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=2 ,_“E'T_? = INTRODUCTION

Atgho period in %he history of the textile industry has there been
greatar demand thef at present for information regarding the physical
and ¢hemical-changes in fabrics during the manufacturing end finish-
ing @perations. T% characteristics of acceptable fabrics, measures
for degtecting poorztots of goods, the cffects of certain operations or
proci.'ssels, and cadgps of abnormalties, are some of the specific problems
mvalved.

Infthe elierations, revisions, and improvements of textile processes
so fs accomplished, comparatively little account has been taken of the
changes that oceur in the fabries. The normal control 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 deteriors-
tion. If, as is believed, degradation starts in the bleachery, applica~
tion of research analyses to fabrics as they progress through the

! Bubmitted for publication April 17, 1947.

? Appreciation is expressed to Charles F, Goldthwait, for making arrangements
for the commercial processing of the fabrics; to the Colloidal Propertics Section
of the Cotton Fiber Research Division of the Southern Regional Research Labora-
tory for cellulose and fluidity analyses; to Dorothy Legendra for assistance in
breaking strength and reflectance messurcments; and to Kathryn L. Baringer for
assistance in preparing the manuseript.
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bleachery should result in a more detailed knowledge of the sources
of degradation; and a comparison of these analyses made on fabrics
from different bleach processes by revealing the advantages and
limitations of each process, should, in furn, result in improved and
less costly procedures and a longer life of the fabrics.

Of the more than 10.7 billion yards of woven fabrics produced in
the Uribed States during 1945 (28)° bleached cotton 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 Laboratory of the United States Department of Agriculture
made an investigation of the cliemistry of the various bleaching
operations as applied commercially, for the purpose of improving the
processes and raising the quality of the :‘0313t-11nt fabrie.

The part of that broad program which is reported bere is the survey
of & number of representaiive modern commuercial bleach procgsses.
The report includes a comparison of the different methods; the de-
sarminntion of what is accomplished in cach step, and of the charnc-
teristics or quality of acceptable or marketable fabrics; and, finally, a
discussion of some measurable properties of the fabries, especially
those which indicate detertoration.  Such an impartial survey should
contribute foward the understanding ancd possible selution of many
problems in the finishing of cotton fubrics.

LITERATURE REVIEW

Although considerable literature has accumulated regarding vari-
ous aspects of the kier beiling and bleaching of cotton yarns and
fabrics, the eveluation of procedures by comparison of extensive
cloth analyses has been rare. Scholefield and Ward (25) compared
the whiteness, oxtractable matter, wettability, copper number, and
tensile sirength of o [ew fabrics that bad been kier boiled and bleached
both with and without the use of a welting agent (Lissapol A), as
well as with and without the use of a rosin soap.  They recommended
use of the wetting agent.

Hall (78) (using a transiation) compares n Russian process de-
seribedd by TFilipov and Voronkov (12} with the usual American
procedures.  He lists the percentages of fats and waxcs, nitrogen, an
ash found in bleached fabries and gives a table of capillaritics or
absorbencies measured by the rate water ascends a strip of fabric
suspended vertieally so ithat & portion remains above the liquid.
Kuchinka (27) used Nodder’s alkali solubility number (23} to evaluate
demage to linens by alkaline hydrogen peroxide and pointed out that
the increase of the solubility number of colton celiulose, just as for
flax cellulose, is approximalely proportional to the sivength of the
degradation reactions which caused the increase.

A report by Hebden (14) of his investigntion “to determine what
constitutes » pood bleach from a chemical standpoint’” gives probably
the best pubTishod analyscs of cotlon cloth showing quantities of
residusl impurities as well as the quantities of impurities removed
during the bleaching operations. Hebden determined carbon,
hydrogen, oxygen, nitrogen (and protein}, and phosphorus contents;

# Italic numbers in parentheses refer to Literature Cited, p. 35,
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and the ether and aleohol extracts of gray goods and the saime materials
aiter o steep, first boil, second boil, chemie, and sour.  His date, pre-
sented in tabular form, showed progressive changes in the fabrics.

An anonymous article {1} in 1941 charts changes in tensile strengsh
of gray cloth at the following stages of manufacture: Desizeq, boiled
out, dyed, printed, and finished. No similar article listing compara-
tive chemical properties of fabrics as they pass through & modern
bleachery has been found.

CONSTITUENTS REMOVED

Each cotton fiber is a tubular ribbon-like cell, from 1,000 to 4,000
times as long as it measures in cross scetion, whose chemieal composi-
tion reflects its cellular nature. Although cellulose is its major
constituent, any of the substances commonly found in plant cells may
be expected to be present in af least small amounts,

Guthric and his coworkers * have assembled from the literature the
selected values for the composition of 8 typical cotton (table 1),

TasLe 1L—Composilion of iy pical mature colton fiber

Dry weight

Constituent " -
Typical! Iow | Hizh
i
Pereent | Percent | Percent
Celbulose_ .. oo 946! 880 ; 96,0
Protein (N> 6.25) . oo ... 1.3 11 | 1.9
Poctic substenees .. .. i.2 LT L2
Ash e e 2 .7 1
s . S . .4 1
Total sugars_ e
PNt e e
ObheT e

Of the constituents which it is desired to remove from fibers, yarns,
or fabries during bleaching, the most troublesome are the seed-coat
fragments and aborted secds, which the practical bleacher ealls
“motes.” These fragments often cling so tenaciously to the lint L
they vesist all mechanical cleansing and appear as dark brown or black
specks in the yarn or woven gray cloth.

Besides the troublesome natural constituents of cotton, other ma-
terials which bave been added by manufacturers for various purposes
must also be removed during Dieaching. Some manufacturers add
approximately 0.25 percent {weight basis) mincral oil in the opening
or in the pickers, in an cffort to reduce fly and dust, produee & cleaner
cavironment, increase flexibility in mill produetion, and prevent
breakage of the long, usable fibers. ‘The warp yarns almost always
contain e sizing put there to add abrasion resistance and strength and
thereby reduce the number of yarn breaks in the weaving operations.

1 Guruaig, J. D, Horrpavir, C. L., Steiner, [, T, and Sraxsareyr, M, F.
SURVEY QF THE CHEMICAL COMPOSITION OF COTIGN FIR ERS, COTTONSEED, PEANIES,

AND SWEETPOTATOES. A LITERATURE REVIEW, U 8. Bur, Agr, and Indus,
Cheta., AIC-61. 83 pp. 1944, [Mimeographed.]
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Tn cotton materials, this sizing is usually composed of starch and e
softening agent.

The usual enzyme steep and alkaline kier boil to which coiton
fabrics are subjected probably remeves all the sizing materials,
pectins, and protein residues, about 95 percent of the ash, about 70
percent of the wax, and almost all the “motes’” and pigmenis. The
removal of these materials is thought to be accomplished by 2 spponi-
fication and by an cmulsification. A very probable action (27) of
the proteins in the kier is to form amino acids that are responsible for
some of the cmulsification of those constituents that resst saponifica-
tion and which give the characteristic color and odor to the kier
liquors. The amino acids, moreover, appear to react with sodium
bypochlorite (20) and assist in the bleaching effect.

MILL PROCESSES

The 11 mill processes investigated represent common adaptations of
three general bleaching procedures: The enustic soda kier boil and
hypochlorite bleach; the caustic soda kier boil and peroxide Kier
bleach; and the continuous processes using hydrogen peroxide or
chlorite. These representative bleaching processes are classified and
described below.

Crass I: Caustic Sopa KiER Boin AND HypocaLoniTE BLEACH
{Processes Nos. 1-4)

The caustic sode kier boil and bypoehlorite bleach procedures
(fig. 1), developed empiricaily, consist of subjecting the materials to an

SINGE GUENCH-DESIZE STEEP WASH KIER BOIL  WASH GHEMIC  ATEEP

i I

mr——m|

WASH GPEN

Ficere 1.—Fiow sheet for 11}']§lochlorite bleaching. In the caustic soda kier beil
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 with
sodium hypochlorite at ordinary tempernture and pressure, which is
the true bleach, .

The kier, in general, consists of a cyliudrieal shell, with rounded
ends, having a capacity of 1 to 5 tons of cloth, equipped with a false
bottom, & manhole in the top, and a circulating system for the scouring
solutions, The cloth is loaded into the kier through the manhole,
chained in plece, 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 hypochlerite bleach consists of passing the cloth through the
solution containing sodium hypochlorite, squeczing out the excess, and
piling in & bin until the nascent oxygen liberated 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 pwrification demanded by the end use of
the fabrics. Tor instance, materials intended for dyeing may be
given an abbreviated process (No. 4),

Process No. 1

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

2. Wash without steeping.

3. Plait into the kier with automatic piler. Add the kier formula
(0.34 percent tetrasodium pyrophosphate, 8 pereent sodium hydroxide,
both eomputed on the weight of the goods), and sufficient water to
make 2 3 te 1 solution to cloth ratio® and boil for 8 hours (measured
from the time full pressure is reached) at 15 pounds’ pressure. The
kier remains filled well above the cloth during the boil,

4. Wash down in the kier and pull from the kier through a washer.

5. Bleach by passing through sodium hypechlorite (1.5° to 2°
Twad. or 1.875 pounds of chlorine per 1,000 pounds of cloth}, squeczing
to approximately 100 pereent retention and piling in a bin for 3 to 4
hours, ) .

6. Wash and pass through sulfuric acid (0.75° Twad. or 0.7 pereent).

7. Wash and transfer to the white bins.

Process No. 2

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

2. Pass through su!furic acid (2° Twad. or L.5-pereent) and wash
again, without steeping.

3. Plait into the kier with automatic piler. Neutralize excess acid
with sodium carbonate in the kier and hoil for 10 hours (approximately
8 bours after full pressure is reached) at 15 pounds’ pressure in 3.6
percent caustic soda {on weight of the goods) and enough water to
make a 3 to 1 (weight basis) solution to cloth ratio.

¢ Solution to cloth ratios are computed on the assumption that the eloth earries
its own waight of water into the kier.
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4.h Wash thoroughly in the kier and pull from the Lier through a
washer.
5. Bleach by passing through sodium hypochlorite (0.75° Twad.
or 1.875 pounds of chlorine per 1,000 pounds of cloth), squeszing to
aplproximately 100 pereent retention, and piling in a bin for about
1 hour.

6. Wash and antichlor with approximately 0.]1 percent sodium
bisulfite.

7. Wash and trensfer to the white bins.

Process No. 3

ﬁ. Singe, quench in hot water (near to boiling), and pile in bins for
4 hours.
2. Wash with cold water; squeeze to about 100 percont retenbion.

3. Plait into kier by hand, and boil for 12 to 14 hours (measured
from the time the lid goes on, or about 10 to 12 hours after full pressure
is reached), ab 28 to 30 pounds’ pressure in g kier solution made
according to the following formula: 3 percent ceustic soda, 1.5 percent
sodium silicate, 0.25 percent kier assistant (long-chain alcohol sulfnte),
all based on the weight of the eloth, and cnough water to make 8 3
to 1 {weight basis) solution to cloth ratio.

4. Drain the kier, wash down thoroughly in the kier, and pull from
the kier through & washer,

5. Bleach by passing through sodium hypochlorite, maintained at 1
gm, ol available chlorine per liter of solution, approximately 100
percent retention, and piling ia a bin for 0.5 hour.

6. Wash and pass through sulfuric and hydrochloric acid mixture
in 2 to 1 ratic {1° to 1.5° Twad. or 1.0 to 1.5 percend).

7. Wash and transfer to the white bins.

Process No. 4

1. Pass the gray cloth through a rope washer.

2. Treat with sulfurie acid {1.5° to 2° Twad., or 1.25 to 1.5 percent)
at 120° F,

3. Wash'with water containing sufficient caustic seda to neutralize
all acid present.

4. Plait into the kier with an automatic piler and boil for 10 hours
{measured from the time full pressure is reached) at 15 pounds’
pressure in a solution made according to the following formula: 3
percent caustic soda, 0.33 percent 8.T. Bolvent (one-haif pine oil and
one-haif sulfonated castor 0il}, both computed on-the weight of the
goods, and suflicient water to make a3 {o 1 {weight basis) solutien to
cloth ratio,

5. Drain the kier and wash down thoroughly in the kier,

G. Puil the cloth from the Xier through sulfuric acid (6.5° Twad.
or 0.5 pereent).

7. Neutralize with sodium carbonate and pass through a washer
into the white bins.




COMMERCIAL COTTON-BLEACHING PROCESSES ON FABRICS 7

Crass II; Caustic Sopa Kier BoiL anp Peroxipe Kisr BLEacH
{Processes Nos. 5-7)

The commercial production of concentrated hydrogen peroxide soln-
tions made possible their substitution for eslcium or sodium hypo-
chlerite in bleaching, Thus, suitable solutions of hydregen peroxide
can be rplrc;:»ared and circulated, at elevated temperatures, through
the 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-
gegqres are usually reserved for the lighter weight and better grade
abries.

The same equipment is used as for the caustic sode kier boil and
hypochlorite biezch {fig. 1).

Process No. 5

1, Wet with hot water, squecze.

2. Plait into kier, by hand, and heat 4 hours, &t 180° to 200° F. in
the following selution: 1.5 percent caustic soda, 0.625 percent sodium
silicate, 0,625 percent detergent (N-25-C or concentrated amines and
alkylaromatic sulfonates), and enough water to meke & 3 to 1 solution
to cloth ratio.

3. Drain, wash down thoreughly in the kier, and bleach for 8 hours
(measured from the time heating starts), at 130° to 200° F. with
I-volume hydrogen peroxide, buffered to pH 11, with sodium silicate
in & 8 to 1 ratio of solution to cleth,

4. Drain, wash down thoroughly in the kier, and pull from the kier
through o 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 and store in bins overnight (about 18 hours).

2. Pull from bins through & washer.

3. Wet with sulfurie acid {0.75° Twad. or 0.7 pereent) for 5 minutes.

4. Wash without steeping.

5, ‘Plais into the kier with an automatic piler. Add solution of the
following formula: 0.33 percent tetrasodium pyrophesphate, 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 pressurc is reached) at 15 pounds
pressure.

6. Wash down thoroughly in the Kkier and bleach in ratic of 2.7 to
1 selution io cloth, with 0.67-volume hydrogen peroxide, buffered
to approximately pH 11 with sodium silicate, for 4 hours (measured
from the time desired temperature is reached) at 180° . Drain off
the bleach solution and wash down in the kier.

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

1. Wet with 2- to 3-percent malt diastase solution at 146° F. and
pile in a bin for 2 to 3 hours. (The tempersture remains near 140°
during storage.) Wash after the steeping.

2. Plait inte the kier with an automatic piler and boil for 5 hours
(approximately 3 hours after full pressure 1s reached) at 15 pounds’
pressure in 2.5 percent caustic soda (o 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 the kier through sulfuric acid (2° Twad. or
1.5 percent) and & washer and plait into a sccond kier with an auto-
matic piler.

5, Neutralize excess acid with sedium 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 goeds) and cnough water to make a 3 to 1 solution to
cloth ratio.

6. Wash down thoroughly in the kie: and bleach 5 hours (epproxi-
mately 4 hours after the desired 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.

Crass 111: Covmixuots Bueacuixe {Processes Nos. 8-11)

The development of continuous blench processes materially short-
ened the time required for the fabrics to pass through the bleachery.
The fabries are singed, desized, and passed through the continuous
bleach unit (fig. 2), which consists of passing ﬁ’lem through the
caustic saturator, J-box (at approximately 200° F.}, washer, squeeze
rolls, hydrogen peroxide saturator, J-box (at approximately 180°),
and washer; and are then transferred to the white bins.

Continuous processes arc time-saving, give a continuous even
flow of fabrics from the gray room to the white bins; occupy less
floor spacc than the batch processes; and require fewer operators.
The equipment, however, is more costly and careful controls of all
opergtions are required.

Process No. 8

1. Pasa through sulfuric and bydrochloric acid mixture in 2 to 1
ratio {diluted to 1 to 1.5° Twad, or 1 to 1.5 percent), allowing 120
percent retantion {weight basis), and store in bin 2.5 hours.

9. Wash thoroughly to remove the acid.

3. Pass through saturator allowing 100 percent retention of caustic
solution (3 percent caustic soda, based on the weight of the goods).

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

5, Wash with cold water.

6. Pass through saturator, allowing 100 percent retention (weight
basis) of 1 volume hydrogen peroxide solution buffered to approx-
imately pH 11 with sodium silicete.
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SATURATOR J~BOX WASHER SATURATOR

7

N

WASHER

F1ourEk 2.—Flow sheet for continucus bleaching, In one of the two commereially
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 stecp 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 reicntion
(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 allowing 100 percent retention
olli 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.

TEI500°—47T——2
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Process No. 10

1. Pass through sulfuric and hydmch{oric acid mixture n 2 to 1
ratio (diluted to 1° to 1.5° Twad. or 1 to 1.5 percent), allowing 120
percent retention (weight basis), and store in o bin 45 minuécs.

2. Wash thoroughly to remove the acid.

3. Pass through saturator where cloth retains 100 percent (weight
basis) of 1 volume hydrogen peroxide buffered to spproximately
pH 11 with sodium silicate.

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

5. Wash with cold water.

6. Pass through saturator conteining hydrogen peroxide, prepared
according to the formula used in step 3.

7. Pass through steam saturator and stecp in J-box at 180°-203°
F. for 1 hour.

8. Wash thoroughly and transfer to the whiie bins.

Process No. 11

1. Puss the gray cloth through sulfuric acid (2° Twad. or 1.5 per-
cont} at 95° F.

2. Wash with cold water.

3. Pass through caustic saturator, 4.5 percent caustic soda, approxi-
mately 100 percent retention,

4. Pass through steam saturator and steep in J-box for 1 hour and
23 minutes at 180° F.

5. Wash in cold water.

6. Pass through saturator permiiting 100 percent retention of
combined sodium hypochlorite (NaClO} and chlorite (NaClO,}
solution containing 0.71 gm. of available chlorine per liter, pt 9.8,

7. Pass through stream saturator and steep in J-box at 160°-1707
F. for 1 hour and 20 mnutes®

8. Wash and transfer to the white bins.

MATERIALS

The two cotten fabries used for this investigation are deseribed
as follows:

(1) A gray premium quelity print cloth, 38.5 inches wide, having
64 warp and 56 filling yarns to the inch, and weighing 2.76 ounces
per square yard, or 5.80 square yards per pound.

(2) A gray broadcioth, 38.5 inches wide, having 136 warp and 64
filling yarns to the inch, and weighing 4.12 ounces per square yard,
or 3.88 square yards per pound.

Print ciotl: was used for processes Nos. 1 1o 6, and 8 to 11, inclusive.
A 62-yard picce was used for cach process. The first 2 yards was
held as a conirol and the balance {60 yards) was then sewed into the

¢ Owing to unavoidable eircumstances, the chlorite mannfacturer’s recom-
mended proeedure was nob followed. “T'he results ohtained therefore do nat
prejudice use of the material.  When fime permits, this part of the work will
be repegted aceording to manufacturer’s recommentded procedure and the resulis
reported.




COMMERCIAL COTTON-BLEACHING PROCESSES ON FABRICS

11

middle of a lot of cloth just before tho lot was put through cnch of
the ten processes included. Samples approximately 12 yards long
were taken after cach of the principal operations.

Broadcloth was used for process No. 7. A 14-yard picco was used.
Two yards were held as a eontrol end the balance was sowed into

the center of a lot of broadeloth just before ib was processed.

Smnplos

approximately 2 yards long were taken after each of the principsal
operations.
Detailed identification of all samples is given in table 2.

TaBLE 2.— Delailed identification of fabric samples for analysis

Sa{n—
e
Ko,

Prae-
essl
No.

Tuaken after oper-
ation No.

T'reatmoents

738
539
540
541
H42

643
546
347
548
549

30

587
588
589
500
a8l

559

HG0
561
5R2
563

564

552
553
and
555

556

506
507
568
H0%
570

607
613
614
615

Loty

o

o

[~ imglher o ]

B BRI EG et e

Conirol__, ...
2]

Conlrol._.... .

. SR,

S

(T

: ?‘ontmi ..

1
4
4
4|
4!
4
5
5
>

[+

! Conitrol

T

[ -

Controb. .- ...
L

Comlrole e omo

3.. -
4

Nono.,

Sour.

Saur, kier boil,

Sour, kier boil, hiypochlorite bleach, air dry.

Same sy 541 but given water mangle and dry
cang,

Noene,

Desize {onzymo).

Desize, sour.

Desive, sour, kier hoil

Nesize, sour, kior boil, hypochiorite bleach,
air dry,

Same ns 549 but given water mangle and dry
cAnS,

None,

RKingre,

1 Singe, kier boil, .
¢ Ringe, kier hoi), hypochiorite bieach, air dry.

Same as 590 bul given water mangle and dry
cRny.

None.

Wash,

Wash, sour.

Wash, sour, kier boil,

Wash, sour, kier heil, sour, sadium carbonnie,
air dry,

Bame ag 563 but given water mangle and dry
cnns,

None,

Hot water,

¢ Hot water nid peroxide kier bleach,
b 1ial water, peroxide kier bleach, sonp wash, air

dry,

Sume as 555 but given waler mangie and dry
cuny,

Nane,

Steep.

Hieep, sour.

Steep, sour, peroside kier bleaeh, air dry.

Same ng 569 but given water wangle and dry
RNR,

Nona,

Desize (Enzyme).

Desize, kier hoil.

Tresize, kier hoil, sour.

1 Sew texi for delaited deseriplion of ihese proceszes.
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TasLe 2.~ Detailed identification of fabric samples for analysis—Con.

Saﬁ;- T:;gc:- Taken after oper- Treatments

e | i ation No.

616 7 Desize, kier boil, sour, kier hoil, air dry.

617 7 Same as 1€ but piven water mangic and dry
cans.

580 3 None.

581 8 Sour (2¥ hours),

582 8 Sour, caustic steep.

583 B Sour, caustio steep, peraxide steep, air dry.

584 8 Same 13 583 but given water mangle and dry
cans.

602 9 Noze.

603 9 Sour.

804 9 Sour, enustic steep. _

605 9 Sour, eaustic steep, peroxide steep, air drvy.

606 9 Same as 605 but givea water mangle and dry
eans.

594 10 None.

585 i0 Sour,

595 10 Sour, peroxide steep. .

597 10 Sour, peroxide sicep, peroxide steep, air dry.

508 10 Same os 597 but given water mangle and dry
gans.

573 i1 None.

574 11 Sour.

575 1 Sour, eaustie steep.

576 11 Sour, caustic steep, chlorite steep, air dry.

577 11 Same as 576 bub given water wangle and dry
caas.

t See text for detailed deseription of these processes,

METHODS OF EVALUATING FABRICS

A comparison of the analyses of the gray goods with samples of the
snme fnbries 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 information must be supplemented by measures of the
changes which have occurred in $he fabrics, tho degree of whiteness
produced, snd the resulting nbsorbabilit%r.

The residual magerials of any particular sample may be measured
by its moisture content, aleohol solubility, and wax, ash, and cellulose
contents. 'These valucs are usually expressed ns a perceatage of the
oven-dry weight of sample. Fabric ehanges are measured by thread
counts, .weights per square yard, or square yards per pound, thick-
nesses, breaking strengths, and finiditics of the cellulose in cupram-
monium hydroxide.?

? Copper numbers, methylene blue absorption, and nitrate viscosity, or fluidity
jndicate the nature of degradation rather than its extent. These measurements
have therefore been emitted from the analyses of the proeessed f{abries in this
investigation,
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The degree of whitenass, measured in 1CI (International Commis-
sion on Iﬁumination) units, is compared to magnesiutn oxide white,
Absorbability is measured by the “drop-square” and capillary rise
methods,

REestpust MATERIALS

All samples. were dried so that they contained considerably lTess
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. and 065 pevcent relative humidity
(%) after conditioning overnight. The samples were dried to constant
weight in an air oven at 105°41° C.  Regains were calculated from
moisture data,

Alcohol solubility is the pereentage (on dry weight of sample) of
extractives obtained after 6 hours’ Soxhlet extraction of 5-gm, samples.
The extracts were transferred, while still hot (above 55° C.), to 100-m),
beakers, and dried by keating in an air oven at 105°+1° C. for 30
mintites, cooled in a desiceator, and weighed. This beating and weigh-
ing was repeated until two successive weighings agreed within 1.0 mg,

The amount of wax present in the cloth was determined by the
Conrad method (9), excopt that 100 ml, of distilled water was used in
the separatory funnels instead of the 75 ml. specified—since, with
this quantity of water, phase scparations oceur more readily. The
Conrad technique was chosen because it has been found to be more
eflicient than any other method (29) tried for extraction of waxy
materials from cottons,

The ash content of the cloth was determined by the method of
Fargher and Probert (11). Tive-gram samples in silica dishes were
heated to 750° C. in o muffle furnace cquipped with thermostatic
control and were maintained at that temperature for 2 hours. The
crucibles were cooled first to approximately 400° C. in the muffle
furnace, and finally in a desiceator over caleium ehloride, and weighed,

Cellulose contents were determined by web oxidation with acid-
dichromato solutions, described by Kottering and Conrud (18), after
the monoethenolamine extraction recommended by Reid, Nelson,
and Aronovsky (24).

Fapric CHANGES

Thread counts are counts of the “fends” and “picks” per inch, mado
with a Suter pick ecounter equipped with a broad-field lens and travol-
ing needle. Each recorded value is the average of 10 counts mado
according to the procodure recommended by A, 8, T. M. (American
Society for Testing Materinls) (3).

Shrinkage was computed from the change in the number of yarns
per inch using the formula:

i ] -
Percent sh l'illlmgc:[l .00_—(1]:;,? X T,O)JX 100

where W is the warp thread count of the control-
Wis the warp thread count of the sample
Fo is the filling thread count of the control
Fis the fiiling thread count of the sample.

A minus shrinkage represents an increase in yardago.
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Weights per square yard or square yards per pound were determined
by measuring a picece of cach sample and weighing it under standard
conditions (5) and computing the values by the method outlined in
the A, . T. M. procedure (3). .

Thicknesses were measured with 8 dead-weighted-type gage
equipped with g dial and presser foot to meet A. S. T. M. specifice-
tions (4). Each recorded figuve is the average of 10 readings taken
by the A. S. T. M. method *).

Breaking strengths were made by the ravelled-strip method (3).
Strips were cut 8 inches long by 1.25 inches wide, ravelled to 1 inch
(determined by counting the threads), and broken on a pendulum-
type Scott tester, between 3-inch jaws set 3 inches apart, the lower
jaw traveling downward ab the rate of 12 inches per minute. Hach
recorded figure is the average of 10 determinations.

Tluidity in euprammeonium hydroxide was measured by using the
Coarad velocity gradient technique (8). The cuprammonium hydrox-
ide was stored at approximately 40° F., the viscometers were filled,
the cotten dissolved amd time of flow readings were taken at constant
tempergturc in an atmosphere of nitrogen. The results were computed
on the basis of cellulose content and Interpolated logarithmically to
& mean velocity gradient of 500 rcciprocal seconds (500 sec. =) for
comparison.

Decree oF WHITENESS

The degree of whiteness was measured on the Hunter reflectometer
(16). 'This instrument, sensitive enough to differentiate samples
visually identical, employs a null method and & galvanometer to indi-
cate equality of currents generated by two photocells which are acti-
vated by the light beams, one from the sample and the other from the
light source. Photometric adjustments are measured on direct-reading
scales. The method outlined by Nationel Bureau of Standards Cir-
cular C429 (17), measures apparent reflectance as a function of wave
length in the IC1 trichromatic coefficients of the spectrum by the use
of filters calibrated with magnesium oxide. A whiteness of 1.00 is
puie magnesium oxide white, which has a corresponding zero
yellowness.

ABSORBABILITY

The degrec of absorbability was measured by the time-honored
“drop-square test”? (13), (¢6) as well as by the Weirick capillary rise
method (26), (29). The drop-square test consisted of dropping a
9. X 2-inch square of the fabric on the surface of distilled water from
a Dbeight of 1.5 inches and measuring with a stop watch the time
required to sink. Each rccorded figure is the average of 5 or more
determinations. The eapillary rise method consisted in measuring the
height to which water rises in 10 minutes in a 1-inch strip hung ver-
tically so that the end is immersed in the water. Readings were teken
with & stop wateh by the aid of 2 fluerescent light hung behind the
sample. The cosin dye was unnecessary with the powerful fluores-
cent light.  Warp and filling strips were measured, and, in each ease,
the average of 5 determinations is reported.
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DISCUSSION OF RESULTS

The results will be discussed from the standpoint of residual mate-
rials in the fabrics, fabric changes produced, the resulting whitenesses,
and accompanying absorbabilibies.

REsIDUAL MATERIALS

Data from analyses for residual materials are shown in tables 3 to
5 and summarized in table 6.

TaBLE 3.—Residual materials found wn fabric samples taken after
pg'ogrhessive operations of the caustic sode kier boil and hypochlorite
Dieac

Description

Sample No.
Moisture
Aleohol-
saluble
material?
Cellulose !

Process No. 1;

538 Control

539 Gray sour

540 Gray sour, kier boil

541 Same plus hypoehlorite bleach,

sour, air-dried

542 Same as 541 hut given water
mangle and dry cans

Process No. 2:

545

- 546 Desize, wash

547 Desize, wash, sour, wash..__.___

548 BSame plus kier boil, wash

549 Same plus hypochlorite bleach,

sir-dried

560 Same as 549 buf pgiven water
mangle and dry cans

Process No. 3:

587

588 Singe, quench, wash

589 Singe, quench, wash, kler boil,

wash

590 Same plus hypochlorite bleach,

sour, wash, air-dried

591 Same as 590 but given water
mangle and dry cans

Process No. 4 (no bleach):

559 . B¢ L9 . .

560 Water wash . . . . 80

561 Water wash, sour, wash_________| 7. . . . 68

562 Bame plus kier bhoil, washed in 02

563 SBame plus sour, sodium carbo-
nate, air-dricd , . . .07
5064 Same as 563 hut given water |
mangle and dry cans 1o . . LT | 99

1 The values dre based on oven-dry weighis of the fabrics. Wax is part of the
alcohol-soluble materials,
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TasLe 4.—Residual materials found in febric samples taken after

rogressive operations of the caustic sede kier boil peroxide kier
feach process
A 2 S E L)
L) e g 2 “og S
o Deseription 2 lomui a - =
= B [T~ L =
3 S (=eFfl 3 | 4 %
[#5] P A = B (&)
Per- | Per- | Per- | Per- | Per-
Process No. 5: cent | cent | ceni | cent | cend
532 Control e e 6,901 197 10.9911.22) 92.04
553 Hot water, cold water dip_..____ 746 0 162 Lol .90 | 90 62
554 Hot water, cold water dip, per-
oxide kier bleaeh. .. .. ... 6.92 1 1.02] .8 .42 |98 06
555 Same plus scap wash, water
wash, air-dried. . .o vy 6. 51 .78 . 69 .24 1 07. 25
556 Same as 555 buf given water
mangle and dry eans. .- 6.06) .8 .77] .28 97 34
Process No, 6:
566 Contralo oo\ - 6.85 1 3. 04 ] 1.00 ] 1.26 | 92 11
567 Steepaoccuono-oo e aemmm———— 6,75 1.65} 1.06 .36 | 95. 81
568 Steep, gray sour, wash.____._--- 6.76 ) L10] .04 .14 96 10
569 Same plus peroxide kier bleach,
air-dried_ .. o aiooaaoooo 6.55}f .361{ .30 .13 4 9958
70 Same as 569 but given ater
mangle and dry cans_ ... .- 6.10| .36] .36 .10} 99, 34
Process No. 7:
607 Control e 7.08 ] 2.05] 132 .74 195370
513 Desize, wash. oo oo oooo 6.68 7 L74 | 141 .24 1 95 53
Gid Dosize, wash, kier bofl___._._._ 650, .83 .76 .16} 97.76
615 Desize, wash, kier beil, sour,
JE T 1. WV 6,72 .44] .49 .04 97. 85
616 Samc as §15 and kier boil, per-
oxide kier bleneh, wash, air-
dried . o e e 6.67| .26 .26 | .05 08 34
617 Same as 616 but given water
mangle and dry eans, . _____.. 5 85 42 .34 .12 | 97.866

t The values arce besed on the oven-dry weights of the fabries.

the

alcoliol-soluble materials.

Wax is part of
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TaBLE 5.—Residual materials found in fabric samples taken
progressive operations of the continuous-bleack processes

Description

Sample No.
Moisture
Aleohol-
soluble
materjal?
Cellulose

Process No. 8: Prreent | Percent

g 94 | 1. & .14 | 91, 84

Sour (2.5 hours in seid), wash . ___| 6, .36 | 92,42

Bour, wash, caustic, steam, J-box,

wash .79 | .40 | 98,

Same plus peroxide, steam, J-

2ox, wash, sir-dried . .15 98

Same 83 583 but given water

mavgle end dry cans .60 |..12 | 98

Process No. 9:

.03 00 1227 807

Sour, wash . 40 . G0 92. 15

Sour, wash, ecaustie, saturator,

steam, J-hox, wash .72 .86 | .68 .06 ] 08

Same plus peroside saturator,

steam, J-box, wash, air-dried.__| 6,58 ] .45 .3s8| .06l 9%

Bame as 605 but given waler

mangle and dry cans .42 | .46 .36 .06} 98
Process No. 10:

.04 | 1901 1,60 91

Sour (43 minutesinacid) wash_ . 7. 13| 18 | 1. (17 . o1,
Sour, wash, peroxide, steam, J-
box, wash .19 .76 .82 .20 97

Same plus second peroxide,
steam, J-box, air-dried L 06 | .54 .52 .22 96

Same as 397 but given water
mangle and dry cans 5. 96| .557 .581 .18} 98
Proeess No. 11:
Control . 89 .92 .4 92,

. 52 .28 .02 .28 1 93

. 97 . 46 .41 .02 7 98

Sour, caustic, J-box, chemie,
d-box, air-dried .86 .42 .38 .05 98
Bame as 5768 but given water
mangie and dry eans .68 | .44 .36 .04 98 20

! The values are based on the oven-dry weights of the fabries. Wax is part of
the alcchol-soluble materials.

THVOH - 4T ——8
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TABLE 6.—Summary of analyses of print cloth saemples for residual
materials after the various steps of three methods of bleaching

Mois-
Aleo- Other
from . Celtu- lterial
solu- ellu- teriaix
Treatraent st-::aél- ble | Wax !l Asht| Fion by dif-
odmon |, 2% L e
phere [FeTia 5
Hypochicrite bleach: {(Processes
1-4): PercentiPercentt Percent| Percent{ Percenl [Pereent
Control ..o oo 6.8211.98 1102|1271 91.22 ] 553
Desized. o ocvonoooo oo 7.53 111671 L9081 .25 9312 b5 47
Kier boiled_ .. ... ..___ 692 .48 .45 .22 ] 9825 105
Bleached. ... ... ..._.._ 6.5¢4 | .89 .36 .03 95.93 .65
Peroxide kier bleach (Processes 5-7):
Control ... 6881 .98 | 1.G0 1 1.24 ] 92.08) 47O
Desized . .. __._.._. 7103 L.57 1 106561 .63} 9321 459
Bleacked . ..o one 6.12| .58 .36 .19| 98 34 .68
Contingous bleach {Processes
g1l
Contérol___ . .... 6.97 11.97T1 1.63 | 1L 21 91, 36 5. 48
Desized_ e 7.14 1 1,17 1 1LO2 | .40 92,15 6. 28
First steep_ - oo __ 6. 36 . 88 .76 .25 98. 40 .47
Bleached oo oo 6,151 .35 | .51 .13 9866 .68
Average:
Control e 6.8% ] 1.08 1 1.02 | 124} 9162 6533
Desized . .l 7.2811.32]1.06 .43 92. 91 5. 38
Bleached .. ooe oo 6.28; .51) .464§ .13 98.66 .67
¢

1 The values are based on the oven-dry weights of the fabries. Wax is part of
the alechol-solabie materials,

Aoisture content.—The moisture content of fibers is influenced by
the amounts of extrancous materials present; the amount of expesed
fiber surfaces; the number, size, and shape of fiber capillaries or inter-
miseelar spaces; and by the previous history of moisture relations of
the fibers. Moisture conient is also obviously influenced by the
temperature and relative humidity of the surrounding atmosphere;
but ir 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, therefore, indicate differences in fibers or fabries.

Treatmenis vsed to wet out the fabries or remove the warp sizing
{table 7) inereased moisture content exeept in provesses Nos. 6 and 7,
Moreover, the increases were too large to be attributed to Huctuations
in temperature, relative humidity, or other inaccuracies in the analyses.
1t appears probable that a combination of phenomena acting simulta-
neously, rather than the action of any one phenomenon, so altered
the fibers that changed moisture affinities resulted.
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TasLe 7.—Effect of wetiing, souring, or desizing treatments on moisture
and waz contents of fabrics

’ Moaisture Wax
Proe-
esg Treatment
No. Con- | De- | Con-! De-
trol | sized | trol | sized
Per- | Per- | Per- | Per-
cent | cent | ceni | cent
14 Gray sour (eoldy_ ... ____ _______ .76 | 7.66 ) .00 | 1.10
2 i Malit dinstase, 2-3 pereent, M0°TF__._____.] 6. 8¢ | 7.36 | 1.03 1. 28
3 © Binge, quench, and pite in bin.____________ 6.86 i V.65 ] .02 102
4 ; Gray sour, cold water dip, and squeeze_____ 6.8 1764 102 138
&1 Hot water dip.. oo _________.___ 8,90 | 7.46 | .99 1. 84
6 1 Hot water dip; pile in bin 18 hours________ 6.85 67 | LOD) 1,06
7 | Malt dinstase, 2-3 percent, 140° F__. .. ___! 708 1 6.68 1 1,32 141
8| Gravsour (25 hoursinaeid) . .__________:6.8 1688 1.08 1. 02
9 Acid dip and cold water dip. ... _______ . 7.02 ; 7.40 ] 1.00 1. 00
19 : Gray sour (0,75 bowr inaeid). .o ____. 7048 713 L OO0 1.05
3! I Gray sour, 95° F., cold water wash..______ 6.8  7.52 L4 1. 02
1

Alcokol solubility and waz anclyses.—Beeause of the exceptional
power of alcohol to remove a variety of constituents from cotton,
including the waxes, sugars, nitrogeneous or protein residues, and a
large part of the mineral saits, a reduction in alcohol solubility indicates
better purification.

Wax analyses perbaps provide the best indieation of the effective-
ness of purification ireatments. Cotton contains a considerables
number of true waxes and resins which resist saponification se strongly
that removal is difficult if not impossible.

Based on results obtained in analyzing fabrics for alcohol-soluble
materinls and wax (table 6) the caustic soda kier boil and hypochlorite
bleach process is superior to cither the caustic soda kier boil and perox-
ide kicr bleach or the continuous processes.

The wetting-out and desizing treatments (table 7) appreciably
increased wax content in processes Nos. 2 and 7; and reduced it in
only onc process, No. 11—so slightly, however, that the reduction
cannot be considered signifieant.  Nalt dinstase, used as the desizing
agent in both cases, apparently deposits a small amount of wax on
the fabrics. In processes Nos. 5 and 6, a slight apparent increase in
wax content after hot water treatments probably was due to the use
of hard water (table 8) and is not significant.
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Panne 8.-—1Iffect of soft and lard waler, washer type, and kier or bleach assistant on wax removal from commcrcwlly bleached
fabrics

e i e i i AL T e R e s SN

03

Wax content basced.on oven- .
dry weight

Type of water | Type of rope washer XKier or bleach assistants
‘ ' ; Bleachied,| Bleached,

Control air can

dried dried

) Percent | Percent | Percenl

12-strand tight. o ium | ) . 1. 0. 42 0. 42
12-strand loose._. ... : .28 .28
§-strand loose. Sodium silicate, long chain alcohol sulfate .43 4(‘
24-strand tight._.__.] Pinc oil-suifonated castor oil .34
8-strand loose Sodium silicate, amings and alkylaryl aromgtic sulfates._. . 69
12-strand tight Tetrasodium pyrophosphate . 30
12-strand loose
8-strand loose 1
24-strand tight Sodium silieate. ... ooneouis e —— -
8-strand foose Sodium silicate.

24-strand tlght

1
2
3
4
5
6
7
8
9

—
=

b bk o P ok ek ot ek

L ont yut autt St o SR St 2k

o
-
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Wax contents of the bleached fabrics were higher than expected
from data in the literature (8, 7, 22). The comparisons in table 8
leave little doubt that high wax values are associated with fallty
washing procedures together with the use of hard water subsequent
to kier beiling. 'The four processes using soft water reduced the wax
content of the fabries more than did any process using hard water.
Moreover, the addition of pine oil and sulfonated castor oil {process
No. 4) failed to reduce the wax content below that found when no
detergent or other assistant was added at any stage in the process.
The highest wax values were found when S-strand washers were used
These considerations suggest rather stron%ly that soft water and
eflicient washing procedures were responsible for removal of all byt
small quantities of residual wax.

Ash.—Ash determinations which measure residual mineral matter
afford a good means of judging kier boiling and bleaching cfficiency.
In none of the processes is the ash content of bleached fabrics exces-
sively high. The ash content data (table 6} show caustic soda kier
boil and hypochlorite bleach to be again 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 celculating
Buidities of cellulose in cuprammonium hydroxide, cellulose content
gives o measure of tho effectivencss of purification treatments, a
high content indicating small quarntities of residual extrancous ma-
terials.  The cellulose contents found show good purification in all
processes (table 6). When judged by these values, the caustic soda
kier boil and hypochlorite bleach is superior to either of the other
two bleaching procedures.

Fapric CrasNGES

Data from analyses which show the changes in the fabries that take
place during bleaching are shown in tables 8 to 11 and summarized in
table 12,
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TaBLE 9.~ Chunges found in fabric samples taken after pro [Ircsswc operations in the caustic sode ker borl and hypochlorie
bleach

)1.

Yarns per Breaking {;,flém?,tﬁ (3
inch strength strcngtﬁ

Description

Fluidity:
C=0.5gm per 100

3_1_11

Thickness
G =500 sec,—!?

Shrinkage
56. filling
yarns

(

SUALTADINOY J0 "LdFA 'S "0 ‘TF6 "ON NILITIAL TVOINHOLL

|
!

! Sample No:

Ounces | Square
per yards
square |

Percent] Pounds | Pounds | Pounds {Pounds | Inches
46. 7 27. 4 46. 7 27.4 ;0. 0104
L0117
. 0120

. 0116
. 0102
. 0107
. 0121
. 0121
. 0123
. 0122
. 0105

. 0105 1|
. 0116

Process No, 1:
ComTol.  cviimmvecmiccmm e j 7
Giruy sour 35 i 4. 04 45.°1 259§ 44.4 25. 1

Gray sour, Kier boil oooee o4 T 14181 5081 27.7| 45.2| 26

Same plus hy pochlorite bleach, -
sour, air-dried. . - .. .. 4181 45.71 25.8{ 40.61 24.
Saine as: 541 but given water )
mingle and dry eans . 6 1 5.56 | 47 206.2 | 44.
Process No, 23 )
‘ Coritrol . . e 5 46. 27. 4
Desize, wash (.o oo o 3.22 1 43.4 23. 4 d‘).
l)csuc wash, sour, wash. . it 9111, 96 42 24, 6
Same plux kier bml wash. ., 18,17 26.9 { 45
Same pius hy pochlurlto bleach, -
air-dried. . 5Hé .97 | 47, 26,9 | 43.

Same as 549 Dut },,l\'ell " water
L. mangle and-dry cans .. .o ) T S 25.0| 44.

Process No. 3:
Control. . iz 48. - 27.31 48

R TR R L
£

Singe, queneh, wash. ... .17 | 60. 26.5 | - 45

b
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Binge, quench, wash, kier boil,

Same plus hypochlorite bluu,h
sour, wash, mr-drud.-__--.-
Same as 590 but given water
mangle and dry eans, ...
Process No, 4 (no bleacl)
Control. . coilin v simanl
Wash . o i e diamiwnin
Wash, sour, wash_. «... ... .|
Same plus Kier boil, washed in

Sume plus sour, sodium car-
honate, airdried..ooon. oo
Same as 563 but given water
mangle and drycans, .. ...

to a velocity gradient (G) of 500 reciprocal seconds (500 sec. —1),

— ot

72
73
72
63

68
70

73 1

74
76

18. 40
18. 18
12. 67

0
8. 98

10. 00 |

16. 68
17. 81
15. 60

53.

S W

(]

we D O3

24, 4
22.6
23.2
25.0
25. 6
25.1
23.9
25.9
24.2

37.2
38.8
40. 5
46.9
45. 2
40.0
40.7
44. 2

43.9

21:1

22. 4

22. 8
25.0
25.2
25. 1
23.1
25.0
24. 6

. 0120
. 0116
. 0112
. 0105
.0116
. 0117
. 0121
. 0121

. 0112

2. 59
2. 67
2.55
2. 74
2,83
2. 65

2,62

2.64

2.54

6. 18
5. 99
6. 27

5. 84

5. 65
6. 04

6. 11

6.06

6.30

3.04
7.00
7.17
2. 14
2.33
2.53

3. 14

3. 11
3.19

1 Flul('ity ala (,oncuntmtxon (C) of 0 5 gram of cellul()be per 100 miililiters of cuprammonium hydroxide solution and the values adjusied

€C s018EgVd NO $ASSEOOUJ ONTHOVA'TE-NOLLOD TVIDHAITIVOD




.

Tasui 10---Changes found in fabric samples taken after progressive operations of the caustic soda kier boil and perozide
kier bleach processas

),

Adjusted
breaking
strength

Yarns per Breaking
inch strength

Deseription ‘Weight

500 sec.—1

C=0.5 gm. per 100

Shrinkage

56 filling
yarns

Thickness

131

G

Filling

(

EHAIINDINOY Jd0 'IdEd 'S *0 ‘176 'ON NILETING TVOINHOAL ¥§

Qunces | Square

: per yarda

" ) . square

: [’r(w(ﬁﬂ H Percent| Pounds | Pounds | Pounds | Pounds | Inch yurd
0

=
el
Q
%

77
91

71

47.2 | 26.5} 7.2 26.5
Hot, water and cold watler dip D 9,13 409.91 27.41 47.0 26. 5

Hot water and cold water dip,
peroxide bleaeh. ... ... 11,72 4161 24,4 380 23.6

Same plus soap wash, w ater :

W sy, mr—drwd . . 38 ] i 0.13 ] 38871} 24.2 | 306.4
Same s 555 but ;,n'on water
minngle and dry eans. ... 518571 40.8| 243 3
Proceas No. 6t
Comtrol. i s nannan —— % ) 0 - 46.2 | 27.5 .2
Steep it 57 110. < 43.01 22831 39.3
\!evp gray sour, \\ash . 3¢ 43. 8 24. 1 38. 9
Sarive plus permxdc kier bles uh
airadried oL o0l | 08 {14, ¢ 50.8 1 26.7

sSame as 509 but given water
mangle and (dry cans 54 |10. £ 26.4
Process No. 7t
CONETO e o e w s e 36 M 10 79.3 33.0
Desize, wash., o oo wiwans 3 } 2. 76.0| 33.6
I)muc wash, kier boil 35 | 4. 2 34.7

PPN N RPN

{ —

QIS N NN
pRe & S oo




615 Desize, wash, kier boil, sour,
wash._ o .o oo _oooo ~--| 140
616 Same as 615 plus second kier
boil, peroxide, bleach; wash,
. air-dried..____ . . ___._. 141
617 Same as 616, but given water
) mangle and dry cans..___.. 141

671721 79.4 { 34.4 [377.1{%32.8| .0125| 3.79| 4,22

67 (7.8 | 80.5| 41.2|277.71239.3| .0120| 3.77 | 424

59 |—4.63] 82.9

35.4

280.0

238.4

. 0091

3.57| 448
-

2.50

3.98
4.17

1 Fluidity at a concentration (C) of 0.5 gram of cellulose

to a velocity gradient (6) of 500 reciprocal seconds (500 see.—1),
2 Adjusted to 136 warp and 64 filling yarns to the inch.

per-100 milliliters of cuprammonium hydroxide solution and the values adjusted

SOTHEVA NO SESSIO0Nd HNIHOVIATI-NOLLOD IVIOHAWNOD
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Pasre 11.—Changes found in fabric samples taken after progressive operations of the continuous-bleach process

-

)

Adjusted
breaking
strength

Yarns per Breaking
inch strength

Description

500 sec.—!

Fluidity:
C=0.5gm. per 100

_191.
G

Shrinkage
56 filling
yarns
Thickness

(

Sample No.
EUALINDTEOV J0 “IIEA S *A ‘1%6 "ON NILITIAL TVOINHOAL 93

Ounces | Square
per yards
square | per

Process No. 8: Percent| Pounds | Pounds | Pounds | Pounds | Inches yard | pound
Control.. 0 44.5 ] 24.4) 44.5 24.4 10,0104 ] 274 5.84
Sour (2.5 hours in acid) wash._. 1.76.| 47.2| 23.9| 43.8] 227 .o0115| 2.85| 5.61

Seur, wash, eauslic, steam, J- .

hox, wash.. .ic i diaann i 15.631 412! 239 3.6 227} .0118| 2.76] 5.80

- 8ame plus hydrogen peroxide,

steam, J-box, wash, air-dried. p 14.44 | 42,4} 24.0 332 228 .0118 264 6.06:

Same as 583 but given water :

mangle and dry cans 0.86| 43.3| 22.8| 30.0| 22.8| .01i4 | 2.54| 6.30

Process No. 9:
0 47.8 | 25.9| 47.8| 25.9| .0106| 2.781 5.76
Sour, wash . .l oo luiaian 9.13 46.1 27.1 43.4 1 26.21{ .0119 2.83 ] 5.65
Sour, wash, caustic saturator, | - .
steain; Jobox, wash. .., ... .. 12233 42,51 247 87.3] 247 | .0119) 263! 6. 08
Same plus hydrogen peroxide
saturator,  steam,  J-box,
wash, air-dried 15031 50.8| 25.5| 43.9] 250 .01191 262 | 6.11
Same as 605 but given water ]
mangle and dry. cans 13121 527 ] 24.81 450 252| .0115| 2.64| 6.06
Process No. 10: !
Control 5 10 46,9 28.0| 46,91 2801 .0108+1 £.721 5.88




Sour (45 minutes in acid) wash_ 69 11..96 48 4 26. 4 44. 9 3 .0118 2. 82 5. 67 2.16
Sour, wash, hydrogen peroxide :
satumuor steam, J-box,
70 11.72 | 42,2 246 386 . L0115 | 274 | 584 3.92
Same plus second hydrogen
peroxide. saturator, steam, :
J-box, wash, air-dried 71 14.44 ) 44.5( 258) 40.1 1 24 5] .0L18 | 2.60] 6.15 3.32
Same as 597 but given water
mangle and dry cans 72 12.67 1 45.4( 228 40.4( 224 .0117] 2,53} 6.32 4.01
Process No, 11: :
Control 64 0 47.0 1 2611 -47.0] 261} .0106| 2.75} 5. 83 2.26
68 10.67 | 45.9 | 26,4 43.2 | 251 | .0117| 2.82{ 5.67 2. 42
Sour, caustlc, J-box, iash,

axr—dr) 73 15.36 § 51.7 | 25.0| 453 241 .0118| 2.84| 5.63 2.98
Sour, -caustie, J-box, chiorite
and sodium ‘hy pochlorlte, ) .
J-box, air-dried 73 15.86 | 45.5] 23.83] 39.9( 225 .0114{ 2.71 5. 90 12. 4 -
Same ag 576 but given wafer ‘
mangle and dr) cans 72 5519.421 450 19.7{ 40.6. 20.1{ .0106{ 2 551 627 11, 4

! Fluidity at a concentration (C) of 0.5 gram of cellulose per 100 mllhhters of euprammonium hydroxide solution and the values
adjusted {o a velocity gradient (G) of 500 r(_cxprocal seconds (500 see.—1).
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TaBLE 12.—Summary of analyses of print cloths which show fabric changes caused by three methods of bleaching

Treatment

Adjusted break-
ing strength

64 warp | 56 filling
yarns yarns

Fluidity:
C=0.5 gm.
per 100.ml. \1

G=500

sec.~—!

.Reﬁectance

White-
ness

Yellow-
ness

Hypoch]oritie bleach (Processes Nos. 1-4):
t

Bleached
Continuous bleach (Processes Nos. 8-11):
Control
Desized....
First steep_
Bleached

WHe© iUt 0w

Inches
0. 0106
. 0118

T 0121

. 0106

. 0106
. 0117
. 0110

. 0106
. 0117
. 0117
. 0115

. 0106
0117
. 0110

Ounces
per
square
yard
2,77
2.70
2. 60
2. 46

2. 75
2.78

2.55 |

2.75
2. 83
2.71
2. 57

2.76
2.76
2. 52

Rhes
2. 11
2.29
2.81
5.91

2.21
2. 22
2. 98

2.13
2. 30
2.93
3.34

2.15
2.27
417

0. 2702
. 3774
. 7023
. 8092

. 2684
. 3668
. 8147

. 2559
. 3911
. 6082
. 8115

. 2658
. 8893
. 8117

0.2505
. 2122
. 0966
. 0626

. 2509
. 2162
. 0873

. 2547
. 2124
. 1309
. 0597

. 2517
. 2150
. 0588

1 Fluidity at a coneentration (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 see.—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 fluidities.~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 wesker. The more sceurate fuidit values,
however, show the fabrics from process No. 5 to have suﬂ}"ered less
damage than those from processes Nos. 7 and 8.

TasLe 13.—Comparison of breaking strength and Saidity changes
brought about by bleaching

A divsted break o OFluidit.y:
verage sdjusted breeking . =0.5gm. per 100\ 2
strength Breaking strength (G milliliters )

Warp+Ailing change i;rgf eontrol =500 sec, — ¢

2 change from eontrol
to—

Bleached,| Bleached,| Bleached, Bleached,| Bleached,| Bleached,
ait-dried | een dried | air-dried | can dried} air-dried | can dried

Percenl | Percent s Rhes
~11, —4. 18 . 3. 62
—8. —5. 05 . 2. 73
—20. —16. 05 . 5. 05
—3. -4, 73 . 1,05
— 16 42 . . B7
—. 81 . , 96
+8§. 43 . 2. 11
X X \ . +2. .72 . 1.16
36, 85 . 45 , X —4. 75 . . 04
37. 45 . . \ —16. 15 . 1,91
36. b5 . , —14. —17. 78 , 914

! Contro! samples contained a warp size.

? Fluidity at a coneentration {C) of 0.5 gram of eellulose per 100 milliliters of
cuprammoenium hydrexide solution and the values adjusted to a velocity gradient
(@) of 500 reciproeal seconds (500 sec.—1),

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 cach 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 commercial quality. Consequently, relationships between
breaking strengths an{ll fluidity values such as obtained by Clibbens
and Ridge (6) on chemically degraded materials were not apparent,
probably because, if present, they were masked by the other factors.
While breaking strength measurements on o number of fabric samples
from a single process usually indicate those .iamaged by faulty cortrol,
they may be very misleading when used as & measure of slight degra-
dation in the selection of the most suitable process or procedure. In
other words, breaking strengths do not always indicate the extent
of fabrie damage.

The fluidity {or viscosity) of solutions of cellulese in cyprammonium
hydroxide, is a very sensitive measure of the cextent of degradation
or change in cellulose, particularly of degradation or damage in
chemical processing, such as kier boiling and bleaching. Fluidities
are dependent upon size of the eellulese molecules and are not affected
by the many influences that affeet breaking strengths.

When judged by fluidity values (table 13) all the processes except
No. 11 are acceptable, and even process No. 11 falls only slightly
below good bleaching standards (10), Of the aceeptable processes,
No. 3 was the nost harmful. These values indicate, in contrast to
the indications of other values, that the caustic soda kier boil and
peroxide kier bleach was slightly better than the continuous processes,
pxcopt i process No. 11, and that both of these methods are better
than the crustic soda kier boil and hypochlorite bleach.

The British Fabrics Research Committee elassified cottons (9)
having a [nidity of | to 5 rhies as “very mildly scoured and bleached’”
and those having a fluidity of 5 to 10 rhes as ‘“‘normally scoured and
bloached.” The classifiention was not “rigid’ and the comparison
of values was only “approximate.”

Fluidities obtained with cuprammonium solutions of the composi-
tions recommended by the American Chemieal Socicty, which
Conrad {8) used, tend to be considerably lower than those obtained
with cuprammonium solutions having only 15 grams of copper per
fiter. Morcover, application of the Conrad velocity gradient adjust-
ment shouldl tend alse to give lower (uidity values than those
obtained by IBritish methods. Nevertheless, the present surve
indientes thai the classification of the British Fabries Researe
Commiitiee, when applied to more reecnt bleaching processes, is
still valid.  Although loss in breaking strength is accompanied by
increase in fuidity there appears to be no correlation between the
two values (table 13}

The elfeets of desizing, souring, or wetling the fabries on the breaking
strength and fluidity are shown in table 14, The treatments produced
losses in broaking strengths that were conlirmed, in some cases, by an
appreciable rise in the more sensitive fluidity values.
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TaBLE 14.—Effect of souring, wetting, or desizing treatments on breaking
strength and fluidity in cuprammonium hydroxide

Average breaking strengths
P:;?:' Treatment Warp+filling Fluidity
No. € D] increase
Control | Treated | Change
Pountds | Pounds ) Percent | Rhea
1| Gray souro .o 37. 05 34. 50 | —6. 38 0.36
2 | AMalt diastase, 2 to 3 percent__._} 36.95{ 3095 |—1G. 23 . 20
3 | Singe, quench, bin storage 4
hours_ . oo .. 37 70 36,95 | —4. 64 [L...____
4 | Gray sour, 95° F., cold water
wash______ . ___ 35.95 | 3520 —2. 00 .39
5 | Hot water dipe o oo _____ 36. 85 36. 75 —. 30 | ...
6 | Hot water dip, 18 hours storage._| 36. 85 30. 80 [—16, 41 .22
7 | Malt diastase, 2 to 3 pereent____. H6. 153 | 54,00 | —3. 82 Ll
8 | Gray sour, 2.5 haurs in nefd . ____ 3405 33.251"—4 86 .43
9 | Acid dip, cold water dip_.____.._ 36.85 | 34.80{ —35.506 .02
10 | Gray sour, 0.75 hour in acid.____ 37. 45 35.00 ¢ —6. 54 QG
11 | Groy sour, 93° F., cold . watcr -
wash_. L _____ 36. 55 34 15 | —6. 57 .16

The changes produced by the malt diastase desizing treatments,
processes Nos. 2 and 7, may possibly have been due to bin storage
while the cloth was warm and wet, rather than to attack by the enzyme
solutions. The changes produced by process No. 6, where the fabric
received neither acid nor cnzymic treatment bub was wet with hot
water and stored for 18 hours, were almost as great as those produced
by process No. 2 where mait diastose was used.

The acid treatments in processes Nos. 8 and 10 differ only in the
length of time the fabrie remained in the acid. The fluidity valucs
show that the fabric that remvained longer in the acid (process No. §)
was considerably more degraded than the one that remained the
shorter time in the acid (proeess No. 10). If judged by breaking
strength values this damage would not be apparent.

The singe and quench in proeess No. 3, produced only a slight
towering of breaking strength and no increase at ull in the fluidity
value. Apparently the passage of the cloth through the flatne was so
rapid that the momentary flash of Leat burned off the fuzz without
producing a measurable change in the fabric.

DEeckEE oF WHITENESS

The degree of whiteness produced by the processes is revealed by
the reflectance mensurements given in tables 15 to 17.
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TapLE 15.—Comparative whiteness of samples laken after progressive
operations of the caustic soda kier boil and hypochlorile bleach

BSam- :
o White- | Yellow-
1;313 Description ness  res8
Proeess No, 1:
538 COTEFOl - e oo e mmmm e - 0. 2576 1 0. 2530
539 GrBY SOUT . e m et mmmm . 4334 , 1932
540 Gray sour, kier boil ... . 7628 . 0814
541 Same plus hypochiorite bleach, sour, air-dry____| . 8202 . 0574
542 Same as 541 but given water mangle and dry
CBIIS e m e e mm e mm e mmm e mmm . 8110 . 0504
Process No. 2@
845 LY 113 <o 1 WUy . 2648 . 2406
546 Desize, WaSH oo e emem . 3864 . 2050
547 Desize, wash, sour, wash_ - _ - . 4052 , 2021
548 Seme plus kier boil, wash. ... . 7410 . 0837
549 Same plus hypochlorite bleach, sir-dry._ ... _._ . B202 . (3560
550 Same as 549 but given water mangic und dry
RS - o oo mmmmmmm—mm—mmmmmmaman . 8256 . D549
Process No. 3:
587 COntrol . e e e e . 2583 . 2578
588 Singe, quench, wash_____ . .o _ao... . 2037 . 2412
389 Singe, quench, wash, kier boil, wash________.__ . 6230 . 1246
590 Same plus hypochlorite bleach, sour, wash, ait-
F e e e mmmm e ammmmmmma—smammaea—e . 7472 . 0833
591 Same as 590 but given water mangle and dry
AN o o e e m e m e ——— . 7610 . 0799
Process No. 4 (no bleach}:
559 ontro) . e e —m e cmm—————— L2401 . 2549
He0 Water Wash o o e cammmmmm——amn , 3423 . 2261
561 Water wash, sour, wash_ . .- .33 . 2310
562 Same plus kier boil, washed in kier. _.._.._____ . 6929 . 1026
563 Same plus sour, sodium earbonate, air-dry______ T8 . (0804
564 Same plus water mangle and dry cans. . ..._..§ .7622 . 0786

TasLe 16.—Comparative whileness of samples tuken after progressue
operations of the caustic soda kier boil, peroxide kier bleach processes

Sam- . r B
11\)'1;: Deseripiion “n?stse Y f]g:s“
Process Neo. 5:
552 Controd e oo o aam e [ 0.2063 § 02417
553 Hot water and eold water dip_ o ooommao e - . 3488 . 2223
854 Hol water and cold water dip, peroxide kier
bleach . o o e e e mmmmm e mmemam i anoaa . 7640 L0771
555 Same plus seap wash, water wash, air-dry_. ... . 7830 . GI0D
556 Same as 553 but given water nangle and dry eans.] . 7966 . G644
Process No. 6:
566 om0l & . 2404 . 2601
567 Tesized o e e me e mammmm——aaa- . 3840 L2102
568 Desized, gray sour, washo oo onooo- . 3686 L2144
569 Same plus peroxide kier bleach, air-dry_.____.. . 8024 . GB640
570 Same as 560 but given water mangie and dry
BB o e oo mmmmmmmm——mmmmm—mm—————— . 8338 . 002
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Tasue 16.—Comparative whiteness of samples taken affer progressive
operationsof the caustic soda kierboil peroxide kier bleach processes—Con.

Sam-

. White- | Yellow-
ﬁléa Description ness ness

Process Wo. 7:
607 C . 3684 . 2133
613 Desize, wash . 4265 . 1958
614 Desize, wash, kier boil . 6255 . 1264
615 Besize, wash, kier boil, sour, wash . 7195 . 0829
Same as 615 plus second kier boil, peroxide kier

bleach, wash, air-dry . 8624 . 0397
Bame 8s 616 but given water mangle and dry

cans . B666 . 0405

TavLe 17.—Comparative whiteness of samples taken after progressive
operations of the continuous bleaching processes

Sam-

e White- | Yellow-
BF‘}']S Description ness ness

Process No. 8:
580
581

Same plus hydrogen peroxide saturator, steam,
J-box, wash, air-dry
Same as 583 but given water mangle and dry

Process No. 10:

Sour (45 minutes {n acid), wash

Sour, wash, hydrogen peroxide saturator, steam,
J-box, wash

Bame as 396 plus second hydrugen peroxide
saturator, steam, J-box, wash, air-dry

Same as 397 but given water mangle and tdry
cans

Process No. 11:
Control
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These measurcments, which were made on the sensitive Hunter
reflectometer {I6), show no significant differences among the three
methods of bleaching. It is noticeable that process No. 4, which
included no bleach at all, produced a whiteness equal to that of
process No. 3, which included a hypochlorite bleach (table 13).
Morcover, the whiteness produced by process No. 4 was so nearly
that of process No. 5 (table 16) that sure visual detection of the dif-
ference between them would be difficult even for those accustomed
to comparing whitencss dilferences.

_ A BSORBABILITY
Absorbabilitics of ihe Ruished fabries are compared in table 18,

TapLe 18.—Comparative absorbability of samples bleached by different

processes
Caplllary rise in 10 mlnutes
[op SqUAre .
Irocess Aar-tlelnd Cron drivd
No. .
Qe 1 fan | warp | Filling WarpbBIAE oy, | Filing | S0HANNE
Seconds | Secondy | Inehes | Inchea Inchea Incher | Incher Inches
1__.....l 487 38;305]|305 4031250 265 2. 58
o ___.-.} 42 .ok 1 4.580 ) 3.75 4,12 ;3,751 3.25 3. a0
;T 2.7 371323 (275 3.00: 2,55 2, 25 2,40
4. g 28 1.614.151 3. 75 3.8 13731315 3. 45
[ S 26, 5 N 2.25 1 1. 3d 1.90 ¢+ 0 4] 0
Ooeeeee| 3.0 2.0} 4.00) 3 a0 8.753!3.50 | 300 3.25
T 22312231475 l 3. 50 412 ]825 220 272
- 7.2 113 1] 3.60: 3.25 3,42+ 200 .95 1.3
[ I 3.0 2,0} 4251370 3.98; 3.60 | 3.00 3. 30
10.___..0 2635013251275 3.00 | 2251 La0 L. 88
| I 2.2 201 400: 3 50 3. 75 i 3.50 | 3. 00 325
1 Qver 30 mingles,

Absorhability, like moisture content, is influenced by the presence
of starch, soap or other residual extrancous materials, absorbed gases,
the grade and staple of the fiber, count and twist of the yarns, and
the temperature and relative humidity of the surrounding atmosphere.
The importance of absorbability in prinl cloths is confined to rate of
absorption {table I8), rather than total volume of liquid absorbed.
Conscquently, only measurements hased on rite of absorption were
made. The drep-square and eapiliney-rise methods showed very
good agreement,  The generally lower vapillary rises in samples cut
Blling wise than in the warpwise strips may e attributed Lo differences
in thread counts.  [n general, low absorbability occurred in samples
having high aleohol solubility and wax content. There was, however,
no correlation belwern wax content and absorbability.

When judged by absorbability, no real difference due to method of
bleaching appeared.
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SUMMARY AND CONCLUSIONS

Eleven bleaching processes were investigated representing three
genernl classes of modern commercial bleaching methods: (1) caustic
soda kier boil and hypochlorite bleach; (2) eaustic sodn kier boil and
hydrogen peroxide kicr bleach; and {3} continuous bleaching.

The caustic soda kier boil and hypochlorite bleach yielded fabrics
with lower amounts of residual impuritics (aleohol-soluble materials,
wax, and ash), with bigher ecllulose content, then the fabrics from
either of the other two processes. The econtinuous process showed
slightly lower amounts of residual impuritics, with slightly higher
cellulose content, than fabrics from the caustic soda kicr boil and
hydrogen peroxide kier bleach.

When measured by fabric changes (breaking strengihs, thicknesscs,
weights, and fluiditics), the caustic soda kier boil and peroxide kier
bleach showed slightly better results than the continuous processes
using hydrogen peroxide: and both of these gave better results than
the caustic sodn kier boil and hypochlorite bleach. The one process
using chiorite produced a slightly excessive degradation as measured
by Huidities in cuprammonimum hydroxide, but this observation js
bhe result of a single processing and indicaies only that careful control
is imperative when cLlorite is used for bleaching purposcs.

As judged by reflectance measurements, no differences were rovealed
in the three types of processes.  The slight fluctuations in the 1ecorded
values were within the limils of precision of the messurements and
too small for sure visual detection.

Absorbability determinations revenled no difforences between the
threc bleaching methods,

Desizing treatments degeaded the fabrics slightly, and increascd
moisture contents and the apparent amounts of aicohol-soluble mate-
rinls and wax i the Inbries.

High wax contents of the bleached fabrics are associated with the
usc of hard water and faulty wushing procedures. Conversely, soft
water and cflicient washing procedures were responsible for removal
of all but a small part of the wax content of the [nbries,

While breaking-strength moasuremenis on fubries from a single
process usually reveal the fabries damaged in the process, these
measurements may be very misleading when used as a basis for select-
ing a process or procedure.

Although cach of (he three elasses of bleaching processes had some
disadvantages, all were satisfactory and produced fubries of zood

commereial guality,
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