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Equilibrium Moisture Content of

By Nowymay R, Braxpexecuke and Jessg B, Hanwoxn, ggricullurel engincers,
Agricuiturnl Engineering Research Division, Agricuitural Research Service

SUMMARY

Since about 1938, the United States Department of Agriculture and
the Qvegon Agricultural Experiment Station have cooperated in an
engineering research prograrm conducted to improve equipment and
methods used in processing fiber flax. Moisture content of flax steaw
and fber has been found to be an important factor in efficiency of
processing, but available literature concerning these products has
contained little information on moisture.

The study reported in this publication was undertaken to determine
the moisture content of flax straw und fber when these products were
conditioned in varying atmospheres. This research had two main
obiectives—supplying data needed by processors, and contributing
busic information to a relatively unexplored field.

Sruilibrinm moisture content of retted flax straw was investigated
initinily in various relative humidities and at temperatures ot 100° and
140° F. The investistions were later extended to include the Hax
substances descriled later in this bulletin and were conducted at 80° ¥.
Materials were brought to moisture equilibrium in controlied atmos-
pheres provided by a tempernture-humidity cabinet with forced civ-
enlation. The substances were subjected to 9 levels of velative humidity
ranging from 26 percent to 96 percent, and moisture content for each
product was determined at each level.

When moisture confent was plotted agninst relative humidity,
S-shuped curves typical of hyproseopic materials were formed, All
types of flax straw studied exhibited greater equilibrium mowsture
content {moisture regain} than did flax line fiber. Moisture regain
curves for adsorption and desorption exposures enclosed distinct
hysteresis avens for each substance. Af 79 percent relative hamidity,
the reguin for unvetted flax straw was 14 percent by adsorption and 17
percent by desorption. Moisture regain values for three forms of flax
tow fiber displayed an inverse relationship to the degree of processing,
while forced-air drying appeared to affect the hygroscopic properties
of retted Hax straw,

INTRODUCTION

Numerous sabstances have the ability to take up ov releuse moistare
under varying atmospheric conditions.  These substances are re-
ferred to as hyuroseopic. Wood, paper, feather, foodstafls, and tex-
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tiles are typical examples. Moisture retained by such materials at a
specific atmospheric condition is called equilibrium moisture content
because moisture is neither entering nor leaving the sybstance. A state
of equilibrium then exists between the vetained moisture and the water
vapor in the survounding air {20, p. 810) 2

Other terms used fo refer to equilibrium moisture content are
moisture regain and hygroscopic moisture. Moisture regain is the
most specific of the terms and it Is conunonly expressed as percent of
water weight to the bone-dry weight of a material. This term, as nsed
in this bulletin, refers to the regulated moisture content of the
materials tested.

If not controlled, moisture may cause undesirable variations in
weight, dimensions, strength, and other characteristics of hygroscopic
materials during their processing, and Inter, during their use.

Adr conditioning, ag a means of regulating equilibrium moisture
content, or regain, is considered essential in numerous manufacturing
operations. Color printing, pharmaceutics, candy manufacture, and
testile processing are a few of the industries that employ controlled
atmespheres to insure consistent production quaicy. In textile mills,
for instance, it has been determined that the best condition for cotton
spinning is 2 temperature of 60° to §U° T, with a relative huniidity of
60 to 70 percent (7, p. 473). Different atmospheric conditions, how-
ever, may be optimum for other cotton operations, such as roving or
weaving.

Hygroscopic moisture is important in other ways besides its influence
on efliciency of processing and quality of the linished product. Numer-
ous commaodities wre honght and sold on a weight basis, and their per-
centage of moisture content (regain) mnst be adjusted to make the
transuctions valid,  Inasmuch as moisture content affects the physical
properties of hygroscopic materials, tests of strength and of other
properties should be conducted under a standardized specific moisture
content of the substance.

Regain figures had previousty been established for various materiais.
but this type of information for flax substances wus extremely limited.

In an earlier study conducted in Australin in 1941, Greenhill and
Pickering (4, p. 90} determined that in Hax seutching (mechanicul
separation of fiber from stalk), fiber vields for dry straw inereased
about 50 percent when the moisture content of the stiaw was increased
to the optimum,

In research conducted by the United States Department of Agricul-
ture in 1954, Brandenburg? showed similar trends. with fiber yields
Increasing about 30 percent.

Another value ot flax moisture regain, as pointed out by British
investigators, is its use as an index of flux vefting. Retting i peculiar
to vegetable-liber processing und consists of bacterial decowmposition
of pecting and other substances that tend to cement fiber to straw. A

L Italie numbers in purentheses vefor to Tist of Retercncees, .14,

IBrANDENBURE, N. R, TITE RELATION OF MOLSTURE CONTEXT AND FIRER VIELDS
IN serreinse,  Agrienltural Resenrch Servies, Agrienltuenl Engioeering Re-
seirch Pivision Report, 19534 [Unpublished. ]
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British investigation veported by Samuels® indicates a close vela-
tionship between pectin content and moisture regain of flax straw.

Flax regain data are also important in dryiig, inasmuch as they -

indicate a Jimiting moisture content for specified conditions of air
humidity and temperature.

THE INVESTIGATIONS

In the initial investigation earvied out by the United States Depart-
ment of Agriculture, in 194849, in cooperation with the Oregon
Agricultural Fxperiment Station, a study was made of moisture
regain of retted Hax straw in various relative humidities and at tem-
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Fioere 1~—Equitibrium meisture eontent (regain} of retted flax straw at
varying relative hunmiditics and temperatures.

T8anmuers, DD B A MATHEMATICAL TREXTMENT OF BACTERIAL RETTING, AND
PHE SIGXIFICANCE DF THE MOISTURE REGAIY OF BETrEn sTRaw. Bl of Trade, Dir
of Monwe [Fax Prod, Flax Res, Com. B, Q. 0§, PLX 530, 8 pp,, illus, 1951,
[I"rocessed. |

EQUILIBRIUM MOISTURE CONTENT OF FIBER FLAX 3

-4



http:cooperati.on

R i+
Lo

4.  TECHNICAL BULLETIN 1200, .. DEPT. OF AGRICULTURE

peratures of 100° and 140° F.* The plotted results of this study, as
. shown in figure 1, illustrate S-shaped regnin curves typical of hygro-
scopic materials,

The study reported in this publication was a continuation of the
earlier research by the same two agencies. The study was extended
to include the following flax substances: Unvetted straw, field-dried
retted straw, force-dried retted straw, line fiber, tow fiber, tow yarn,
and linen tow fabric. Also tested were two common fiber materinls—
absorbent cotton and abaea (Manila hemp)—whese moistuve char-
acteristics are well known. All these substances were exposed to 9
levels of relative humidity at 80° F., and moisture content was
determined at each level.

The mention in this publication of a commercial manufacturing
establishment does not imply its endorsement by the United States
Department of Agriculture over similar manufacturing establigh-
ments not nanied.

Materials and Apparatus

- Terms nsed in this publication in connection with the flax materials
mvestigated are defined as follows:

Retted straw.—Straw that has been exposed to moisture and, as a
result, has undergone progressive decomposition of pectin and
other substances that tend to cement fiber to stalk.

Field-dried, ov air-dried, straw.—Retted straw that has been air dried
in the field after harvesting.

Force-dried straw—Retted straw that has been dried in a foreed-air
drier rather than air dried in the field.

Control straiv.—Retted straw of u given lot that has been field dried
1(a-ir dried) for comparison with force-dried material of the sume
of.

Line fiber—Long, clean strands of fiber,

T'ow fiber.—Short, tangled fibers with shives (small pieces of the
stalk) adhering.

Samples of flax straw and fiber used in this study were composited
from mill-run stocks of several processing plants in the Willamette
Valley, Oreg. TUnretted, force-dried, and control straws were long,
medium-to-coarse flax of the Cascade variety, whereas retted straw was

~short and of fine-to-medium coarseness. Line and tow fiber sumples

were of average fineness and cleanness and were typical of commercial
roduction. The flax tow yarn wus spun from tow fiber and was 1-ply,
-lea.  The linen tow fabric was plain-weave, bMeached, undyed ma-
terinl woven from tbis tow yarn. The cotton samples were prepared
from sterilized surgical absorbent cotton. The abaca fiber (Manila
hemp) was obtained by unravelling 3-strand regulae-lay Manila rope.

All samples were approximately 2 inches in dinmeter and 34 inches

long.  Throughout the study, they were contained in air-permeable

“Conperitive studies of Tnited States Departnent of Agriculture and the
Oregon Agricultural Expeciment Station comdocted in THS and 1049 by ¢ [
Rranton, agricultural engincer. Mr. Branton is now loeated at the Agricultural
Experiment Station, Ialmer, Aluska.
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Figune 2—Flax samples, from left to right: Unrefred straw, retied straw, Hue

fiber, tow fiber, tow yarn, and linen fow fabric.  Adso shown are airtight can,
wire-imesh busket, amd seades asad to determine molsture content,

baskets of small-mesh sereen. Flax sumples, seales, and other equip-
ment used are shown in figure 2,

Materinls were conditioned to different moisture contents by ex-
posure to controlled atmospheres in a temperature-humidity cabinet
with air circulating through the sumples. In this closed system,
shown in figure 3, the source of heat consisted of thermully actuated
electrie-strip units. Moisture was supplied in the form of steam in-
jected through o dinphragm vaive that was operated pnewmatically by
a wet-bulb controller. For test runs of low relative humidity, con-
ditioning air was forced through a 3-inch hed of silica gel inserted in
the cabinet to adsorh moisture. To prevent nir in the system from
increasing in temperature beyond the desired point, room air sur-
rounding the closed system was circulaled throngh water-cooled coils.

Temperature readings were indicated by psychrometer, by dry-bulbh
wet-bulb recorder, and by potentiometer-pyrometer with copper-con-
stantan thermocouples. An inclined draft gage was used to measure
the airflow through the system. Moisture contents of samples were
idetermined by using aivtight cans, an electric oven, and a triple-hean
lance.

Test Procedures

A blending technique was used in preparing the flax samples, so that
cach was composited of parts of severn] commercial lots. Five replica-
tions were prepared in this way for eaeh of the Tollowing elasses of
flax material: Uinetted straw. fliekd-dvied straw, force-dried straw,
force-dried control straw, line fiber, tow fiber, and tow yarn, Without
blending, five replieations were uizo prepared for linen (tow) fabrie.
abacn Hher {Manila hemp), and cotton liber.
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Frotir So-=Temperatiee-hnmidity cobinet with air cicculation la provide con-
Pealbeel codelilioaing aliposphiege,

Average welghts of the somples were: Flax straw (all elassesy, 2
arum=: lne fiber, 20 omuns: tow fiber. 12 eramss abaeal 16 grims;
eotton, L o s tow varn 12 crons: ated Dinen fabrices 8 grans.

Facl sample was shaken vicorously and blown witle air to remove
foose matevinl thar might otherwise becone derached daring laier
haelling. The ~sample was then placed in o wire hasket where it re-
mained thironghom the tes prowean,

During the conditioning procedure, all samples were brousht o
maisture equilibeimn amd weighed st progrossively nereasing and
decreasing relative honddivies. Dy weights wore detersoned ai the
complerion of fhe study. This teelvigque was patterned alter similay
warle by Wiegerink at the Navional Bureav of Standueds (750 pp,
W SN

A fest expozures were ran af acdes-hulb tenperatoe of 50° . hut
wel-Indh tomperatures were varied to provide a diflerent relative
ity for ench exposire. Onee the desived condbiions were aelieved
i the closed candivioning svsiem, the filled wive baskets were in-
septed in the cabiner n two Lvers. T el Tayver, the live baskers
of any one material (hne fiber. for instanee) were Tnierspersed oo
other baskets: eneh saompde then acenpied s e loeation i the
cabinet e ali the test e~ Drys and wet-bolb temperatures wepe
contbrolled and mensured during the exposure periad. amd selected
s ples were reinovedennedand weizhed poriodieally.

Conditioning was eontinned until repeated weights of the same
samiple were constant, af which fime the basket= were quickly removed
from the contvolled atmozphere and sealed in adrticht cans - Fxposure
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times varied from 314 to 814 hours; and after each exposure, sealed
can weights were determined to the nearest 0.05 gram. Tests were
run at exposures of 5 increasing relative hwmidities—46 percent, 57
percent, T0 przcent, 81 percent, and 96 percent; and 4 decreasing
relative hunudities—T76 percent, 53 percent, 32 percent, and 26 percent.
After the 9 exposures, the samples were dried in an electric oven at
212° F. for 48 hours, then weighed to determine the bone-dry weight
of each. The weight figures so obtained, together with ean weight and
sample weight recorded after each single conditioning exposure, were
used to calculate moisture content, or regain, expressed on a percent-
of-dry-weight basis,

Test Rasults

Temperature control of the conditioned airis indicated in the follow-
ing tabulation, which shows the complete range of dry-bulb and wet-
bulb temperatures during heating-cooling cycles and stemwm-injection
cycles of each of the nine exposures, All the dry-bulb temperature
recordings were §1°+2° F.; und wet-bulb control appeared satisfac-
tory except for low-humidity runs 1 and 9. In these two runs, with a
silica-gel bed in the airstream, it was difficult to maintuin low wet-
bulb temperatures, probably because of a tendency for conditioned
air to escape from the system and to be replaced by room air of greater
refative humidity.

Temperature range
Conditioning exposure {No.)

3

1
Dry bulb Wet bulb

@ p, L
70 -8034 57 -62
0 -8, 65 -6
70 -83 | 48 -6914
80 -82L4 73 -74b%
T4-82 1 76 78
T0L5-82 | 7814-80
7014-82 | 13 -76
s’ -82 | 68 -G9
0 -82 | 56 60
1

Conditioning data and moisture-content (regmin) results from these
investiwations are presented in tuble 1. DMost classes of material
showedl a relutively smal! range of moisture content within any 1
sories of 5 replications.  This range was about 1 percent for all flax
substances except linen tabrie, for which ranges of asmuch as 4 percent
were ohserved.  The ureater variahility in fabric moistures may have
been related to Dleaching, sizing, weaving, or other operations l]cr—
formed in the manufucturing of ¢loth: or to the fact that the fabric
samples were relatively small.

DISCUSSION

Tt is anparent from table Ithat 5 of the conditioning runs were from
the adsorption and 4 from the deserption approach. In adsorption,
45911200 Af)—em2




T\BL]‘ 1.—~Conditioning data and moisture-contert (regain) results from 9 test exposures of flaz and other materwls at
a dry-bulb temperature of ap prorunate[ y 80° F. and at varying relative humidities

Conditioning data

Moisture content (rcgnin) 2 of —

! Field-
Unretled;  dried
Nax rettecd
straw flax
straw

Force-
dried
retited
flnx
Straw

Conditioning
exposure !

(No.)

Length
of expo-
sure

Relative
humidity

(control)

Tield-
dried
retted
flax
straw

Absorb-
ent
cotton

Linen
tow
fabric

Flax
tow
fiber

Flax
tow
yarn

Pereent

7.3

8. 4

10. ¢
13.
20.

14,
10.
6. |

o

Percent Pere ('nl

46

Adsorption:?
2

Percent
8

ocnooo

]
6
26 5

[voRawiiey &)

Percend
4.8

Percent

9.
11.
13.
22.

13.
10.
7.
G.

Peree Percent
0.
7.
8.

20.

10.
8.
6.
4,

P(‘l ¢ cnl
G.-7

8.
10.
1L
16.
12,

9.

5.

5.
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17he conditloning exposures, or test runs, took place in'the order of the numbers
indieated,  Conditioned alr was circatated through the sumples durliig exposures 2,
4,4, 8, 6, 7, amd § 0l 275 feol per-minate, computed for the gross area of the mndluon-
ing chmnhor. Veloelties were less In exposures 1 and 9 when silles gel was inserted
in the system,

2 Molsture content (regain) is- expressed as pereent-of-dry-weight, each. -figure
being an average of § replleations,

3 In adsorption, the equilibrium moistizre content Is approached from a state of
lesser molsture content,

+In desorption, the equilibrium: mofsture contgnt is approached from a state of
greater molstire contont,

o

Percent
9.5
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the approach is from a state of lesser moisture content; in desorption,
from a state of greater moisture content. 1In both approaches, when
moisture content (regain) is plotted against relative humidity, the
adsorption-desorption curves obtained arve typieally sigmoid, or
S-shuped. These curves at any selected constant temperatures are re-
ferred to as isotherms, and they usually fail to become superimposed
on one another (8 p.83). In textile research, the equilibrium region
bounded by adsorption-desorpticn isotherms is called the hysteresis
aren. Strictly speaking, any point in this equilibriuin region may be
capable of representing the moisture regain of a sample.

The hysteresis phenomenon was investigated in this study, and all
materials were found to exhibit such a characteristic to some degree.
A, well-defined hysteresis avea, enclosed by adsorption-desorption
curves, s shown for unretted flax straw in figure 4. As in all curves
presented in this study, each point represents the average of five repli-

104
A

(%)

RELATIVE HUMIDITY

A

4 8 12 16 20 24
MOISTURE CONTENT (% of Dry Weight)

Fioure 4.—Eqguilibriam moisture content (regain) of unrelted flax straw nt
S0° F. and ar virving relative hinmidiries.
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cations. The desorption curve is shown joining the adsorption curve
at 96 percent relative humidity, whereas it would probably pass
slightly below this point if higher humidities had been employed. The
meisture regain values shown in this figure are similar in general
to those determined by Zink for oat straw and alfalfa (27, p. 452).

Although the same typical hysteresis effect was evident for all ma-
terials tested in this study, as indicated by table 1, only desorption
curves are presented in subsequent figures.

Equilibrium meisture content of three classes of flax straw are shown

100 T

Force—Driag Rﬂlted /Q
\
Fox Strow ~\ /(

/e

F

&

’K:tm.stm

30

NOTES
ZOL— i, Afl ore desorption curves.

2. Each point is an averoge
of five defarminations.

RELATIVE HUMIDITY (%)

1

o ] i | ] 1 { 1
o 4. 8 [F-3 16 20 28

MOISTURE CONTENT (% of Dry Weight)
Froynre 5—DBuuilibritim moisture content f(regain) of three clnsses of flax

steaw—unnretted, deld-dried vetted, and forec-driod retted--al 80° F. oamd al
vitrying relalive henoidities.

in figure 5. Ulnrelted, field-dried retted, and force-dried retted straw
showed similar trends: but at higher relative humidities, moisture con-
tent of unretted straw was greater than that of retted struw. These
findings are in general agreement with the British research mentioned
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earlier (see footnote 3), which determined that. moisture regain of flax
“decreased uafter retting. It seems probuble that this decrease was
caused by the removal of hygroscopic substances.

It 135 possible to make a direct comparison of regain values for force-
dried retted straw and field-dried retted control samples of the same
lot. Tf these were plotted, the regain values for the control snples
would fall within the confines of the curves shown in figure 5. Al-
though this suggests little difference between the regains tor force-
dried and control samples, it is interesting to note that at each
exposure the control regain value would be the greater. This small but
consisten: cifference indientes the possibility that forced-air drying
affects the hygroscopic characteristics of rvetfed flax straw,

In drying fruits and vegetables, it has been found that too rapid
removal of water may cnuse a type of surface-cell distortion sometimes
referrad to as casehavdening. This action could aceount for the lower
regain values for force-dried straw. However, a later study of this
straw, conducted in 1956 (2. p. 25), showed tensile strength and other
spinning-quality factors ot force-dried fiber to be equal or superior
to those of field-dvied fiber.

Flax fiber moisture-regain values that also revealed similavities in
trend are shown in figure 6. Although the two classes of flax fiber
were not from the same lot. they showed similar curves, with values
for tow slightly greater than those for line. This relationship seems
dogical, inasmuch as tow fiber normally contains a considerable amount
of residual straw particles, sometimes called shives; and regains for
retted straw were consistently greater in this study than were those
for line fiber,

In a Danish study, (4, p. 53), these straw particles, or shives, were
found to have a higher moisture regain than that of flax fiber. This
was because they had a greater content of hygroscopic pectin.

The line and tow flax fiber regain values shown in figure 6 agree
closely with the regains for line fiber reported in an Australian investi-
gation (/7, p. 9). In this comparison, tow values conformed more
closely to the Australian data than did line values.

In all test runs, the moisture content of abaca (Manila hemp) was
found to be greuter than that of the other fibers shown in figure 6. A
strong hygroscopic characteristic for abaca hus been pointed out by
Wemdling (74, 0. 41).

Cotton, by contrast, showed the lowest regain valies recorded in this
study. (Bee fig. 6.) The lterature was searched to compure these
vidues with the regaing established for absorbent cotton in other
experimental work. Duata were found in several sources—Inter-
national Critical Tables (9. p. 225 : TFleating, Venttlating, Air Con-
ditioning Guide (/. p. 82/) 1 and an avticle by IMillen and coworkers
in Chemical Engineers’ Handbook (6, p. 777)." The regain results set
forth in these three citations were based on two earlier studies—one
by Wilson and Fuwa in 1922 ( JG, p. 906) and anotler by Carrier
Engineering Corporation Research Laboratories in 1929 {3, p. 180),
both of which showed similar trends with consicerably higher regaing
thun those determined in the present study. At 90 percent relative
humidity, for example, regains were abouf 25 percent in the earlier
studies; at 96 percent relative humidity, regains were about 12.5 per-
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[, Alt are dascrption curves.
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2. Each point is an averoge
| of tive determinotions.
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q B8 t2 153 20 24 28
MQISTURE CONTENT (%, of Dry Weight)

Fieure §.—Equilibrium moisture content (regain)} of several fibers—abzorbent
votton, Bax line fiber, Hax tow (iber, and ubaca (Maniln Lemp)—at 80° F,
and at varying relative hwnidities.

cent in the present study. The reason for such marked differences is
nhot known.

An estimate of moisture regain for typical * rbent cotton now
being produced was obtained from the research : * »ratory of u large
manutacturer® The regain figures determined commercially cor-
respond closely with the cotton curve plotted in figure 6. At 90 per-
cent relative humidity, the commercial regain is about 11.5 percent in
contrast with 11 percent in the present study. In other comparisons,
the cotton regain values shown in figure 6 are somewhat lower than
those determined by Wiegerink at the Nutional Bureau of Standards

@ personal conununicittion from J. . Ryan, Laboratery ITHrector, The Kenrlall
Compuny | Bauner and Black), Watpole, Mass,, Jan, 16, 1058,
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of five determinations.

o]

0 | L L
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F1oure T.—Fquilibrium moisture content (regain) of three classes of flax tow—
fabric, yarn, and fiher—at 80° F. and at varying relative humidities.

for “purified” cotton (15, p. 360}, but show a better correlation with
results obtained by Urquhart and Williams for American cotton
(13, p. 312).

The three classes of flax tow shown in figure 7 ave presented together
for comparison. The yarn and fabric were from the same lot, and
the fiber was from similar stock. As might be expected, there is a
pronounced likeness in the regain curves for the three materials.
However, the moisture regain for tow appeirs inversely refated to the
degree of processing. Tow fiber, which represents the least processed
state, shows greater regain in this graph than does tow yarn; the
values for tow yurn, in turn, exceed those for tow fabric. It is possible
that these trends ave related to the presence of residual steaw particles
{shives) in most tow products, as explained in the discussion of figure
6. Shive content tends to decrense with processing, us the straw par-
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ticles work free of the fiber: and the gradual removal of hygroscopie
shives would effectively lower the moisture regain of the remaining
mauterial,

CONCLUSIONS

Results of the investigations reported in this bulletin are sum-
murized as follows:

1. All the substances tested exhibited definite hygroscopic character-
istics and showed typical S-shaped curves when moisture regain
(equilibrivm moisture content) was plotted against refative humidity
of n conditicning atmosphere.

9. A hysteresis phenomenon was demonstrated for each substance.
This wis seen in the tact that the moisture-regain curve obluined with
increasing relative humidities (adsorption) showed less moigture than
did the enrve obtained with decreasing relative humidities (desorp-
tion}. With unretted lax straw at 7% percent relative humidity, for
example, the woisture regain was 14 percent by adsorption and 17
percent by desorption.

3. Unretted flax straw showed increasingly greater moisture vegain
than did retted flax straws at relative humidities above 60 percent in
boti adsorption and desorption exposures.

4. Ividence was fonnd that forced-air deying aflects the hygroscopie
characteristies of retted flax straw.  Tn both adsorption and desorption
exposures, regain for force-dried material was shghtly less than that
for field-dried control samples of the same lot.

5. The three clnsses of flax straw—unretied. field-dricd retted, and
force-dried retted—showed greater moisture regain than did fiax line
fiber, in both adsorption and desorption exposures.

6. When two clngses of flax fiber were campared. regain was found
fo be congistenliy greater for tow than for Iine. The difference was
about 1 to 2 percent in both adsorption wnd desorption, except at high
humidifies where the regain for tow fiber was 515 percent greater
than fer line fiher.

7. Moisture regain for three forms of flax (ow seemed to be inversely
related to the degree of processing. Tow liber. represeniing the fenst
processed state, showed greater regain than did tow yarn. The regain
valies for tow yarn, in turn, excecded those for linen tow fubric.
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