonograph record to substitute
for traditional shellue records is being developed, but is not ready
to be commercialized. Sales of all phonograph rvecords declined
sharply in 1948, They are now gaining again {first half of 1950),
but records of synthetic vesin ave accounting for a large and increas-
ing proportion of the production. Unbreulable {all vinyl resin)
and break-resistant (vinyl plus extender and filler} vecords ac-
counted for 40 percent of the market, in 1949, and are expected vir-
Lually to take over the market during the next few years. In any
event, the estimated production of 88 million pounds of shellac-type
phonograph recovds, in 1949, consumed only 1 million pounds of
shellac. )

Grease and solvent-resisiance is one of the most important charac-
teristics of zein coatings. For example, a zein coating on the top of
salt containers made of paperbonrd prevenls penctration of the par-
adlin wax that is added for moisture resistance, and adds a resistance
to scuff. Zein coatings do not have meisture-vapor resistance
equivalent fo that of the microerystuiline waxes. Zein coatings ave
about equal to nneoated cellophane in resistance to transmission of
mmoisture vapor and will be impreved in this respect by coating with
microcrystalline wax, This lack of moisture-vapor resistance pre-
vents application in frozen-food packages—a large and expmuhng '
market. Taste pick-up, bactertal growtly, und tendency to discolor.
also limit the application of zein conting in food packaging.

Zein applied from an aqueons dispersion is even mote similar {o
protein water painis, gince zein 18 also solubilized by means of al-
kalies or synthetic detergents. These coatings arve limited to the
same special industrial vses us zein varnishes, however, and do not
have the large consumer muarket held by protein water paints. The
choice between an agqueous or an organic solvent depends on the type
of paper surface to be treated, type of coating desired, drying facili-
ties available, and similar factors,

The industrinl market for zein coatings for various applications,
now rather limited, is expeeted to show some expansion, but total
consumption of zein in this connection is not expected, during the
next few years, to exceed 3 million pounds per year.

RUBBER-LATEX ADHESIVES
As a dispersing agent in rubbev-latex formulation, proteins have the

additional important funetion of enhancing adhesive qualities
Thercefore, adhesives based on vubber latex {such as nre used for dip-
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ping tire cords to promote better adhesion to the rubber-tive stock or
for laminating metal foil, leather, paper, or cloth) usually meorporate
small quantities of a protein, usuully casein. Likewise, ruliber dis-
persions used in the manufacture of dipped rubber goods customarily
require profem as a stabilizer, but this owtlet is velatively less im-
portant. Can-sealing compounds constitute an additional sl ight mar-
ket. Oilseed proteins have not demonstrated properties which allow
them to compete on an equal basis with easein in this market. While
resoreinol-formaldehyde rvesin is successiully competing witl casein
for the Inrge tive-cord dip market. casein continues to be preferred to
synthetics for the other diverse rubber-latex formulations.

Tiwe-Conrp Dirs

Tire-cord dip formulalions became essentinl with the advent of
rayon in the manufacture of tives, for tle smooth surface of ravon
makes bonding with the tire stock diffienlt. Casein hws been the Dre-
ferred stabilizer for tire-cord dips because it enhances the adherence
of the dip formulation to both the tive cord and the rubher stock of
the tive. It also functions as a dispersing sgent Lo prevent the Moc-
culation of the rubber particles; and il acts as 1 (hickening agent.
Abont 70 percent of the tire cord now used is of ravon: neatly ull of
the remainder is of cotton. Cottun requives lesser quantifies of dip.
averaging possibly half as mueh. But the industry expects tlint, when
substantially inereased rayon tive capacity is completed (within the
next 3 or 4 vears), vayon will virtually nionopolize the market, Other
synthetic fibers may also find application. but the continued need of
dippmg the tire cord presumabiy will not be changed. The total
requirement of stabilizer, therefore. is likely ta continue Lo he roughly
3 million_pounds per year when the production of tirves iz af fairly
high levels. But the inherent disadvantages of protein. purticutarly
putrefaction, have ullowed resoreinal-formaldeliyde rvesin to (ireaten
the position of casein.

About 35 million pounds of tre-cord dip, containiug about 13 |-
cent of stabilizer, ix nev consumed annuvally.  Dip Tormalations are
made by the tire manufacturers, and compositions vieky widely, de-
pending on the type of tire. the partieulay ~ource of tire cord, and
the like. The tire-cord dip ix pavticulavly valued, for exanple, Tor
the conrser rayon tive cord which the industry now uses for PrEsener-
car tives. where flex Hfe is <o important,  Even the final environnsent
of use—such as the abrasive ronds of Alabama or the cold weathor
of Minnesota—muy influence the dip formulation used.

Methods of festing prior to actual road tesis. in ordor to evaluate
the cord and the efficacy of the dip wed. are a mijor probiem of (he
tive industry. Constant improvement is niade, eapecially in “dy-
nunie” tests in the Taboratory which simulate uctunl tire Usigre il
which are made after the standard “stutic™ lests to mensire ahos) v
and eohesive charaecterisiies under siress, Although other hyvdvophilie
materials, such as alginates, celulose derivalives, il vegetable
gums, act as thickening agent. they do not provide (he nyecessary
adhesion to pass the rigorous {ests wef ap A A aminiwum safely
stundard by the manmufacturers of tires, '

Casmix vs, Qurseep Proraivs— Tests made on sov isolite indienled
that the quantity required 1o preduce an adliesion equal {o that of
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ensein reswlted in too high a1 viscosity to be feasible. Use of low
vigeosity types of soy iselate under development may rectify this.
Teanul isolate has given belter vesults but 1s still cluimed to be in-
ferior to casein as fav as bonding strength is concerned. Putrefac-
tion is a major problem in connection with both casein and oilseed
proteins, sinee a germicide cannot withstud the high pH (ubove
10) required for these. Casein is also claimed to be dispersed more
cnsily than the oilseed proteins, Of pertinent hiterest to further
resenreh on oilseed proteins for tive-cord dips is the influence of the
specific alkali used—soda ash, eaustic soda, ammoeninn hydroxide,
borax, ete.—on viscosity and other chavacteristies, even when pH and
temperature ave kept constant.

Rusoncizvn-Iomeanpeyne v, Casky—NAlthough limited by its
prevailing price in 1949 (071 per pound), resorcinel resin Js ex-
pected (o find inereasing application in tire-cord dip formulations, at
fhe expense of casein, L[t has demonstrated better bonding strength
and. in addition to having no preblem of putrefaction, it has exhibited
a water resistattee that is superior to easein. This resistance is espe-
Wially important with ryan tive cord, owing to its loss of tensile
streneih as moisture penetrates the tive, Resoreinol-fornaldehyde
s an advantage over other synthetie resins heeause its rapid eyele
ot condensation makes it particalarly applicable to the munutacture
of tires. .\ arge tire contpany constders it (o he (wice ax effeetive as
casin 2 it naes resoreinol resins exelusively for tires,  Another of the
“hig four™ and several snuller manufacturers are also believed to
be nsing vesorcinol resing although most of the rest of the teade,
inehuding (wo of the “big Towr™ apparently continue to use casein.
Current consamption of resoreinal resin is about 1.5 witlion pounds
iLoyear,

awesvitne Loares ADpEsnes

The individual oatlers for Tatex adbesives other tuo tive-coud dips
csneh as lamination of almminum foil. of leather for shoe inseles. ov
of vloth in (he textile imdustey s are relatively small and have been ap-
pragsed only inavarsory way. Casein is used tostabilize and strength-
e the benid of adhesives based on natural-rubber latex nsed to lami-
nate almminmm Toil: neither vasein nor latex alone bave sufticient bond-
e strength, A the demand for alumivum-foil Tamination should
continne Lo nerease, o prowing maket for casein is expected heve.
The other mitlelts, however, where natural- ax well as synthetic-rubber
latices ave used, vopresent @ fairly stable market Tor protein stabilizers.
Totul conmmuption of caseing al present, in these adhesives is believed
to be about 2 mithion pounds a veur.  The uses Tor these adhesives avy
s (iverse s Lo hamper any development work directed speeifically
foward substitnfing oil-ced proteins Tor casein in these nses,

Ornerme Prorriss vs Castax, Wuork with soy jsolale by teehnical
men who are working with lutex adhesives lins indiented that it is
<11 inferior to ensein for these nses, in hoth adhesive strength and
wittor resistiner. Zine oxide or Tormaldehyde ave customarily used
fo smprove the water vesistaner of easein in latex adhesives for
aluminum-Toil lamination.

Caserx ve SysrnErie Resixs—In this field, the inproved charae.
feristics atfributed to resorcinol resin are not impovtant.  Rubber-

Hindnh St -~ ©§
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latex adhesives, stabilized with cascin, are expected to continue to
dominate this market. Vinyl latices arve limited, because of price,
to special applications.

Can-Seanve Comrouxns

The highly specinlized formulations developed for sealing cans rep-
resent too small » market to provide any substantial potential outlet
for oilseed proteins. Annual domestic production is valued at $5,000,-
000, whereas the fotal stabilizer requirements would be less than 500,-
000 pounds. Ivesent formulations range from glue-glycerin com-
binations to mixtnres of rubber, pigment, and rosin. The resistance
of proteins to solvents makes them of interest for paint, varnish, and
lacquer can-sealing products, but a protein gel does not have the re-
quired heat stabilty—for these compounds must stand up for 2 days
at temperatures of 180° F.

RuBser DispeEnsions

Because of the scarcity of domestic casein, most casein used in
rubber lutices is imported from Argentina.  But dispersions used for
the manufucture of rubber-dipped goods, such as gloves, medical sup-
plies and balloons, require a premium grade of cusein for the hest
results. This so-called “high pIl” casein sells for $0.28 per pound
compared to the standard imported easein which sells at $0.91 per
pound (March 1950). “High pH” easein has been specially processed
to make it more applicable for dispersion uses. The total stabilizer
market in rubber dispersions is only about 100,000 pounds annually.
Little or no work has been done to adapt oilseed isolates to this use,
and the small size of this highly specialized market does not appear
fo warrant speeial research effort,

PLASTICS—LIMITED POTENTIAL FOR OILSEED PROTEINS

Gasein has proved to be mueh superior to oflseed proteins for ex-
truded plastics. Cusein (in its rennet-precipitated form) is extruded
to form plastic vods, from which buttons, beads, huckles, speetacle
Trames, handies, novelties, and other small abjects are then machined,
Synthetic resins are customarily molded directly; attempts to usc
protein as molding powders in a way comparable to the way synthetie
resins are used have not been successtul, Equipment for extruding
rods and cutting small objects is much less cxpensive than molding
equipment, but costs much more to operate for long vuns. But for
short runs it is often move economicul, in view of the cost of new dies
for molding syathelics. Tts use is theretore mostly limited to short
runs, and fo items in which its clear translueence and especially its
advantages in providing variegatod colors ave approprinte. As many
huttons (for dresses, etc.} fit one or move of these characteristices, by
Tar the Iargest use of easein plastics is in connection with buttons,
But the position of casein in the making of all of these items is steadily
declining to the gain of synthetics.

ExtrUunEnd PPLasTics

Estimates of the nse of casein for extrusion range from 3 to 5§ mil-
lion pounds annually. In view of the declining trend of its use, the
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lower figure is probably more accurate. About 2.5 million pounds
are used for buttons. 'The extent to which molded synthetics now
dominate in the making of buttons is indicated by the following esti-
mate of current annual consumption of plastics for this use.

Estimated current annual consumplion of plustic used in the
sannfuctiure of buttons
Quqﬁ.gitu
Plagtic: E-;gllm?;;
Uren —— 0.5
Cusein 2.5
Others - 2.0

Total - = 15,0

' Wstimated by Modern 1'lasties, Febroary 1950 (4).
* Fistimates based on trade interviews by Arthur D, Little, Inc.
I Ineludes melamine, styrene, nllyl, and polyesters.

Casnry vs. Syvrmerre Marerrans.—Although it is possible to obtain
bright solid colors with urea resins, casein continues to be the best
material for variegated colored buttons which are made by the adroit
introduction of pigments during extrusion. Also casein buttons are
easily dyed and the best rennet casein will make a clewr translucent
button. = Although casein is losing move markets every year to syn-
thetic resins, mostly ureas, it is expected to retain indefinitely much of
its present share of the button market, based on its special advantages
for short runs and special color effects. Extruded casein has been
losing ground for jts miscellancous uses ; for example, knitting needles,
once predominantly of casein, are now made largely from anodized
aluminum.

The piclk-up of moisture exhibited by casein plastics is a marked
disadvantase in comcction with most plastic products, as it means
dimensional instability. But it is actually advantagecus in the case
of cascin buttons. As they are small, the dimensional instability is
reduced and the moisture plasticizes them Juring laundering, so that
they have excellent vesistance to breakage during the ironing.

Because of the high water resistance of melamine buttons they ave
preferred by the U. 8. Army for military garments, but the lugher
cost of the material limits its civilian use. %tyrene buttons have the
disadvantage of dissolving in dry-cleaning solvents and of softening
under the heat of ironing. .

Caserx Virsus Ornseeb Proverns.—Attempls to replace casein ex-
truded plastics, partially (s o casein-extender) or entirely, with soy
isolate have not Deen commercintly suceessful. It has been more diffi-
cult to extrude the soy isolate.  Tts high acid value hias impeded normal
dye procedures, and its darker color has limited it to d ark buttons, but
that in itself is a fairly lavoe market. ‘With the small difference In cost,
there has heen relatively little incentive to button manufacturers to
overcome these deficiencies. More than 150,000 pounds of soy isolate
has been semi-commercially extrnded. Sonie of this work was directed
toward a blend of soy isolate with a phenolic resin reacting at the
former’s iso-electric point. The aim was to obtain a uniform and quick
cure suitable for extrusion of very lavge shapes, under great pressure,
for industrial use. The possibilities have not been exhausted; a sue-
cessful development might greatly enlarge the market. But the pros-
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pects do not appear to he bright unless soy isolate itself is modified
turther. Zein has found no commereial use as a plastic excepl as a
divect shellac substitute, as in phonograph records. ‘That use is dis-
cussed at the end of the section on water paints (page 76).

Otuer AprricaTioNs oF Movnive Pownenr

The chief objection in this eountry to protein plastics is their lack
of moldability, an increasingly impovtant fuctor beenuse of the higi
cost of labor here. Significantly, their use is considernbly greater in -
Europe. Despite the cost of nceessury cquipment, the machine
hand}ing of synthetic resins makes them more feasible, economically,
Therefore, there is little opportunity for oilseed profeins to find Zen-
eral application in the plastics industvy unless they lend themselves
to molding and can be sold in the same price range as the popular
resins molding powders.

Economicaliy, oilseed proteins would have to compete in this field
predominantly with the fellowing, of which the first two tend to
dominate the molding-powder business. The average bulk price of
these compounded molding powders in {heiv Jeast expensive form is
as follows:

Average bulk price per pound of coriain compovnded molding poteders?
Price

Powder {doltars)

Uren - formaldeliyde. o

Phenol - tormaldehyden . .. . . e e I

Polpsbyrencao_. oo L. Ll o

Melnmine - fermaldohyde. ., . oo yn

! General purpose molding compoiiads—i, o, ditler inetudod—us listed by Uaslics
World (£},

The structural stability and strength of phenel-Tormaldehyde ac-
counts for the Inrge consumption of this resin, But ag phenolics have
a flat, dull appearance, ureas are customarvily used if appearance is
mmportant.  Troducts molded from urea resins do not have the strue-
tural stability of phenolics nud tend te deteriorate within sbout 2
years, One manufacfurer stated that their prior work with protein
additions to various molding compounds indicated the possibility of
their imparting added Iuster and depth fo melded products generally.
But when blended with phenolic resins, the resulting deevease in
strength offsets this advantage. .\ producer of melamine resin suid he
54w No reason to incorporate proteins with melamine resins.

LLERS

- Oilseed proteins, in either crude ar concentrated form, have not boen
able to compete with traditional plastic fillers on cither an economic
or & technical basis. .

The residue from the extraction of soy isolate was used as a plastic
extender for phenolic resins.  This was n teniporary expedieont, and
the material was abandoned in {nvor of move suitable T illers, primavily
because of the poor luster in the molded plastic articles. A filler in
a molded plastic product increnses the strength by distributing the
resin even{y, 0 that the optimum strength of plastic in sheet form




MANKET POTENTIALS FOR PROTEIN MATERIALS 33

is approximated in bulk. Wood filler, usunlly costing the user about
%0.04—05 per pound, about the same as soybean meal, has found ex-
lensive use, because of its porons structure; the chiel objection is its
adsorption of water, but this ig offset by the addition of mineral filler.
Special whent flour is used as n filler particularvly for laminating wood,
wheve o 50-percent concentration cuts the glue line,  Killers are some-
times usedd beyvond their technicul optimum limits heeause of their
low cost.

Soy flour has been fried for use as a plastic extender in the hope
that 16 could contribute usetul properties as a plastic as well as serving
as o Aller. It has not been satistactory, primavily because it slows up
the rate of cuve of phenolic resin and increases the molding eyele.
This makes the cost of soybean menl higher than the cost of wood
iller although the original cost of materinl was approximately the
same.

ASPHALT PRODUCTS—EXPANSION IN USE OF OTLSEED PROTEINS
NOT PROBABLE

Proteins are uged in conjunetion with asphalt for two diverse mar-
kets: (1) in printed felt hase Hoor coverings, as o backing primer
to prevent the asphalt from penetrnting through the felt and (2) in
asphalt enmulsions for paving reads, where the protein atds the mixing
with extraneous materials and helps Lo control the “setting-up® time
of the emulsion.

Prixten Funr Basi Proon Coverixes

Printed felt hase Hoor coverings (amownting (o $90,000,000 per year
in sales) dominate the resilient {foor-covering market because of their
relatively Jow price {(tuble L}, There is no rveason to aunticipate a
change in this market, for recent developments, sueh as plastic floor
coverings, compete only for the more expensive part of the market.

Tante Lh—"reduction of smootl-surfuee floor coveving, 19481

! . : !
I s iy od boAverage
! Quanfity prodoeed Perconiagp, )\r}:\(‘m;(‘c:l
' — aflolal | |

Malerial . iosgquare
Sepunre Hounee “\‘ﬂ:'ﬁ;‘f i foal, in-
feot ©ovards ; T stalled
: - SR —
VoNMiien T Milian ' Preeent | Doflors
linoleunt. : i7s o 188 , 34
Priniled rell bhase . 3,520 asns . G0, 0 : R
Rubber tile . i a4 [T .G, .75
Asphalt tile o : A00 da. 10,9 : .30
Tatal . . : 3, 653 00 5 100, 0 E
| i i

! Private comnumicalion in Aogust 1900 Tro Jo Caonpbell, Moor-covering
editor of the New York Jonrnal of Conuneree (o Oftieial Digest. Fehruary 1950,
puge 107.
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The printed felt base floor coverings consist of a decorative wearing
surface of high-gloss baked enamel on a base of asphalt-saturated felt.
The sealing coat is applied ns an aquecus dispersion of protein and
filler to the face of asphalt-saturated felt, to prevent the asphalt from
coming in contact with the enamel surface, which might cause dis-
coloration. Although casein has been used for many years, soy prod-
ucts have partinlly replaced it, because of their lower cost and more
stable price. Soy isolate is used, blended with casein, hy some leading
manufacturers, but others ave using high-grade soy flonr. For heavier
coats, where it is necessary to apply hotter asphalt, straight casein is
preferred becanse of its better strbility of viscosity and slightly better
coverage and sealing characteristics. These chavacteristics are re-
sponsible for its continued use even fur lighter coatings, by some man-
ufacturers, in blends with soy products. Probably 8 million pounds
of protein are now consumed in this application, of which casein ac-
counts for 2 million pounds, with soy isolate or flour accounting for the
remainder. Introduction of » competitive material would be solely on
the basis of economic advantage and apparently little else could be
done to improve the competitive position of vegetable proteins in
this market.

Aspraart EMULSIONS

Oilseed proteins now participate only in the nsphalt-emulsion mar-
ket and not in the larger markets for straight asphalt or asphalt cut-
back (that is, asphalt dissolved in petroleum distillate). In asphalt
emulsions the additive stabilizes the emulsion prior to application;
controls its breaking and the rate of water evaporation from the
emulsion; and facilitates mixing with, and adhesion to, agoregates—
such as sand, crushed stone, ov cement. Casein and cottonseed meal
are constdered by most of the trade to be the most effective materialg
used for this purpose, but there is considerable competition from biy-
product lignin, which is less expensive despite the larger quantities
required (4 percent lignin versus 2 percent cottonseed meal). Soy-
bean meal, flour, and isolate; blood alhuinen ; and other proteinaceous
materials, have also been used. The ratio of water in the asphalt to
that in the original emulsion after 96 hours at 150° T, is the usual test
for stabilizer effectiveness. In (his test, for highway use, most States
have minimom requivements of 0.65 casein tests about 0.85; oilsead
meals test about 0.80; but the same quantity of lignin rates only
about 0.3.

Asphalt-emuision stabilizers ave used in quantities averaging 1 to
2 percent of the weight of the asphalt, which comprise 60 to 70 percent
of the total weighf of the emulsion. The 66,000 tons of asphalt
emulsion consumed in 1047 therefure probably used sbout 1 million
pounds of stahilizer,

About 90 percent of all asphalt emulsions are applied to roads. The
remeining 10 percent find industrial outlets in the building trades or
as sutomobile undevcoatings; emnlsions for these uses are usually
stabilized with bentonite.

As emulsions and cutbacks fall in the same price range {$0.09 to
$0.10 per gallon), they can compete, particnlarly in cost, for road
improvement wherever the heating required for straight asphalt s
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not feasible. 8ales of both emulsion and cutback have reached »
stable level; there is no present reason to amticipate the gain of one
product at the expense of the other. The use of asphalt emulsions
as o soil stabilizer, for undergreund impregnation of soil near reser-
voirs, or to buoy up concrete blocks in roads, does not constitute a
significant outlet. '

Proteins are not used in cutbacks to aid mixing these with sand or
rock. Other agents are used, cither faity acid products such as
ammoniated tall oil or red oil, or the move expensive entionic organic
amines. Theve appear to be much better possibilities of expansion
in the el of these rdditives of a non-protein type.

MISCELLANEOUS USES

Grouped in this seetion are vavious industrial apphieations in which
oilseed proteins may possibly have an important fature but because
of the nature of the appliication the total market vepresented is usually
now rather limited, and sometimes there is no market at all. Total
consumption of casein and oilseed proteins in all these fislds is prob-
ably less than 2 mitlion pounds a year. Included in this group are
the following types of products:

Insecticide emnulsifiers Printers rollers
Tive fonm liguids Sausage easings
Printing inks Photography

Tirng stove prodacts Cleansing materialy
Leather finishing agents

INsECTICIDE EMULSIFIERS

There has been a decided trend toward the agricultural use of the
newer organic insecticides as emulsion sprays. An emulsifying agent
is necessary to provide a homogenons mixture with water of the sol-
vent, in which the insecticidle is dissolved, as well as to impart wetting
action to improve the efficacy of the spray. Synthetic.organic com-
pounds Such as fatty acid esters have virtually taken over the entive
emnlsifier market, hewever, and ave also used with the alternate agri-
eultural method of using insecticides, as wettable powders. Therefore
use of eascin (as enlcium caseinate) s an insecticide omulsificr has
been declining. The Bureau of the Censns reported only 275,600
pounds of casein conswmed for this use in 1944, and corrent use is
probably muoch smaller,

Both wettuble powders and solvent spray emulsions ave popular;
solvent emulsions ave apparvently used more and morve. The various
emulsifiers with trade-names, developed fov use in specific solvents
produced by the major petrolenm companies, are largely combinations
of ethylene oxide emulsifiers, They are used suceessfully with DDT,
benzene hexachloride, chlordancs, and other organic ingecticides now
ont the market, to stabilize a solvent solution of insccticide with water
and in order to allow spraying under vavying conditions. The prin-
cipal supplieis of the orgunic emulsifiers, produce abont ¢ million
pounds per year. Inconsiderable quantities of soy flour have been
used to enralsify mineral oil for sprays.
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Fme Foam Liguins

Fire foam liquids offer an outlet for » low-cost, velatively pure form
of protein but, apart from abnormal wartime use, the nature of the
industry limits the consumption. At present, the use of soy isolate
is well established, and a slightly rising consumption may be antici-
pated (exclusive of any increase in military regquivements).

Consumption of soy isolate for this use is now about 250,000 pounds
annually. ~ The principal tlneats are a development likely {o result
in moderately more foam per unit of protein present, and continuing
work with cheaper proteins,

As cost and availability ave the dominating factors, the total quan-
tity used of hoof and horn meal, blood, and other proteins, prebably
slightly exceeds the soy isolate used. Soy isolate has the advantage
in the matter of odor and stability; foam liguid based on hoof and
horn meal is reported to have a life of only 3 to 4 years; this is enough
for many governmental specifications. Both cusein and zein ave now
toe expensive for the trade; a crude corn protein has been tried and
may be useful for blending, but it needs Turther development betore
it can well be used by itself. Animal glues and gelatin do not pro-
duce a sofficiently good foam to be considered; but cracklings, a re-
sidual fat byproduct from the manufucture of gelatin, may find
application if a pure enough grade is available in quantity. Caleined
feathers are another posgible seurce of raw material,

A noteworthy development which would expand the market for
mechanical foam would be the mamifactore of a foam more resistant
to alcohol and other organic solvents and thevefore move adaptable to

- fire protection in the manufactare of orgauic cheniieals, in which only
chemical foam can now be used. The isolate of aleohol-extracted soy
menl has been suggested for this purpose.

Prixming Inks

The Iack “of hydrocarbon solubility of all eilseed proteins has
limited their applicalion in printing inks. but the nousunl solubility
characteristics of zein male it of considerable interest. Thus, al-
though zein is unsuitable for retogravore inks, it iy adaptable Tov the
clear aniline inks used for overprinting. Soy isolate hins found a
special wse in water-emulsion inks for printing corrugated board and
has proved to be more stable for this use than is casein. The total
present market is only a fow hundred theusand pounds a year but
active developrient work is continuing, dirceted at a market for maga-
zino ink which might use several million. pomnds.  Zein has possibili-
ties in three muin types of inks,

1. Steam-get ink, wheve introduction of the proper quantity of
moistuve precipitates zein from a glyeol solution, binding ihe pigment
to the paper. This is used in food paclaging.

2. Heat-set ink, wheve the sune vesull is obtained by solvent evap-
oration. This ir aimed &t magnzine printing.

3. Water-based inks, in which zein is dispersed. Use of water ag
the principal solvent recuces the costs, Use is diveeted at inexpensive
wrappers and boxes.

Steam-set inds are now used commercially for printing paper food
wrappers, especially bread wrappers and food cartons, because of the
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lack of odor, the rupid drying, and the good gloss and vesistance to
smudge that they exhibit.” Manutacturers of food cartons are large
potential consumers. The moisture present in the board is often ade-
quate to precipitate the ink withont slowing the continuous progress
ol the operation. But zein inks ure nol now suited to use on any cello-
phane and glassine that is likely to become wet while in use on fresh
or frozen foods. Multiwall bags are also printed with this process.

It is diffienlt {o achieve proper conirol wfwu zein is used alone, for
the zein is precipitated toe casily. even by a high nunidity. Other
resins, therefore, sueh as aleic-treated rosing are actually the prin-
cipal base, and the quantity of these resins consumed is several times
the consumption of zein. The grease vesistance and havdness of film
imparted by the zein make it an huportant constituent.  Formulation
must be bulanced between {hese desivable properties and operating
eficiency. The problem of viscosity is helioved to have been solved
adequately. Glycols, pavticularly dipropylene glyeol, are the custom-
ary solvents. The present cost of zein i believed to be the major
deterrent to mueh wider use. Current consumption is probably a few
hundred thousand pounds annualiy.

The continuing development work on zein inks, puvticularly on the
heat-set: Eype, now on a semicommerciad seale, opens up the much
Tavger market of magazine printing in which steam-set inks have not
been applieable. Zein inks cost were but resist smudging and scvateh-
ing better than do the conventional magazine inks. It is too early to
appraise this development, hut successful nze of zein in this field could
inerease The consumption to 5 million pounds a year. A chief problem
concerns the stability of pigmenfed zein viinishes, for impurities
ave present, either in the zein or i the pigment.

The possibility ol achieving a chemical bond between protein-based
inks and protein-conted paper has been suguested by one printing
company.

I3ree Store Pronucrs

The major use of easein and oilseed proteins in making products sold
through drug stores is doubtless their use in dietetic produects, as
sources of desired amino acids. Speeial dictary foods fov infants, tor
the aged, and for the sick, ave prineipal users,  Casein and other milk
producks ave vsually preferved: rheve is n substantinl macket heve tor
an especiulty purified *high-nitrogen™ domestic casein. A soy-protein
product is supplied Tor persons who arve allergic to milk.  Casein and
soy Tlour are nzed Tor producing some nutritional protein hydrolysates.

Slight uses of casein and oilseed proteins are made in several of
other drugr, cosmetic, and foiletry prodnets.  Roll-Lype massage crenms
sometimes use senie easein. but o higher steavie-neid content serves the
sume purpose without the danger of putrelaction resulting from the
eusein., A Jittle easein and zein have been used in some preparations
forhuivsets.  There ave sume slight uses for egg albumen in cosmetics,
but in 1941 this use tolaled only 7,000 pounds,

LearHen-FivismiNG AGENTS

Cagein (600,000 pounds), blood albumen (estimated as 300,000-700,-
000 pounds), cgg albumen (75,000 pounds), and shellac (relatively
small} ave materials used in leather finishing for which oilseed pro-
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tein products might be substituted. These poundages are rough esti-
mates. The consumption of blood albumen is now probably neaver
300,000 pounds. Casein is used for finishing both sole leather and
upper leathers; the uppers nse by far the most. The albumens and
shellac are used on upper leather,

Although soy isolate conld substitute for casein, and egg and blood-
albumen, as a protein binder in leather finishing, there 1s neither a
large potentinl mariet here for oilsead proteins uor any apparent
tendency for sey isolate to replace other glazing materials. The iso-
late is considered somewhut more diflieult o appiy than casein, bul
this opinion is founded on vather showt experience which oceurred
when adequate supplies of casein were not available, The conserva-
tiveness of the leather industry is evident in a reluctance to change
finishing practice and use different materials unless subsiantial gains
are readily apparent.

Although the value of the materials listed in table 15 below has ul-
most doubled since 1939 the volume used remaing approximately the
same except that the use of casein has increased about 25 percent. at
the expense of ege albumen, The use of domostic cge slbumen has
fallen off appreciably because of the price of eous, although this mate-
ria] is expected to be nsed somewhat move in the future than it is nosw,
Import‘e(l egg albumen disappeared from any use in leather finishing
many years ago. There will be a long-term inerease in fhe demand
for these finishied materials as the papulation increases, but no radical
changes In the relative use of different materinls are expected.

Tansve 16.—daterials wsed in finishing leather, 1030

Material [ Quaniily Value
i
!

1,000 1,000
pownly dolfurs
Clasein_ . _. i

100 10

:\]buﬁ*ien:I -0
pod. . .._. . . - e 700 |
o 140 160
000 2, 050
0o 1, 700
000 400
000 270
000 1,000
500 300

Pigment finishes__ . ..

Laeguer and shellac.__

Linseed oil

Prepared finishes, not included above _ _

Solvents including naphthas and thinners

Dry plgments_ . ... ... ... ._.. . . 700 470

Titanium dioxide......_ ... - o o 100 320

Gum tragaeanth_. . A . 40 00

Glhyeerine.__ . .. o e e <) 50

Waxcs:
Carnauba_. ... ... .. . Ce e 240 130
Beeswax and other waxes_ . . . e 800 175

10891955

3 e L

Chemical Tndustries, October 1944 (£, p. 554,

The expansion of the leather industry is limited by the shortage
of hides-and by increusing competition from other muterials, Thore
has been o significant increase in the use of synthetic materials for
outscles, the iurgest lenther outlet. In spite of the severs competi-
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tion from improved synithetic polymers, the leather industry holds
2 unique position us a byproduct of the meat industry, in being as-
sured of a source of its basie raw material at a price which the sale
of the finished product will justify. Uniil skin-like structures can
e synthesized. the quantity of leather produced will be limited by
the guantity of meat consumed. But the materials vequived for fin-
ishing leather may be expected fo change somewhat mere than the
total number of hides processed would indicate, as new qualifies and
decorative eflects may be demanded,

CiraracimrisTics or Fixtsroxe Maverians Usen—The decoration
of leather first made use of simple aids such s vegetuble dyes, egp
albwmen, and blood. When the supply of high-guality sking failed
to equal the demands. finishers vesorted fo the use of pigments in
place of dyes in order to cover up deficiencies in the grain quality of
the leather. Fov several decades, therefore, ehie main part of leather
finishing hasg been accomplished with casein-dispersed pigments. As
yet, no competitor has appeared to chalienge easein’s supremacy us
a combined disperser and binder of the pigments. Soy isolate has
been used fomporarily when supplies of casein were not adequate, but
is not now used fo any appreciable extenf. Shellae, wax, or syn-
thetic resing, assist in developing speeial features in the finish, such
as gloss, {lexibility. or vesistanee le scull,  In other words, they are
addilives whicl de not sublraet {rom the use of ensein,

In certain leather Anishing (as uphoelstery leather) a lacquer top-
coat is considered cssential for weather-vesistance purposes, and syn-
thetic resins comprise u targe part of the priming coats to furnish a
good adbherent base for the lacquers. These leathers ave relatively
stall in voluine and would not affect present considerations appre-
ciably. The use by Teather finishers of vesins, waxes; shellacs, and
similar additives, depends on eurvent fashions in leather finishing
and. in any event, would not greatly influence the consumnption of pro-
tein binders,

For finishing apper leather. pigment and plasticizing casein-shel-
Iae formulations have been used for many years. Nitrocellulose,
cellulose acetale, polyvinyl ehlovide, latex, urea formaldehyde, and
peolyaceylate dispersons, have been used for more than 10 years and,
to an increasing extent in the Just several years, Tor coating and
finishing upper lenthers and garment-bag and upholstery leathers.

The finishimg of sole Ieather is an entively diffevent operation. 1t
involves the appliention of heat and pressure under vollers, using
sponge compounds, sulfonated oils. earnauba wax, casein, and am-
moraum hydroxide.

Hoe Arsiniry —Tpe albumen gives the highest laster in glazing
and oflers the Tewest difliculties in operation. It is used mainly
where Hght eolor in the finished product prohibits the use of blood
albumen. Domestic egg albumen has n good chance of coming back
into use if its price reaches n level considerably lower than it has
Been recently.

Bioop Auntiey.—DBlood albumen is generally used on the basis
of lowest cost. AL $0.675 per pound it sold in 1949 for aboul $0.05
to $0.10 less than cgp albumen, which was at a low level compared
with recent years. Prices of blood albumen were much steadier than
those for egg albumen, the blood having sold at $0.7¢ during the fivst
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part of 1940 whereas the egy was more than twice that price. The
leather industry now accounts for omly appreximately 800,000
pounds of blood albumen annually, about one-thixd of the total con-
sumed in the United States.

Soy AvpoMEN.—As far as it could be ascertained no trial of soy
albumen has been made in the leather-finishing industry,

SynruETIcs.—Synthetic resin and related finishes are used mostly
for_finishing garment leathers, rather than shoe leathers. Iven-
tually they may be a big factor, although not an exclusive one, in
finishing shoe linings. They hold the advantage of being able to
reduce the cost of labor through ease of application. Blood albu-
men, which eompetes with synthetic resins to some extent, must be
combined with pigments. put in the glazing machine, and carried
through several operations; these take considerably more Iabor than
is required for applying synthetics. The extent fo which synthetics
are used depends mainly on the degree of wet scuff-resisiance desired
in the leather. The trend to synthetics in sheepskin, lining leathers,
garments, novelties, ete, is to oblain ncreased vesistance to wet
rubbing.

Perhaps 10 percent of the noupigment solids in the dried film of
upper leathers for shoes is synthetic resins or rubber latex.

Soy Provein—Soy isolate was mostly tried out by the leather-fin-
ishing industry as a substitute during periods when casein was scarce.
At that time, the quality of both domestic and imported casein avail-
able for this use was especially poov—below the quality of soy isolate.
When good casein became reasonably available again, the bulk of the
industry shifted back, and go is not yet well experienced with the
uniform soy isolate now available. Tt is gencrally thought that there
is no fundamental reason why soy isolate could not replace casein.
Although soy iselate’s glazing properties gencrally ave not considered
to be quite so good as casein’s, it is considered hy some leather finishers
to be a promising material, .

Oilseed proteins probably could not vepluce refing, since the finish
desired from the resins depends on thermo-plastics Deing applied
under heat and pressure by rollers,

Zein—Zein is similar (o shellae in most applieations.  Although
to & limited extent it was substiluted for shellac during World War
I, there is at present no large use, nor any indication of potential
use for zein in this industry.

SueersrEp Resmarcr axp Deverormeyi—Any research which is
undertaken on leathor-finishing materials for the industry as it now
operates would best be concentrated on shoe Toathers, particularly
uppers, which account for the major part of Jeather consumed. Any
real developments arc expected to come from research of a more fun-
damental nature and witl probably have to be done by organizations
outside the industry.

Piixtiers” RoLLERS

Experimental work on the use of eilseed proteing indicates that in
anything like their present stafe of development they are not likely
to be able to replace glue in glue-glycerine composition vollers. In
1048, 4 million pounds of glycerine were consumed to plasticize the
glue being used. In general, oilseed proteins have not demonstrated
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enough binding strength. Zein, for example, is not tough or resilient
enongl, and plasticization is diffcult. Casein is also unsatisfactory
{or it tends to case-harden to a leathery surface not sufficiently re-
silient for use in rollers.

SAUsAGE CASINGS

Oilseed proteins do not appear to be suitable for competing with
viscose in the manufacture of sausage casings. Potentially, about 10
million pounds of coating would be vequired for the annual production
of sausage products which reaches about 2.5 billion pounds. For most
sausages the viscose casing is removed after cooking, Jeaving a “skin-
Jess™ coating of grelntin exuded from the meat within the skin, duving
the smoking or other processing.  Alout 2 grams of eellulose filn ave
required per pound of sausage. This accounts for roughly § percent
of the value of the sausage.  The possibility of peanut-protein films
has been considered in the industry beenuse of the merchandising value
of peanuts as an edible product. .\ venlization of the necessity ot
insolubilizing a peanut film with formaldelyde, which destroyed its
edibility, brought u loss of interest. Sausage easings based on pectin
seem much more feasible technically, to the industry, as they are edibie
and ave easily removed by boiling water, but the costs ave high.

Pirorocivmy

Manufacturers of photographic materials and of soy isolate have
been working on the possible use of oilseed isolates, among other ma-
terials, instend of the traditional and standard gelatin, in photo-
graphic emulsions, and for use clsewhere in the photographic field,
Vegetable proteins have shown reasonable dispersing properties for
silver halidle, but they tend to give mare brittle film layers than does
gelatin,  Setting properties, viscosity, and gel strength, are also of
mterest, in comparison with those of gelatin.

Approximately 7 to 8 million pounds of photographic gelatin are
now being used annually in the United States, and the market is grow-
ing. As photographie gelatin is nuel more expensive than ordinary
1ypes, with quoted prices running about $1 per pound in 1949, appar-
ently one conld afford to apply considerable effort to produce a grade
of oilseed isolate thut would be especially adapted to this use. On
the other hand, some of this high cost is due to the need for holding
sizable inventories of separate batches of gelatin processed tor this
use, pending approval by the purchasers of samples subjected to ex-
haustive tests.

_All of the major photographic companies are believed to be direct-
ing their main efforts in the displacement of gelatin to synthetics,
Therefore there is the possibility, herve as elsewhere, that oilseed pro-
teing, if satisfactorily developed to mect existing requirements, may
have their market cut out from under them by synthetics. However,
a leading gelatin manufacturer considers a shift to synthetics still far
from commercialization.

CLeansING MaTERIALS

The largest use for soy isolate, next to paper coating, is veported to
have been its incorporation in a proprietary cleaning mixture. As pre-
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viously formulated, this product wus designed specifically for cleaning
walls and other painted surfaces. It appears fo have been n combina.
tion of an alkali cleaning compound and o wall size, in which the 50y
isolate was present for its sizing effect.  This formula has since been
abandoned in favor of one better suited to general-purpose cleaning—
one free from the strenkiness sometimes encounteved with the old
fermulation. No soy isolate or other oilseed product is now believed
to be used in any similar matevial,

Corn meal is reported to be used in snbstantial quantitics ag an ab-
rastve in bar hand soips and powdered soaps for use hy mechanics.
Use in such mixtures of 20 o 10 pevcent of soy isolate residue, treated
with formaldehyde to make 3t nonfermentabie. is veported to be pat-
ented by one of the soy-isolute producers. Similarly treated corn
gluten has been snggested for the same purpose.  The reason for using
such matevials is to provide a mildly abrasive grease-absorbing mate-
rial to aid in removing giime. Representutives of two large. soan
companies, of whom inquiry was made. stated that protein praduets
were not 5o used by their companies.  Thete siudies of such use SUg-
gested that these products Tncked aftraciivencss here, They were
unfamilior with the extent of such use clsenwhere,

SOPPLIES

Soybeans, cottonseed. corn, and peanuts ave extensively processed in
the United States for oil and for protein eake.  Indlustrial utilization
ot the protein cake or meal from them has been studied actively,
Flaxsced is also extensively processed heve, but the velatively low pro-
tein content and high gum content of its meal preesents an exeeptional
problem.

Detailed examination of average actual protein contents of oilsead
meals (used in table 16) shows that (hese consistently exeeed the guar-
antced basis used for mavket quotations by at least 1 to 2 percent.
Table 17 on pages 04 and 95 pertains to the relutive g ailabidity of the
most important proteins.

Available data male it elear {hat sullicient protein meals are pro-
auced in this country from soy heans, eottonseed, flaxseed, and comn,
to permit very large industrial protein industries to be hased upon
them. Peanuts are a much smaller and mero expensive erop, and are
mostly used directly for fond, rather than as n sotnee of oil and meals,
1t will probabiy be necessary to mechanize their methods of prodne-
fion, so as to reduce the costs to the levels obtaining in those pavts of
the world that have ehoeap tabor, before monl from dowesiically pro-
duced peanuts conld he depended upan for extensive industrial nse,

Asis evident from tables 16 and 19, o substantial quantity of peanut
meal appears to be available for possible use in makine the isolate.
But solventzextracted meal giving undenatured protein is greatly
prefereed to produce the isolate: and the preponderant part of meal is
currently produced by a combination of erushing and solvent extrac-
tron which makes (he mewl unsuitable for this PULrpose.

Furthermore, adequate supplies of nuts for producing undenatured
meil are reported not veliably obtainabie ot a galisfuctory price, Since
edible nses ave the primary market for peanuls, oosupply for indns-
trial uses depends upon availability of surplus nuts at prices substan-
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TavLe 16.—Sceds: Istimated production, quantities processed into
otd and protein meals, cale and medl, and price per pound, 1848 *

Produecd in crop year

Meal

}

| on

I and | Coke ! .
|

Seed Pro-
tein
con-

fenb

pro- | and
i tein | omeal
*omnead

cont-
age

pro-
bein

M- | M- M- M-
lion | UHon | Uom - Lion | Dol-
ponds ; pownds| pownds) pounids| lers

Soybean 13, 350111, 031" 8, 656! 5 3, 845 O. 038

Cottonseed i1, SE!OIIG, 666 4 832f -« ds 2,126 . 032

20-1 128 G, 153 1 Guel %5 424) 2 027

i 315 188 B 85 .033

3 0:)" 889 1, 338 ; ‘}.(iSI . 034

235, 088'30, 23716, 716 B, 608
t

1

! Based on estimates made by Arthur D. Little, Ine.

2 A combination of 23-percent protein corn-ghiien foed (atbual average 25 per-
cent) and dl-pereent protein-gluten meal.  Prices and protein content based on
23-nercent fead; therefore understales the total protein availeble and overstales
the protein price.

Crops and Markels, 1949 (/7). Cake and meal produstion and prizes from
table, pp. 238-30.

Pereent prolein are estimated aetual countent. DProtein conlent and profein
price nre derived figures, .

tially lower than for edible uses. Government programs are intended
te maintain prices to producers at levels that vellect their primary use.

The development of new breeds of oilseeds primarily emphasized
the matter of increasing the oil confent. Relatively httle attention
was dirvected toward increasing the pereentage of protein in the vesid-
ual meal after the extraction of the oil. Hmvevel inereases in oil
and protein content are not mutuplly exclusive and ave ur oed by the

trade as objectives in breeding.

There is o definite trend among processors of oilseed to burn to
solveni extraction, beeause it rrwes a higher yield of oil and, inei-
dentally, leaves & higher per ccnt'\ge of pr otein in the residual cake and -
meal which enhances its value for most industrial uses. The lower
temperature obtainable by suitable solvent extraction, compared with
the high pressures and temperatures customary with mechanical meth-
ods, @1ves a less denatured profein that is smtable for making the
1solate needed for industrial usage.

Of the present supply of soy mcal 40 percent is now selvent ex-
tracted.® SolvenL {extvact) extr action of cottonseed has recently been

*=Latest estihates show that more than 56 percent of soy meal i§ selvent
pxtracted and the figpnre is expected to vegeh T4 pereent soon (1951},
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Tane 17.—Casein and vegetable protein isolates avaituble for potentiul
induwstrial ytilization, and price per pound, 193.2-50

Peanut
protein

C'asein ® Hovbean profein

Pro- I Tsolate price

duc- ) Price, |y l o

flon | grouvnd, | o7 Pro- | oo
plus New tiem due- lated

im- | York Caleu- Spot 4 | ton PR
ports Integd 8 | PPO price

produoe- e

1,000 1,000
Clents | fons

S DO NN MR RN n SO
MO e - =

TR RD D 08 00 O3 0N 00 A U 1O U e e 2
. - - - -'.‘ -' - L i * B - » v + . - =2
COOOCORE O @O~ —I300 0

demonstrated to be commercially successtul but it involves several
special problems. Its use is spreading.  Corn-gluten feed and corn-
gluten meal, obtained from the wet milling of corn in making starch,
are separated mechanically in an aqueous wedium which s subse-
quently fltered and dried. Corn-gern meal and corn-oil meal are
recovered from the extraction of the oil from the corn germ by ex-
peller alone or, usually, in combination with solvent extraction.®
They are produced in much smaller quantities than gluten meal and,
as yet, neither appears to huve been ntilized very much industrially
tor their protein content, nox to have been the subjeet of much experi-
~mentation to this end.

Isolation of zein doubiless sturts with gluten meal, which contains
about 43 percent protein; gluten feed has much hran, and only about
25 percent protein, Ieanuts are not veadily eapuble of solvent ex-
traction ; effective processes have not yet been demonstrafed on a com-
mercial scale. British plans for the production of peanut-protein
isolate for fiber production are based on the use of expressed meal,
despite the low yields so obtainalle. Preference for expeller soy-

* At present (1051}, two lurge cencerns are prodncing corn gerw by Lhe solvent-
extraction method,

-~
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TasLe 17.—Casein and vegetable protein isolates available for potential
industrial utilization, and price per pound, 1952-60—Continued

Cottonseed protein Zein

Corn Price

Meal Isolate gluten

caleu-
1‘"_‘-;'3(1u ptfgﬁﬁc- Caleu- | ¢ 13
price® | Tgon | lated? | Spob

produe-
tion

1,000
ions
510
500
577
4444
533
511
ada

a7

! For oilsced-meal produetion and ealeulnted isolate prices, year beginning
October of the jear previous to that shown.

1 Bee table on p. 112 for seurces, producetion, and imports, separately,

1 Based on price of 45-pereent protein meal, Chicago, recovery ol two-thirds of
protein as isolate, not including cost of protein manufacture.

4 At beginning of cach year, alpha protein, bags, 20 tons, works; premium for
10-20 tons, ¥ cent; for under 19 tons, l-4 cents. Souree: Oil, Pnint & Drug
Reporter (6); not listed before 1940,

5 Based on price of 45 percent protein meal, Southeastern mills, and recovery of
two-thirds of protein as isolate, not including cost of protein manulaciure,

¢ Dased on price of 41 pereent protein mesl, Mewmphis, and reeovery of ¥4 of
protein as isolate, not including cost of protein manufacture.

T Based on price of 23 pereent protein, Chicago, and recovery of %4 of protoin as
isolate, not including cost of protein manofacture,

¥ At beginning of each year, bags, 1,000 pounds, works; premium lor smaller
lots, 5 conts; Oif Paint & Drug Reporter (3). Not listed before 1040,

meal feeds, resulting in some premium for this beyond its extira oil
content, has heen largely overcome. It appears probable that in due
course extracted cottonseed meal also will be developed, technically and
by promotion, to an acceptance by feeders comparable to thal of ex-
pressed meal, The movement toward solvent extraction of linseed
oil from flaxseed continued to be very strong in spite of the decline in
oil prices in 1949, It isexpected by the trade that the premium which
expeller meal commands over solvent meal will continue to decline.
Even now it is insuflicient to compensate for the lower recovery of oil
by the expeller process,

B83880—01——T
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TanLe 18.—Byproduct feeds: Production of cake and meal and aver-
age wholesale price per ton, bagged at leading markets, 192948

Cottonseed Soytean

meal moal Linseed meal | Peanut meal

Year beginning
October—

(I)Jcrcent.

hicago

Production
protein South-

protein Mem-
eastern mills

Price 41 percent
phis

Price 34 pereent,
protein 1 Min-
nezpolis

Price 45 percent:

Produstion
Production
Production

Price 41
protein

1,000
Dallars Lollars) lons \Dollars| o Dollars
1 5069 27

520,
861
350
375
398
\ 437
496) 40. B36
724 .\ 412
1, 064| 26. 481
1, 349 3 538
1, 543{ 30. 745!
1, 845 41. 902| 37.
3, 200 ] 798| 44, :
3, 846 51 997 45. 1909
3, G99 . G40 \ 92
, 3, 837 . 562| 55. 30
1, 428] 75. 85! 4, 086] S1. 374] 81. : 113
2, 019 83. 20[ 3, 833| 01 625) 8t. 107
2 416] 63. 4, 328 . G846 67. 94

In addition to these protein meals, those from other crops that
are now less important to our economy are available in smaller quanti-
ties as sources of industrial proteins, The growing of sun(%lower,
safiower, and sesame, for example, is being stimulated by the develop-
ment of these oilseed crops in American agriculture. But the dis-
tinctly limited achievements to date of the industrial use of other
oilseed protein products has put a low priority on the evaluation of
their possibilities.

Wheat gluten is a special ease. Iis current supply is rather limited
as it depends on the rather small mavket for wheat starch, of which it
is a byproduct. Its limited supply and high cost tend to turn users
to alternative sources. It does not appear to have unique qualities
that are sufficiently attractive to warrant substantial special research.

So far it is only as feeds that these protein meals are at 2ll important.
As protein feeds they are very valuable to supplement forage and other
common feedstuffs that ave Jess rich in protein. It is their relative ac-
ceptance as feedstuffs, modified by their availability to major feed-
using aveas, that sets their price. This price is based primarily on
their protein content, modified by its nutritional availability, freedom
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'TanLe 18.—Byproduct feeds: Production of cake and meal and aver-
age wholesale price per ton, bagged ot leading markets, 1989-48—
Continued

- Tankage and ment
Fish meal Gluton feed seraps

Year beginning Price 67 Price

Oetober— pereent Price 23 digester
Produe- | protein, | Produe- | pereent 40

tion San tion rotein, pereent

Fran- 8hicago protein,

cisco Chicago

Daliars Daollars Dallnrs

. 40
.95 075
2% 792
8 . 85 745
185 | 159, & 1, 040 . 30 741 .
189 ! 163, 799 | 7445 #29 | 119,40
174 | 193, 45 848 | 53.30 776 | 120, 65

1 1937-40, 37 pereent; 1944-40; 1047-48, 32 percesnt,

2 Reported production is esbimated to be abent 93 percent of total production,
Tankage as reported in the Feed Situation, 1044, 193; 1945, 155; 1046, 181; and
1947, 178 (i6).

Produetion: The Feed Situation, Qctober 1919 (16), exeept tankage and meab
seraps, Agricultural Statistics, Department of Agriculinre (25).  Prices: 193127,
Agriculturnl Blabisties; 1048, Feed Situntion (167, Prices presented are simplo
averages of monthiy averape prices.

from toxic components, and presence of other nutritional ingredients,
such as oil. QOilseeds are commonly sold together with bran or hulis -
(as by eorn or cottonsesd processors) which have a value comparable
to some hay. Often deliverics of oilseeds by farmers to processors de-
pend upon resale to these farmers of an equivalent, quantity of protein
meal and huolls. Millers of oilseed commonly consider feeds to be
a main part of their business; for some soybean processors it is the
main part. OQilseed meals formerly were used considerably as in-
gredienis of high-arade fertilizer. Such use is now rather limited,
except for inedible products like castor pomsace, becauss of their
greater value as feeds, and the high demand for them as feeds.
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Tapre 19.—O0ilseeds: Production, disposition, imports, and season
average price per pound received by farmers, 1929-49

Coftonseed Peanuts Soybeans 3

Sold to
oil
mitls !

Produc- Produce-
tion ? tion

Produe-
tion

Afilfdon | Alillion Million Ailiion
pounds | pounds pounds pounds
12 812 9, 384 1 398 566
12, 56 §, 556 L G697 836
14,620 | 8, 580 .4 1, 656 1, 036
11,630 | 7,996 ¥ 241 909
13,022 7, 582 . 820 811
8, 512 | G, 422 LB 1, 014 1,389
9, 268 . B 1,153 2,034
10, 944 At 1,260 2,023
1,233 2, 770
‘1,289 3, 7id
1,213 5, 408
1, 76 4, 683
1, 475 8, 432
2,103 11, 251
2, 176G 11, 408
2, 081 11, 517
2, (42 11, 524
2, 038 12, 077
9, 3G2 7, 860 2,183 11,013
12,072 ( 2, 268 . § 13, 212
212, 054 ¢, 800 ®12, 252

7,328 | 5. 688
7,026 | 3, 708

ot
£ 10 00 00 N1 OV e §9 00 600 09 £0 09 80 bO 1t 0 €0

£ 15 960 1 1D 19 10 B9 o4 e o

Nearly all oilseed meals ave used as feedstufts. The market oué-
look for this use is generally considered to be exceptionally good, based
upon high prices for meat and a long-term trend in this country toward
an agriculture characterized increasingly by more production of beef,
Logs, and poultry. Therefore, oilseed processors tend to be far more
interested in the feed value of their protein meals than in either
their food peossibilities or their technical industrial possibilities. Dis-
tinctly the greatest contributions that can be made m this connection,
most of those interviewed suggested, is the enhancement of their feed
values. Thus, the research directed toward inactivating soymeal
enzymes, which limited proper digestion and assimilation, is regarded
as by far the main help that research has afforded to the protein end
of the soy business. Similarly, upgrading the feed value of ecotton-
seed cake to permit s use as ful]l;,r as protein meals of soybeans or
corn (as by physiologically inactivating its toxic pigments) is re-
garded as the main task of the protein end of the cottonseed bnsi-
ness.  In each instance, the contributions of the Northern and South-
ern Regional Research Laboratories respectively are appreciated in
the trade {table 18).

Some apprehension among feed men was noted that if large-scale
industrial applications of ollseed meals should be developed it might
result in o shortage of protein feeds, especially in view of the large
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TapLe 19.—Oilseeds: Production, disposition, imporss, and season
average price per pound received by farmers, 1939-49—Continued

Flaxseed +

Production

Nef imports §

Net supply

Afiffion
pountds

MAll{on
porunds

Million
pounds

892 1,110
1,214 434 1, 648
658 773 1, 431
645 346 990
387 1, 033 1,419
320 865 1,186
835 362 1, 697
299 1, 459 1, 758
306 098 1, 304
450 1, 047 1, 497

1, 098 727 1, 824
1, 732 812 92, 344
1, 799 1, 179 2, 979
2, 205 271 2, 566
2, 301, 331 3, 131
1,213 {184 1, 030
1, 935 455 2, 390
1, 265 567 1,832
2, 270 (1. 3) 9, 269
2, 042 88 (32, 7) 2, 909
22,330 | ®*(1G6) 2 164

2, 002

LY RPN

O N TR G N BRI §

! Excludes deliveries exchanged for meal which, in 1949, amounted to 282
million pounds and is normally 10 percent or less of total deliveries to the mill.

2 Picked and threshed.

¢ Converted at 60 pounds per bushel.

* Converted at 56 pounds per bushel.

¢ Including linsced ol in forms of seed, year beginning July.

8 Net exports.

7 Preliminary.

® Foreign Crops & Markels (26).

¢ Estimate, Demand and Price Situation (1.4).

Unless otherwise noted, all figures 1920-46, Agricultural Statistics, 1048 &
1949 (25); figures 194748, Crops and Markets, 1940 (12).

and growing demand for protein meals for feeds which is over-
whelmingly the largest use. They suggest that such use would tend
to raise the prices of oilseed meal, thereby lessening their advantage
for industrial use. Some of these feed men said they saw no reason
why research should be done in this field.

Oilseed meals are intercompetitive, really, and the total quantit;
available is many times as large as any prospective industrial deman
will be for many years to come. Oilseed meals are extremely desir-
able feed supplements, but they are not essential. The price of these.
meals depends from a demand viewpoint, essentially on feeds. On
the basis of contained protein their price is considerable, in view of
the processing costs needed for many purposes to make this protein
useful, and the need for the finished products to meet competition
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from such products as starches, casein, and synthetics, However,
for some existing uses, including protein fibers which are the most
attractive for expansion, it seems likely that industrial users of the
three most available of these meals will be able for many years to pay
enough for them {o obtain all they need.

For several years the supply and demand of the different oilseeds
has been greatly influenced by the governmental market activities,
acreage restrvictions, and support prices. The relative availability
and price of the various seeds, oils, and meals, are interdependent;
the relationship is complicated. Thus, for exumple, the support price
on flax makes the price of linseed oil high, thereby enconraging the use
of soy oil. Asreductions of cotton acreages make for an excess of cot-
tonseed milling capacity, these millers look to alternative seeds to
process. On the other hand, the suppert price of cotton tends to ve-
strain the conversion of cotton Jand Lo the production of other crops.

Soy, cusrn, and peanut ineals, among the principal nilseed meals,
are of main present technical intevest for industrial application. Sig-
nificant industrial uses for cottonseed meal, for which its color 1s not
disadvantageous, may perhaps be developed. Of these, only soy and
corn protems are commercial; and the commercial success of corn
protein is limited mainly to its prineipal protein fraction, zein, which
15 isolated from it. Zein has characteristics, notably aqueous insolu-
bility, which distinguish 1t from other oilseed proteins and from case-
in. Soy protein remains the material of largest use in this field,
whether as the meal {as in plywood adhesives), the flonr {(as in wall-
paper coating) or the protein isolate (as in paper coating).

The following section summarizes the status of the production of
sced-protein isolate. Against this general background the principal
ollseed proteins are briefly reviewed., This review is followed by a
brief review of other natural and dirvectly competitive materials, of
which casein is fr . emost.

In evalnating the potential industrial use of these natural materials
it must be recognized thut it is increasingly diflicult for them to com-
pete suceessinlly with starches and svntheties the rapid buprovement
of which is characterized by heing based on extensive fundamental
knowledge, such as is Incking for protetns.  The markets for starches
and synthetics have been mained both at the expense of former pro-
tein applications and in new areas which might have been entered by
proteinaceous materials had they been suitably modified.

Pro1Erx Isotate Propuarion

Soy-protein isolate—by which iz mean: the acid-precipifated alka-
line extract of solvent-extracted soy meal—is in commereial produe-
tion by three lnrge companies, and in experimental production by twe
others.

Total capacity for the production of soy-protein isclate in the
Tnited States has been estimated as 25 to 30 million pounds a year.
Production in 1949 is reported to have been less than half of capacity,
but in the middle of 1950 twe mujor producers were reported to have
been operating ut capacity, and the third commercial producer was
said to be increasing the activity in this field.

Other soy-protein extrarts of food grade are also in production.
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Cotton-protein isclate has apparently been made only by the
Sounthern Regional Research Laboratory.

Corn’s principal protein fraction, zein, is produced as a pure isolate
from ecorn gluten. In 1950, only one firm was producing zein. Zein
capacity, as varviously reported, probably approximates 5 million
pounds a year®

Pranut-protein isolate is being produced in Britain, from expressed
peanut meal, for use in producing Ardil, a peanut-protein fiber,
'There 1s no eommercial production in this country. Iis experimental
production by the Southern Regional Laboratory has aroused some
interest that is not very active.

Production of other oilseed protein isolates appears to have been
limited to small-seale laboratory experimentation.

SoYBEANS

The spectacular growth in volume and importance of the soybean
crop accompanied the development of varieties which were easily
cultivated and contained a high il conteunt that is well suited to

rocessing. Soy flour, meal, and isolate are all used industrially.

oy flour, really 2 dehulled soy meal, is divided into three types: full-
fat soy flour, which has all the fat originally found in the soybean
and has nol been processed for oil extraction; low-fat soy flour, made
by a continuous mechanical pressing method in which the greater part
of the oil is removed; and J fatfed soy flour, made by extraction
process and containing less than 2 percent faf, with protein content
ranging up to 58 percent. Soybean-oil meal contains the huills. Ex-
peller or hydraulic-processed meal has a minimum specification of
41 percent protein; but its content actually averages 44 percent.
Solvent-extracted meal has a standavd specified protein content of
44 percent, but actunlly averages nearer 46 percent.

Many shipments of extracted meal are reporvted to contain more
than 48 percent crude protein, with no premium charged in spite of
the fact that soybean oil meal is bought principally on the basis of
its high content of good-quality protein. Within the last 4 years
solvent extraetion has increased from: 30 percent of the total quantity
processed to 40 percent.?® Tsolated soybean protein is obtained by
treating soybean-protein flakes which have previously been solvent-
extracted to remove their oily matter. The subsequent treatment is
to remove cellulose, sugars. and other nonprotein ingredients. The
yield of isolate from the meal is reported to average about 28 percent,
varying between 20 percent and 40 percent. The 46 percent yield has
been obtained only in the laboratory,

Nearly all of the cake and meal is used for feed. An adequate
supply of soy meal for industrial use appears available as far as can
be foreseen. Work to improve the nufritional qualities of the meal is
continuing, such as the addition of m:thionine to give the vation the
value of whole-egg protein.

Tn most industrial applications sov proteins replace casein. Both
casein and soy proteins face strong competition from synthetics, which
are taking over a larger part of some markets. Unless there is a

T It substantial enlargement is nnder actlve study (May 1951),
* See footnote 25, page 93.
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decided decline in the price of casein, such as may occur over short
or moderate swings but 15 not anticipated for the Jong run, the industry
expects soy protein, with its vast supply and relativay steady price, to
find growing application in the casein market. As costs of raw mate-
rial are reported to make up a greater part of the price of easein than
they do of the price of soy iso?ate, changes in the price of the basic
raw material would affect the price of soy isolate relatively less.

The price structure of the soybean industry depends upon the prices
of the oil, which is in competition with linseed and cottonseed oils,
and the meal, which has sonie direct competition from other oilseed
meals and from fish and unimal scrap proteins, as a feed protein
supplement. It has indirect competition from feeds that have less
concentrated prolein content, surh as grains.  Feed now accounts for
80 percent of the bulk and 60 percent of the value of soybean products,
and has been threatening to relegate the oil to something resembling
the position of a byproduct. The reverse was formerly trne. The
industry expects the meal to continue to grow in importance.

The outlock for domestic snpplies of sovbeans is excellent. As
varieties ndapted to provide adequate yiclds are developed, the grow-
ing of soybeans for processieg is being extended farther into the South
where, it is said, two erops can be rased in a year, in several places,
compared with one cotton crop.

COTTONSEED

Cottonzeed meal would seem to be a logical soweee of protein for
industrial wtilization. Xt is the only oilseed meal that Is produced in
large quantities, exeept for sovhean meal, mnd on the basis of protein
content 1t teads to be the cheapest. The high price of (he oil has been
a strong incentive for processors fo change to solvent extraction from
expeller or compression processes to get the greatest yield of oil.
Meal that has been extracted sellg for a slight discount, but processors
expect that, afler suitable nudritional and fextural development. and
promotion. this discount will gradually disappear. Current develop-
ments are designed to make all coltonseed meal nutritionally more
desirable as feed and ave likely Lo broaden the demand further.

There iz n considerably greater demand for coltonseed eake and
meal for cattle-feed supplements in the grazing arveas where it is
produced than the Tocal produoction ean meet. In spite of the need
for improving the protein conlent of the dict of many peor people
i this eountry, considerable doubr was expressed that cotfonseed
would ever be provessed for human consumiption on any significant
seale.

Ascottonseed iz made prailable asa pari of the production of calton,
governmental control of cotfon aerenges regnintes the quantity of
seed that is available. There is an exeess of processing capacity for
cottonseed. and additional shorltages of coltonsced may encourage
cotltongeed processors to furn Lo other oilsceds for raw material,

Although the present tonnage of cottonseed meal is only half the
tonnage of soybean meal, it is considerably greater than the produc-
tion of any other profein feed. This suggests that, to med* the re-
gquivements of a considernble feaction of the indnstrial protein po-
tential, would require the diversion. Trony coprumption as feed, of
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only a minor fraction of the total production of cottonseed meal.
Thus, total apparent consumption of casein is only about 1 percent
of domestic cottonseed cake and meal production (on a 41 percent-
protein basis, however). It is probable that processors would be
rather reluctant to make this protein available for industrial use, in
view of the heavy demand for feed, unless a large market could be
assured at a price that would encourage upgrading the protein.

PEANUTS

Although considerable technical information directed toward po-
tential industrinl application of peanut protein has been gathered,
and some products. particularly textile fibers, seem to have possibili-
ties of development from it, no appreciable industrial use in this
country is now apparent. A consideruble downward readjustment
of cosfs and prices of peanuts appears necessary to the substantial
realization of this potential.

Compared with production of soybeans and cottonseed, the pro-
duction of peanuts in the United States is rather small. The peanuts
grown are mainly of edible types. As more cfiicient means ot culti-
vation and mechanized harvesting ave develaped to make the pro-
duction cheaper, peanuts might become & much more important crop
in this country. They are important erops in some countries where
the cost of the large amount of labor now required is much lower. as
in India. The high concentration of oil and protein in peanuts makes
them a noteworthy item in international trade. The limited and
highly fluctuating marginal supply available in the United States
for industrial processing. plus the technical difficulties, males isolat-
ing peanut protein here relatively unattractive. In some aveas. gov-
ernmental restrictions (1950} on the nereages of cotton were expected
to encourage the growing of peanuts. But a very marked increase in
production in cotton-producing areas of the Seuth could not be ex-
pected., as only o limited additional area there is suituble for peanuts.

As pointed out in fhe sectinn on fextiles, in addition to the limita-
tions of supply and price to the production of a protein isolate suituble
for making regenerated fibers. there are many technieal difficulties.
Despite contrary British claims, only solvent-extracted relatively
undenatured protein is generally considered suitable for industrial
use. The development of satisfactory methods of solvent extraction
has not taken place. The sking must be removed to produce a light-
coloved protein. The vesidues from extraction must be disposed of.

Peanut meal is customarily made by crushing, which produces a
partially denatured meal with about 45 percent protein, some of the
protein having been damaged by the heat developed during cooking
and pressing.  Various sources indicate that progress is being made
in the development of solvent extraction, and in reducing the color
retention of extracted peanut protein. This gives a material that is
more suitable for industrial purposes. Some small-seale commereinl
solvent extraction has produced a meal with about 35 pereent avail-
able protein. As peanut shells normally are incompletely removed
before the processing. or ave later added to peanut meal which is in-
tended for use as feed, to approach the minimum protein (Nx6.25)
requirement of 45 percent, mancfircturers of peanut meal should have
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no difficulty in preparing a meal that contains 50 percent or more
protein. _

It is reported to be difficult for processors, particularly the smaller
companies, to obtain adequate supplies of peanuts that are suitable
for making an undenatured meal. The high cost and limited sapply
reflect the fact that production of peanut oil, cake, and meal, is the
marginal part of the peanut industry. Food usges are far move im-
portant. Any peanuts that are available for oil extraction come
mainly from surpluses. Restrictions on production and price-sup-
port programs are designed to avoid surplus production and to pre-
vent the depression of prices to producers when surplus supplies occur.
The high nutritional value of peanuts conpled with their acceptance
as foods, not merely as feeds, may permit expanding their food uses,
for instance by developing edible peanut flonr and meal. Total pro-
duction of cake and meal is only about 2 percent of the total produc-
tion of soybean cake and meal.  Until lareer quantities of peanuts ave
regularly available for industrial processing at lower and morve stable
prices, any development of solvent extraction and isolate production
on a seale sufficient to supply an industrial mavket seems unlikely.

Zeix axp Cory Grrres

Zein is extracted from corn gliten, which i= a byproduct protein
concentrate obtained during the wet milling of corn.  An adequate
supply of corn gluten is available for producing enough zein for all
Toreseeable needs.  Enough corn gluten was milled in 1849 for about
330 million pounds of zein. and thig use it considered sufliciently
profitable to warrant diversion of glufen from iis excellent market in
mixed feeds.

The wet-milling industry has beer processing between 110 and 130
millien bushels of corn annually (table 20). The quantity of sluten
feed and meal produced is divectly proportional to the wet-process
grindings.

Tawer 20.—Corn: Wet proccss grindings. and production of gluten
feed wid meal, 1030-44

Wel proe- o, Weot proc- 1 Glulen
Year "ess prind- (*‘111?;2“:1&:{’- Year ess grind- | Tecd and
ings * tzs moend

1000 o0 1,000 1,000
bushets tons . bushels lans

T3 282 1345 C 18,053 824
81, 727 - N2 . q¢ 120, 411 872
110, 293 510 - Y e oo 138,273 ) 1,005
130, 330 1,083 ¢ 108, 878 781
128, 455 L S R LR . 16,1975
114, g2% hv.rd

1 Preliminary,
? Burvey of Current Business, {22,

Agricaltural Statisties, 1949 (25).




MAREET POTENTIALS FOR PROTEIN MATERIALS 165

The actual yield of zein is 11; pounds per bushel of processed corn.*
On the basis of wet-processed producticn in 1949 of 116 million
bushels, this would give raw material available for approximately 175
million pounds of zein. That this is probably as much as will be
needed for the production of zein for many years is suggested by com-
paring its only really large potential use now apparent, reaenerated
zein fibers, for every pound of which about one pound of zein is used,
with total mill consumption of woels in the United States.™

In 1949, consnmiption of zein for regenerated fibers wus reported as
4 milhon pounds: a rate of 7 millien was predicted for the end of
1050 and of 15 million by the end of 19513t This would be equivalent
tu proecessing the corn gluten frem 5§ million bushels of wet-milled
corn, or somewhat less than 5 percent of the gluten potentialty avail-
able from current production.

The corn wet-milline industry has a capacity of 420 thousand
bushels a day, producing enough gluten to be processed for 1,250,000
pounds ot zein a day.

The corn-milling industry consumes only about 4 percent of the
annual corn erop. The price of corn does not affect the profit realized
by the industry until it reaches o point that products from this in-
dustry eannol compete with products from other indusiries. snch as
vegetable and animal proteins. synthetic resins, silieates, and cane-
sugar products.  Prices of the ¢chief produets fluctuate with the price
of corn to maintain levels of earnings. The guantity of feeds pro-
duced clearly depends on the total quantity of corn processed. Pro-
duction of corn stavch and its derivatives—carn syrup. dextrose, and
dextrines—depends upon demand. The limiting product of this in-
dustry tends to be the starch which must compete with other starches
in industrial nses.

Unlike the other principal seeds of which the oil is the primavy
product. corn is valued mainly for its starch.

The Jow price of the protein when sold as gluten feed and meal
makes any upgrading in value rather attractive even thongh present
prices for feed and menl are vather high and demand is far from
satisfied. Corn-gluten feeds must compete in price with other protein-
feed supplements which are available in considerably greater quantity.
Gluten feed that had 23 percent profein sold at about $50 per ton in
1949, and 41 percent meal at $70 per ton.  Thus. allefting the entive
value to the protein and none to the bean. 1 ton of 23 pereent feed
has 460 pounds of protein valued at 11 cents a pound.  On the same
bagis, 1 ton of 41 percent meal wonld contain 820 pounds of protein
worth 844 cents a poand,  Zem sold at 30 cents por pound in 1949,
Althongh only a part of the protein in the feed and meal from which
it is extracted is vecovered, the nnrecovered protein may still be dis-
posed of in Teed.

® Although it is frue that a Imstiel of eorn confains about 3 potentinl pounds
of zein, under pregent and Mminre meihods of reeovery, yvields of about 1% pounds
A2 nsed in the ralealntions are n more realistic firure,

* Mving HHR, on n seouved bnsis, fhis was 183 miltion pounds (apparel class)
and 208 million pounds {earpel class}

" Timited eapacity for produetion of zein bas go far prevented expnading pro-
duelion of regonerated zein fihers herond nbont 4 millinn pounds per yvenr, Ex
pansion of zein eapacity is under aetive present {May 1051) study.
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Frices of zein have been held relatively stable, in comparison with
prices of corn gluten, which vary widely depending upon prices of
competitive protein feeds and of corn. This difference in &gree of
fluctnation is indicated in table 17 on Page 95, a caleulated price of
2zein based upon price of 23-percent gluten feed ; and the actual price
of zein. :

Based on the current outleok for zein in comparison with other
industrial uses for corn gluten, it is reasonable to assume that most
eorn gluten that is processed will be available for the production of
zein. Discussions in the trade tend to confirm this assumption. In-
creases in the use of corn gluten for the production of monosodium
ghatamate are likely to be very small in comparison with the available
supply. A few million pounis of corn gluten are used annually as an
emulsion stabilizer for water-based paints.  Other industrial markets
for unmodified corn gluten do not now appear to be very attractive.

It has been suggested by those interviewed that theve is a problem
of protein balance in corn processing, whereby greater industrial
utilization of corn gluten would result in too much bran for good feed
formulas. Even should enough gluten be needed industrially at
somewhat better margins to cause an appreciable surplus of hran, the
industry appears to be willing to upgrade its corn gluten in this way,

though this might throw its feed business out of internal balance.
Fraxszzp

The production of linseed meal is about one-tenth by weight of
total oilseed cake and meal produced in the United States. It contains
35 percent protein and a high mucin fraction which make it Veyy Vis-
cid. This means special diflicultios when the protein is recovered from
the meal,

So far, no industrially desirable characteristics seem to have been
found in linseed protein’ which differentinte it sulticiently from other
woteins to male feasible ils isolation for industrial use, considering its
]ow protein content and considering that satistactory feed uses have
already been developed. Unless some value coukd be discoversd in
the mucins, it does not scem probable that processors will develop the
protein isolate.

The production of flaxseed has been increasing steadily and is being
extended to new regions.  Although the Gult Coust stil) supplies only
a minor fruction of the total production of the Thited States, the grow-
ing of flaxseed is spreading rapidly there. Flaxseed is favorad by
its ability to withstand hurricanes better than cotton; by restrictions
in cotton acreage which free much land for its planting; by existing
cottonseed-mill capacity which ean operate on flaxseed: by the crop’s
ability to grow on soil not rich enough for good yields of corn, colton,
or small grain crops: and by its confra-seasonality which is popular
with both farmers and processors. Production of flaxseed has been
very senerally mechanized.

Before World Wi IT the imports of seed often oxceeded the exports;
but this margin has declined, and since 1947 the exports have heen
greater than the imports by an iner asing quantity, reflecting both
the acute shortage in Euvope and the aid extended by Eeonomic Co-
operation Administration,
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Although at present. more than half of the flaxseed processing is
by screw-press or expeller method, the trade thinks that soon very
little expeller capacity will remain in this country and it will be oper-
ated only marginally in years of unnsually high production. Expel-
Jer meal commands some premium over solvent-extracted meal, but this
difference in price is declining. In any event, it does not make up
for the loss of oil by the older process. = Linseed meal is used almost
entirely for feed. It issaid by some processors to be perticularty pood
in finishing livestock to give a glossier coat and healthier look: but
some opinions indicated that it is disliked by stock feeders until they
learn to appreciate its good points.

WHEAT GLUTEN

The prospect for any substantial industrial use of whent olulen is
limited manly by the market for wheat stavch, by the high cost of
the gluten, by jts dependence on the supply of second cleavs from
which it is produced. by the lack of understanding of the basic nature
and properties of the g'luton. and by technical difficulties in producing
an undenatnved protein.  Beeause of these deterrents. worle related to
the eflect on huking characteristios of the gluten that is natwrally
present in blended flours is generally considered to be more encourag-
ing than work on industrial uses of wheat gluten. Tf some uniquely
wseTul property should be found capable of being made available at »
reasonable price. this might not be trie.

Its only unique property noted by researchers is its tremendous
capacity for absorbing water—jnst the reverse of keratin protein.
CGHluten sulfates and phosphates have been made which are insoluble
m water. yel when they are in water they swell to 200 to 304 times
their orignal size.  Dut their cost. estimated by & major aluten pro-
ducer as more than 22 per pound. was ton high in 1048 for their an-
ticipated use in cosmeties compared with competing materials sueh
as vegetable gums or cavboxymethy] celtulose,  Beeause wheat gluten
has considerable color it tonds to compete with less expensive gnins,
Extensive exploration by drug firms has indicated that even thongh
gluten would need to be cleaned up considerably f put to pharmaceu-
tieal use. it could be produced for much Tess than $2 4 pownd on a com-
mereial bagis,  Nevertheless, it still seemed unattractive to those inter-
viewed.  The main threat ta this entive group of products appenrs to
be carboxymethyl cellulose and related compounds which ave clear
and nonfermenting, and whieh afford no support to bacteria.

For most conventional uges. wheat ginten seems ruled out becnuse
of its high cost. arising from the preblems in dreving it in 2 non-
denatured condition. This iz a dificalt problem, considering its
affinity for moisture. H should be dried undenatured because when
dematured it loses its excellent tack and other desivable properties.
In view of current progress in voacuum deving. the possibilitios of
ceonomic drying of an nndenatured product may some day be worth
exploring agnin. .\ basic limitation of wheat gluten. however, is
its tendency to become denatured Jater. no matter how well it is
inttially prepared.  If the glnten could be stabilized its use as an
adhesive would be decidedly promising,
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The only present established use for the separated protein is in
the production of monosodium glutamate. This is technically the
best' reasonably available source of glutamic acid, but because of the
limited supply and the high price of this source more of its produc-
tion is shifting to the recovery from the proteins of beet sugar, soy-
beans, and corn.

The addition of ginten to lower-gluten flours in bread making to
offset gluten deficiencies in low-gluten wheat might be considered
exeept that it is currently uneconomical to dry the gluten without
changing its properties enough to make it useless for this purpose.
One of the most attractive potential uses of wheat protein has been
suggested as in paper coating. One large producer has been aiming
to sell relatively undenatured wheat gluten for industrial use as
paper coating at a price of about $0.25 to $0.30 per pound which is
$0.05 to $0.09 above the cost of ordinarily dried {denatured) gluten
such as is now used in monosodinm glutamate production, The price
will have to be based on the price of sccond clears.

Second elears ave fractionated into purified wheat starch and
wheat protein (¢luten), which tends to be a byproduct. There is a
considerable difference in the protein from different strains of wheat.
Any substantial industrinl use of wheat gluten is limited by the sup-
ply of second clears, processed for starch, because these contain on}y
8 percent protein. ’1‘.‘10 market for wheat starch is said to be grow-
ing, but at a slow rate. Abount 2 percent of the wheat that is milled
consists of second clears. Palent and frst-clear flours are used for
baking and related uses. Second clears ave reported to be enongh
off-color and off-grade in performance to constitute a marketing
problem, being in the end neither a flour nor a feed.

Price of second clenrs makes the development of uses velatively
unattractive at present, particnlarly in competition with casein, The
sttuation in the State of Washington may be unique in that surpluses
of wheat may accumulate because of the vestricted market in this
country for the type grown there, and the poor outlook for export
to the Orient.

Research on wheat proteins has been advoeated by members of
the milling industry in view of the size of the industry and the Jarge
number of establisl.ments engaged in processing wheaf for starch and
protein. If rescarch could determine the nature and structure of
the proteins in what gluten in velation to its donghiness, the rela-
tion of denaturation to its solubility, the mechanism of denaiura-
tion, means for decreasing uluten’s cohesiveness and Increasing its
adhesiveness—if all this could be done. the development of various
large-senle applications would be much more feasible than is true
at present.

SUNFLOWER, SATFLOWER, SESAME

The expectation (Iate 1040 and early 1950} of continued acreage
allotments for wheat and cotton has encouraged much development
work with simflower. safllower, and sesame seeds.  1f the production
of eotton is reduced to approximate the dowestic demand. the ex-
cess capueity of cottonseed-oil crushers will {oree provessors to turn
to nonfibrous oilsceds for their raw material.
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Recause of the high protein content of the sunflower, direct use
of its meal as an adhesive and as a source of isolate production might
appear to be reasonable; but the survey did not reveal any such
nsage, Sunflower seed is produced in large volume in other conn.
tries, as Russia and Arvgentina; but industrial use of its meal there
is unknown.

Sunflower seed is potentially an important domestic source of oil
and protein. Seeds avernge about 28 percent oil contend, 36 percent
hull, and 36 percent meal. The oil is comparable t¢ soybean oil but
iz free from hnolenic acid and flavor reversion, The meal has a higher
protein content (32 percent) than any olther commeoen ollseed meal.
Sunflowers can be grown successtully in all parts of the United States
and are resistant (o dronght and frost. They vequire no labor from
sowing until harvesting, but need a great deal of labor at harvest,
11 this Jabor requirement could be reduced through mechanical har-
vesting, sunflower seeds might become an important oilseed crop.
Efforts nve being directed to developing dwart varieties and using
hybrids of these that will produee an abundance of seed that will be
high in oil content and which can be easily harvested. Yields range
{rom 200 to 2.000 pouruls per acre and average about 1,000 pounds.

The production of saifllower seed, though small {morve than 30 mil-
lion pounds for crushing in 1949), is increasing rapidly, Saflower
shows promise as a commereial erop in the Pucific Northwest and in
the Great Plains States from Avizona to western North Dakota. It
erows best in areas that have an annual vainfall from slightly under
9 inches to 20 inches. It is harvested by standard combines. Typleal
yields are about T80 pounds per aere, The seed of nower strains con-
sists of about 38 percent oil, 40 pereent hindl, and 25 percont meal, It
is reported as excellent as a feed for livestork and poultry. It is pro-
duced primavily for its oil, which is seld mainly to paint manufac-
turers for a drying oil. Its price depends on the price of linseed oil.
1t hies between soybean and hinseed oils in its dvying properties. The
protein content vavies, depending upon the processing method used,
Menl from serew-type presses has :J)out- 20 pereent protein content;
meal from some of the newer seed varieties has up to 25 percent pro-
tein. Meal from completely dehulled seeds may contain more than
66 percent protein.  Selvent »xtraction ean be used, giving a meal that
is slighify higher in protein countent, although the most processing
is now done with serew presses without removing the hulls, These
meals find a veady market in the loeal ivestock-producing avens.

Sesame is an excellent oilseed-producing plant that will grow well
in some areas of the Uvited States. Breeding of improved seeds is
active, to give strains with sced pods which open uniformly when
ripe and do not seafter the seed before the bavvest. The oil is of high
edible guality.  Sesame-oil meal contains about as el protein s
cottonseed meal, averaging about 43 percent, nnd supplies protein of
good quality for feeds.

Caseiy Sitearion

Oilseed proteins have won most of their industrial markets by dis-
placing easein, and maost prospeetive ineveases in their use depend on
farther displacement of casein, But the development of a new fiber
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from oilseed proteins and corn gluten and entirely new uses will not
depend upon replacing casein for its market. Casein and soy isolate
are more or less interchangeable for many of theiv applications. The
¢hoice between them by experienced users commonly depends on their
relative prices, For these reasons the trend of future availability,
quality, and price of casein, is of importance in evaluating the pros-
pective industrial usage of oilseed proteins.

Because it has heen more profitable to most producers to use skim
millc for food or feed purposes than for making casein, the produe-
tion of casein in this country has declined from a prewar level of about
40.to 30 million pounds, representing three-foirths or more of the
apparent constmption in the United States, to 20 million pounds in
1949, vepresenting aboul one-third of consumption in the United
States. This increased use of skim milk for human food has been a
long-term trend. The Government’s purchase of deled skim milk to
lielp support the price to farmers for milk used in manutacture, at
times has acted to channel more solids not-fat of niik into production
of dried milk rvather than easein.

The short-term outlook for the industrial ntilization of casein is
primarily dependent on price, Tov the over-all consumption is rather
gensitive to changes in price. For example, » reduction in the price
of casein in emrly 1949 was accompanied by a wmiarked regaining of
business Jost to #oy isolate for paper conting. ‘The consensug ot the
trade interviewed was that the %imi{vd market for Tactose, obininable

from whey, a byproduet in the mannfacture of casein, will not be o
significant Jimitation to the prodaction of casein exeept in sporadic
instances.

In general. casein markels are faced with increased competition
from soy isolate and synthetics, and the imerveased use of stareh in
paper coating and go are declining.

Although the long-term trend is for a deelining produetion of casein
in foreign countries as well ag heve, the intermediate outleol, now
that world agvienltore 18 in o more novmal situation, is for increased
foreign snpplics. of betrer quality. The general trend of production
of cusein 1 the Tinited States during the last 10 vears hus been down-
ward, and the trend of imports has heen upward. The appareat do-
mestic consumption has fluetnated dectdedly duving the last 20 years—
from a low of 26 million pounds, praciically entirely domestie pro-
duction, in 1932, to o high ot 89 million pounds in 1941, appreximately
ecually divided hetween domesiie production and imports.  Except
for 1941, during the Tast decade the total available casein has ranged
approximately beiween #0 million pounds and 75 million pounds
annuafley. In 19300 imports aceounted for 28 perecent of the total
whereas in 1949 they had increased to 62 pereent.

Production dees not vary with demand bheeause the skim mille from
which ensein ismade, frequentIy is converted into other products at
garenter profit, This condition has prevailed since before the out-
hreak of World War IT. The rise in consumer disposable income and
governmental snbsidies caused a sharp increase in the production of
milk during World War IT and induced a much higher percentnge
of the total production to be delivered ag whole milk.  Since World
War T, favm price support programs for daivy produets have resulted
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in purchases of skim milk powder by the Commodity Credit Corpo-
rution that reached a record total, in 1949, of approximately 449
million pounds; they were approximately 150 million pounds in 1948,

A government purchase price for skim milk of 12 cents means that
domestic casein must sell for 25 cents. This limits domestic pro-
duction to surplus quantities, An additional deterrent to the produc-
tion of casein hus been the increase in cheese production—the total in
1949 exceeded that of the previous year by approximately 80 million
pounds. A decrease in butter production of 39 percent from 1939
to 194) has also reduced the uvailable supply of separated milk (27).

The relative change from 1939 to 1949 in manufactured dairy prod-
ucts {(based on UL 8. D, A, Production of Manufactuwred Dairy Prod-
uets, 1948) (£0) shows the trend toward using skim milk for other
products than casein. During this period, in which the production
of domestic casein decreased 55 percent, manutactured skim and butter-
milk products inereased 79 pereent, and production of other skim-milk
manufactures increased as follows: nonfat dry-milk solids, 184 per-
cent; condensed and evaporated skim milk, 106 percent; concentrated
skim milk for animal feed,.20 percent; full-skim American cheese,
400 percent. ‘Fhe relatively high proportion of manufacturing milk
used in evaporated milk and cheese has limited the supply of milk
aviilable for other manufactured dairvy produets.

Over the next few years n continuation of the long-time upward
trend in the rate of milk production is expected (7/). In addition,
Tarmers will probably sell « Tnvger proportion of their milk as whole
milk, thereby inereasing the supply of Taetory-separited milk, The
extent ot this increase will depend upon the demand for factory-
sepurated cream and skimmed milk products relative to whole-milk
prodiets.

Consumption of foods containing skimmed milk is tending to in-
crease ns people are becoming nware of the need for regular consump-
tion of Jarger quantities of the nutrients supplied by the dry-milk
solids nonfat. “This trend is expected tnereasingly to limit the qunn-
tity of slkimmed milk available for easein production und to emphasize
the tmportance of casein imports. "The toial domustic disappearance
both civilian and military of dairy products in 1949 was sbout 114.4
million pounds, an increase of 10 Percent over 1935-39 average. Per
apite civilian consumption of Hutd milk and ereain jncronsed 12 per-
cent between 1939 and 1849: condensed and evaporated milk increased
11 pereent and dry whele milk increased 115 percent (/7).

The importance of nonfat dev-milkc solids as 2 dairy product in
the United States has inereased considernbly through the emiphasis
given it by emergency food programs during the war and price-
suppert programs since the war. The output of nonfat dry-milk
solids has more thun doubled during the last 10 years, and aceording
to a recent study long-range production prospects are for further in-
ereases (2).  Almost two-thirds of the annual production of more
than 800 million pounds of nonfat dry-milk solids in recent, yenrs
has been nsed in the United States and the rest has been shippedt
abrord.  Domestic production during 1949 was nearly 900 million
pounds. In the immediate prewar years the annual output for human
use averaged about 250 million poimds compared with 25 to 40 million
pounds in the carly 1920%.  The available supply of nonfat dry-millkc

B3RO —51—8
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solids increased from 378 million pounds in 1941 to 656 million pounds
in 1948 (13).

The production of dry casein in 1949 totaled 20.8 million pounds,
a gain of 41 percent from 1948 but a decline of 43 percent from 1047
(15). The output in 1948 was 60 percent lower than the output in
the preceding year and, except for 1845, was the lowest on record dur-
ing the last 25 years. Manufacturers’ stocks of dry casein at the
end of 1949 were 1.35 million pounds—a record low for the date, being
16 percent lower than a year earlier and 58 percent lower than the
5-year average on December 31. Holdings were near the record low
in 1947 of 1.28 million pounds. They were as high as 9 miliion
pounds in 1942 (table 21).

Relative price increases from 1940 to 1950 are as follows:

Casein - 134 percent incrense

Zein 50 percent inerense
Soy-protein isolate 338 percent increase

Tavie 21—Casein, dry: Available supply, and price per pound
recetved at New York, 192949

Imports for Total l’i'icc:d
eonsumphion supply Bgreund,
New York

Production

Million Million Mitlion
pounds pounds pounds Cents
30 58 15,

i3.
7.
B.
il
i1,
12,
16,

= b

. Mimemo =

QMO O BRI RGO GO0 b B WO = B N S Ch

?3 35,
? 14,
5 2,
519,

oG COCH Lo Sl e IO D SN QLN b+ R QI = e QO I IR
] G0 D =T A0 O R 5D bt T (O 3 S D GO B SR G0 O e
[T R =R e Fan N e R e T S R R BT R R ]

124,

* 8pot price 2t beginuing of year; domestiv, acid-precipitated, bags, 5 tons or
more, shipment point, Oil, Paint & Drug Heporler.  Prices in January 1950
for standard quality were 23-23% ccnils per pound in New York City according
to the Production & Marketing Administration,

2 PRODUGTION OF MANURACTURERD DAIRY PROPUCTS, (20).

3 Ravised,

4 MARKET REVIEW OF CASEINS, ROSING AND RESINS (28],

B Revised eslitoale; MILK PRODUCTION ON FARMS AND STATISTICS OF DAIRY
PLANT rRObUCTs 1948 (15).

Unless otlierwise nobed, Agricultural Stalisties (25, 1949).
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- Since soy-protein isolate and casein have become interchangeable
-in many applications, the availability of the soy isolate in quantity
at a relatively stable price has tended fo put a ceiling on the price of
cusein and has dampened the fluctustions in price which formerly
characterized casein.

The Ilimitations on the production of domestic casein have placed
inereased emphasis on imports to meet demand. Although domnestic
producers are usually the big importers of casein, the duty remains
at 234 cents per pound. Avgentina continues to be the prineipal
source of imports, having supplied approximately 83 percent of the
total imports in 1939, 90 percent in 1943, 95 percent in 1946, 91 per-
cent in 1947, 85 percent in 1948, and 84 percent in 1949, Small sup-
plies have been obtained from France (several hundred thousand
pounds in 1949}, New Zealand (234 million pounds}, and Canada {134
million ponnds). Casein from some of the countries reentering the
export market, as New Zealand and Holland, is of the exceptionally
high quality regquirved for fber production comparable to the best
domestic casein. LThe cost of casein from Tolland and New Zealand
is Jess than that of good domestic casein by approximately 2 cents a
peund. Casein from Argentina is likely to be of poor-to-medium
guality. French and Danish casein has been of low quality but these
sources hope to produce a more satisfactory product soon. Imports
from these countries (except Argentina) have vecently begun and
are still in samall guantity bul these conntries expect. to increase the
quantity available for consumption in the United Stutes in the near
future.

Esc AipoMmEeEN

The price of egg albumen lias been sufliciently lugh and sufficiently
fluctuating to encourage the use of other materizls, including some
soy-protein fractions, and the development of synthetic atbumins from
other protein materials, such as the Norwegian production of a syn-
thetic albumen from codfish waste. Government price supports and
marketing activities have affected the production and price of egg
products,  Large sapplies were formerly obtained frowr China, buk
that country has not been an important source tor ssveral years.

The industry expects a gradual increase in the use of dried egasat the
expense of frozen, this to be nccelerated if the fundamental work at the
Western Regional Resenrch Laboratory is suceessful on pretreating
the egg whilte before spray drying.  Tables 22 and 23 show egg pro-
duction in the United States and disposition, and cold-storage hold-
ings of shell egas, frozen eggs. nnd dried eggs.

Virtually all egg albwnen finds applieation in food producis. The
butk of the frozen-egg snpply is preferred by the baking industry be-
cause of lenvening and coagulating properties, while most of the
dried egg is used in the confectionery industry where coagnlating and
whipping propetties are necessary. Diverse industrial applications
are usually filled by technieal egg white, obtained in egg-breaking
from treating the shells to remove the last adherent white. Abont
10 million pounds are produced yearly. Some encouraging resulis
have been obtained in preparing from egg albuinen a fiber for surgical
sutures, but the requirements for this use ure numerous and severe.
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TasrLe 82.—Disposition of liguid eggs, and production of egg whites
and dried eggs, 1938-50

Disposition of liquid cggs$ Production

Frozen Dried eggs
cLres Exe
later | whiteg! i

drigd 2 Whole | Albumen| Total 3

TFrazen

1,000 1000 | 1,000 | 1000 | fo00 | 1,000 1 1,000
pounis pounds | pounds | pounds | pounds | pounds | pounds
116, 100] 22,300 46, 723 1790 1, 51000 6, 002
177, 144| 31, 000 08, 286 184 2,305 10,039
189, 578 27, 050 70, 845 3020 1,016 7,487
237, 1821 165, 972 94, 932 31,2410 4 301 45 280
257, 831) 731, 046; 115,752 7O, 60| 226, 127 2, 253) 235, GIO
412, 615 782, 080 78 151| 252, 003 2, 093] 261, 974
511, 701]1, 009, 402] 179, 146! &4, 343] 311, 369 2, 310] 320, 742
307, 580| 205, 287 122, 167, 77, %093 96, 088 1,710 105, 862
392, 218, 375, M5l 84, 219 108, 402 115, 344 2,112 125 444
371,006, 295 5670 20,538 89, 114! 80,037 1,493 85,561
345, 102] 140, 048 25,311| 107, 503] 36, 018 2, 678 44, 275
315, 460( 249 375 G, 650 2, 160] 74, G4S
15154 655 4S, 270 17, 876 675 19,578

VIn terms of lignid egps,
? Included in “'¥Froven.”’
3 Tneludes volk.

* Prefiminary figures,

5 TFirst 3 months of 1950,

1938-43, Apgricultural Statistics {23, 1949).
1049, L1QUTY, FROZEN AND DRIED BGG PRODYCTION (17).

KeraTin

Because of the keratinous nature of wool itself, considerable inter-
est has been shown in fhe use of waste kerutin for making regenerated
fibers, Xeratin is the base protein in hoofs, horns, feathers, scales,
wool, hair, ete, It is available in many millions of pounds annually
and should be readily capable of economic collection from many
sources, such ns wood waste, low-grade shoddy, feathers from poultry-
packing houses, and hair recovered from slanghterhouses and tan-
neries.

It is estimated that about 100 million pounds of feathers are avail-
able yearly in the United States.

Keratin fibers have physical properties that are exceptionally at-
tractive to the industry,

Developing s satisfactory bristle to replace the uncertain, high-
riced, and diminishing supply of hog bristles used in brushes would
s desirable, as other substitutes, such as nylon, Caslen, and cellulose-
acetate bristles, are not wholly satisfactory.

A protein product from degraded wool; solubilized keratin, repre-
cipitated and regenerated, is being used in commercial quantities as a
substitute for egg and biood albumin in textile printing. Other uses
competitive with casein may be developed.
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TasLe 23.—0old-storage holdings of shell, frozen, and dried eggs,
annual high and low poings, 1950-48

Shell Frozen Dried t

Righ Low ITigh Low High

Aug. 1 | Feb. 1 Aug. 1 Mar, 1 Low

1,000 | 1000 | 1.000 1,000 | 1,000 | 1,000
cases cuses pounds | pounds | pounds | pounds
7,024 136 1da; 359 | 44, 476
7, 784 57 | 154, 947 | 38 070
G, 641 2097 105, 187 | 45, 239
27,935 331 200, 529 | 73, 766
18,871 214 1 351,189 | 506, 508 f... ..o
*11, 335 3675 4 88§, 547 Y81, 712 110,137
4,120 296  ® 2535, 936 % 85, 499 1*111,101
9, 871 113 | ® 265, 050 |4111,721 |7 20, 3390
4, 268 62321 1 241,573 | 73, 5064 243, 775
2 5, 669 190G | * 266, 748 |120, G6a |? 33, 207

2‘ Stslttisltics of dried egps were not gathered prior to LG44,
uly

3Jan. 1,

1 Teb. 1.

f Dee. 1,

¢ AMar 1,

7 (et 1.

8 Aup. 1.

1938-48, Agricultural Statistics (25, 1945},

Caleined feathers are being (ested for a vaviety of purposes: as a
source of amino acids, for partial hydrolysis as » foaming agent, for
use in soy-blend giues for plywood instead of tunlkagre, as a substituie
for horn and hoof meal as a plaster retarder, for “feather adhesives
comparible to hide or bone glue, and for improving the are resistance
of phenolic resin compositions.

Thus, the potential industrial applications of keratin are numerous;
the supply of vaw material is essentially of waste products which are
Plentiful and cheap.

GLUEs

The long-term trend in adhesives is away from protein glues and
toward synthetic resin glues, which are accounting for a growing share
of the market for adhesives. Since 1920, starch has been a serious
competitor with animal glue on a price basis; later resins have com-
peted on a quality basis. Since 1920, adhesive uses of starch have
increased about eight times, and those of resins several hundred times,
whereas the use of glues has only doubled. Glue has the important
intrinsic advantage of immediate gelation when it cools, with a further
strengthening of the adhesive bond as water evaporates. Gelatin is a
high-grade bub not necessarily a high-test animal glue; however, not
all glue-stock can be upgraded to gelatin, Gener;ﬁly, incustrial ap-
plications for glue and gelatin are declining.
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Resins are used for water-resistant shipping containers. For fiber
milk containers, which constitute a major adhesive outlet, & vinyl
hot-melé adhesive is now used at the safe of about 8 million pounds
annually.  Containers for frozen foods also use u vinyl hot-nielt ad-
hesive. A combination of glycerin and gelatin has beeh used for seal-
ing the double-edged 1id on cans for paints, selvents, lacquers, chlor-
inated selvents. ete. But for mest can sealing a generil-purpose
sealing compound, consisting of rubber. pigment, and resin, is pre-
ferred.

ANnL Groe—Available igures on domestic production of animal
glue, and hide, extructed-bone, and green-bone glues, nre summnrized
in table 24.

Cawne 24 —Production of hide and bone glue. spocified dates

Animal glue

Year and period specified Bone
fiide

x-

tracted ¢ Fotal

noog o taoo . 1000 1000 | £.000
. pounds | pounds . pounds  pounds , peunds
L5221 COB32G 0 37,212 0 14,840 52,052 | 106, 381
1937 . . . S B0,304 0 47,496 0 13,327 60,823 1 121,197
130 .o S 52103 . 37,108 1 14, 581 . -8, 680 101, U2
w2 . e . 72,004 0 () G6, 337 , 134, 251
L B ot H2,203 0 51,638 0 12,430 | G, 466 126, 679
1944, Jan~June oL 32,873 - 20,004 0,412 38,413 ' 71,286
PG s 62,138 5 58,809 - 15, 160 0 65, 960 128, 407
. 67, 86t . 71,331 15,081 89,115 157, 276
. . 25,783 - th N
368, Jan ~Mar. coe s 18, TH in L R & ()

1 Xnt available,

1929, 1937, 1039, CENsts OF MANUFACTURERS £23, 19381 oxcepiing 1029 hide
glue and extracted bone plue from GLyes, GELATING, AND BELATED PRODUCTS.
£27) and snme ftems for 1937 -39 estimated from 1936-8% dria in (hi< ballelin:
142, 1043, 1913, amd T9560, avivaL GLUBS AND BONE BLACK (25, /5.2 1949
CHEMICAL AND DHUMS (21,

Animal proteins ased for ghues inchude eollagen, ossein, and blood.
Collagen is obtained from either sking or bones, and is processed (o
give various grades of glue: the west refined grades ave termed gelatin,
Biood is sold whole us either soluble {that is. spray dried) or insoluble
hlood, or it is split into serunt and blood albumin {hemoglobiny.,  As
these profeins are hyproduets, the supply of animal proleins depends
on the activity of the meat-processing industry rather (han on their
own demand: bul supplics ave amiple Tor present needs.  Collagen and
blood that ave otherwise not utilized are sold as tankage for fertilizer
ang feed,

Hide glue is made Trom the sking, and extracted-bone glae is made
Fromn the bones of animals.  The former 3s usuadly the more expensive,
They are used primarily in the munufacture of furniture. surface-
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coated abrasives, printers’ rollers, gummed tape, and paper products,
Approximately as much hide glue is produced as bone glue, and is of
better quality and is higher in price. According to the United States
Tariff Commission, approximately 95 percent of the raw material
consumed in the manufacture of this glue is of domestic erigin.
Slightly more than half the raw material used in the production of
extracted-bone glue has been of foreign origin.

Demand for bone glue has been relatively well maintained, espe-
cially from manufacturers of paper hoxes, Juggage, and gummed
tapes. The production of hide glue appears to be sufficient for present
needs.

Whole blood is nsed in the plyweod industry to the extent of 3 to 4
million pounds a year. About one-third of the total domestic con-
sumplion of blood albumen (of 1 million pounds u year} is estimated
to be used in spotting corks in bottles and can tops.

The largest consumer of spray-dried blood is the plywood industyy,
which uses it with soy menl. Insoluble blood goes chiefly to feed and
fertilizer markets. Some blood is split inte serum and hemoglobin,
the serum compeling directly with egg albumen in nonfoed uses, such
as spotting corks to crown caps ov {reating shoe leather for uppers.
Hemoglobin has various special adhesive applications.

Glue sizes are thin, wealk glues which are mixtures of giue and
varions other maferials depending upon the use to be made of the
product. Animal-glue sizes ave used chiefly for sizing walls. carpets,
burlap. wall coverings, and straw hats.

Fish glue, made from fish skin and related wastes, is used mainly
in photo-engraving., making gummed paper. woodworking, and in
the household. Most of the production is neconnted for by one com-
pany which declines to release any production figures. In 1946, it is
estimated that production of fish glues totaled 2.3 million pounds.

Sturch-based glies are cold-work adhesives made principaily from
tapioca flowr and cornstareh. They are nsed predominanily in ma-
chine sealing of carfons and food packages, in packaging of foed, and
on stamps and envelopes. They ave generally the Towest priced glues,
During the last 20 vears. domestic production iz veported fo have
ranged mostiy between 100 and 200 willion pounds per year-—usually
near the higher figure,

Before World War IT the principal souree of raw material for mak-
ing vegetable glhiues was fapioca flonr which was imported duiy-free
and made inte glue in this country. The postwar supply of tapioca
flour has been small and of low quality which has led to a shift to
adhesives made from corn dextrin. Toial production of dextrin ad-
hesives. in 1947, was 78274000 pounds, Dextrines ave used widely
in sizing papers and textile fabrics, and in textile printing and finish-
ing aswell asin adhesives. They compete {o some degree among them-
selves and with animal and synthetic glues. The United States Burean
of Printing and Engraving fermerby used a 64 percent solution of
tapioca dextrin: but since the war tapioca from Indenesia has not
been ucceptable for their purposes. The Bureun reports that waxy
maize, white-potate starch, and sweetpotalo dextrins. are all as good
as tapioca but that there are not enough of these for their use. They
are now using corn dextrin which is not so satisfactory as tapioea as
it is thixotropic and has poor characteristics of flow when used in high
concentration. '
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GELATIV

The output and use of gelatin is very diverse; but the preponderate
quantity is used for the production of gelatin dessert powders, as
indicated in table 25 which gives the available production fizures of
edible, technical, pharmaceutical, and photographic gelatins for recent
FEAT'S.

’ Gelatin is made from calfskin, pigskin, and ossein. Tt is sold on the
basis of gel strength,

As the prices of raw stock for nonedible gelatin have increased,
glue manufacturers have been competing to an increasing extent with
edible-gelatin manufacturers for raw stocks that are normally used
only for making edible gelatins.

TasLe 25.—Production of gelatin, specified dates

Total

Phar-
macet-
tical

Phota-

Years and period 1
Edible eraphic

speeifiod Exclud-{ Includ-

ing ing
photo- | photo-
graphig | graphie

1,000 1,000 1,000 1,000 1,000 1,000
pounds | pounds | pounds | pounds | pounds | pownds
13, 423 LT ST I I 20, 136
4242 4,218 20, 404

, 373 ) 2, 204 2, 201 29, 324

29, 339 3, 332 7, 113 41, 846

;25,501 } 5364, 7702 0 _. 37, 073

25,631 0 1,958 | 1,803 1 & 251 |2 40, 736

. 29438 9 { 3233 45, 658

19, 104 » 1. 690 } 26, 733

July-Dee b 13,151 3 1,499 ) )
Jun-Aarl _____} 7,711 { 66D

! Tncludes teehuoical and photozraphic,
* January and March only; February not available.

1829, 1937, and 1930, cexsUs OF MaNCracrrres, Doepartment of Coinmeree
(23, 1930}, cxeepting the technieal data for 1937 and 1939 which is from aLUEs,
GELATING AND RELATED PRODCOTS (27), 2nd SUMMARIES OF TARIFP [NFORMATION
(28), 1943, 1045, and 194G-30. Grrariy (24, MI19AT.1).

Photographic and pharmaceutical gelatins are of the same general
quality as edible gelatin,  About 60 percent of the edible gelatin in
the United ivtates is consumed as jelly powders; ahout 35 percent in
iee cream, candy, and coolies; 5 percent in meat packing, dairy prod-
tiets, and other miscellancons nses.  Phoetographic gelatin is especially
purified for making photographic plates, ilm, and paper. Jtisusually
more expensive than food gelakin, but imperfect batches may be sold
for human consumption at the lower price. Pharmacentical gelatin,
which must comply with the standards of the U. S. Pharmacopeia,
15 nsed mainly in making eapsules. Before the war considerable quan-
tities of high-giude geiatin were imporied from Belgium, Holland,
France, and Germany. Since the war imports have been much smaller.,
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Some photographic companies are exploring the displacing of
gelatin with other proteins, and with synthefic polymers, including
sov-protein isolate and polyvinyl aleohol ; however. any such change
appears to be far from commercialization. In the stabilization of
ice cream. edlible gelatin ix losing ground to cavboxymethyl cellulose,
sedium alginate, and Trish moss. mainty because of the higher cost
of the gelatin, which sells at $0.60 {o $0.7¢ o pound. Although some
substiturion of soy-protein products has been tried in the manufac-
fnre of marshmallows, gelatin so far scems to be holding its own.
Tse of gelatin hax also heen well maintained in meat pucking. where
it is wsed for making huncheon meats and similar prodiicts,

Tnedibile g ltin—Thiz erade of gelatin containz impurities such
as ave aot allowed it edible and photegraphie gelating althongh it
is made from the smne type of raw materials and by similar proe-
esses, Tt 1= used primarily for sizing paper. fextiles, straw hats, and
evepe paper. Before Worlih War IT the production in this country
ranged belween 2.3 and 1.7 million pounds: in the last few yeurs it
has approxinated 2 million pounds annually. Imports appear to
be neglizible.  Gelatin for warp sizing of viscose-o celanese-, and
bember type fabries sells for about R0.205 to K033 per pound. .\ gel-
afin of somewhat greater strength ueed for sizing velvets sells for
abont $0.40 per pound.  Another market for gelatin has beea in pro-
ducing glazed decorative tapes from both paper and fabric,
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