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Their Effect on Fabrics1 
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~ ~ INTRODUCTION 


-..::"'.. """""",,.0} "'"
~ 

At:p,o peripd in 8:he history of the textile industry 'has there been 
grea~r demand th~ ILt present for information regarding the physical 
and gpemicat":chaI!~S in fabrics during the manufacturing and finish­
ing " erations. 'TI e characteristics of acceptable fabrics, measures 
for Itecting~poor~ ts of goods, the effects of certain operations or 
procMlses, and ca~s of abnormalties, nre ~ome of the specific problems 
inv01Ved. 

Ir§he alterations, revisions, and improvements of textile processes 
so feiaccomplished, comparatively little accounthns been taken of the 
changes that occur in the fabrics. The normal contt-ol tests capable 
of detecting unsatisfactory fabrics are frequently not sensitive enough 
to detect the slight variations which indicate the starting point of 
degradation. Only the highly sensitive and highly accurate techniques 
of the research laboratory are capable of detecting this initial deteriora­
tion. If, as is believed, degradation starts in the bleacherYl applica­
tion of research analyses to fabrics as they progress through the 

I Submitted for publication April 17, 1947. 
2 Appreciation is expressed to Charles F. GoldthwaiL, for making arrangements 

for the commercial processing of the fabrics; to the Colloidal Properties Section 
of tho Cotton Fiber Research Division of the Southern Regional Research Labora­
tory for cellulose and fluidity analyses; to Dorothy Legendre for assistance in 
breaking strength and reflectance measurements; and to Kathryn L. Baringer for 
assistance in preparing the manuscript. 

757500°-47--1 1 



2 TECHNICAL BULI,ETIN NO. 941, U. S. DEPT. OF AGRICULTURE 

bleachery should result in a more detailed knowledge of the sources 
of degradation; and It comparison of these analyses made on fabrics 
(rom different bleach processes by revealing the advantllges and • 
limitations of each process, should, in turn, result in improved and 
les~ oostly procedures and a longer life of the fabrics. 

Of the more than 10.7 billion yards of woven fabrics produced in 
the United States during 19.45 (28)3 bleached COttOIl fabrics accounted 
for 6.6 billion yards (47 yards per inhabitant). In view of the impor­
tance of bleaching in the purification of cotton, the Southern Regional 
Research J..Jabomtory of the United States Department of Agriculture 
made an investigation of the chemistry of the various ble·nching 
operations as applied commercially, for the plll'pose of improving the 
processes and. raising the quality of the resultnnt fabric. 

Tli.e part of that broad program which is reported here is the survey 
of a number of representative model'll commel'cial bleach procssses, 
The report includes a comparison of the difl'eront methods; the de­
termination of what is accomplished in each step, and of the charac­
teristics or quality of acceptable 01' marketable fabrics; and, finally, a 
discussion of some meaS\lrable propOI,ties of the fltbrics, especially 
those which indicate detelloration, Such a.n impartiltl sUI'vey should 
contribute toward the understanding and possible solution of many 
problems in the finishing of cotton flLbl'ics, 

UTERATURE REVIEW 

Although considemble liter'ature has accumulated regarding vari­
ous aspects of the kiN' boiling and bleaching of cotton yarlls and 
fabdes, the evaluation of procedures by comparison of ('xlt'nsiv<' 
cloth analyses hus been rare. Scholefic·ld and \ranl (2.5) compared • 
the whiteness, l~xtmctable. matter, wettability, copper number, and 
tensile strength of a few fabrics that had h(l('n IdeI' boiled and bleached 
both with and without the use of a wetling agent (Lissa pol A), as 
well as with and without the use of a rosin soap, They recommended 
usc of the wetting agent, 

Hall (13) (using a translation) compares a Russinn process de­
sCI'ibed by Filipov and Voronkov (12) with the usual American 
proc0durcs. He lists the pCJ'centages of fats Ilnd waxes, nitrogen, and 
ash found in bleached fabrics and gives 11. tnbl(' of capilhuiti('s 01' 
absorbencies measul'C'C1 by the I'Ilte watN as('l'nds a strip of fabric 
suspended verti('nlly so that a portion rcmllills above the liquid. 
Kuchinka (21) uSPcl Xodcler's alkali soluhility numbcr (23) to evaluate 
damage to linens b,I' alkaline hydrogen peroxide and pointcd out that 
the incrcase of the solubility number of cotton ccllulose, just as for 
flax cellulose, is approximatcly proportional to thc strength of the 
degradation reactions which caused the inereasc, 

A repol't by Hebden (14) of his investigl),tion "to determine what 
constitutcs a (Tood bleaC'h from a chemical standpoint" gins probnhly 
the best published l1nalyses of cotton eloth showing quantities of 
residual impurities as well as the quantitics of impurities removed 
during the bleaching opemtions, Hebclell det('rminrd carbon, 
hydrogen, oxygen, nitrogen (and protein), nnd pbosphorus ('ontents; 

3 Italic numbers in parentheses refer to Literature Cited, p. 35, • 
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and the ether and alcohol extracts of gray /?oods and the same materials 


• 
after a steep, first boil, second boil, chemlC, and sour. His data, pre­

sented in tabular form, showed progt:Cssive change." ill the fabrics. 


An anonymous article (1) in 1941 charts changes in tensile strength 

of gray cloth at the follo\dng stages of mnnufactUl'e: Desizecl, boiled 
out, dyed, printed, and finished. No similar article listing compllI"a­
tive chemical properties of fabrics as they pass through a modern 
bleachery has berm found. 

CONSTITUENTS REMOVED 
Each cotton fiber is a tubular ribbon-like c('lI, from 1,000 to 4,000 

times as long as it measures in cross section, whose chemical composi­
tion reflects its cellular natUl'e. Although cellulose is its major 
constituent, any of tb~ substances commonly found 1n plant c<.'lls may 
be expected to be present in at l<.'ast small amounts. 

Guthric and his ('owork<.'rs 4 have assl'mbl<.'d from tIl(' lit<.'ratme the 
sel<.'cted valu<.'s for the composition of n typical ('otton (table 1). 

TABLE I.-Composition oj typical matw'e cotton fiber 

Dry weight 
Const ituent 

Typical \ Low ; High 
-------------------\,---- '-- ­

ii'! ' :
• ' Percell/ I Perc,cut ! Pcrrr!li 

• 
Cellulose________ -- ____________________________ : !)4.0 I 88.0 I !lb,O 
Protein (NX6,25) _____________________________ , L 3 j 1. 1 I L!) 
Pectic substances______________________________ 1. 2 , .7 , 1. 2 
Ash__________________________________________ 1. 2 \ I.Il.11
\'lax________________________________________ .", . (i .4 1. 0 
Total sugars____________ .______________________ .3 _______ .'_. _____ _ 
Pi~ments------- _____________________________ • _ Trace ________ : _______ _ 

Other------------ ---- ------- ---- ___ -- -. ~~~._._~._:._~ 1. 4 ____ -- •• I" -- .----
Of the constituents which it is d<.'sircd to I'cmo\'(' from 11 b(\rs, yarns, 

or fabrics during bl<.'aching, the most troublesonl(' al'p the' s(,NL-cont 
fragments and aborted seeds, which the pruetienl blpa('hcr ('aIls 
"motes." These fragm<.'nts often cling so tl'naciollsly to tIl(' lint that 
they resist all mechanical cl<.'ansing and nppe'ar as da!'k brown 01' black 
specks In the yarn or woven gmy doth, 

Besid<.'s the troublesome natural constituents of ('olton, other ma­
terials which have be('n added by manufa('tul'('rS for various purpost'S 
must also be removed during bleaching. 60nw munufuctur('rs odd 
approximately 0.25 pClwnt (w<.'ight basis) minpral oil in til!' opt'ning 
or in the pickers, in an ('{fort to reduce fly nnd dust, prodlH'l' a ell'I1!1('!' 
environment, increase flexibility in mill proclu('tion, 1111d p!'l'Yf'nL 
breakage of the long. usable fibl'rs. Ttw warp YIlI'llS almost idwaYR 
contain a sizing put there to add abrusion r<.'sistanc(' Ilnd Rtl'ength Ilnd 
thereby reduce the ilumb<.'r of ynrn br('aks in tht' w('aving opl'l"Iltions. 

• 
f GVTHRIE, J. D., HOf'FPAl'IR; C. I." STEINEIt, E. T., and ~·I·'\X";Il(·RY. M. F. 

SURVEY OF THE CflE~II('AI, CO~IPOSITIOX OF COTTOX F1R~;m.;, (,()TT(lX";~;f;lJ. 1'1';'\ ~T'I'S. 
AND SWEETPOTATOf)R. A LITEItATeltf! RgYIf;W. 1.:. S. Bur, ,\gr. and rlldu~, 
Chel.l., AIC-61. 85 pp. 1!l44, [Mimeographed.] 
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In cotton materi.als, this sizing is usually composed of' starch and a 
softening agent. 

The usual enzyme steep and alkaline Icier boil to which cotton • 
fabrics are subjected probably removes all the sizing materials, . 
pectins, and protein residues, about 95 percent of the ash, about 70 
percent of the WR.'t, and almost all the "motes" and pigments. The 
removal of these materials is thought to be ar.complished by a saponi­
fication and by an emulsification. A very probable action (27) of 
the proteins in the Icier is to form amino acids that are responsible for 
some of the emulsification of those constituents that res1St saponifica­
tion and which give the characteristic color and odor to the kier 
liquors. The amino acids, moreover, appear to react with sodium 
hypochlorite (20) and assist in the bleaching effect. 

MILL PROCESSES 

The 11 mill processes investigated represent common adaptations of 

three general bleaching procedures: The caustic soda kier boil and 

hypochlorite bleach; the caustic soda kier boil and peroxide kier 

bleach; and the continuous proces$Cs using hydrogen peroxide or 

chlorite. These representative bleaching processes are classified an.d 

described below·. 

CLASS I: CAUSTIC SODA KIER BOIL AND HYPOCHLORITE BLEACH 

(PROCESSES Nos. 1-4) 

The caustic soda kicr boil and hypochlorite bleach procedures 
(fig. 1), developed empirically, consist of subjecting the materials to an • 

SINCE QUENCH-OESIZE STEEP WASH KIER BOIL WASH CHEMIC STEEP 

DRYWASH OPENWASH SOU~ STEEP 

FIGC'RE I.-Flow sheet for hypochlorite bleaching. In the caustic soda kier boil 
and peroxide kier bleach, the fabric passes from the kier through a washer 
to the openers. • 
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alkali boil under pressure, or the kier boil, followed by treatment wit.h 
sodium hypochlorite at ordinary temperature and pressure, which is 
the true bleach. . 

The kier, in general, consists of a cylindrical shell, with rounded 
ends, having It capacity of 1 to 5 tons of cloth, equipped with a false 
bottom, a manhole in the top, and a circulating system for tbe scouring 
solutions. The cloth is loaded into the kier through the manhole, 
chained in place, and covered with the kier solution. In operation, a 
heavy iron cover closes the manhole, while an outside pump and heat­
ing system forces the hot solution through a spray head over the cloth. 
The whole boil is conducted under pressure, usually of 15 pounds. 

The hypochlorite bleach consists of passing the cloth Lhrough the 
solution containing sodium hypochlorite, squeezing out the excess, and 
piling in a bin until the nascent o:\."ygen libcmted decolorizes the cloth. 

The entire process is, of course, quite intricate, the details varying 
with local conditions, water supply, chemicals available, and the 
design, style, and degree of purification demanded by the end use of 
the, fabrics. For instance, materials intended for dyeing may be 
given an abbreviated process (No.4). 

Process No. I 

1. Wet with sulfuric acid (0.75° Twad. or 0.7 percent) for 5 
minutes. 

2. Wash without steeping. 
3. Plait into the kicr with automatir) piler~ Add the kier formula 

(0.34 pel'cent tetrasodium pyrophosphate, 3 percent sodium hydroxide, 
both computed on the weight of the goods), and sufficient watC'I' to 
make a 3 to 1 solution to cloth ratio/ and boil for 8 hours (measured 
from the time full pressure is reachNI) at 15 pounds' pressure. The 
kier remai.ns filled well above the ,cloth during the boil. 

4. Wash down in the kier and pull from th(, kiel' through a wash('l". 
5, Bleach by passing through sodium hypochlorite (1.5° to 20 

Twad. or 1.875 pounds of ('hlorine per 1,000 pounds of cloth), squeezing 
to approximately 100 pC'l"cent retention and piling in a bin for ;3 to 4 
hours, " • 

6. Wash and pass through sulfuric acid (0.75° Twad. or 0.7 percent). 
7. Wash and transfce to tIlt' white bins. 

Process No.2 

1. Wet with 2- to 3-pCfcent malt diastaS(l at 140° F. ilnd jJilc in a 
bin for 2 to"3 houl's. (The trmpcraLurcl'('Inains near 140° d1lring 
storage.) Wash after the stc·eping. 

2. Pass through sulfuric acid (2° Twad. or lo5-percent) and wash 
again, without steeping. 

3. Plait into the kier with automatic piler. N ('utralize excess acid 
with sodium cal'bonat(' in the' ki(\1' and boil for 10 hours (approximately 
8 hours aCtel' full IH'essUl"C is rraehpd) at 15 pounds' pressure in 3.0 
percent eaustic soda Con wC'iglit of the goods) and cnough water to 
make a 3 to 1 (weight basis) solution to cloth l'fltio, 

5 Solution to cloth ratios arc computed 011 the assumption that the cloth carries 
its own weight of water into the kier. 

http:remai.ns
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4. Wash thoroughly in the kier and pull from the kier through a 
washer. 

5. Blea~h by passing througl1 sodium hypochlorite (0,75° Twad. • 
or 1.875 pounds of chlorine pel' 1,000 pounds of cloth), squeezing to 
approximately 100 percc'nt retention, and piling in a bin for about 
1 hour.. 

6. Wash and antichlor with approximately 0.1 percent sodium 
bisulfite. 

7. Wash and transfer to the white bins. 

Process No.3 

1. Singe, quench in hot water (near to boiling), and pile in bins for 
4 hours. 

2. "Wash with cold water i squeeze to about 100 percent retention. 
3. Plait into kier by hand, and boil for 12 to 14 hours (measured 


fl'om the time the lid goes on, or about 10 to 12 hours after full pressure 

is reached), at 28 to 30 pounds' pressure in a kier solution made 

according to the following formula: 3 percent caustic soda, 1.5 percent 

sodium silicate, 0.25 percent Icier assistant (long-chain alcohol sulfate), 

all based on the weight of the cloth, and enough water to make a 3 

to 1 (weight basis) solution to cloth ratio. 


4. Druin the kier, wash down tboroughly in the kier, and pull from 

the Icier through a washer. 


5. Bleueh by pussing through sodium hypochlorite, maintained at 1 

gm. of available chlorine per liter of solution, approximatflly 100 

percent retention, and piling in a bin foJ' 0.5 hour. 


6. Wash and puss through sulfuric and hydrochloric acid mixture 
in 2 to 1 ratio (10 to 1.50 Twad. or 1.0 to 1.5 pel·cent). • 

7. Wash and transfer to the white bins. 

Process No.4­

1. Pass the gl'ay cloth thl'ough a rope washer. 
2. Treat with sulfuric acid (1.50 to 20 Twad., or 1.25 to 1.5 percent) 


at 1200 F. 

3. 'Yash'with water containing sufficient caustic soda to nrutraliz!} 


aU acid present. 

4. Plait into the kier with an alltomatie pileI' and boil.for 10 hours 


(measured from the time full pl'£'ssurc is l'eaehrd) at 15 pounds' 

pressuT~ in a solution made u('('ording to the following formula: 3 

peTeent caustic soda, 0.33 p('rct'nt S.T. Soh'pnt (olHI-half pinp oil and 

on('-1Ial[ sulfol1at(>(1 castor oil), both computed on-th(lwt'ight of the 

goods, ("mel sufficient water to make It 3 to 1 (weight basis) solution to 

(·Ioth ratio. 


5. Dl'uin the kicl' nnd wush down thoroughly in the kier·. 
G, Pull til(' doth from the kipr t1u'ough ~ulful'i(' Ilcid (0.5 0 Twad. 


or 0.5 pereent). 

7. ~eutl'!tliz(' with sodiulll Cllrbonate anel pllSS tlu'ough a washer 


into the while bins. 


• 
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CLASS II: CAUSTIC SODA KIER BOIL AND PEROXIDE KIER BLEACH 

(PROCESSES Nos. 5-7) 

The commercial production of concentrated hydrogen peroxide solu­
tions made possible their substitution for calcium or sodium hypo­
chlorite in bleaching. Thus, suitable solutions of hydrogen peroxide 
can be prepared and circulated, at elevated temperatures, through 
thb cloth while it remains in the kier. Further treatment consists 
of merely washing with cold water to remove the reagents from the 
cloth. Generally the chemicals used are more expensive, but the 
fabrics receive less handling and mechanical damage. These pro­
cedures are usually reserved for the lighter weight and better grade 
fabrics. 

The same equipment is used as for the caustic soda kier boil and 
hypochlorite bleach (fig. 1). 

Process No. 5 

1. Wet with hot water, squeeze. 
2. Plait into kier, by hand, and heat 4 hours, at 1800 to 2000 F. in 

the following solution: 1.5 percent causliic 130da, 0.625 percent sodium 
silicate, 0.625 percent detergent (N-25-C 01' concentrated amines and 
alkylaromatic sulfonates), and enough water to make a 3 to 1 solution 
to cloth ratio. 

3. Drain, wash down thoroughly in the kier, and bleach for 8 hours 
(measured from the time heating starts), at 1800 to 2000 F. with 
I-volume hydrogen peroxide, buffered to pH 11, with sodium silicate 
in a 3 to 1 ratio of solution to cloth. ' 

4. Drain, wash down thoroughly in the Icier, and pull from the kier 
thr01JO'h a washer into the white bins. 

5. Soap wash (warm) and wash with cold water. (This step is 
usually omitted.) 

Process No.6 

1. Wet with water Rnd store in bins overnight (about 18 hours). 
2. Pull from bins through a washer. 
3. Wet with sulfuric acid (0.750 Twad. or 0.7 percent) for 5 minutes. 
4. Wash without steeping. 
5. ~lait into the kier \vith an automatic pileI'. Add solution of the 

following formula: 0.33 percent tetrasodium pyrophosphate, 3 percent 
sodium hydroxide, both computed on the weight of the goods, and 
water to make 3 to 1 ratio of solution to cloth, and boil for 8 hours 
(measured from the time full pressure is reached) at 15 pounds 
pressure. 

6. Wash down thoroughly in the Icier and bleach in ratio of 2.7 to 
1 solution to cloth, with 0.67-volume hydrogen peroxide, buffered 
to appro:-.-imately pH 11 with sodium silicate, for 4 hOllrs (measured 
from the time desired tempel"fiture is l"C'ilchrd) III J80° F. Drain off 
the bleach solution and wash down in the kipr. 

7. Pull from the kier through a cold-water wash!.!r and into the 
white bins . 
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Process No.7 

1. Wet with 2~ to 3-percent malt diastase solution at 1400 F. and 
pile in a bin for 2 to 3 hours .. (The temperature remains near 140° 
during storage.) Wash after the steeping.

2. Plait into the kier with an automatic piler and boil for 5 hours 
(approAimately 3 hours after full pressure is reached) at 15 pounds' 
pressure in 2.5 percent caustic soda (on the weight of the goods) and 
enough water to make a 3 to 1 (weight basis) solution to cloth ratio. 

3. Drain the kier and wash the cloth thoroughly in the kier. 
4. Pull the cloth from thekier through sulfuric acid (2° Twad. or 

1.5 percent) and a washer and plait into a second kier with an auto­
matic pileI'.

5. Neutralize excess acid with sodium carbonate in the kier, drain, 
and boil for 8 hours (approximately 6 hours after full pressure is 
reached) at 15 pounds' pressure in 1.1 percent caustic soda (on the 
weight of the goods) and enough water to make a 3 to 1 solution to 
cloth ratio. 

6. Wash down thoroughly in the kie,\,' and bleach 5 hours (approxi­
mately 4 hours after the desit'ed temperature is reached) at 180° F. 
with 0.5-volume hydrogen peroxide, buffered to approximately pH 
11 with sodium silicate, in a 3 to 1 solution to cloth ratio. 

7. Wash down thoroughly in the kier and pull the cloth from the 
kier through a washer into the white bins. 

CLASS III: CONTINUOUS BLEACHING (PROCESSES Nos. 8-11) 

The development of continuous bleach processes materially short­
ened the time required for the fabrics to pass throu~h the bleachery. 
The fabrics are singed, desized, and passed througll the continuQus 
bleach unit (fig. 2), which consists of passing them through the 
caustic saturator, J-box (at approximately 200° F.), washer, squeeze 
rolls, hydrogen. peroxide satut'ator, J-box (at approximately 180°), 
and washer; and al'e then transferred to the white bins. 

ContinuoliS pt'ocesses are time-saving, give a continuous even 
flow of fabrics from the gray room to the wbite bins; occupy less 
floor space than the batch pt'ocessesi and require fewer operators. 
The equipment, however, is more costly and careful controls of all 
operatiQJlS are req uired. 

Process No.8 

1. PM:; through slilfuric and hydrochloric acid mixture in 2 to 1 
ratio (dilured to 1 to 1..5° Twad. 01' 1 to 1.5 percent), allowing 120 
percent ret~ntion (weight basis), and store in bin 2.5 bours. 

2. "Vash thoroughly to remove the acid. 
3. Pass throucrh saturatol' !'tHowing 100 percent retention of caustic 

solution (3 pcrc~nt caustic soda, based on the weight of the goods). 
4. Pass through stcum saturator and stecp in J-box at 180°-203° l!'. 

for 1 hour. 
5. Wash with cold watcl'. 
6. Pass through saturatOl', allowing 100 percent rctention (weight 

basis) of 1 volume hydrogrll pet-oxide solution buffered to approx­
imately pH 11 with sodium silicate. 

• 


• 


• 
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SATURATOR .I-BOX WASHER SATURATOQ 

• 


• 
FIGURE 2.-Flow sheet for continuous bleaching. In one of the two commercially 

available continuous-bleaching installations, steam is injected into the J-box, 
while in the other installation, the steam is injected into the fabric just before 
it enters the J-box. 

7. Pass through steam saturator and steep in J-box at 180°-203° 
F. for about 1 hour and 20 minutes. 

8. Wash thoroughly and transfer to the white bins. 

Process No.9 

1. Pass the gray cloth through sulfuric acid (0.5° Twad. or 0.5 
percent). 

2. Wash with cold water. 
3. Pass through caustic saturator allowing 100 percent retention 

(weight basis) of 3 percent caustic soda. 
4. Pass through steam saturator and steep in J-box for 1 hour± 1 

minute at 210°-212° F. 
5. Wash with cold water. 
6. Pass through peroxide saturator allowinO' 100 percent retention 

of 1 volume hydrogen peroxide buffered to pRll to 11.4 with sodium 
silicate. 

7. Pass through steam saturator into J-box steep for 1 hour± 1 
minute at 160°-170° F. 

8. Wash and transfer to the white bins. 

• 757500°--47----2 
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Process No. 10 

1. Pass through sulfuric and hydrochloric acid mixture in 2 to 1 
ratio (diluted to 1° to 1.5° Twad. or 1 to 1.5 perccnt), allowing 120 
percent retention (weight basis), and store in a bin 45 minutes, 

2. Wash thoroughly to remove the acid. 
3. Pass t.hrough saturator where cloth retains 100 percent (weight 

basis) of 1 volume hydrogen peroxide buffered to approximately 
pH 11 with sodium silicate. 

4. Pass through stearn saturator and steep in J-box at 180°-203° F. 
for 1 hour. 

5. Wash with cold water. 
6. Pass through saturator containing hydrogen peroxide, prepared 

according to the formula used in step 3. 
7. Pass thorough steam saturator and steep in J-hox at 180°-203° 

F. for 1 hour. 
8. Wash thoroughly and transfer to the white bins. 

Process No. n 
1.'Pn,ssthe gray cloth through sulfuric acid (2° Twad. or 1.5 per­

cl'nt) at 95° F. 
2. Wash with cold water. 
3. Pass through caustic saturator, 4.5 percent caustic soda, approxi­

mately 100 percl'nt l'etl'ntion. 
4. Pass through stearn saturator and steep in J-hox for 1 hour and 

25 minutes at 180° F. 
5. Wash in cold water. 
6. Pass through saturator permitting 100 percent I'ebmtion of 

combined sodium hypochlorite (NaClO) und chlorite (NI1Cl02 ) 

solution contuining 0.71 gm. of avuilabl(' chlorin(' pel' liter, pH 9.8. 
7. Puss through strrull1 snturator imd steep in J-box at 160°-170') 

F. for 1 hour and 20 minut('s.6 
8. Wash and transfer to the white bins. 

MATERIALS 

The two cotton fabrics used for this investigation arr dl'se!'ibl'd 
as follows: 

(1) A gl'ay prl'mium quality print cloth, 38.5 inches wide, having 
64 warp and 56 filling yams to the inch, and weighing 2.76 ounces 
P('I' squarl' yard, or 5.80 squure yurds per pound.

(2) A gray hroaddoth, 38.5 incbrs widp, having 136 warp and 64 
filling yarns to tbp inch, and wl'ighing 4.12 Ollnt'('S p('r squn,I'c yard, 
or 3.88 squarc yards ])l'I' pound.

Prill t:. doth was used rOI' PI'OCl'SSl'S Nos. 1. to 6, and 8 to 11, inclusive. 
A 62-yanl pirco was used for ruch procrss. 'rlt(, first 2 vards was 
hrld as a control anci the balance (60 yards) was then scwe'cl into thr 

6 Owing to unavoidable' circumstances, the chlorite malluracturrr's recom­
mended procedure was not rollowed. The rrs\llt~ oiJtair1('(\ thrr('rore do not 
prejudice URe or the material. WI1('n time permits, this part or the work will 
be repeated according to manuracturer's recommended procedure and the results 
reported. 

• 


• 

• 
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middle of a lot of cloth just before the lot was put t~rough each of 

• the ten processes included. Samples nppl'Oximately 12 YIU'ds long 
were taken after each of the principal op('ratiolls. 

Broadcloth was used for process No.7. A l4,-yard picco was used. 
Two yards were h('l<1 as a control and the balance wns sewed into 
the centel' of a lot of broadcloth just before it was pl·ocessed. Samples 
approximatl'iy 2 yards long were taken after each of tho prineipal 
operll tions. 

Detailed identification of all ,>amples is given in table 2. 

'PADl,E 2.-Detailed identijica,ttOn oj ja,bric Saml)ics jor a'nalllsis 

Sam­pic 
No. 

538 
539 
540 
541 
1i42 

545 
546 
547 
548 
549 

550 

587 
588--- 589 
590 
5111 I559 
560 I 

561 
502 
563 

564 

552 I
51;3 
5M 
555 

550 

500 
507 
508 
569 
570 

007 

Proe- T k rellS 1 a en a tor oper-
No. ation No. 

,,,-.~,,,-... ",,,, 

ControL_. ____ •1 2____
1 ... __ ........ ­'L________ ~_. __1 7______________
1 7______________ 
1 

ControL. ______2 
2 1._._ ._ _____________2. ""- ---­
2 4. __ •. ______ • __2 7. _____
2 -----­, 7___ ....• _. ______2 

3 Control. _. ". 
3 ')- .. "",<
3 4..... _.,. ..I
3 ! 7._ .... __ . 
3 t 7,_ 

"' ' ...... ... 
\ 

4 1 Control ,.,-,

1. ____ ­4 

4 3 .. 

4 Ii. " ... 

4 I7 ..• 

I 
4 I7••. , . 
5 Control 
5 i 1._- ' 
5 , 4.__ ...•.. 
5 i t";.___ ....... _

I 
5 I 5.________ 

(i ControL •• 
(i ') 

...... "" ......... " '" _ 


4••• __ • _.. 
tI 7._....... 
0 

(i 
,~7" ... . ... 

7 ('on(ro~___ 

._. 

_•••. 
;.,.. ~. ~ r 

-,,.. .. "" 
,," 

.. ­
.• ___ 

Trellt nH'nt::; 

Nono. 

Sour. 

Rour, kicr boil. 

Sour, kier boil, hypochlorite blench, nir dry. 

Snme nll 541 but given wnter mnngle nnd dry 


Gllns. 
None. 
Dc:;izl~ (enzymo). 
l)(':;iz<', :lour. 
DNlhlC', sour, kiC'r boil. 
DNliz(', !lour, kicr boil, hypochlorite blench, 

nir dn'. 
Same n.~ 541l bill given water mangle and dry 

cans. 
Xonf'. 
Ring('. 
Singe, kier hoil. 
Singe, kier hoil, hYI,1ochlQrito bleach, air dry.
RamC' ns 51.10 but. given water mnnglo und dry 

cnns. 

XonC'. 

"'ush. 

Wnsh, sour. 

WaHh, :;our, kier boil. 

\\'11."h, :;our, kier boil, sour, sodium earbonnte, 


nir dry.
SnnH' IIi 503 but given wnter mnnglo and dry 

CIUlS. 

XOIW, 


I 

I 
1101 wilter. 


1 Ilo( wlltl'r Ilnd p!'roxicle kil'r hl!'neh. 

llol wu(!'r, p(>roxide kit'r bl<'lH'h, sonp wllsh, nir 


dn'.I Sam~ Il.'I M5 hut. givcn wnler mllngle nnd dry
(·uns.

:'\onn, 

Sf N'p . 

S('<,p., sOllr. 

St(·(,P, sour, pNoxicl!' ki!'r 1>1('l\oh, Ilir dry. 

Rllrne as 50!) bill gi\'pn wllfl'r Inangl(' find dry 


cnns.
Kon'.;!. 

• 

613 7 I. • ... _ l)('si7.(l (Bn7.ynw). 

61·l 7 3.. _. D('size, kiN hail . 

615 7 4. • _ D('!;iz(l, ki('r boil, sour. 

I Seo text for dl.'tniktl d('l>criplion of thcse processes. 



12 TECHNICAL BULLETIN NO. 941, U. S. DEP'l'. OF AGRICULTURE 

TABLE 2.~Detailed identification of fabric samples for analysis-Con. 

Sail.~- I.proc- Tl\ken after oper- TreatmentspIe 'lSS I ation No. 
No. l~O. 

----------\._------------ ­
• 


• 


7 ______________ 
616 7 1 ______________ 
611 7 

ControL _______580 8 2______________ 
581 8 5 ______________ 
582 8 8________ - _____
583 8 8 ______________ 
584 8 

ControL _______602 9 2 ______________ 
603 9 5 ______________ 
604 9 8 ______________ 
605 9 8 ______________ 
606 9 

ControL _______594 10 2__.____________
595 10 5 ______________ 
598 10 8____.__________
597 10 8 ______________ 
598 10 

ControL _______573 11 2 ______________ 
574 11 5 ______________ 
575 11 8______________
576 11 8______________ 
577 11 

Dilsize. kier boil, sour, kier boil, air dry. 

Same as 616 but given water mangle and dry 


cans. 
None. 
Sour (2~ hours).
Sour, caustic steep. 
Sour, caustic steep, peroxide steep, air dry.
Same as 583 but given water mangle and dry 

cans. 
None. 
Sour.. 
Sour, caustic steep. 

Sour, caustic steep, peroxide steep, air dry. 

Same as 605 but given water mangle a.nd dry 


cans. 
None. 
Sour. 
Sour, peroxide steep. 
Sour, peroxide steep, peroxide steep, air dry.
Same as 597 but given water mangle and dry 

cans. 
None. 
Sour. 
Sour, caustic steep. 
Sour, caustic steep, chlorite steep, air dry.
Same as 576 but given water mangle and dry 

cans. 

1 See text for detailed description of these processes. 

METHODS OF EVALUATING FABRICS 

A comparison of the analyses of tho gray goods with samples of tho 
same fabrics taken after successive stages of the purification process 
shows the res:dual impurities and, by difference, the amounts of ex­
traneous materials removed from the fabrics. To be of value, how­
ever, this informn.tion must be supplemented by measures 0; the 
changes which have occurred in the fabrics, the degree of whiteness 
produced, and the resulting absorbability. 

The residual materials of any particular sample may b0 measured 
by its moisture content, alcollOl solubility, and wax, ush, and cellulose 
contents. These values are usually expressed as a percentage of the 
oven-dry weight of so,mple. Fabric changes are measured by thread 
counts, .weights per squarc yard, 01' squarc yards per pound, thick­
nesses, breaking strengths, and ih.lidities of the cellulose in cupram­
monillm hydroxide.7 

7 Copper numbers, methylene blue absorption, and nilrp.te viscositv, or fluidity 
indicate the nature of degradation rather than its extent. These nieasurements 
have therefore been omitted from the analyses of the processed fabrics in this 
investigation. 

• 
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The degree of whiteness, measured in 101 (International Commis­

• 
filion on Illumination) units, is compared to magnesiulll oxide white. 
Absorbability is measUl(Jd by the "drop-square" and capillary rise 
methods. 

RESIDUAL MATERIALS 

All samples. were. dried so that thoy contained considerably less 
than the equilibrium moisture content. :Moistures were determined 
in aluminum moisture dishes on 0.5-gm. samples, weighed in an air­
conditioned laboratory at 70° F. dud 65 p!~.t'cent relative humidity 
(5) after conditioning oYel'llight. The scmples were dried to constant 
weight in an ail' oven at 105°±10 C. Regains were calculated from 
moisture data. 

Alcohol solubility is the percentage (on dry weight of sample) of 
extmctives obtained after 6 hours' Soxhlet extmction of 5-gm. samples. 
The extracts 'vere transfcrred, while still hot (above 55° C.), to IOO-ml. 
beakers, and dried by h eating in an air oven at 105° ± I ° C. for 30 
minutes, cooled in a desiccator, and weighed. This heating and weigh­
ing was repeated until two successive weighings agreed within 1.0 mg. 

The amount of wax present in tho cloth WIlS determined by the 
COlU'ad method (9), except that 100 ml. of distilled water was used in 
the separatory funll('ls instead of the 75 m\. specifi('d-since, with 
this quantity of wut(,l', phase separations occur more readily. 'rhe 
Oonrad technique was chosen because it has been found to be more 
efIicient than any other method (19) tried for extraction of waxy 
materials from cottons. 

• 
The ash content of the cloth was determined by the method of 

Fargher and Probert (11). Five-gram snmples in silicn, dishes wero 
houted to 750° O. in 11. mufIlo furnace equipped with thermostatic 
control and were maintn ined at that temp<'l'ature for 2 hours. The 
cl'tH'ibles were cooled first to approximntl'ly 400° O. in the muffle 
fmnacc, and finally in a desiecntor oyer e!tlciurn chloride, and woighed. 

Oellulose contents were tletel'mined by wet oxidation with acid­
dichromate solutions, descl'ibNl by Kott01'ing unci OOllL'tLd (18), after 
the monoethanolumine extraction l'ecommendcd by Reid, Nelson, 
and Aronovsky (24). 

FABHIe CHANGES 

Thread counts are counts of the "('[1(\s" and "picks" per inch, made 
with a Suter pick counter equipped with It.broad-field lens and travel­
ing needle. Eueh re{'ol'ded yalue is tho avel'flge of 10 ('Qunts made 
according to the pro('('rlure recommended by A. S. T. ~r. (American 
Society for Testing )'Iat(,L'inls) (3). 

Shl'inkagc was computt'd from tho change in the number of yarns 
per inch using the formula: 

Percent shril1kage=[1.00-Ct;'?X~?)JX 100 

• 
where lYo is the warp tIlI'elHJ count of the control· 


TV is tho warp thread eount of tho sample 

Fo is the filling thread ('ount of the control 

F is tho .filling thread count of the sample . 


A minus shrinkage represen ts all increase in yardage. 



14 TECHNICAL BULLETIN NO. 941, U. S. DEPT. OF AGRICULTURE 

Weigh ts per square yard or square yards pel' pound were determined 
by measuring a piece of each sample and weighing it under standard 
conditions (5) and computing the values by the method outlined in • 
the A, S. T. ,M. procedure (3). . 

Thicknesses were measured with a dead-weighted-type gage 
equipped with a dial and pressel' fOOti to meet A. S. T. M. specifica­
tions (4). Each recorded figure is the average of lO'readings taken 
by the A. S. T. M. method (.1). 

Breaking strengths were made by the ravelled-strip I11tlthod (3). 
Strips were cut 6 inches long by 1.25 inches wide, mvelled to linch 
(determined by counting the tiu'eads), and broken on a pendulum­
type Scott tester, between 3-inch jaws set 3 inches apart, the lowe!' 
jaw traveling downward at the rate of 12 inches per minute. Each 
recorded figure is the average of 10 determinations. 

Fluidity in cupmmmonium hydroxide was measured by using the 
Conrad velocity gradient technique (8). The cupmmmonium h)!'drox­
ide was stored at approximately 40° F., the viscometers were filled, 
the cotton dissolved and time of flow readings were taken at constant 
tempemture in an atmosphere of nitrogen. The results were computed 
on the basis of cellulose content and interpolated logarithmically to 
a mean velocity gradient of 500 reciprocal seconds (500 sec. -I) for 
comparison. 

DEGHEE OF WHITENESS 

The degree of whiteness was measured on the Hunter refiectometer 
(16). This instrument, sensitive enough to differentiate samples 
visually identical, employs a null method and iL galvanomctcr to indi­
cate equality of curl'ents generated by two photocells which are act.i- • 
vated by the light beams, onc from the sample and the other from the 
light source. Photometric adj ustments are measurcd on direct-reading 
scales. The method outlined by National Burcau of Standards Cir­
cular C429 (17), mcaSlll'CS apparent refiectance as a function of wave 
length in the rCl trichromatic coefficients of the spectrum by the use 
of filters calibra,ted with magnesium oxide. A whiteness of 1.00 is 
pure magnesium oxide white, which has a corresponding zero 
yellowness. 

ABSORBABILITY 

The degree of absorbability was measured by the time-honored 
"drop-square test" (1-5), (26) as well as by the Weirick capillary rise 
method (26), (29). The drop-square test consisted of dl'opping a 
2- X 2-inch square of the fabric on the sut"fltee of distilled water from 
a })cight of 1.5 inches and measllL'ing with a stop watch the time 
required to sink. Each recorded figure is the avel'l1ge of 5 or more 
determinations. The capillary rise method consisted in measuring the 
height to which watel' rises in 10 mi.nutes in a I-inch strip hung ver­
tically so that the end is immersed in the water. Readings were taken 
with a stop watch by the aid of a fluorescent light hung behind the 
sample. 'rhe eosin dyc was unnecessary with the powl'l'ful fluores­
cent light. "Val'p und filling strips were mefis1ll'ed, and, in each case, 
the average of 5 detcI'minatiolls is reported. 

• 
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DISCUSSION OF RESULTS 

The r.esults will be discussed from the standpoint of residual mate­
rials in the fabrics, fabric changes produced, the resulting whitenesses, 
and accompanying absorbabilities. 

RESIDUAL MATERIALS 

Data from analyses for residual materials are shown in tables a to 
5 and summarized in table 6. 

TABLE a.-Residual materials jound 'l,n jabric samples taken ajter 
:erogressive operations oj the caustic soda kier boil and hypochlorite 
Dleach 

0 ...!t~=c; I 
Q) O,a._ -Q)z .... 

Q) ~::s~ en 
;::l 0Description 0_"""'" en Qoc:l - '3:-:} '0 _mEl c:l 

- :::I 
oj ..,.. ~ Q) 

w. ,.<; <: f:: <: Q 

Per- Per- Per- Per- Per-
Process No.1: cent cent cent cent centControL______________________538 6.76 2. 05 1. 00 1. 30 91. 25Gray sour_____________________539 7.66 1. 14 1. 10 .20 93. 06 

540 Gray sour, kier boiL ___________ 6.96 .50 .48 .17 99.48 
541 Same plus hypochlorite bleach, 

sour, air-dried _______________ 6. 80 .46 .42 .02 99.38 
542 Same as 541 but given water 

mangle and dry cans _________ 6.30 .42 .42 .00 99. 50 
Process No.2:ControL ______________________545 6. 84 1. 98 1. 03 1. 26. 90.23

Desize, wash __________________546 7.36 1. 60 1. 28 .26 96.06 
547 Desize, wash, sour, wash________ 7. 28 1. 24 1. 12 .23 96.26 
548 Same plus kier boil, wash _______ 6.98 .40 .34 .02 96.82 
549 Same plus hypochlorite bleach,air-dried____________________ 6.99 .34 .28 .02 98. 97 
550 Same as 549 but given water 

mangle and dry cans _________ 6.64 .32 .28 .02 98.42 
Process No.3:ControL____________________ - ­587 6.86 1. 92 1.02 1. 25 92.18 

588 Singe, quench, wash___________ .. 7.65 1.11 1. 02 .28 90. 03 
589 Singe, quench, wash, kier boil,wash _______________________ 6.82 .55 .52 .25 98. 46 
590 Same plus hypochlorite bleach, 

sour, wash, air-dried__________ 6.78 .40 .43 .08 99.01 
591 Same as 590 but given water 

mangle and dry cans_________ 6.54 .43 .46 .08 98.86 
Process No.4 (no bleach):ControL ______________________559 6.89 1. 99 1. (\2 1. 24 90. 85

'Yater wash___________________560 7.78 1. 47 1. 38 .50 89. 52 
561 'Yater wash, sour, wash_________ 7.64 1. 52 .98 .68 94.93 
562 Same plus kier· boil, washed inkier ________________________ 6.62 .56 .52 .02 98. 68 
563 Same plus sour, sodium carbo­

nate, air-dried_______________ 6.67 .44 .34 .07 98.86 
564 Same as 563 but given water . 

mangle and dry cans ________ .: 6. 30 .38 .34 .07 99.14 

1 The values ure based on oven-dry weights of the fabrics. Wax is part of the 
alcohol-soluble materials. 
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TABLE 4.--Residual materials found in fabric samples taken after 
progressi've operations of the caustic soda kier boil peroxide kier 

bleach process 
 •0 ..!.~::a .. 

a:> 0.0';::: a:>Z .. .. .8 
OJ.c::la:>a:> ::I

Description +> ..'a ~o~ ~ .E
S '0'" .... toS oS .c a;
oS ~ ~ <:'" C,)00 < 

Per- Per- Per- Per- Per­
cent Cellt cenl cellt centProcess No.5:ControL______________________

52 6. no 1. 97 0.99 1. 22 92. 045 
553 Hot water, cold water dip_______ 7.46 1.62 1. 04 .90 90. 62 
554 Hot water; cold water dip, per­

oxide kier bleach _____________ 6.92 1. 02 .85 .42 98. 06 
555 Same plus soap wash, water 

wash, air-dricd_~ _----- .. ----- 6.51 .78 .69 .24 97. 25 
556 Same as 555 but given water 

mangle and dry cans___ - _ - - -- 6.06 .80 .77 .28 91. 34 
Process No.6: 

566 ControL________ - ___ - --- - -- - -- 6. 85 1. 94 1. 00 1. 26 92.11 
Steep__________ ~____ ---------- 6. 73 1. 65 1. 06 .36 95. 81567 
Steep, gray sour, wash __________ 6.76 1.10 1.. 04 .14 96.10568 

569 Same plus peroxide kier bleach, 
air-dried______________ - _---- 6.55 .36 .30 .13 99.56 

570 Same as 569 but given water 
mangle and dry cans _________ 6.19 .36 .36 .10 99.34 

Process No.7: 
607 ControL___________ ------- - --- 7.08 2. 05 1. 32 .74 93. 70 

Desize, wash __________________ 6.68 1. 74 1. 41 .24 95.53613 
614 Desize, wash, kier boiL _______ -- O. 50 .83 .76 .16 97.76 
615 Desize, wash, kier boil, SOllr,wash ____________ -- ___ -.- .-- .44 .49 .04 97.856.72 

616 Same as 615 and kier boil, per­ •

oxide kier bleach, wash, air­
dried________________ . _ ----- 6.67 .26 .26 .05 98. 34 


617 Same as OW but gi ven water 

mangle and dry cans_________ 5.85 .42 .34 .12 97.66 

1 The val lies arc based on the oven-dry weights of the fabrics. 'Yax is part of 

the aleohol-solublc materials. 


• 
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• 
TABLE 5.-Residual materials found in fabric sa,mples taken after 

progressive operations of the continuous-bleach processes 

Description 

--1--------------1---- ____________ 
Process No.8: Perct'llt PtTantControL_____________________ _ PtTcent Prrcent PtTcenl580 6.84 1. 94 1. 08 1. 14 91.84581 Sour (2.5 hours in acid), wash ___ _ 6.88 1.17 1. 02 .36 92. 42 582 Sour, wash, caustic, steam, j'-box,wash ______________________ _ 

6. 16 1.02 .79 .40 98.50583 Same plus peroxide, steam, J­
box, wash, air-dried _________ _ 6.44.66 .60 .15 98. 56 584 Same as 583 but given water 
mangle and dry cans ________ _ 6.08 .66 .60 .. 14 98.74Process No.9:

ControL_____________________ _602 7.02 1.98 1.00 1. 22 90.79Sour, wash ___________________ _603 7.40 1.16 1. 00 .33 92.15604 Sour, wash, cau\>tie, saturator,
steam, .J-box, wash __________ _ 6.72 .86 .68 .06 98.99605 Same plus peroxide saturator, 

steam, J-box, wash, air-dried __ _ 
 6.58 .46 .38 .06 99. :37606 Same as 605 but given water 
mangle and dry cans ________ _ 6.42 .46 .36 .06 98. i7Process No. 10:

ControL _____________________ _594 7.04 1. 99 1. 00 1. 26 91. 46595 Sour (45 minutes in acid) wash __ _ 7. 13 1. 18 1. 05 .50 91. 89 596 Sour, wash, peroxide, steam, J­

• 

box, wash __________________ _ 


6.19 .76 .82 .29 97.72,'i97 Same plus second peroxide,
steam, J-box, air-dried _______ _ 6.06 .54 .52 .22 96. 90598 Same as 597 but given water
mangle and dry cans ________ _ 5.96 .55 .56 .18 98. 48Process No. 11: 


573 
 ControL_____________________ _ 
6.89 1. 92 1. 04 1. 24 92.19Sour ________________________ _574 7.52 1. 28 1. 02 . 20 03. 325i5 Sour, caustic, .J-box, wash, air ­dried ______________________ _ 
6.97 .46 .41 .02 98.07576 Sour, caustic, J-box, chemic,

J-box, air-dried _____________ _ 6.86 .42 .36 .05 98.32577 Same as 576 but given water 
mangle and dry cans ________ _ 6.68 .44 .36 .04 98.20 

1 The values arc based on the oven-dry weights of the fabrics. Wax is part of 
t.he alcohol-soluble materials. 

• 
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TABLE 6.-Summary oj analyses oj print cloth samples jor residual 
materials after the various steps of three methods of bleaching 

Mois­ A1co- Other! •
tura 
from hol- I rna­

Bolu- Cellu- tarial!Treatcent stand- Wax t Ash t ble lose 1 by dif­ard roa- fer­atmos­
phere terials l ~ncet 

. 
Hypochlorite bleach: (Processes 
1~): Percent Percent Percent Percent Percent PercentControL___________________ 6. 82 1.98 1. 02 1.27 91.22 5.53Desized.______ ._. _•. __ • ____ 7.53 1.16 1.08 .25 93.12 5.47Kier boiled _____ • __ • ________ 6.92 .48 .45 .22 98.25 1.05Bleached____ ______________~ 6.M .39 .39 .03 98. 93 .65 

Peroxide kier pleach (Processes 5-7):ControL__ ._________ • _______ 6.88 1.98 1. 00 1. 24 92.08 4.7oDesized ____________________ 7. 10 1. 57 1. 05 .63 93.21 4.59Bleached _____________ .,, ___ 6. 12 .59 .56 . 19 98. 34 .68 
Continuous bleach (Processes 

8-11) : ControL________________ .. __ 6.97 1. 97 1.03 1. 21 91. 36 5. 46Desized________ "___________ 7. 14 1.17 1. 02 .40 92.15 6. 28First steep_________________ 6.36 .88 .76 .25 98. 40 .47Bleached ___________________ 6. 15 .55 .51 .13 98. 66 .68 

Average:
ControL___________________ 6.88 1. 98 1. 02 1. 24 91. 62 5. 33Desized____________________ 7.28 1. 32 1.06 .43 92.91 5.38Bleached__ ' ________________ 6. 28 .5t .46 .13 98.66 .67 

I 

1 The values are based on the oven-dry weights of the fabrics. Wax is part of 

the alcohol-soluble materials. 
 • 

A-foistU're content.-The moisture content of fibers is influenced by 
the amounts of extraneOllS mat(lrials pr£'sentj the amount of e.:\-posod 
fiber surfaces; the number, siz£', and shnpl.' of fiber eapillaries or inter­
miscellar spaces; and by thl.' pl'(wiollS histolT of m.oisture J"('ll1tions of 
the fibers. Moisture content is also obviously influenced by the 
temperature and relative humidity of the surrounding atmosphere; 
but in this investigation these need not be' considered, since all samples 
were conditioned in the same manner and weighed in a standard 
atmosphere. The majority, if not all, of the variations found in 
moisture content, tbl'refore, indieatc diffel'£'llces in fibers or fabrics. 

Treatments us£'d to wet out the fabl'ies or remove th£' wm'p sizing 
(table 7) increased moisture content eX(,l.'pt in pro('C'ss('S X os. 6 and 7. 
Moreover, the incl'l'as('s wer(' too large to bl' attributed to fluctuations 
in temperature, r£'lativC' humidity, or other inaecurncies in the analyses. 
It, appears probable that a combination of phenomena acting Silllultll­
npously, rather than the action of anyone plwnomenon, so alterl'd 
the fibers that changed moistlll'e affinities resulted. 

• 
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TABLE 7.-EjJect oj wetting, souring, or desizing treatments on moistu.re 

• 
and wax contents ojJabrics 

Moisture Wax 
Proc­
ess Treatment 
No. con-I De- Con- De­

trol sized t.rnl sized 
------------------11-- ------

Per- Per- Per­ Per­
cent cent cent cent1 Gray sour (cold) ________________________ 6.76 7.66 1.00 1. 10 

2 Malt diastase, 2-3 percent, 1400 F _________ 6.84 7.36 1. 03 1. 28 
3 j' Singe, quench, and pile in bin _____________ 6.86 7.65 1. 02 1.02 
4 Gray sour, cold water dip, and squeeze_____ 6. 89 7. 64 1.02 1.385 Hot water dip ______ - ___________________ 6.90 7.46 .99 1.04 
6 Hot water dip; pile in bin 18 hours ________ 6. S5 6.71l 1.00 1.06 
7 Malt diastase, 2-3 percent, 1400 F _________ . 7.08 6.68 1. 32 1.41 
8 ! Gr~y s~ur (2.5 hours in ac.id) _____________ ! 6.84 ! 6.88 1. 08 1. 02 
9 , ACId dIp and cold water dlp __ • ___________ . 7.02 7.40 1. 00 1. 00i 

10 " Gray sour (0:75 hour ill aCid) _____________ !7. 04 ! 7. !3 1. 00 1. 05 
11 Gray sour, 9<>0 P., cold water wash ________ G.89. 7. <>2 1.04 1. 02 

" ! 

Alcohol solubility a'mt u:ax analyses.-Because of the exceptional 
power of alcohol to remove a ,-ariety of constituents from cotton, 
including the WQ.WS, sugars, nitrogeneous or prote'in residues, and a 
large part of the mineral salts, a reduction in alcohol solubility indicates 
better purification. 

• 
Wax analyses perhaps provide the best indication of the effective­

ness of purification treatments. Cotton contains a considerablE) 
number of true WQ.'(('S and resins which resist saponification so strongly 
that removal is difficult if not impossible. 

Based on rC'sults obtained in analyzinO' fabrics for alcohol-soluble 
materials and wax (table 6) til(' causl1(' soda kiN' boilllnd hypochlorite 
blench pro('('ss is superior to pither til(' eaustic soda kier boil and perox­
ide kier blC'aeh or the continuous processes. 
. The wetting-out anc~ dC'sizing trp.a.tments (table 7) appreci!lb!y 
Increased wax content 111 processes Nos. 2 and 7; and reduced It. m 
only onC' pro('pss, Ko. 11- 50 slightly, howeV'er, that the reduction 
cannot be considered significant. )'Iult diastase used as the desizing 
agent in both cases, appnrently deposits a sma iI amount of WR.'C on 
the fabrics. In processes ~05. 5 nnd 6, a slight apparent increase in 
was: content after hot wateI' treatments probably was due to the use 
of hurd watel' (table 8) and is not significant . 

• 
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IrA llr.r,l S.~-l~tfect oj 80Jt a.nil "'ard water, washer type, and kier or bleach assistlLnt on wax removalJrom commenwlly bleached ~ 
fabric8 

to:'"" 
Wax contcnt bused on ovell-, S 

dry weight. "'" 
l)roc~ 1 Z ..... 

es:; I 'J'ype of water 1'y})e of rope washer ICier or bleach ussistnnts c 
No. , BleaChed" Bleached, :>­

t"Control I uir cun 
dried driedI ~ 

j... t" 

~ 
Perc~'TI1 Percent Percent ..::'"" IhnL ______ _ 12-st.mlld tight_____ _ 'l'etrusodilllI\ pyrophosphatc____• ___ . _. _____ .• ________ _ 1.00 0.42 0.42NOllo_____________________________________ •_______ _ Z2 SofL _______ _ 12-stmlldloosc_____ _ 1.03 .28 .28 

3 Ill!.rcL ______ _ 8-strnnd loose ______ _ Sodium ailicnle, long chnin 1l1cohol sulfate_____________ _ 1.02 .43 .46 Z 
4. son________ _ 2·\-slmlld UghL____ _ ]'inc oil-sulfonuted custor oiL ________________________ _ 1. 02 .34 .34 ? 
5 Hurd _______ _ 8-stmnd loose_______ Sodiulll silicate, umillcs nnd a1kyluryl aromatic sulfates___ • 99 .69 .77 :
6 ._._ do______ _ 12-st.rnlld t igh!. _____ _ Tctrusodium pyrophosphntc_________________________ _ 1.00 .30 .36 ...NOllc________________________ • ____________________ _7 Sof/;. _______ _ 12-stralld' loosc_____ _ 1. 32 .26 .34 ­
8 Hurd. ______ _ 8-stmnd 100Se______ _ 1.08 .60 • 60 ~Sodium silicate ______________________ • ______________ _ 

Sodium siliclltc. __________ •.• _. _____________________•Il _____ do__ ----- 24-strulld tight_____ _ 1.00 .38 .36 Ul10 ____ ______ _ 8-sLrund loose ______ _ SodilJln silicntc ..____ • _.•.•• _____ •• ____________ • ____ _ .56 •1.00 • 52 ~do 

NOllO _________________________ • ____ - ______________ _11 SorL ________ _ 24-strulld Ught_____ _ 1.04 .36 .36 g 
~ 
o 
Io:j 

~ 
~ ..... 
c
c: 
S 

~ 
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• 
Wa.~ contents of the bleached fabrics Were higher than expected 

from data in the literature (2, 7, 22), The comparisons in table 8 
leave little doubt that high wax values are associated with faiIlty 
washing procedures together with the use of hard water subsequent 
to kier boiling. The four processes using S'oft water reduced the wax 
content of the fabrics more than did any process using bard water. 
M'oreover, tbe additi'on 'of pine 'oil and sulfonll,ted castor 'oil (process 
N'o. 4) failed to reduce the wax C'ontent below that f'ound when no 
detergent Or other assistant was added at any stage in the process. 
The highest wa.,\: values were f'ound when 8-strand washers were used 
These c'onsiderati'ons suggest rather strongly that S'oft water and 
efficient washing procedures were responsible for rem'oval of all but 
small quantities of residual wax. 

Ash.-Ash determinati'ons which measure residual mineral matter 
aff'ord a good means of judging kier boiling and bleaching efficiency. 
In n'one of thE\- processes is the ash C'ontent of bleached fabrics exces­
sively hiO'h. TIle ash cont.ent data (table 6) show caustic soda kier 
boil and hypochlorite bleach to be agaiu superior to either of the other 
two methods. Processes Nos. 2 and 4 are the most effective in re­
moving ash. It is noteworthy that the latter process did not include 

• 

any bleach. 
Cellulose content.-In addition to forming the basis for calculating 

fluidities of cellulose in cuprammonium hydroxide, ceUulose content 
giyes a measure of the efl'ecth-eness of purification treatments, a 
high c'ontellt indicating small quantities of residual extraneous ma­
terials. The cellulose contents found show good pudfication in aU 
processes (table 6). When judged by these values, the caustic soda 
kier boil nnd hypochlorite bleach is superior to either of the other 
two bleaching procedures. 

FABRIC CUANGES 

Data from analyses which show the chunges in the fllbl'ics that take 
place during bleaching are shown in tables 9 to 11 and summarized in 
table 12. 

• 
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TAUL"~ 9.-- Ohangesjound injahric samples taken ajter lJrogressive operations in the caustic soriIN her bOll and hllPocltlonte ~. 
bleach • ' .­ >"1..-.-...... l>3 

Adjusted 8 c 
Yarns per Brcnking hreaking .... pj 

inch strength >. .. Z .., Qstrengt.h ....I:a Po 
'-"',- .; 

Q Weight
Description tll Po tll !Z ] ~ rn ~ ~i "w .,. Q 

I:::rn
01 011::: .- I::: '" lQ 0 td

tll .!<: tll = ... ] 0.5:!1 I::: I::: Po ~a <1:::01 c:J 0 lQ CI 
P.. ' E- ... .:: >. >.01 ·c 01 :a 11- II5 = '<1' <0 
<: i:i; ::: i:i; <0 lQ 8 Q 51e" ~ ~ Ci.iU) ..;:'-'" ...... -- .-- --- --­

-'--"~'~ Z 
OlHlCC8 .Square 

2!pcr yonis 
Psqullrc IJcr 

POl/mig POI/litiS l1tc/ll~8 yard pOllnd RhesPerrnli POlllHi.~ lPOl/1lIis 
c::> 

I'roCN;'-l No.1: 2.12 "'" ControL _•••• ____________ _ U4 5(i 0 4ti.7 • 27." I 41i.7 27.4 0.0104 2. 78 5.76 .... 
2.69 5.95 2.48538 'I 45. 1 25. 9 44. 4 25.0 .0117 

539 Clmy SOllr ." .•• _ ••• _•. U5 58 14.9.1 2.59 .6. 18 2 . .60 d50.8 27.7 45. 2 2ti.7 .0120Gray sour. ki('r boil _. __ • - 72 58 '14.18540 I !
~lInll' pili:; hYPol'hlorilr bleul'h, ~ 541 I ! .011.6 2.63 6.08 5.98 

SOllr, uir-t1ri(·d... _ • 72 58 ]4. 18 45. 7 25.8 40. ti 2'1. 9 
t:: 

:)11111(. nil 5.11 hu\ ~i\,(,1l \\ 1I!('r 6.64 5. 74 5<1 2 1 69 55 5.56 47.9 26. 2 44.4 26. 7 .0102 2.41 ~ 
1Il1111)!;I!' lind <In' CIIIIS ;.l

P('()(,'(or'." Nu. 2: " .0107 2. 7(; 5. 80 2.10(i4 IHi 0 46.5 27. 'J. 4(i.S 27.4 o545 ('olltTol • 
2a.4 39.7 22. 2 .0121 2.(i5 (i. 04 2.20 ~ 

54(j .1 i)(lsi7.t', wl\.,\h •. _ ., .' - • 70 59 )13.22 43. " 2.302.1.!l 1 39.2 23.:1 .0121 2.!l9 5.95 
5-17 I Dt'size, w!l"h, $our, wlIsh. li9 5911.9(1 42.3 

25.1 .0123 2. 63 (i. OS 2.80 o> 

5485·1!) I &1111(' pili>; ki~'r hoil, WIIRI\, • 73 60 II!;, 17 51. 8 2(1. I) 45. 4 

2. (i.! li.O(i 4.80 -~ SUIIU' pl\ls hYJ)lll'hlllrit(' bll'lu'h, o2(i.1l 43. 2 26.0 .0122Ilir·dric(L. '. ___ ", •• - .•.. 71 47.9 r:l 
550 ; Snllll' 1\.'; Ij.\!l bUl ~h'clI Willer ~ 0.61 4. 83 ...".0105 2.42'"I"· .,] IIlllllg1c IIlId dT)' CUll'; li9 55 5.56 ·17.5 25.0 4-1.0 25.5 d 

Procc:;.'! No.3: 2. 12 E;48.1 27.:1 48.1 27.3 .0105 2. 77 5.78 
58i I COil tro!. _.• _'. -.. ' .. -- !l4 56 I0 26.0 .0116 2. 73 5.86Singc, quench, wa.;h •.•• _______ 70 57 10. 17 50.2 26.5 45. 9 2.12 
588 
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589 Sillge, quench, wfish, kicr boil, 


\\·1l.8h._",". ---------------1 72 61 118.40 I 41. 9 I 24.4 37.2 I 22.4 I .0120 2. 59 3.04
590 Samc plus hypochlorite blcnch, 
sOllr, wILsh, uir-dricd________ 73 60 18.18 44.2 22. U 38. $ 21. 1 .0116 2. 7.00 8,')91 SIl.IlIC Il.S 590 bllt given wILter 

67 

JJJUllg)c Il.JJd dry CllIlS____._. 72 57 12.67 45.6 23.2 40.5 22.8 .0112 2.55 6.27 ~7.17J'roe()BS No.4 (no bleuch): 	 l>' ..... 
551l ControL .... _________• __ • 63 56 0 46.9 25.0 46.0 25.0 .0105 2.74 5.84 	 t>:l2. 14 ::tl560 Wash -. -. ___ • __________ ._. liS 57 8.98 48.8 25.6 ·J5.2 25.2 .0116 2,83 5.65 	 (")2.33,561 Wash,:;ollr, \\'11811. _________ •• 701 5fi 1O.00·H,·j 25.1 40.0 25.1 .0117 2,65 6.04 2.53 >562 Same IJIIIS kiet boil, wllshed in 	 t"' 

kier. ________________ ._... 73 58 16. u8 47.2 23.0 40.7 23.1 .0121 2,62 6.11 3.14 (")563 SUllie pIllS ,SOUl'! 80dilllll Cllr- _ o 
bOlll1tt!,lIlr-drtCd._______ _ 74 58 17.81 51.9 211.9 44.2 25.0 .0121 2.64 6.06 a.11 ~ 564 Same us 563 but given Willer 	 o 

Z __ .•m_~ngIC lind dry CllnS. _______~.L~~~.~_~~.~~~~~__~.. ~. 24.6 .0112 2.54 6.30 I 3.19 I 
til 
t"' 

I Fluidity ilt 11 conccntration (0) of 0.5 gram of ccllulo8c per 100 milli1itCr8 of cuprammonium hydroxidc solution and the valuC8 adjustf,ld ~ 
to a vclocity grndicllt (0) of 500 rcciprocal scconds (500 scc.- I), 

~ 
Z 
C'l 

I'd 
::tl 
g 
t>:l 
UJ 

~ 
UJ 
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m ..... 
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~ 
'1'ADLg I O.---OJw,nges found in jCLbric samples taken after progresstveoperaticms oj the caustic 80da Icier boil and lJeroxide ~ 

kier bleach processes 
~~"-.#~-I' ,.-..... ~ aI Adjusl(~d gYarns per Breaking bn'uking .... D:l 

inch strength ;;. .. ~strength .... ~ 8. i a"d • Ud --,--" 
.0 

---"--- Weight a> >Dps('ripliou 0- W 'f> t"~ W 
Ul 

"8 ~ Ul ... ", >:;rn CJ0:1 >:; fi:lt) 0 t:C3 ~ .!4 0-
tD =:: ::Sf: .!4 0 c:0- Eo Q ... ~a \I:lo:l CJ 0 lQ t":5 ] 0:1 a ~ :a<0 t"~ r.:; r.:; 0;< 

lQ 
U::l(1I

:n ~ en ~ <0 E-< OMC!l 
~ ~ -,-- ---, ---,-",. ----- --­ z 

OU1Ices ,sqllare Zper yards ?square per 
c:> 

Pr()~""," 5: Perrl'lI/ Pou1Ids POIIII!I.~ POlllld~ Pou1Ids Inches yurd pOllml Rhes 
(~atroL_________________ • _ " 5(; 47.2 26.5 "~7. 2 26.5 0.0106 2. 77 5. 78 2.15 "'" ;'52 ~ 64 0 ~ 

2.91 5.50 2. 12,j.'ja ; Hot. wuler und cold wMer dip 6S 58 9.13 49.9 27.4 ·i7.0 26.5 .0121 
;:1.jli,l: Hot watt'r Illld cold willer diP. 

I peroxidl' blellch. __, __ . _.• - 70 58 11. 72 41. 6 24.4 38.0 23.6 .0117 2. 71 5.90 3.29 1fl 
j);).1 1 !';ume pilii' liOIlP wush. wal('r---

I 

! 

wiL'\h.uir-dri('l1 _ _ _ .' __ (is 5S 9.13 38.7 24. 2 36.4 23.-1. .0117 2.66 6.02 3. 15 0 
t'j 

5;)f~ t :-lilliit' Uti 555 hut gh'Cll wuler 
llltLIIgll~ lind dry call:! ______ 70 56 8.57 -10.8 2,1. 3 37.3 2-1.3 .0118 2.54 6.30 2. 72 ~ 

Prm'l':<i! No. {j: 0
('ont rot. ________ ~ ________ • __ 27.5 .0106 2. 74 5.84 2.27 "l51ltl 63 56 0 46.2 27. !i 46.2 

10.30 43.0 22.3 39.3 21. 9 .0114 2.65 6.04 2.39 ;.­567 ~Irpp---.--_------._---- •• -- on 57 0
MiS ;4ll'('P, gray sour, wlL'lh _. ___ ._ 71 58 1'1.33 '13.8 24.1 38.9 23.3 .0115 2.69 5.95 3.32 ::u....560 ;-;UJlH' "hi'; p('roxide Id... r bleach, 

lIir-<Jri"d ...... _._ .... _ .. 71 58 l·j.33 50. 8 26. 7 ,15.1 25.8 .0117 2.59 6.18 3.33 a 

;370 8::;1111](, 11,; ;jQ!) but giv('u wllt.er ~ 
Illllnp.l{' lind dry CIlIl:; _______ 73 54. .10.05 f.:~9 26.4 ,15.7 27.4 .0103 2 .. 56 6.25 3.23 

Cl
Proc(',;,; ;\0. 7: ::u 

Contro1. ..... _____ • _.. _.... _____ 136 64 0 79.3 33.0 ~ 79.3 ~ 33. 0 .0114 4.12 3.88 2.06 t'j 

n071 D(,,-;i7,c, wash .. _ ..• _ - _ _. ____ 13S (j5 2.97 76.0 33.6 2 7-1. n 233.1 .0129 3.83 4.18 2.47lil3 
014. l)e.~izc, wash, kicr boiL _______ 140 1 65 4. 35 76.0 34.7 273.8 234. 2 .0123 3.80 4. 21 2.54 



• • • 
til5 lJCSize, wash•. kier boil, sour, wash _____________________ 

140 67 7.21 79.4 34. 4 177.1 '32. S .0125 3.79 4, 22 2. 50616 Same as 615 plus ~econd kier 
boil, peroxide. bleach, wash,air-dried __________________ 141 67 7.S6 SO. 5 41. 2 177.7 139.3 .0120 3.77 4. 24 3.98 9 

617 Same as 616, but given water l!:: 
mangle and dry cans_______ l!::141 59 -4. 63 82.9 35.4 280.0 138.4 .0091 3.57 4. 48 4. 17 l".l- i ::a o 

1 Fluidity at a concentmtion (0) of 0.5 gmm of cellulose pcr 100 millilitenl of cupranunonium hydroxide solution and the valucs adjusted >to a "'clocity gradicnt (0) of 500 reciprocal seconds (500 sec.-I). t" 
·s Adjusted to 136 warp and 64iilling yarns to the inch. 
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~ 
TABLE l1.-Gh(Lnges found in fabri.c samples taken after progressive operations of the continuous-bleach process ~ 

>" ... ~-~-

Adjusted 	 ~ >-3 
Yarns Pel' Breaking breaking 	 0.... 0 

t<:1 
~inch strength 	 ......I I I 
strength 	 ~ >,Cll I.."Po Zd .... 
CllWeight :§a UJDcscription 	 I UJ ;:! til ~ ..0 	 Cll Po ~ UJ 0 

;Z; til ... ", .= rn Cll ~~ 0 t< 
til III0= 	 :=:c c 0 10 

Cll 	 til ..:.:: ~E q:: ... ..:.::Po Po c ... ", 	 II....: II cjC .s .... 	 .~P.. 	 ... .... ;;., ;;., C) SIC!) t" 
I 

'" a 	 ..;< <0..c ($'" 	 lQ g:; 
rn 0= !::'" l::.: rn l::.: <0 	 "-'" ~ 

>-3--- --- ---	 .... 
~Ounces Square 

per yard8 Z 
square per ? 

Pounds Pou7Ids Pou1Ids I1Icites yard pou1Id Rhes c::>Percent PoundsPro!:t'",..; Xo. 8:('Ollt roL ____________________ 	 44.5 24.4 44.5 24.4 0.0104 2. 74 5.84 2.1664 56 0 	 .-"'" 580 I 	 47.2 23. 9 43.8 22. 'f .0115 2. 85 5.61 2.59 
581 	 SOllr (2.5 hOllrs in acid) wash __ 69 59 11.76 

cjSour, w:l"h, !:llUStiC, l;tCtlll1, J­582 	 41. 2 23. 9 36.6 22.7 .0118 2.76 5.80 2.42
box, wal;h •.• _. _~ - ~ . ~ - . - --- 72 59 15.63 

~ Same phIl' hydrogen peroxide, 583 	 42.4 24.0 38.2 22.8 .0118 2.64 6.06 3.30 t::Ist('IlII1, .I-hox, \\"lIsh, air-driccL 71 59 14.44 
58-1 Sall)(, as 583 but given wuler 6.30 3.32 

t<:1 

lJlllllgle llnd dry calls_______ 71 56 9. 86 43.3 22.8 39.0 22.8 .0114 2.54 ~ 
Process Ko. 9: 2.7g 5.76 2. 14 0 

ControL__________ - ------ --- 64 56 0 47.8 25. 9 47.8 25. 9 .0106 	 I:I:j602 	 Sour, wush __________________ 46.1 27.1 43.4 26.2 .0119 2.83 5.65 2. 1668 58 9.13G03 	 >
0Sour, wash, caui:>tic saturator,604 	 42. 5 24. 7 37.3 24. ';' .0119 2:63 6.08 2.46 ::0

stCtlJll, J-bux, wash ..... -.- 73 56 12.33 .... 
605 cjSame plus hydrogell peroxide 0 

saturator, slcam, J-llox, 2.62 6. 11 2.85wash, air-dried •. _~ __ .- ____ 74 57 15.03 50.8 25.5 43. 9 25.0 .0119 E3 
606 I Same as 605 but given Wllter 

cj 
2.64 6.06 2.68 t:tImangle and dry cans ______ 75 55 13. 12 52. 7 24.8 45.0 25.2, .0115\ t<:1 

Proccss Xo. 10: 
54 56 0 46.9 28.0 46.9 28.0 .0108 • ~72 5.88 2.10 

594.1 	 ControL. ____ - --- - - -----. -- ­
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bY5 /Sour (45 miIll1t~s iIll1cid) wash_ 69 59 11.96 48.4 26.4 44.9 25. 1 .0118 2.82 5.67 2.16
596 Sour, Wl1sh, hydrogen peroxide . 

saturator, steam, J-box,wash _____________________ 
70 58 11. 72 42.2 24. 6 38.6 23.8 .0115 2. 74 5.84 3.92 (') 


597 Same plus second hydrogen o 

peroxide saturator, stealll, is: 

J-box, wash, air-dried _____ 71 59 14.44 44.5 25.8 40.1 24. 5 .0118 2.60 6.15 3.32

598 Same as 597 but given water ~ mangle and dry cans ______ 72 57 12.67 45.4- 22.8 40.4- 22.4- .0117 2.53 6.32 4.01 9Process No. 11: 
ControL___ . ________________ 573 Sour _______________________ 64 56 0 47.0 26.1 47.0 26.1 .0106 2. 75 5.83 2.26 

> 
~ 

574 68 59 10. 67 45.9 26.4 43.2 25. 1 .0117 2.82 5.67 2.42 (')
575 Sour, caustic, J-hox, wash,air-dry ________ • __________ 73 58 15.36 51. 7 25.0 45.3 24.1 .0118 2.84- 5.63 2.98
576 Sour, caustic, J-box, chlorite ~ 

and sodium hypochlorite, z
J-box, air-dried ________ • ___ 73 58 15.36 45. 5 23.3 39.9 22. 5 .0114 2.71 5.90 12.4 . 

577 Same as 576 but given water 
mangle and dry cans ______ E72 55 9.42 45.0 19.1 40.0 20.1 .0106 2.55 6.27 11.4 

(') 

1 Fluidity at a concentration ce) of 0.5 gram of cellulose per 100 milliliters of cuprammonium hydroxide solution and the values 
ill.Z 

adjusted to a velocity gradient (G) of 500 reciprocal scconds (500 sec.-I). 0 
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TABLE 12.-Summary oj analyses oj priJnt cloths which showjabric changes caused by three methods oj bleaching ~ 

Adjusted break- Reflectance ~ 
ing strength (c!!gi~i!;;; ) o 

Thick- PC! 100 ml. 1 III
Treatment . Weightness G=500 !2! .....White- Yellow­

yarns yarns 
64 warp 56 filling sec.-1 

ness ness ~ 
t< 

~ . Ounces 
per 

square ~ .....Hypochlorite blench (Processes Nos. 1-4): Pounds Pounds Inches yard Rhes 
2.11 O. 2702 0.2505 !2!ControL_______________ - - - _ - - - -- - - - - -- - - - - --- -- --- 47. 1 27.4 0.0106 2.77I>esized___________________________________________ .212243. 2 24. 8 .. 0118 2. 70 2.29 .3774 !2! 

.0121 .7023 .0966Kier boilcd ______________ - _ - -- -- -- -- -- --------- ---- 42. 8 24. 5 2. 60 2.81 PBleached __________________________________________ 42. 9 24. 8 .0106 2.46 5.91 .8092 .0626 co 
Peroxide kier bleach (Processes Nos. 5-7): ....Control___________________________________________ 

Il>­

27. 0 .0106 2. 75 2. 21 .2684 .250946. 7I>esized___________________________________________ 44.0 23.9 .0117 2. 78 2.22 .3668 .2162 
Bleached__________________________________________ ~ 25.8 .0110 2.55 2. 98 .8147 .01:73 

Continuous bleach (Processes Nos. 8-11): ?l 
41. 6 

ControL_____________________ - __ ---- --------- -- --- 46.4 26.1 .0106 2. 75 2.13 .2559 .2547 
I>esized________________________ - _----- - - - - -- - - -- -- 43. 8 24.5 .0117 2.83 2.30 .3911 .2124 
First steep_________________________________ ---- --- .0117 2. 71 2. 93 .6082 .130937.3 23.5Bleached __________________________________________ ~ 41. 3 23.5 .0115 2.57 3.34 .8115 .0597 

Average:ControI ___________________________________________ .0106 2. 76 2. 15 .2658 .2517 ~ 
47.0 26.9 

I>esized __________________________ -- - -- - - -- - - - - - - -- 43. 8 24. 4 .0117 2. 76 2.27 .3893 .2150 ~ 
Blcnche~__________________________________________ 2.52 4. 17 .8117 .0588 l:tl41. 8 24.9 .0110 ..... 

o 

1 Fluidity at a concentration (C) of 0.5 gram of cellulose per 100 milliliters of cuprammonium hydroxide solution and the values ad- ~ 


justed to a velocity gradient (G) of 500 reciprocal seconds (500 sec. _1). ~ 

~ 
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• 
Thread counts, thickness, and weight changes.-Thread counts, 

thickness, and weight changes were about what are generally observed 
in bleachery experience, revealing no unusual value. Shrinkages in 
area showed a range of 20 percent from highest to lowest and averaged 
8.9 percent. 

Breaking strengths and jluidities.-The breaking strength values 
after complete or partial processing of the fabrics were erratic and 
varied widely (table 13). The fabrics from processes Nos. 7 and 8 
appear relatively stronger after bleaching, while those from process 
No. 5 appear much weaker. The more accurate fluidity values, 
however, 'show the fabrics from process No.5 to have suffered less 
damage than those from .processes Nos. 7 and 8. 

TABLE 13.-0omparison of breaking strength and ftuidity changes 
brought about by bleaching 

Fluidity: 
A verage adjusted breaking Breaking strength (0=o.5gIn.per1OOY

strength _ milliliterschange from control Warp + filling G=500 sec.-IProc- to-­
ess 2 change from control 
No. to-­

Con- Bleached, Bleaehed, Bleached, Bleached, Bleached, Bleached, 
troll air-dried can dried air-dried can dried air-dried can dried 

• 
Pounds Pounds Pounds Percent Percent Rhe.~ Rhes1_____ 37.05 32.75 35. 50 -11.60 -4.18 3.86 3. 622 _____ 36. 95 34. 60 34.75 -6.36 -5.95 2. 76 2. 733_____ 37. 70 29.95 31. 65 -20.69 -16.05 4. 88 5. 054_____ 35. 95 34. 60 34.25 -3.76 --4.73 .97 1. 055 _____ 36.85 29.90 30.80 -18.86 -16.42 1. 00 .676 _____ 36.85 35.45 36. 55 -3.80 -.81 1. 06 .967_____ 56. 15 58. 50 59.20 +4.19 +5.43 1.92 2.118 _____ 34:95 35. 50 35.90 +1. 57 +2.72 1. 14 1. 169_____ 36. 85 34.45 35.10 -6.51 -4.75 .71 .5410____ 37.45 32. 30 31. 40 -13.15 -16.15 1. 22 1. 91

1L ___ 36. 55 31. 20 30. 05 -14.64 -17.78 10. 14 9.14 

I Control samples contained a warp size. • 
2 Fluidity at a concentration (0) of 0.5 gram of cellulose per 100 milliliters of 

cuprammonium hydroxide solution and the values adjusted to a velocity gradient 
(0) of 500 reciprocal seconds (500 sec.-I). 

Breaking strengths are influenced by. a number of factors, some 
. of which are not fully understood, such as moisture content, wax 
removal, production of a certain harshness which causes fibers to cling 
together without slipping over each other, and, finally, that group 
of influences called" fabric assistance." 

• 
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In the present investigation, the two types of fabrics used were 
of good commprcial quality. Oonsequently, relationships between 
breaking strengths and fluidity values such as obtained by Olibbens • 
and Ridge (6) on ?hemicaUy degraded materials were not apparent, 
pro~ably be?ause, If present, they were masked by the other factors. 
,"Villie breakmg stt-ength measmements on a number of fabric samples 
from a single pl'ocess usually indicate thosp la.maged by faulty control, 
they may be very misleading when used as <t measure of slight degrn~ 
dation in the selection of the most suitable process or procedure. In 
other words, breaking strengths do not always indicate the extent 
of fabric damage.

The fluidity (or viscosity) of solutions of cellulose in cuprammonium 
hydroxide, is a "Very sensitive measure of the extent of degradation 
01' change in cellulose, particularly of degradation or damage in 
chemical processing, such as kiel' boiling and bleaching. Fluidities 
are dependent upon size of the cellulose molecules and are not/affected 
by the many influences tho.t aITect breaking strengths. 

1Vhen judged by fluidity values (table 13) all the processe~\ except 
No. 11 are acceptable, and even process No. 11 falls only slightlv 
below good blenching standards (10). Of the acceptable processes, 
No.3 was the most harmful. These valu('s indicat(', in contrast to 
the illdiefl.tions of other values, that the caustic soda kiel' boil and 
peroxide kier bleach was slightly better than the continuous processes, 
exc('pt in 1)['OC(,S5 No. 11, and that both of these methods arc bettel' 
than the caustic soda kier boil and hypochlorite blpach. 

The British Fabrics Resral'ch Committee classified cottons (9) 
having a fluidity of 1 to 5 rhes as "V('l'y mildly scoured and bleached" 
and thosr huving a fluidity of 5 to 10 rhes as "normally scoured and 
bleached." 'fIll' clitssifi.cu,tion was not "rigid" and the comparison • 
of values wus only "approxinmte." 

Fluidities obtainNl with cuprammonium solutions of the composi­
tions recommendrd by the Amel'iean Chemical Society, which 
Conrad (8) tlsNl, tend to be considc·mbly lower than those obtained 
with cupmmmonium solutions having only 15 gl'l11llS of COpp('l' per 
liter. ~rOl'l'O\'('r, u,pplicntion of the Conrad wloeity gl'l1dient adjl1st~ 
m('nt should tplld nl50 to give lowclr fluidity va\tws than those 
obtained by Bt·itish. IllPthocis. NpvC'rthplC'ss, til(' prpscllt survpy 
indicates that the' eiassifieation of thc British Fabrics RC'sC'arch 
Committe'e, when applied to more recrnt blc·aching proc('ss('S, is 
still valid. Although loss in hrl'aking stI'pngth is tu'Companicd by 
increase in fluidit5' thc'n' nppNU'S to bc' no ('oIT!'lntioll h(>tw('('/1 tl)(· 
two vnIue's (tn,hle ] a). 

'rho ('ffecls of ([('sizing, sOllring, 01' w('tting tl)(· fabril's on the bl'('aking 
strpngth and fluidity nre shown in tahlC' 14. 'fhe trt'\LLm('l1ts produced 
losses in bl'C'flking stl'pngths thnt w(>re ('onfiI'I11Nl, in some cnses, by nn 
appr('('inhlt' risc' in tht' mort' s(,l1sitiv(' fluidity nllues. 

• 
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TABLE 14.-Effect oj $Ou1'in{/, wetting, or desizing treatments on breaking 
strength and fluidity in cuprammonium hydroxide 

Avcragc breaking strengths 

Proc­
Warp+fillingess Trcatmcnt fluidity 

No. 2 mcrcase 

Control Treatcd Change 

Pounds POl/Tlds Percent RhesGmy sour. ____________________1 37.05 34. 50 -G. 88 0.36
2 Malt diastasc, 2 to 3 pcrcenL ___ 36.95 30.95 -16.23 .26
3 Singe, quench, bin stomgc 4hours _______________________ 

37.70 35.95 -4.64

4 Gmy sour, !J.3 0 F., cold water
wash ________________________ 

35. 95 35. 20 -2.09 .39Hot water dip. ________________5 36.85 3U. 75 -.30 
6 Hot water dip, 18 hours storagc __ 36.85 30.80 -16.41 .22

J\[alt dillstll8e, 2 to 3 percent_____7 56.15 54. 00 -3.82 .41
8 Gray sour, 2.5 hours in acid _____ 34. 95 '-4.8633.25 .43Acid dip, cold water dip _________9 36.85 34. 80 -5.56 .02

10 Gmy sour, 0.75 hour in acid _____ 37.45 35.00 I-6.54 .06
11 Gmy sour, 9.50 E., cold. watcr wash ________________________ 

36.55 34.15 -6.57 .16 

The changes produced by the malt diastase desizing treatments, 
processes Nos. 2 and 7, may possibly have becn due to bin storage 
while the cloth was warm and wet, rather than to attack by the (Inzyme 
solutions. The changes produced by process No.6, where the fabric 
received neither acid nor (Inzymic treatment but was wet with hot 
water and stored for 18 hours, W('I'l' almost as great as tJlOse produced 
by process No.2 wh('!'c malt diastlls(' was used. 

The acid treatments in pl'oeesscs Nos. 8 and 10 differ only in the 
length of time the fabric ['llmained in the acid. The fluidity valu('s 
show that the fabric that remained longer in the aeid (process No.8) 
was considerably more degmded than the one that remnined the 
shorter time in tI\(' acid (process No. 10). If judgC'cl by brC'nking 
strength values this damnge would not be appnrC'llt. 

The singe and quench in process No.3, produ('C'd only a slight 
lowering of breaking strength and no inCrellS(' at all in the fluidily 
yalue. Apparently the passage of lhe cloth through the .flame was so 
rapid that the momentary flush of heat burned off the fuzz without 
producing a meaSllrablC' ('hange in thC' fabric. 

DEGIIEE OF 'VlIITENESS 

The degrN' of whiten('ss produced by the processes is revealed by 
the reflectance mensuremel1 ts given in tables] 5 to 17. 
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TABLE 15.-00mparative whiteness oj samples taken ajter 1Jrogressive 
operations of the caustic soda kier boil and hypochlorite bleach 

Sam­ •White- Ycllow­ple Description ness "nessNo. 

Process No.1:Control ___________________________________ _
538 0.2576 O. 2530

Gray sour_________________________________ _539 .4334 .1932Gray sour, kicr boiL___________ . _____________ _540 .7528 .0814 

541 Same plus hypochlorite bleach, sour, air-dry ___ _ .8202 .0574 

542 Same as 541 but given water mangle and dry
cans____________________________________ _ 

.8410 .0504 
Proccss No.2:Control ___________________________________ _

545 .2948 .2406Desize, wash _______________________________ _546 .3864 .2090
Desize, wash, sour, wash ____________________ _547 .4052 .2021 

548 Same plus kier boil, wash ___________________ _ .7410 .0837 

549 Rame plus hypochlorite bleach, air-dry________ _ .8252 .0560 

550 Same as
cans 549 but given water mangle alld dry _ 

.8256 .0549 
Process No.3:Control ___________________________________ _

587 .2583 .2578
Singe, quench, wash ________________________ _588 .2937 .2412 

589 Singe, quench, wash, kier boil, wash __________ _ .6230 .1246 

590 Same plus hypochlorite blcach, sour, wash, air­dry_____________________________________ _ 

.7472 .0833 

591 Same as 590 but given water mangle and dry
cans ____________________________________ _ 

.7610 .0790 
Process No.4 (no blcach) : Control ___________________________________ _

559 .2401 .2549'Vater wash _______________________________ _560 .3421 .2261
'Vatcr wash, sour, wash _____________________ _561 .3321 .2310 

562 Samc plus kier boil, washcd in kicr ___________ _ .6929 .1026 • 
563 Same plus sour, sodium carbonate, air-dry_____ _ .7518 .0804 

564 Same plus water mangle and dry cans ________ _ .7622 .0786 


TABLE 16.-00mparatir-e whiteness oj sampLes taken; ajter progressive 
operations oj the caustic soda kier boil, peroxide kier bleach processes 

Sam­ Whitc- Ycllow­pie Description ness nessNo. 

Proccss No.5: 
Contr~ ____________________________________

552 0.2965 0.2417 
553 Hot watcr and cold watcr dip ___ ----- _________ .3488 .2223 


kier
554 Hotblcachwater _____________________________ and cold watcr dip, peroxidc . ____ 
.7640 .0771 


555 Same pins soap wash, watcr wash, air-dry. __ •• _ .7830 .0700 

556 Same as 555 but givcn watcr manglc alld dry cans_ .7966 .0644 


Proccss No.6:Control ____________________________________
566 .240·1 .2601Desized____________________________________567 .3849 .2102

Dm;izcd, gray sour, wash. ____________________568 .3686 .2144 
569 Same plus pcroxide kier bleach, air-dry_________ .8024 .0640 
570 Same as 569 but givcn water manglc and drycans_____________________________________ 

. 8328 .0502 • 
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'I'ABLE 16.-00mparative whiteness oj samples taken aJter progressi've 
operations ojthe caustic soda kierboil pero:ride kier bleach processes-Con.

• 


• 


• 


Sam­
pIe Description
No. 

Process No.7:Control ____________________________________607 
613 Desize, wash ________________________________ 
614 Desizc, wash, kier boiL ______________________ 
615 Desize, wash, kier boil, sour, wash _____________ 
616 Same as 615 plus second kier boil, peroxide kier 

bleach, wash, air-dry ______________________ 
617 Same as 616 but given water mangle and drycans _____________________________________ 

TABLE 17.-00mparatit'e whiteness oj samples taken aJter l)rogressive 
operations oj the continuous bleaching processes 

Sam­
pIc Description
No. 

Process No.8:
ControL ___________________________________580 

581 Sour (2.5 hours in acid), wash ________________ 
582 Sour, wash, caustic saturator, steam, .I-box_____ 
583 Same plus hydrogen peroxide saturator, steam,J-box, wash air-dry_______________________ 
58-1 Same as 583 but given water mangle and drycans_____________________________________ 

Process No.9:Control____________________________________602 
Sour, wash_________________________________603 

604. Sour, . wash, caustic saturator, steam, J-box,wash ____________________________________ 
605 Same plus hydrogen peroxide saturator, steam,

.I-box, wash. air-dry _______________________ 
606 Same as 605 but given water mangle and drycans_____________________________________ 

Process No. 10: Control____________________________________594 

595 Sour (45 minutes in acid), wash _______________ 

596 Sour, wash, hydrogen peroxide saturator, steam,J-box, wash ______________________________ 
597 Same as 596 plus second hydrogen peroxide 

saturator, steam, J-box, wash, air-dry __ .. ____ 
598 Same as 597 but given water mangle and drycans_____________________________________ 

ProcC!;s No. 11: ContrOI ____________________________________573 Sour_______________________________________574 
575 Sour, caustic, .I-box, wash ____________________ 
576 Sour. caustic, J-box, chlorite plus sodium hypo­

chlorite saturator, .r-box, air-dry ___ • _ .. _____ 
577 Same as 576 but given water mangle and drycans_____________________________________ 

White- Yellow­
ness ness 

.368-1 .2133 

.4265 .1958 

.6255 .1264 

.7195 .0929 

.8624 .0397 

.8666 .0405 

White- Ycllow­
ness ness 

0.273-1 O. 2528 
.3638 .2186 
.4670 .1772 

.1512 .0814 

.7966 .0633 

.2364 .2588 

.4568 .1966 

.5582 .1483 

.7986 .0644 

.8203 .0568 

.2578 .2526 

.3526 .2220 

.7996 .0632 

. 8070 .0614. 

.8176 .0590 

.2-104 .2567 

.4093 .2036 

.6880 .1024 

.85-1-1 .0.J36 

.8000 .0620 
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These mensur('ments, wllich w('re made on the sensitive Hunter 
refiectometer (16), show no significllnt difl"erences among the three 
methods of bleaching. It is noticenble thnt Pl"OCC'ss No.4, which • 
included no blench nt all, produeed a whi teness equal to that of 
process No.3, which ineluded n hypochloritC' bleach (table 15). 
~10reover, the whiteness produeed by proeess No.4 was so nearly 
that of process No.5 (table 16) tbnt sure visual detection of the dif­
ference bet\\'een them would be difficult even for those accustomed 
to comparing whiteness difrerences. 

ABSOUBABILITY 

Absorbabilities of the finished fabrics are compared in table 18. 

TABLE lS.-ComparatiL·e absorbability oj samples bleached by different 
processes 

L-__________________C':lplllllry rlso 111 10 minutes 
Drop squnre 

l'mccss .\!r·drl~d ('nn tlrl~d 

Xo. 
 t 

Air- enn Wnrp FUUng ~lltfiUlng J~ FIUlnl( ~p+Jl!!!!!.sdrlcd dried 2 

Stco",I. Second. Incht. inchu Incht. Inch.. InchiA1_______ IJnche~ 
4.8 3. 8 3. 05 3. 05 3.05 2.50 2.65 2.582_______ 
4.2 1.4 4.50 3. 75 4. 12 3.75 3.25 3. 503_______ _. 11) ?_. _1)-- ?­

4 2.7 3. 7 3.25 ? -- 3. 00 , ?_.1)1) 2.40 _______ ,,2.8 1.6 4.15 3.75 3.85 3. 75 3.15 3.455_______ 
26.5 (1) 1. no l 0 0 06_______ 2.25 t L 55 
3.0 2. 0 4.00 3.50 3. 75 I 3.50 3.00 3.25

7.. ____. 2.3 22.3 4.75 3.50 4.1213.25 2.20 2.728_______
9_______ 7.2 13. 1 3,60 , a.25 3,42 ' 2.00 .95 1. 48 

3. 0 2. 0 3.98 ; 3.60 3. 00 3.30 ______ .,.25\,.70 • 
10 2. 6 38.0 3.25 2.75 3.00 I 2.25 1. 50 1.881 L _____ 2. 2 2, 0 4.00 3.50 3.75 I 3.50 3. 00 3.25 

I Q"cr 30 mInutes. 

Absorbnbility, like' moisture content, is in£luC'I1('('(1 by the PI'C'S('Il('e' 
of starch, sonp or othe'l' r('sidunl C'xtmneotIs mntt'rials, nbsorb(·d gnsC's, 
the grade' nnd stnpl(' of til(' fibt'I', ('ount and twist of the YUI'IlS, nnd 
th(' te'mpemtul'C' and rplnli,"c humidity of til(> surrounding atmosphe're'. 
TIl(' imporliuu'(' of nbsol'hn.bHity in print cloths is confin('d to l'Ilt(, of 
nbsol'JJtion (tnhh' IS), !'ftOw!' than lotnL ,'olumC' of liquid I1b50rbNI. 
C'onscqlH'ntly, only 1lH'IlSIll'PIl1('nts basl'd Oil 1'Ittl' of nbsorption w('r(' 
mad('. TIl(' drop-squill'!.' nnd ('apillnl'y-ris(' llH'thods showNI V('IT 
good ng['('t'ml'lll. Th(' gl'IlC'I·n.lly 10\\,('1' '('apillnIT I'isl's in sampl('s cut 
filling wisC' thllll in llH' wll!'pwis(' strips mllY 1)(' ilt trtbu t('d t.o diffcl'CIH:('S 
in thrl'lld ('ounls, In gl'I1NnJ, low nbsorbability O('C'IIlTed in samph's 
lun-ing high n\t'o\HlI :loll! bility Il.nd wax content. Tht're was, hQ\\'c'-l'r, 
no ('on'clation IwlwN'1l wax <'ontC'nt and ttbsorbabililY. 

When judgC'd by ttbsorbnbility, no real difrcrence due to method of 
bleaching appearcd. 

• 
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SUMMARY AND CONCLUSIONS 

EIQven blenching proeesses were investigated rep~'esenting thr('e 
general clusses of modern cOJUJUcrcinl blenching methods: (1) C'lllIstic 
soda kier boil and hypochlorite blctlch; (2) ctlusLic sodlt kicr boil nnd 
hydrogen peroxide kit'r blpuch; and (3) continuous bh'llching, 

The caustic soda kier boil nnd h}tpochlorite blcuch yielded fubrics 
with lower amounts of residual impllrities (nlt'ollol-soluble mntedllIs, 
wax, and ash), with higher cellulose content, than the fnbries from 
either of the other two processes, The conLinuous pro('('ss showed 
slightly lower amounts of r<.'sidual impurities, with slighlly highel' 
cellulose content, than fabrics from the ctlllstic soda kiel' boil and 
hydrogen pcroxidt, kiel' bleueh, 

WIlen. llleasured by fabric ehnngt's (l)l'enking stt-engths, thicknesses, 
weigMs, nnd fluiditi'es), th(> cllllstic' soda kit'r boil nnd petoxid<.' kier 
blench showed slightly bettel' l'esulls thun the continuous process('s 
using hydrogen p<.'roxide: nnd both of tl\('s<.' gnve better results tbnn 
the caustic soda Idcr boilnnd hvpochlorit(, bl<.'aell, The 011e process 
llsing chlodLe produeNi a slightly pxc('ssiy(' dpgmdntion as measured 
by fluidities in cuprnmmonium hydl'Oxidc, but this obsNTlltion is 
I,he result of a single processing and indient('s only that (,l1rdul control 
is impel'ntiYe when ('l.lorit(' is used for blpllching. PUI'POS('S, 

As judged by rdlectanc(' 111(,l1suI'e11lC'nts, no difrC'I~(,ll('('S \\"prC' rC'wnlNI 
in the three types oJ proccsses. '1'1](' sligh t fluctuations in the I ('('ord(ld 
vnlues were within the .limits of precision oC the IllNISIU'e1l1pnts I1nd 
too smull for surC' \-isLlIlI detection, 

Absorbability dC'terrninntions l'<.'ycaled no difl'el'encl's betwl'<.'n the 
three blenching 1l1e·thods. 

D('si/'ing tr('n.tll1C'nts d('gmded the fnbri('s slightly, and ill('f'(,l1sed 
moisture contents nnd the' apparcnt nmounls or nl('ohol-soluble mnte­
rials and wnx in th" fllbl'irs, 

High wux cont('nts of the blenched fnbrics 111'1' nssoeintNI with the 
use of hn/'d wntel' nnd [/tully wilshing pl'o('('dul'('s, COI1Yl'rs(,jy, soft 
watC'r nnd eflicipnt washing prO('('dUI'('S WCI'(' 1'C'spollsibJt. for I'(~mo\'nl 
of fill but it smnll pnrt of thel W/LX conlpllt of the· fubl'i<-B, 

While breaking-stI'C'llgth l11('IlSlll'C'menls on fllbl'i('s fl'om it sin~d(' 
proc('ss usually I'('\·pnl th(' fn brieR dnmngp(/ in tlf(' prO(,(,SR, th('s(' 
lllcasurcmenLc; mny bp very misl('ading Wh('ll \Is('d as n basis fOl' s('I('('l­
ing a procC'ss 01' pJ'O('pdIU'C'. 

Although PI1('1I of til(> thrNI elasses of blellehing pro('pssl'S hnd SOI1W 
disndvnntng(ls, nil WP1'(' sntis[llctory and prodllced fllbl'i{'$ of good
comm(,l'cinl. qUlllity, 
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