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I N T R O D U C T I O N 

The study reported in this dissertation was under-

taken for the purpose of determining the effects of color and 

grade upon the dyeing properties of knitted fabrics con-

st_ructed from 12 types of Texas r.otton. 

For many years the produrtion of cotton has been 

extremely important to Lhe state of Texas, since one-thjrd 

of the cotton grown in the United States is produeed an1iuaJ.ly 

in this state. The Texas cotton industry is representative 

o f l,; i u b u s i n e ~; s • It p r o v i d e s em p 1 o y men t f n :r 2 :3 5 , CJ O O -re g u 1 a r 

or seasonal workers with an annual payr0Jl of approximately 

~122 million dollars. 

The increased production of _spctte~ or discolored 

cotton has t.llrt=! ateHed the economy of the industry durinu the 

l 2 S t d e C .a d C • T h i S h a S b e 8 n b l' 0 U n h t a b O U t ;t t O a C E; r t a i n 

extent, i,y an attempt on ·the part nf the cot:to~ gtoh·er to 

1 o we r p r o d u r t i o ri o s t. s t h 1· o u g h me c h ,1 n i ? Ct t i o n • , ... . • . ,. . ..:>1nce mecHan1-

zntion does net permit the harvesting of cotton as it opens; 

t. l1 \:,, f·. 1· b <~ ·._,· •· 1· ' 1 • I I r1 • • l - - - - . " rn a r1 y c a s c s , 1 s ll n ;_ u . y e x ~: o s e ... t i:., r a 1 n , w 1 n c , 

an(~ dirt • dt~fo l inn ts, 

l 
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insects., soil, and me·c·hanical harvesting all te.nd to cause 

variations in the color of th~ cotton fiber. 

With the appearance of these variations in the color, 

a new system of grading has become necessary for cotton. In 

1958, ligh\ spotted, spotted, tinged, and yellow stained 

cottons were added-as new classifications and placed in price 

cat. e u or i c=•::; from two to six cc n ts pc r pound 1 owe r than the 

whit~ cotton of the so~e grade. 

The economic effects of the producti~n of discolored 

or spotted cottons has made it n,~cessary to utilize these 

. lower grades. This cannot be realized to the fullest extent 

without additional basic information CQncerning the perform-

ance of thes e cottons. Most of the dyers and finishers of 

cotton fabrics ;:-lr ,f~ c1\\'iJre of the fac.t that there are variations 

in the dyeing properties of cotton fibers, and that any change 

whic.h alters tht.' cellulose: fiher also will alter the affinjty 

of thr~ :fibr:r for dyestuff. 

Extt?nsive research has been unde·rtaken, especially 

in the Textile Research Laboratories of Texas Wom~n's Univer-

sity, to determin~ the effect of grade upon the ~onsistency 

of dyeing; but efforts to measure the degree to which the 

n u t. tt r a 1 c c l o -c o .f t h e f i. b e :r 3 f f e c t d y i:-: i r: g 3 r 12 l i m i t e .J • 

t h i ~. s t u d y h a s b t'. e n u n d e rt a k e n w i t h t h e f o l l o w i n g 
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OBJECTIVES OF THE STUDY -- --

_1. - To secure 12 lots of Texas cotton representative 

of a variety of colors and grades. 

2. To have these 12 lots of cotton knitted into 

fabric. 

3. To subject a portion of each fabric to a scouring 

process followed by peroxide bleaching. 

4. To dye a bleached and unbleached specimen of 

each fabric with 10 respective vat dyes selecied 

from those advertised as being suitable for 

cotton. 

5. To dye a ble~ched and unbleached specimen of 

each fabric with direct dyes of comparable hue 

and value to the vat dyes. 

6. To laund0r one group of each of the dyed samples 

a t l 6 0 ° F • :i. n t h e L a u n d e r - .0 111 e t e r f o r t h e e q u i v -

alent of 25 launderings. 

7. To subject ont-~ group of ench of the dyed samples 

to t IF~ Fa cl e --0 ~\et er for 8 0 . hours of expos u re . 

8. To evuluaLe the specimens for color loss at 

specified i~tervals with th~ Beckman Spectro-

photometer. 

9-. To a.n:11yze the data of the st"udy st:.3tist..ically. 



R E V I E W 0 F LI T·E R'A TUR E 

Because of the peculiar· structure of t6tton, many 

irregularities affect . the · form and color of the fiber. 

According to Crockett and Hilton (1), the growing cotton is 

coated with an oily wax which is composed of ~egetable fnt 

and resins. As the cotton matures, the film of oily wax 

solidifies and gives cotton a hard resinous coat. Any con di -~ 

t :i. o u w h i c h i n t e r f e: r c s w .i t h t h e ct e v e· 1 o p m c n t o f t h i s c o a t 

·causes an inferior product. These authors state th~t varia-

t i o n s .i n t h e f :i. b e r ma y o c c u r i n c o t t- on e v e n u n d e r n o rm a J. 

grovJ inq condi Li.ons. During a normal season, th~ strain of 

cotton, the climate, t~~e season and the locality may affect 

the cotton fiber. In addition, abnormal variations in the 

development of the wa.11 may exist, and result in immature 

eotton. Such v<1riation5 include diseases, bad.season_, and 

imperfect building of thr:) walls. 

The i m1113 tu re co t tons res u l ting from t h·e s e var i at i b n s 

are manu£Rctured into products which appear to contain knots, 

o r d ~-- a d f i b c r s , c a 11 e J " n e p s '' . When compared to mature 

fibers, these y2rns are inferior in appearance and strength. 

The ref1£:cteinr.e c:haracteristi<.:s are altered by the "neps" 

which appear as white spots in the goods after dyeing~ Also, 

4 



t h c ct e a d c o t t o n s we 11--s· , b u): d o e s no t d i s s o 1 v e , i n c up r am -

monium hydroxide; jt does not react normally with other 

reagents • Harts u ch C-2) stated: " If the interior 1 a ye rs of 

cotton do not develop properly and are incompletely-formed 

during growth, the fiber will app8ar as a thin-walled rib-

5 

b o u w i t h n .o t w i s t . T h i s s o -· c a 1 1 e d d e a d c o t t o n i s u n d e s i r a h l e 

because of its poor spinning quality and its resistance to 

dyes." 

Orj~Jinal!y there were nine gr?des with "middling 10 

considered the middle or average grade. B~t today the · 

grading includes variations for color; as a result there are 

twenty-four possible grades. According to The American 

Co t t o n H a n d b u o k o f 1 9 6 5 { 3 ) J t h c~ U n i t e d S t a t e s D (' p :1 .t t ri .~: n t 

of Ag r i · c·u 11. L!. t c- recognizes three fa c to rs in c 1 a s s in g co t ton • 

These factors are grirle, staple, and ch~racter, but each of 

these factors has a number of subdivisions. 

Grade includes the color, quarrtity of foreign matter, 

and preparation. Color depends on three att1~ibutes: hue, 

lightness, and chroma. Hue means the u ct u a J. appear a rice - -·· 

whi:::ther th..-1 cotton is ?ellow, white, o_r gray. Lightnt::ss is 

t h e d e g r e 8 o f n e 1: t r n 1 c o 1. o r s f r o m w h i t e t J g r a y t. o b l ~? e k • 

Chroma is the saturation, strength, or amount of color of 

the cotton. The color of upland cotton varies with condi-

tions, _ and the amount of yellow color determines the grade. 

,-"h 
l .. e C O 1 1) r (J r O Ll p s a s r e C O n n i z e d b y the Department. of Ar)ricultare 
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are white, light spotted, ~potted, tinged, and yellow stained. 

The plus group includes gray and light gray. Within each of 

the s e co 1 o-r g r. o up s a r c t he g r a cl e d i vi s i o n s : go o d mi cl d 1 i n g , 

strict middli-ng, and middling~ -

Grades of cottons that have been affected adversely 

by a number of conditions are "spotted" and "tinged". The 

American Cotton Handbook of 1965 (3) defines spotted cotton 

as cotton which has been colored brown by cuntact with wet 

bolls, leaves, or stems. If this spotted cotton is mixed 

with white cotton, brown spots will s~ow in the white. Tinged 

cotton is defined as that cotton in which the brown c!iscolora--

tion is more extensive than . in the spotted .sampleso In the 

tinged group, the spots are of consideiable size and are 

distrib~ted evenly throughout the samples. Yellow staine 1 

cotton is cotton in Which the fibers are almost entirely 

discolored, giving the sample·s a slightly mottled tan color. 

G r a y c o t_ t o n , s o rn e t i m e s c (1 1 1 e d b 1 u e s t a i n c d , i s c o t t o n t l 1 (1 r i s 

discolored by exposure to adverse weather condi.tions. Long 

exposure produces a light slate color. 

Upland cotton, especially if ~rowth is prematurely 

stopped by frost, may have a yellow color th2t varies in depth, 

according to Publication 310 of the U. S. Oep~rtment of 

Auriculture (4). Green leaves, branches, ~nrl bolls from the 

c _o t t o n p 1 a n t u s u a l l y a r e c o n s i d e r e d a p r i m e s o u r c e o f d .i s -

coloration. Oil and grease may cause stains; but usually 



t h e s e a r e of m i n o r c o--n· c e r n .• T h e b o 11 w o rm a n d l e a f - w o rm a r e 

responsible for some discoloration. During early morning 

and times of moisture, droppings from these oiganis~s will 

stain the cotton. 
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Researchers at the Southern Regional Research 

Laboratories (5) reported the use of - cottons that were badly 

damaged by Diplodia, Aspergillus Flavus, Nigrospora Oryzae, 

a n d --R h i z o p u s N i g r i c an s i n b 1 e n d s o f lo w p e r c e n t a g e w i t h a 

white control cotton in "SflOtteci Cottqns: Their Effects on 

Product Properties and Spinning Performances." Limited 

quantities of cotton, identified as weathered and unweathered, 

Wf!fe used with 2 control cotton without crossblcnding, In 

testing the bJ.snded cottons, which included as much as 10 

per cent vf the fungus-damaged fibers, little effect was 

noted on the strength and uniformity of yarns spun with a 

warp twist; but end-breakage in spinning was· increased. 

W h c n t I: ,:: f i l 1 i n g t w is t p r o c e s s w a s u s e d , t h e r e we r e 1 o s s e s 

in yarn strength at all levels; arid end-breakage in spinning 

increased rapidly as the per cent of daffiaged cottons was 

increased. The weathered and unweathered cottons produced 

comparable quality yarns; but end-bre~kage in spinning for 

the unweathered was higher. The explanation included a 

possible ".leveling-out" of the moisture equil.ibrium with the 

time of weat.hering. Another possible explanation involved 

the slightly higher Mi~ronaire reading of the unweathercd 

cottons. 
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F ti r t h e r ., t h i s .. · re s e _a r c h i n cl i ca t e d th a t , w he n b 1 e a ch e d 

fabrics were used, little difference in color between the 

blends and their controls could be observed. Bleached, 

mercerized, and dyed fabrics indicated no serious defects 

due to the use of as much as 50 per cent of the high spotted 

cottons. 

The production of spotted cottons also has been 

affected by economic factorsa Mechanization of cotton 

farming has increased the production ?f spotted cotton. 

Indications· rire that the discolored grades are more profit-

able for the farmer to produce.• In addition, some manu-

facture~s tend to buy the spotted grades because of the 

price differential. 

A harvesting r~search study reported by Rogers and 

Bonner (6) showed that different methods of harvesting had 

no significant effect on the fiber and spinning performances. 

These same methods, howcv~r, had a definite effect on net 

ca3h return to the producer, A comparison of cotton har-

vested by hand with cotton harvested by machine showed 

little differ e nces in strength and performance tests; but 

lower produetion costs out-distan~ed the lower selling price 

of li~ht spot cotton. This study showed that once~ovet 

stripping after frost was the most profitable method of 

harvesting cottonc Also, the ill-effects observed when 



s p i n n i n g t h e co t to n s .. Q" p r o 9 _u c e d were a t tr i b u t e d t o t i me o f 

harvest and the Micronaiie level at ihe time. 

9 

Other causes of discoloration given by the report 

cited above include the pH and high iron content caused by 

contamin~tion of clay soil which resists bleaching by sodium 

hypo ch 1 or it e s o-1-u ti o-n; a n-d HS or high sugar, c-h a r act e ri zed 

by a hiuh level of reducing sugars and found in areas where 

plants are subjec~ed to lo0 temperatures at the time of boll 

opening. 

Leaf is the amount of trash, such as leaves, stems, 

and foreign matter, in the cotton. This foreign matter 

becomes imbedded in the fibers and is a detriment to the 

m a n u f a c t u r e· o f f a b r i c s • L a r g e am o u n t s o f l e a v e s , w h i c h 

usually crumble easily, definitely lower the grade of the 

cotton. These fragments, if small, are prac~ically impos-

sible to remove and show up later· as dark spots in the fabric. 

T h e c o t t o n w i t h t h e 1 e a s t f o r e i g n ma t. e· r i a 1 i s t h e b e s t 

spinning material. 

Preparation involves the processing of the cotton 

from the field to the ginnect· bale. It ·determines the smooth-

ness or roughness of the fiber. The ginning is especially 

important, fince improper· ginning of th·e fiber can cause 

stringy or "ropy" tufts in th<i fiber. Wet or green cotton 

tends to have "n 8 p s" as di sting u is he d from "n e p s" caused by 

·the im~roper development of the cotton fiber. 
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The mech~nization of the cotton industry has caused 

some of these conditions. Bulletin 452 of the Experiment 

Stat.ion at The Agricultural and Mechanical University, 

College Station (7) comments that picking cotton by machine 

is difficult for several reasons: the crop does not mature 

uniformly in the field, nor on one plant. Also plant and 

leaf stain the fiber if vegetation is squeezed during the 

picking process. The Cotton Handbook (3) states that cotton 

gathered by me chanical pickers is usually of a low grade, 

since no amount of cleaning can remove all of the trash 

collect. e el. Irregularities in cott~n fi •bers may result, also, 

from the use of additives requireJ in mechanized cotton 

farming. These additives usually include defoliants and 

insecticides. The mechanical harvester operates more ef-

ficiently if the p~ant is defoliated. As a result, the 

grower applies certain defoliants at a time when some of the 

crop has reached maturity, or is near this stage of develop-

mcnt. T h e s e d e f o 1 i · a n t ~.; i n s o m e i n s t a n c e s m a y s p o t o r t i n g e 

the fibe·r. Also insecticides may be needed during late 

bollwo"!:rn infestations, and these also may discolor or stain 

the fiber. The N'ationul Cotton Council in an eJitorial in 

Textile World (8) states that 83 per cent of cation fabrics 

a r c · c h c m i c a l l y t r e a t e d ; a n d ·, i f t h e g r o w e. r u s e s t o o ma n y 

a d d i t i v e s : t 11 r-! s ,~ m a y a f f f-) c t t h e r e s u l t s i n cl y e i . n (1 • 

Wf'~ather conditions are domin~,nt factors in the ir-

re~Jular.lt ies of the cotton fiher. St.out (9) cornrni::nts thut, 
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although most cotton fibers ·usually are creamy white in 

CO 10 r' the CO 10 r Varies with th I~ w f-~ at rte r f r Om the time the 

boll opens until the cotton is harvested. This author lists 

rain, dus~, and dirt which may have touched the open boll 

as causes for stains on the fiber. A report by the Cotton 

Research Committee of Texas (10) has confirmed this view in 

statin9 that fieid expo!Sure to rain and du$t . results in dis-• 

coloration of cotton fibers, thereby reducing gcadco 

St~Jple refers to the length of the fiber. The ac.tual 

length of the natural fiber . in inches determines the classi-

fication as to staple. Cotton staples range fro~ 13/32 of 

an inch to l 1/4 inches for upland cotton. The American 

Egyptian cotton ranges from 1-15/16 inches to l 1/2. inches 

in length. 

Character involves all qualities of cotton not 

included in grade and staple lefrgthj Character usually 

provides inform at i o,n on the s p i·n n in g u ti 1 i t y of cotton • 

Cottons of the same grade and staple may hc:ve different 

spinning qualities. Good character cottons are hard bodied, 

fine fibered, and strong; whereas, poor character cottons 

are weak, soft, and irreg·ular. Qualities of cotton are 

fineness, maturity, strength, uniformity of length, twist, 

and convolutions. Even tho ·ugh these many factors are present 

in determining the economic value of a bale of cotton, color 



seems to be a dominant factor in determining the- value and 

grade of cotton fiber; 

12 

A P 1 a ins Cotton Gr 6 we rs Bu 11 et in en t 'i t 1_ e d -,, An a 1 y s i s 

of Price Quality and Supply of Light Spotted Cotton° (11) 

indicated t.hat, according to United States Department of 

Agriculture research, there is little difference in the 

fiber performance of white and light spotted cotton. The 

light spotted had slightly higher waste, more yellowness, 

less Micronaire, but little difference in strength, length, 

a n d u n i f o r m i t y • S p i n n i n g -t e s t d 2 t a· s h o we d s o m e w a s t e i n t h e 

~potted cotton, but little difference in the cotton's appear-

ance or strength. The color of yarns exhibited little dif-. 

ferenc1..! in reflectance and yellowness, whether bleached or 

unbleached. The price differential, however, was rather 

extensive, with the price of the whites nearly 20 per cent 

more than the light spotted. 

Other resec1rch work by Rogers and Bonner (6) has 

s h o w n t h r1 t t h e r e a r e f e w d i f f e r e n c e s i n t h c p e r f o r III a n ,~ e 

qualities of hand-picked and machine-harvested cotton. 

Eight samples of cotton, all produced under similar condi-

tions, have been tested as fillers in weavirig liyht-we_ight 

twillo The tests for strength and dyeing qualities indicated 

that there was very little difference in the spotted and the 

w h i t e c o t t o n • 0 n ('. e a g a i n , h o w e \. e r , t h e 1 i g h t s p o t t e d c o t t o n 

produced more net cash return. 
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Irregularities are the dominant characteristic 

affecting the dyeing of cotton textiles. These irregularities 

have been attributed to practically every variable condition 

o f g r o w t h , f i t, e r mo r p h o 1 o g y ; a n d p r o c e s -s T n g f ro-m -h a r v e s t i n g 

through finishing according to authors of an intersectional 

technical paper reviewed at the 1962 AATCC Convention (12). 

Some of these variables are: (a) it generally is accepted 

that rain-grown cottons dye an apprecfably deeper shade than 

irrigated cottons; (b) immature cottons respond differently 

with respect to dyeing; (c) cottons ot diffe~ent color 

fluoresce differently and dye differently; (d) weathered 

cottons respond differently with respect to dye acceptance 

than the early harvested cottons; (c) high mineral contents 

cause dyeiri"u problems; (f) excessive drying during ginning, 

or any other process, may cause changes in dyeing character-

is ti.cs ; and ( g) shade differences· in n at u r a 1 cotton are 

retained through subsequent hleachings and dyeings. Even 

though researchers rec o g n i z e the en or m-i t y of the var i ab 1 es 

which affects the dyeing results on cotton, their solution 

has been to blend the fibers as thoroughly as possible. 

This is not a 1 w :J v s p o· s s i b 1 e - . ' since mechanical processing has 

prevented the feasible blending of fibers. 

In tests reported· in the intersectional paper, 

twelve selected cott6ns and a control cotton were knitted 

.i n t o ~- a nq) l e t u b e s • T h e c o t t o n v a r i e· d i n s t a p l e 1 e n g t h , 
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strength, and level of discoloration. Six mills made single 

dyeings of the fabric, then the dyeing charaGt.eristics . of 

each sample were compared to each other and related to the 

control cotton. Tests of the effect of the initial color 

on subsequent dyeing were made. The evaluations showed that 

each cotton from the separate mills dyed a better match with 

each other than with the control cotton. Statistical analysis 

"indicated thc1t the most p-ractical test for predicting whether 

one cotton would match another is based on the Micronair (! 

readings. Whenever two tests are to be used, then a combi-

nation of maturity and alkali retention values should be 

sele_ctcd. The immature cottons dyed to a lesser de~J:ree In 

the center, showing that less solution was absorbed because 

of areater swell~~l1ility., The original off-color of the long 

staple cotton probably was the cause of the different dyeing 

characteristic~. 

This re5earch indicated that the dyeing of cotton 

fibers is a complex process. Preparation of fabrics for 

dyeing, types of dyes, and methods of dyeing represent just 

a few of th~se complexities. 

Ward (13) defined· the . bleaching of cottori as the 

who.le purification process for making cotton fibers whiter. 

Although 'the removal of dirt ancl impurjties constitute the 

primary purpose of bleaching, the final use of the fiber 

t e 11 d :;; t. o d c t e r rn· i n e t h e m e t h o d o f b 1 e a c h i n u • In most instances, 
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especially when dyeing, bleaching is done not only to_ remove 

imp u r i ties but a Is o to in-crease the c:: b so r pt i on qua 1 it i es of 

the fiber. 

Peters in Textile Chemistry (14) makes the comment 

that the rather d1ab initial colors of natural fibers are 

improved when their impurities are cleaned and purified b_y 

scouring and bleaching. Scouring and bleaching· is done 

either to give the fibers a pure white finish or to prepare 

them for dyeing and printing. Of the cotton spun for indus-

trial purposes in the textiles industry, only about 20 per 

cent will not be bleached. A variety of methods are used 

to . bleach cotton goods, hut the hot a.lkali treatment seems 

to be used most often. The extent of scouring and bleaching 

depends on wany factors; (a) the tyµe, color, and cleanli-

ness of the cotton~ (b) the twist and count of the yarn; 

(c) the construction of the· fabric; and (d) the discolora-

tjon of the cotton. The purpose of bleaching is primarily 

to remove the non""•Cellalosic impurities without modifying 

the cellulose. The impurities causing the most difficulty 

are wax, plant fragments, and siains. Cotton fiber usually 

contains foreign materi~ls that ginning does not remove. 

These impurities can be removed to a satisfactory extent 

w i t h r1 n a 1 k a 1 i n c :~ co u. r i n g p r i:1 c E.) s s • F a i 1 u re t o remove t h i s 

material is apt to form dark colored particles in the fabric. 

I n a d. d i t i o n , t li e d y f-.d n g p r o p e r t i e s o f t h e · i mp u ri t i e s a r e 

diff~rent from those of cotton? The usual methods of 



bleaching cotton fibe-rs according to The Cotton Handbook (16) 

i n v o l v e t h e u s e o f h y p o c h 1 o r i t c , c h 1 o r i t e , o · r. h yd r o g e n 

peroxide-. E a C h O :f t h e S e a g e n t S i S · o X i d a t i V e i n r. e a C t i O n . t o. 

the colored impurities or pigments.in 6otton. Al s·o, agents 

are selective in that they are attracted to the impurities 

in the cotton rather than to the cellulose. This selectivity, 

however, may depend on the conditions of treatmento 

T h e o p t i c a 1 b 1 f: ,i h i n g a g e n t s a· r e u s e ct t o :i mp -r.· o v e t h e 

appearance of bleached goods. TWese agents are actually 

fl u o re s c e n t d yes a n d d o n o t b 1 e a ch ~- $ o me o f t h e b r _i g h t e n e r s 

.arc resistant to oxidation and can be added to the blr:ach 

b a t h , w h i J. e o t h e r s m ti s t b e a p p 1 i e d i n t h ,~ l a s t r i n s c a f t c r 

b , l . 1 r: a c . 1 1 ?1 • 

Killheffer (16) classified dyes in relition to the 

chemistry of the product and method of application. He 

stated that today the buyer of textiles is more interested 

in u specific level of color fastness than in the dyes and 

m c t h o cl s u s e d • T h e r e f o r r.~ , h i s s t u d i e s w e r e c o n c e r n e d w i t h 

the kinds of dyes available, the capabilities of the dyes, 

and their uses under specific conditions. T h·e c 1 asses of 

dyes, according to this author, are acid, azoic, basic, 

d_isperse, fiher reactive, ingrain, mordant, sulphur, and vat .. 

According Lo AATC Monograph No. 2 (17), there are 

four fundamental steps in the application of a vat dye; ·these 

are~ riduction, dyeing, oxidation, and after-treatment.· 
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- Since vat dye .. ~· are not soluble in water, they mu_s ·t 

be put into solution in order for the goods to absorb the 

dye. The solution normally used is composed of caustic soda 

and s6dium hydrosulfite. Dyeing involve~ the immersion of 

the ·fabrics into the sodium-leuco solution. Oxidation causes 

the dve to ·revert to the insoluble state. This process can .. . . 

b~ accomplished by drying in air, although treatment with an 

acid expedites the process. After-treatment insures color-

fastness· and is accomplished by treating the fabrics in a hot 

detergent bath. 

Leuco-esters ~re stable water-soluble products whict 

are used with the non--water.--sol ublc vat dyes. The color of 

the original vat dye from which the leico-ester is derived 

is developed on the fiber by oxidizing agents in the presence 

of acids. The affini"ty of the leuco-esters for vegetable 

fiber is less than for animal fiber. 

T h e p ri n c i p 1 e c h a r a c t e r i s t i c o. f t h e s o 1 u b 1 e v a t d ye s 

is their ability to ~hange readily to the original dyestuff. 

This process is short and is accomplished by acid oxidizing 

baths. The reaction involves the splitting of the mono-

sodium salt of sulfuric acid in the presence of an oxidizin~J 

a g e n t , w i t h t h 0 d i re c t, re s t. o r at i o n o f t h e k e t o n i c g r _o up s a n cl 

the regeneration of the original dyestuff. Thi~ leuco--esters 

a r (~ s e n s i t i v f! t o l i g h t a n d m a y · IJ e a f f t~ c t e d 1) y 1 l g h t w h c t h c r 

in the powder or paste form, in solution or in the dy~ing 



18 

process before developing · occurs • . Soluble leuco-esters have 

the unique property of penetra~ing cotton and linen yarns, 

a n d c o n s e q u e n t 1 y t h e y a r e u s e d i n co n J u n c t i o n ·w i t h c a u s t i c 

soda and sodium hydrosulfite to form the soluhle sodium-leuco 

form of dye. An adequat~ amount of caustic soda is required 

for the reaction to take place. The sodium-leuco compound 

reverts to its former state and color by an oxidation process. 

Oxidation will take place gradually i~ the air. 

however, it is expedited by an acid bath. 

In dyeing, 

·ct ye in g. 

· Retarding agents are effecri ve in obtaining. level 

The use of retardants sometimes causes a color loss 

and an incr8ase in cost- However, retardants . ar.P essential 

in some dyeing situations. No single levelling agent works 

with all dyes, and the type needed is determined by the 

fiber. Retarding agent action is accomplished eithei by a 

loose combination with the fiber which hinders easy access 

by the dye, or by a loose ·combination with most of the dye 

molecules, which break up as fast as free dye is absorbed 

by the fiber. Difficult levelling problems may be solved 

by combining the agent during temperature manipulation. 

Retarding agents are nece~sary with high temperature dyeing, 

espf~cially w.ith light shades. The most widely used agents 

are antmal g1us and the .li~Jnin sulphon2tc products. The 

agents are normally used at the rate of 1/16 to 1/2 ounce 

per gallon of dye liquor~ 
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A n~mber of studies concerning the dyeing of .cotton 

fibers have been conducted in the Textile Laboratories of 

the Texas Woman's University.- Beatichene (18) studied.the 

effect of natural minerals dn the c-Olor of dyed cotton 

f a b r i c s u s i n g t we n t y-- f i v e -f ab r i c s-, h a 1 f o f w h i c h we re b 1 e a c h e d 

and the other half were untreated. These sets of bleached 

and unbleached fabrics were dyed with selected dyes; then 

spectrophotometric measurements were ~ade to determine dom-

i n a n t w a v e l e n g t. h , p u r i t y , a n d v i s u a 1 e f f i c i e n c y o f e .a c h 

specimen. The .author concluded that minerals were sjgnifi-

cantly c0rrelated with purity rather than with dominant wave~ 

length or visual efficiency. Since purity is an indic ~tion 

of the saturation of the dye color; perhaps the naturall .y 

occurring minerals of the fibers tended to affect the amount 

of dye absorbed. 

The relationship between the molecular weight of a 

dye and its dyeing behavior on cotton of various Micronaire 

levels was made by Brakebill (19). A total 6f 20 dyes of 

different molecular weiuht and configurat :i. on was used; in-

eluding the following: 13 direct dyes, five vat .dyes; one 

special process vat dye; and one azoic dye. Samples were 

laundered anct bleached under spPcific conditions · before 

dyeing, and then were evaluntecl by spectrophotometric readings 

and visual examination by a panel. This research worker con-

cluded that, to a limi~ed extent, the molecular weight of a 

direct dye could be associated with optical density differences. 
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The vat dyes used in the study were too few in number to 

permit extensive compa~ison, although vat dyed cottons 

showed a wider scattcrment of optical density than did the 

direct dyed fabrics. Cotton of Micronaire 2.9 differed in 

optical density from all other cottons. Laundering reduced 

the optical density of the various dyes, although vat dyed 

fabrics lost less color than did direct dyed fabrics. 

B r a k e b i1 1 · C- 2 0 ) a l ·s o s t u d i e d t h e r e l a t i ·o n s h i p b e t we e n - - · 

the properties of cotton fiber and the characteristics of 

cotton yarns with respect to dyeing. Cottons from Texas, 

New Mexico, and California were utilized in this research. 

The dyes used included a high molecular weight blue vat dye 

and a 1ow molecular weig•ht azoic:. dye. The skeins of fibe·r 

were tied loosely with the same number of skeins dyed each 

color. Afterwards the reflectance was read on the spectro-

photometer. This author concluded that the desorption of 

dye by the l0w Micronaire cotton was greater than that of 

the cotton of hiuh Mjcronaire, and that the red dye of low · 

molecular weight had a greater tendency to rinse out than 

did the blue dye of high molecular weight. Also the blue 

dye had a greater tendency to produce level dyeing than did 

the red dye. 

Th0 eff~cts of miqeral impregnation of cotton on its 

dyeing properties was investigated by Trost (21). Th .i.s 

investigator treated specimens with l .0 pet centt 0.5 per 
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cent, and 2.0 per cent concentrations of inorganic nitrates, 

as follows: aluminum, calcium, cobalt, copper, . iron, 

magnesium, manganese, nickel, p-0tassiumi sodium, and zinc. 

The yarns were impregnated with the various nitrates and then 

. were dyed different colors. The color diff~rences were ob-

tained by measuring the reflectance by means of the spectro-

photometer. It was found that grey and orange dyed fabrics 

were affected by all minerals, that zipc affected all colors 

except blue and red, that manganese and iron affected the 

c o 1 o r o f a 11 s i. x d ye s , t h a t c o p p e r s t a i n e d t h e f a b r i c s 1 e s s 

than manganese and iron, and that aluminum, cobalt, and 

nickel had J.ittle effect on color. The colors least affected 

by minerals were in this order: scarlet, blues, green, 

turquoise, gray, and orange. 

Glasscock (22) investigated the relationship between 

the kinetics and fiber properties of cotton. Six different 

types of cotton fiber from five different growing areas were 

tested. Waxes and gums were extracted and a constant humidity 

was maintained during the experiment. Two dyes, Dye Proto-

type 629 and birect Red DCB Extra Concentrated, were tested. 

The Beckman DU Spectrophotomeier was used to m~asure dye 

concentration. Kinetics me~surements were derived from an 
-·· 

apparatus consisting of three-necked pyre~ flasks each fitted 

with a stirrer in one neck, a condenser in the second, and a 

thermometer in the other, all immersed in a constant tempera-

ture oil bath. The cotton was ground in a Wiley Mill to pre-

vent clogging. 
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these: 

Conclu~ions reached from this investigation were -

that fiber fineness is the most important factor in 

dyeing; that supposed differences in dyeing pioperties of 

irrigated and rain-grown cottons _were not substantiated in 

the study;· that equilibrium absorption of dye by different 

cottons was related to Micronaire; that a low temperature 

was conducive to minimizing the differences in rate, as well 

as equilibrjum of absorption of dyes -. _ 

Klein (23) observed the effects of three types of 

radiation--nuclear energy~ gamma r~diation, and sunlight, on 

·dye d cottons • Ten vat dyes , e i u hl - reactive ct yes , and one 

azoic dye wrrc used to dye the fabrics. Exposures to nuclear 

and gamr.-::;i radi8tion were" made at the Texas Agriculta r al and 

M e c h a n i c a l U n i v e r s i t y a n cl t o s u n l i g h t b y u s e o f t h e F a d e -· 

ometer in this laboratory. Exposure effects were measured 

with the spectrophotometer. The results showed that vat dyes 

were the most color retentive of all the dyes, that the color 

loss after six exposures to different levels of nuclear radia-

tion was small, and that gamma radiation had less eff0ct on 

vat dyes than nuclear or sunlight radiation. The reactive 

dyes were affected . greatly by nuclear energy, losing much of 

their original color. The molecular weight of the dye used 

was related to the fading of the dyed fabrics less than to 

the type - of dye or to the source of rarliation. 

Lathrop (24) studied the development 0f dye spec_ifi-

cations for seasonal colors. Samples ,. f' . . 0 .t. • ::-1 !) r 1 C 1·,1P.ighing 



s even· g rams each and dyes s e 1 e ct e d from the IN , TW, I K groups 

were used. The tests involved laundering, pressing, ligbt, 

perspiration, dry cleanirrg, crocking; and gas fading. Eval-

uations were made by vie~ing· panels and by spectrophotometric 

readings. This study revealed the fact that vat dyes were 

well suited to large scale production, that vat dyes pene-

trate the· fib~r better than other types in hifJhly twisted 

yarns and fa b r .ic s , and that vat dyes may_ be us e <i s a f el y f o r 

alkali sensitive yarns because contact with alkali liquid 

is of short duration. 

Pal and Esteve (25) investigated the relation between 

color fiber properties and dye absorption at equilibrium~ 

N i n e s a mp 1 e s o f me r c e r i z c d a n d u nm e r c e r i z e c1 c o t t o n 8. n d t w o 

direct dyes, high molecular weight Chlorantine Fast Green BLL 

and low molecular Weight Diphenyl Fast Red 5BL, were used. 

The samples were mercerized with sodium hydroxirle, dewaxed 

with carbon tetrachloride, and dyed in a 0.2 per cent dye 

solution. The dye solution was refluxed for one hour, then 

the absorption of barium hydroxide was detF;rmined. The · cotton 

sample was placed in the solution and agitated for an hour. 

Spectrophotomet~r readings were used to measure the results. 

These authors reported the following: that a definite rela-

tionship existed between absorption and Micronaire; that a 

linear relatjonship was observed between absorption and 

m~lturity of the cotton; and thnt one samplf! of pima cotton 

di~ not follow these relationships. Since pimn cotton is a 
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long staple cotton these tests indicated that factors other 

than maturity are involved in dye absorption. The results 

showed, however, that upland cotton did have a relationship 

between absorption and maturity. The effect of Micronaire 

on color of the dyed fabric was not noticeable either in the 

mercerized or the unm~rcerized samples. 

Siao (26) .studied the results of applic~tion of vat 

dye formulations to cotton of different Micronaire values. 

Samples were prepared by applying varying amounts of dye ahd 

heat to the fabrics. Color fastness was tested by laundering, 

exposing to light, and by perspiration tests---acid and aH:c:--

line. The effects of the treatments were evaluated by 

spectrophotometric measurements and by visual readings. The 

results showed that mint ~reen had the greatest total devia-

t i o n i n r e f 1 e c t a n c e a n d cl i 11 y b 1 u e h a cl t h e 1 e a s t .- T h e s e 

were correlated with the visual difference values determined 

by a panel of color specialists. The bluish green and blue 

group of dyes had· the best overall colorfr1stness, while the 

yellow green nnd green group had the . poorest colorfastness. 



P L A N 0 F PROCEDURE 

EXPERIMENTAL FABRICS 

Twelve lots of upland cotton classified according to 

grade and color were choE~n for this study. -The raw cotton 

was p u r c ii ;3 s e d . from the P 1 a ins Cotton Growers , . Inc o r po rated 

of Lubbock, Texas. This cotton was spun into number 12/1 

yarns by the Textile Depa~tment of Texas Technological Uni-

versity in Lubbock, Texas, and the fabric was constructed by 

rn 2 a!: s of the cir cu 1 a r knitting process by Enterprise Inc or -

por1ted of Dallas, Texas. The 22 gau~e knit fabric so 

obtained provided the experimental samples tested in this 

study. 

The 12 lots of cotton included three grades: 

middling, strict lo·w middling, and low middling. The colors 

included white, light spotted, spotted, ~nd tinged for each 

of these three grades. Summary A and F'igur:e 1 show the 

fabrics as classified by lot number. 

25 
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SUMMARY A 

Classification of Experimental Fabrics 

-
LOT GRADE COLOR 

,. ..:..--: 

1 Middling ~Vh it e 

2 Strict Low Middling . WhTte 

3 Low Middling White I 
I 

I 
I 

4 Middling Light Spotted I 
i 
! 

5 Strict Low Middling f Light Spotted i 
' ' 6 Lov.' Middling Light Spotted I 

7 Middling Spotted I 

I 
' 8 Strict Low Mi9dling Spotted l 
I 

9 Low Middling Spotted .. 

10 Middling Tinged 

1 1 Strict Low Middling Tinged 

12 Low Middling Tinged 

-·-··--· --



DESCRI~TION OF DYES ---·-- ----

Vat ~nd direct dyes were selected for application 

to th~ various cottons. fhey included a variety of hues 

which might be suitable for various types of wearing ap-

parel, on assumption that.the spotted cotton under 

i n v f! s ti g a t i o n ni i g h t b e ti s e d in rn a n u f a c t u r i n g d i f f er e n t 

types of outen;eur. An attempt was made to select some 
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colors whi .ch were suitable fo ·r the immature cotton as well 

as for the better grades. 

Palanthrene Vat Dyes were selected from the color 

· card catalogue of the Badische Analin-and-Soda-Fabrik 

Company·who provided samples of the dyis for the study. The 

di re c t d ·yes we i' e ch o s en f r om the co 1 o r card i n de x by S and o z 

who furnished these s·amples. As nearly as possible the 

direct dyes were selected to ~atch the colors of the vat 

dyes. 

Informatjon concerning the colors and color index 

n a m~c s o f t h e e x p e r i me n t a 1 . d y e s s e l e c t e d f r o m t h e t w o g e n e r a l 

categories, mentioned abo~e, is given in Summary B. 



Lot 4 Lot 5 Lot 6 

Lot 7 Lot 8 Lot 9 

..,,....... -·---

1 
t___~ __ J 

Lot 10 Lot 11 Lot 12 

_ _ , I 
-""~Y"Rl't.n,w.•.1.u . ......-w~••~ -!~-..-,:.,.,1r~n\<a""fllllc:a.,.t-.~-...,,_...,..........,~,,.~~~a.1~ ... ,~u, •. "J..all!M.A'.~•-..,..,~,,,...~.--...:_,..,:.«ra.,-JI 

'!'l'.~ ........... _,..~~.,_~l.111!t11~i,,WA,lft.Alt~,tl'A.'Ml,,,..,,.. .. _..,..............,~~~.._~-...:&.l;JJf .. .,..,...JC, • . ~~~~:mrr.:,~_.4Woill(::""~.,;~.-.u ............... ......_. ...... 

FIGURE 1 

CL.~!)SJ_fJ_C1~.T)~_QN5__ OF EXP_E n I .. :ENT'AL FA ii HI CS 
< 
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SUMMARY B 

E x p e r i me _n t a ]___ i) ye s 

Hed 10 I I Cuprofix Red 184 

Orange '} Pyrozal Fast Orange! 61 ,:;., . 

i -
Lumicrease 98 Brilliant Yellow --· 

I 
Yellow 

Violet 13 Lurnicrease 
Red Violet 47 

Brilliant Green 1 Lurriicrease Green 68 

Blue 6 C h l o ·r am i n e Blue 14 

Navy 18 Cuprofix .. Navy 252 

Olive 13 Lum ic re as e Olive 70 

Brown 1 Cuprofix Brown ') 
,J 

Black 9 Cuprofix B1a ck 91 

"--·-
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Yellow Orange 2 

Red 10 Violet 13 Blue 6 

N av'y 18 Green 1 Olive 13 

Brown 1 Black 9 

FIGURE 2 

EXPERIMENTAL VAT DYESTUFFS APPLIED TO 

UNBLEACHED FABRIC FROM LOT l 
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P REP AR AT.ION _9..£. EXP ~f I MENTAL FA BR I CS -

FOR DYEING __ .. __ _ 
DIVISION Of FABRICS 

Nine and one-half yards of fabric fro~ ea6h of the 
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t we 1 v e _ 1 o t· s o f cot ton __ we r ·e re q u i red for th e t e s t s • App_ r o x i -

mately eight inches were needed _ for a sample test, which 

made an 8 - gr a rn ·s amp 1 e • Th i s s amp 1 e s i z e a 11 owed an ad e cl u a. t e 

amount of fabric. for three . samples, each one cut two ,in d 

one-h~lf inches by five inches. Two samplts weighing eight 

grams each were taken from each lot of fabric for each vat 

cl ye , a n d t w o s i m i 1 a r p o r t. i o n s we r f ; u s e d f o r e a ::: h cl i r e c t d y ci • 

Each of the 12 lots of f!Xpe:rimenta] fabrit:s was cut into a 

total of. 48 specimens, and each was weighed carefully on 

the Mettle1 Balance to insure that all weights were within 

one milligram of the specified eight grams. Prop~r identi-

f i c a t i o n w :j s a s s u r e d b y a s s i {J n i n g a s p e c i f i :.~ 1 a b e 1 t o e a c h 

lot of fabric. This label was sewn to the sample of fabric. 

One-half of the samples of experimental fabrics was dyed in 

the greige state, while t~e oLher half.was scoured and 

bleached accordi.nu to a method suggested by a producer of 

peroxidi:: bleach. 

SCOURING 

The scouring procedure was based on a liquor ratio 

o f l B : 1 , · o r l B rn i 1 l i 1 i t e r s o .f l i c i u i d t o o n (! g .r ..-1 Pi u f f ~t b r i c . 



The 1i q u or consisted· of 0 • 0 6 gram of sodium · carbonate and 

a comparable amount of neutral soap dissolved in 18 milli-

liters of distilled water for each gram of fabric. The 

s amp 1 e . a n d 1 i quo r vi er e p u t i n t o a s t e e 1 c y 1 i n d e r , i n s e r t e cl 

in the Launder-0meter, and .scoured for 30 minutes at a 

temperature of 190° F. 

33 

After 30 minutes of scouring, the sample was removed 

and subjected to five rinses in 500 milliliters of distilled 

water for each rinse. 

BLEACHING 

For bleaching, the sample was returned to the steel 

c y 1. i n d e r a n d s a t u r a t e ct w i _t h a b 1 e a c h i n g l i q u o r c o m p o s e d o f 

18 milliliters of water, 0.18 gram of sodium silicate, and 

0 • 1 8 g r a m o f p e r o x i d e b 1 e a c h f o r e a c h g r a m o f f a b r i c • T h e 

s a r:1 p 1 e th c n w a s p 1 a c e d i n t h e La under -0 me t e r f o r 4 5 mi n tit e s 

at a temperature of 190° F. At the end of the 45 minute 

p e r i o d , ·t h e s ant p 1 e w a s re mo v e cl , r i n s e d f i v e t i me s i n d i s t i 11 e cl 

water, and s pre a cl on the straight of the grain to dry. 

PROCEDDRE FOR VAT DY~ING 

Dircctiocs for the vat dy~ process were taken from 

P a \_a_!l t h r e n e D y e ~i t 11_ f f s o n C o t t o n _ , p u b 1 i s h e d b y t h e · B a d i s c h (.' 

Ani.lin-and Soda--Fabrik Ac; Company of Charlotte, North 
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Carolfna (27). Some }nodifications in the process were made 

according to suggestions provided by one of the Company•s 

ch emists. 

B 1 e a c h e d a n d _ un b 1 e a c h e d s amp 1 e s o f f a b r i c w i t h t h e 

same lot ·number were dyed at the same time. Each sarnpl~ 

w a s ct ye d s · e p ar a t e l y i n a i O O (>- m i 11 i li t e r b e a k e r , a s t e a m 

dye pot being used for the dyeing process. 

Each sample was wet · out in 160 milliliters of a 

0.05 per cent rapid wetting anent at 120° F.· for 10 minutes. 

Then the sample was rinsed in a bath of 500 milliliters of 

distilled water for each of five separate rins.ings. 

A 2.0 per cent dye bath was us~d for all colors 

except b-rown, nnvy, and black. For brown, a 2.5 per cent 

solution was used, with a 10 per cent solution for navy, and 

a 11 per cent solution for black was employed. These per-

centages were based on the weight of the fabric with a 20:1 

ratio of liquor to fabric~ An attempt was made to obtain 

the medium ~alue of each color according to the color card 

cat.:1iogue. 

The red dye was applied by a different. procedure. 

Salt and a lower temperature were used in order to get the 

de~; i red re:~ u l t s • Black also re4uired a different dyeing 

process. The manufacturer's color chart suggested a 14.0 
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per cc n t dye so l ·at ion a s a s tart in g bath , w i th the · a cl di ti on 

of a 9 • 0 per cent s o 1 u t i on , a ft er one - ha 1 f o f the d ye i ng 

cycle had been completed~ 

Summary C shows the per· cent of vat dye, the amount 
. 

o f c h e m i c a 1 s a n d t h e t em p ·e r a t · u r e u s e d f o r e a c h c o 1 o r d u r. i n g 

the dyeing process. 
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SUMMARY C 

V a _1 Q.y e_ F o rm u 1 a s 

DYE ING PROCESS 
PER CENT 

Na2S204 jsasogol. 
-

HUE OF' DYE NaOH Salt Temperature 
( gm s) Cgms) I ({{ms) (gms} (Fahr€!nheit) 

Red 2.0 0.48 0.48 0.01 0 .·5 75° 

Orange 2.0 0.48 0.48 0.01 o !'o 128° 

Ye 11 o ~v 2.0 0. 48 0.48 0.01. 0.0 128° 

Violet 2.0 0.48 0.48 0.01 o.o 128° 

Green 2.0 0.48 0.48 0.01 0.0 128° 

Blue 2.0 0.48 0.32 0 . 01 o.o 128° . 

Navy 10.0 0.96 0.96 0.01 o.o 128° 

.. 
Olive 2.0 0.48 0.48 0.01 · o.o 128° 

Brown 2.5 0.48 0.48 0 .·O l o.o 180° 

81.ack 14.0 1. 92 1. 92 0.01 0.0 128° 

...... ..... ,. ·-·---·-
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In order to O..btain a uni-form color for all samples, 

an exact ~rocedure for dyeing was planned. The exact amounts 

of sodium hydros u l fit e and -o the r chem i cal s to be added we r-e 

of major importance. Also thB time of injection of the dye 

and.th·e time sequence of each step were vital factors in 

securing ~he desired color le~el. In order to save time and 

io maintain accuracy, separate stock solutions of the rapid-

wetting agent, the dye, -and the soap for boiling off were 

made prior to the dyeing of· each color. 

A bleached and an unbleached sample, each in a 

separate co~tainer, Were treated with the rapid wetting 

agent for 10 minutes at 120°-140° F. This fabric was 

r ins e d tho r o ugh l y . in warm water-. The dye s o 1 u ti o.n and 

P r i m a s o 1 w e r e p 1 a c e d i n t h e d y e . p o t a n cl h e a t e d t o -a t e m 13 e r a -

ture of 120°-140° F. · This fabric was rinsed thoroughly in 

warm water. The dye solution and Primasol w~re placed in 

the dye pot and heated to n temperature of 120°-140° F. 

When the solution reached the correct ternperat°Ltre, the 

fabric was immersed therein and stirred for 10 minutes. 

Th e c au s t i c s o cl a , w h i ch p ~- e v i o u s 1 y · h ad be _e n d i s s o 1 v e cl w i t h 

a small amount of the dye solution, w~s added and stirred 

for 10 minutes. Basogol P and one-third of the sodium 

h Y cl r o s u l f i t e n e x t ~v e r e a cl-cl e d , f o 1 1 o w e d b y a 1 0 •- m i n u t e p e r i o d 

of stirring. Then another ·~lilrd of the sodium hydrosulfite 

was add e cl an rl another 10 ---minute period -of stirring ensued • 



The remaining third of the_ sodium _ hydrosulfite was added, 

followed by a final J.0-minute period - of stirring. The 

fa b ri c w a s r ·e mo v e d f r o m t h e d ye b a t h , r i n s e d t h o r o ugh 1 y t o 
;., . 

remove the caustic so~a, and then oxidized in a bath of 

160 milliliters of 0.2 per ·cent sodium perborate solution 

at · 120° F. ·for 10 minutes .• Following ·this oxidizing bath, -

the fabric was removed, rinsed thoroughly, and ·then boiled 

for 10 minutes in 160 milliliters of 0.2 per c.ent s-0ap 

solution. Finally the fabric was rinsed thoroughly and 

spread out to dry. · 

PROCEDURE FdR DIRECT DYEING 
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The dyeing procedure for direct dyes differed from 

the procedure for vat dyes, both as to method of adding the 

chemicals and as to rihemicals used. The fabric was wet in 

the same rapid we tting agent used for vat dy.eing, then 

rinsed five times in 500 milliliters of water for each rinse. 

The soda a~h and salt were mixed with the dye before the 

dyeing process was begun. The soda ash acted as a retarding 

agent, thus promoting level dyeing. Summary D shows the 

chemicals used in the dyeing proces·s, and the conditions of 

their application, 

Incorporat e d (20). 

as recommended by Sandoz Chemical Works, 



HUE 

Red 

Orange 

Ye 11 ow 

Violet 

Green 

Blue 

Navy 

01.i.ve 

Brown 
---

Black 

PER 
OF 

I 
I 

I 

CENT 
DYE 

2.0 

0.5 

0.5 

1.0 

2.0 
I 

0.5 

4.0 

2.0 

SUMMARY D 

D i ~-e c t J)....Y.Q. F o r m_u 1 a s 

(Per One Gram Sp:cimen) 

DYEING PROCESS 

Soda Ash I Sa 1 t After 
(gms) I (gms) Treatment 

0.1 4.25 Cu~rofix 

Potassium 
O.l 4.25 Bichromate 

& Copper 
Sulfate 

Potassium 
0. 1 4.25 Bichromate 

& Copper 
Sulfate 

Potassium 
0. 1 4.25 Bichromate 

& Copper 
Sulfate 

0.1 4.25 S a.n do fix 

Potassium 

0. 1 4.25 Bichromate 
& Copper 
Sulfate 

0.2 9.5 I Cuprofix 

0.1 4.25 Sandofix WE 

~--1 4.25 Cuprofix 
-·-·-· I l 6. o 0.2 
I 

9.5 Cuprofix 
-·----... ·--· ... --· 
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-

Temperature 
(Fahrenheit) 

-

170° 
-

170° 

·-

170° 

·-·-· 

170° 

I 170° I 

170° 

170° 

170° 

170° 

170° 
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The directions given in the shade book by Sandoz 

Chemical Company were followed, since this company furnished 

the direct dyes. These directions suggested the use of soda 

- ash and s a·l t at a level o-f one per· cent and 10 p-er cent, 

respectively, bvsed on the weight of the goods to obtain 

a medium shade of dye. An attempt . was made to secure the 

medium color shade in vat dyes, with the same shade attempted 

in the direct dyes. The ratio of liquor to fabric for the 

direct d·ye was 20:1. To each 1000 milliliter beaker was 

added 160 milliliters of dye liguor. The eight-gram sample 

was treated in this solution for one hour at 170° F. No 

addition of chemicals was necessary after the sample was 

placed in the solution, and thus one person was able to dye 

six samples at a time. T_he beakers were placed in the dye 

pot with constant stirring for one hour. Then the samples 

were removed from the dye liquor and rinsed five times as 

in previous treatments. 

To give improved fastness to light· and ~ashing, an 

after-treatment was applied to each of the dyt:)d samples. 

Several suggestions were given in the shade book provided 

by t !1 e company. A corn bin at ion of two per cent pot as s i um 

Bichromate cJnd two per cent copper sulfate was chosen to 

treat ull of the rjyed samples except those with green and 

Cvpr0ftx colors. Th:is treatment imparted improved fastness 

t o 1 n li n d c r i n g a n d t o 1 :i (! h t • S h a d c s o f g r e e n a n d o 1 i v e we r e 

a l t e r e c_-1 'l> y •1 .. ·• i1 ,.__,.._ .--111 o ~r e 1· ·r - ,. m e r1 t · a n d h e n c e a 2 0 e r c e t • _, , n • , :.;'. c1 • , , , • p J , n 



41 

Sandofi~ WE was chosQp for these colors. The Cuprofix dyes 

required - a speciar prep.aration called Cuprofix after-treat-· 

ment, involving~ two per cent solution. -The -a-fte-r.,..t-reat.ment 

was a 0pplied to the dyecl . _fahric for 20 minutes at 160° F., 

with the sample rinsed five times, and then spread out to 

dry. 

PREPARATION OF SAMPLES 

After the 12 lots of cotton had been dyed, they were 

m a r k e d w i t h t h e a p p r o p r i a t e 1 o t n um b e r f o r i d e n t i-f i c a t i-o- n • 

Three s~mples, each 2.5 by 5.0 inches, were cut from each lot 

o f f a b r i c , o n e f o r an i n i t i. a 1 s a mp 1 , o n e f o r e x p o s u r e t . .o 

light, and the other for laundering. Some of the fabric was 

used laler for mounting in the dissertation._ Iron-on tape 

was used to mark each sample with its respective lot number 

and to indicate whether the ~ample was bleached or unbleached. 

After marking, each sample was subjected to the tests 

described below. 

LAUNDERING 

The samples were launderea in ·an Atlas Launder-Omet~r, 

using an accelerated laundering test designed for the evalu-

ation of the wash fnstnes.s of textiles which are manufactured 

to withstand frequent launderings _. 
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This 45-minute Standard Method Test, accoiding to 

AATCC (29), sh-0~ld siiulate the color loss ~nd abrasive 

action of five average hand, commei~ial, or home launder-

ings. Test IIIA from the Standard· Method was used with some 

variations, · 

Through the use of appropriate conditions of tempera-

ture, alkalinity, and abrasive action, the loss of color was 

obtained in a conveniently short time: The abrasive action 

was accomplished by the unrestricted actions of the steel 

balls and . the ~se of a low liquor ratio. Distilled water 

.was used for the laundering tests. After each laundering 

period, fading was measured by means of the Beckman spe~tro-

photometer. 

After the laundering period, the ~sample was removed 

from the can and rinsed for two one~minute periods in 100 

milliliters of fresh distilled water at a temperature of 

105° F. for each rinse. During this period, the sample 

occasionally was stirred or hand squeezed. Following the 

rjns.ing, .the sample was soured in 100 milliliters of a 

0.011 per cent solution of acetic acid at 80° F. for one 

mJHute. Then the sample was rinsed for one minute in 100 

milliliters of rlistillerl wat~r 8t 80° F. Afterwards the 

s a 1~1 p 1 e s w e r e s p r e a d o u t a n d p r e s s e d b e t we e n a b s o r b e n t p a p e r 

towels with a hand iron. 
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L a b e 1 i n g f o r t h e 1 a u n d r y t e s t tv a s a c c o mp 1 i s h e d b y 

the use of' iro11-on tape attached to each end ·of the sample. 

Th e l o t n um b e r a n d t h e m e th o d o f t re a t me n t o f t h e f a b r i c 

was written with a laundry pericil on the tape. Due to the 

abrasion of the steel balls during the test, thi$ iron-on 

tape was not completely satisfactory and as a result the 

tape was reenforced with staples. 

LIGHT EXPOSURE 

The dyed samples were ~ubjected to the Colorfastness 

to Light Test of the AATCC (30). The Atlas Fade-Ometer with 

the carbon-arc lamp, continuous light, was used for the test. 

Two samples were placed on· each holde·r and faded -for a 

period of five, 20, 40, ~O, and 80 hours. After each expo-

sure period, spect~ophotometric readings were taken at 

10 wavelengths between 400 and 850 millimicroni. 

EVALUATION 

The acceptance of the dye and the loss of color by 

each sample of fabric was determined by the use of the 

Beckman Spectrophotometei. 

After the exposure periods of 5, 15, 20, 40_, 60, and 

80 houts in the Fade-Ometer, readings on the wavelengths of 

400, 450, 500, 5S0, 600, 650, 700, 750, 800, and 850 milli-

microns Wf~re taken on each sample of fabric. 
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The retention of the dye by each sample after 

laundering was determined by spectrophotometric evaluations 

a f t er e a ch f i v e La u n d e r i n g p e r i o d s a t t h e w a v e 1 e n g t h s 

mentioned above. 

In each of the evaluations for acceptance and 

ret~ntion of dye, the 10 readings were averaged and reported 

as the mean reflectance for each sample. 



P R E S E N T A T I O N D A T A A N D 

D I S C U S S I O N 6 F F I N D I N G S 

The data concerning the results of the dyeing of 

knitted fabri·c from three grades and four· color classes of 

Texas cotton were pooled for each type of cotton, with pairs 

of the types co mp are d by means of the "t" t es .t • These 

fabrics, which included twelve lots of cotton, were divided 

into two groups. One group was dyed with 10 different hues 

of vat dyes, while ·the other group _ was dyed with 10 corre-. 

sponding hues of direct dyes. In both groups, one-half of 

each fabric was bleached before dybing and the· remainder was 

dyed in the greige state. 

These fabrics were subjected to two tests: 80 hours 

of light fading by mean~ of t _he Fade-Ometer, arid 25 launder-

ings by means of the Launder-Ometer. The Beckman DU 

Spectrophotometer was used to measure the light reflectance, 

which determined the color loss of the dyed fabrics after 

e;:1ch fading. 

The datn obLsinecl by the spectrophotometric readi_ngs 

were an;Jlyzed by means of the ttt" test for the purpose of 

determining the amount. of light reflectanc.e, as noted above. 

45 
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These readings were taken initially on the samples; and then 

they were made after five, 15, 20, 40, 60 and 80 hours of 

light · fading in the Atlas Fade-Orneter. For laundering, the 

re ad i n g s we r e t a k en i n i t i a 1 1 y , a ·n d a g a i n a ft e r f i ve , 10 , 1 5 , 

20 and 25 laundering periods, respectively. 

The mean reflectance ratings for the 12 lots of 

cotton varied from 59.1 for the Low Middling Tinge variety 

to 72.l for the Strict Low Middling White in the initial 

fabrics as can be noted from Table I (Appendix). A statis-

tical comparison of the data for the three grades of cotton--

Middling·: Strict Low Middling, and Low Middling, showed that 

there was no significant difference between any of the 

cotton grades. 

When a comparison was made between the four color 

grades, White, Light Spot, Spot, and Tinge, the reflectance 

o f W h i t e w a s s up c r i o r t o . t h a t 0-f T i n g e ( P < 0 • 0 5 ) • T h i s c o n -

stituted the sole significant comparison of six tests which 

were mad~ on the color groupings of the greige goods. 

SUMMARY OF THE VAT-DYED FABRICS 

TREATED ·As ONE COLOR GROUP -- - ·--

Comparisons were made of the findings resulting from 

reflectance readings· for the 10 vat-dyed fabrics initialiy, 
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beflfre subjecting th~~ to }ight fading ot -laundering, with 

all data for the iespective fabrics pooled. Results neither 

for the co t t 6 n in i -t i al co 1 ors nor for the grades of cotton 

were 1ound to differ significantly. This was found for the 

comp_arison of bleached as well as unbleached samples. 

GRADE 

EFFECT OF LIGHT EXPOSURE ON VAT-DYED FABRICS 

TREATED AS ONE COLOR GROUP 

After exposure to 80 hours of simulaterl sunlight, 

comparisons were made between ail three grades of vat-dyed 

cotton fabrics for bleached and unbleache~ samples, respec-

tively. N~ significant differenc~s were found between the 

grades in either group with regard to color loss which was 

imposed by dyeing. 

In comparing the bleached fabrics with those which 

were unbleached, there was no evidenci of a significant 

differen~e for this variable. Hence, bleaching had no 

appreciable effect on the · reflectance of fabrics with refer-

ence to . grade when bleaching preceded .light exposure of the 

dy2d fabrics. 

When analyzing th6 results of light fading within 

grades · for this study, it was found that all grades showed 

s i ']n if i Cant di ff er C n CC s in pl Ott.in g the b 1 ea Che d a g a.inst the 
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unbleached vat-dj~d s~mples. No differe~ce was found betWeen 

the dyed and the dyed and faded, regardless of whether the 

fabric was· bleached or unbleached before dyeing. The 

results obtained were consistent with reference to the three 

grades. 

COLOR 

Within the color groups of cotton, the same trend 

w a s f _o u n cl a s w i t h i n t h e g r a d e s • N o a p p r e ci a b 1 e d i f f e r e n c e s 

were found when comparing vat-dyed fabrics before fading 

with the same vat-dyed .fabrics after fading. This was true 

for the bleached as well as unbleached fabrics. 

EFFECT OF LAUNDtRING ON VAT-DYED FABRICS 

TREATED AS ONE COLOR GROUP ---

GRADE ----

After 25 l~undering periods, the specimens showed 

n o s i g n i f i c a n t d i f f e r e n c e s i n 1 i g i1 t r e f 1 e c t a n c e re ad i n g s f o r 

bleached or unbleached dyed cotton, when comparing them to 

s i rn i 1 a r u n 1 a u n d e r e d . d ye d s amp 1 e s .. Th i s w a s t r u e f o r a 1 1. 

three grades of cotton. 

There was no difference bet.ween bleached dyed and 

unbleached and dyed snmples after 25 periods of laundering 

with reference to grade. When the initial unbleached and 



. vat.-d yed 

had been 

specimens 

laundered 
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we.re compared ·with similar s-amp·les · which . . 

25 times, the difference was significant 

( P < 0 • 0. 5 ) f o r · a 11 . g r a cl e s i n d i c a t i n g t h a t s o m e f a d in g r e s u 1 t e cl 

from laundering, even though the degree of fading was not a 

r~su.lt of the initial color or - grade of the cotton, but _of 

the dye. 

On making the same comparisons of initial bleached 

and dyed samples with similar .samples aft£r· laQndering, there 

were significant differences. 

COLOR 

The reflectance ratings of th~ unbleached, vat-dyed 

as well as .the bleached, vat-dyed cottons in all cotton color 

groups varied little after the laundering test. In comp-aring 

the laundered specimens which were dyed in the greige st~te 

to the bleached and dyed specimen.s, no significant differ-

ences were found between the groups. The same pattern of 

variations was found in the treatment within color classes 

for laundering ·as was found in the treatment for grades after 

.laundering. No difference occurred in the bleached dyed 

fabrics after laundering when _ they were compared to the 

bJ.e~iched, dyed .fabrics before laun~lering in three color · 

grades: White, Light Spo~, and Spot. 

An ind.icntion of a slightly significant difference 

f o r t h e T i !! u e d cl a s s , i n c o mp a r i n g b _l e a c h e d , d ye d f a b ri c · 
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before laundedng Lt) .. blea.c_hed, dyed fabric after laundering 

w a s s e e n ( P <O • 10 ) • A ls o , t h e re fl e ct a n c e w a s g re a t e r i n 

the laundered samples than in those not la~ndered, with a 

signi~icant difference (P<0.05). Hence the vat-dyed fabrics 

s u b j _e c e d t o 1 n u n d e r i n g r e s u 1 t e d i n s o me f a cl i n g , f o r w h i c h 

the dye and not the init-ial color of the cotton was respon-

sible. 

VAT DYES 

An e v a 1 u at ion of the acceptance and r -e t e n-t ion of each 

of the respective vat dyes by the 12 experimental fabrics is 

repo :rl.ed in t·hc fol.lowing discussion. Statistical compari-

sons of spectrophotometric reflectance measurements of the 

dyed specimens in the initial and faded states made with 

reference -to grade , and color of cotton served as-the basis 

for this evaluation. 

The acceptance of each dye was determined by com-

parisons ma~e on the initial fabrics which were dyed but 

were not subjected to the . fading tests. One-half of each 

of the in it i a 1 fabrics was b 1 ea c }1 e d before dyeing and the 

remainder was dyed in the greige state. 

Other comparisons- were made after the specimens were 

expos~d to 80 hours of ligh·t in the Fade-Ometer. These 

sample~ were subjecled to fading at intervals of five, 15, 40, 
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6 0 , an 8 0 h o u rs , r e s.p c c t i _v e 1 y • A f t e r ·: e a c h p e r i o d o f 

fading, the light refl~ctance rendings were made with the 

Beckman DU ~pectrophotometer. An a~erag~ -of the ~e~oided 

readings was computed · to proNide data for statis~ical com-

pari~ons in the retention of dye by the experimental fabrics 

after lig~t exposure. 

A third group of data was acquired from subjecting. 

vat dyed specimens to 25 raunclering periods in the Atlas 

L a u n d e r -0 rn e t e r a s d e s c r i be d i n t h e Me t h o cl s o f P r o c e d u re • 

After each operation of the Launder-Ometer, which repre-

s e n t c d f i v c . 1 a u n d c r i n g p e r i o d s , · s p e c t. r o p h o t o m e. t r i c r e G d i n g s 

were m~de which served as data in determining the effect of 

1 a u n d e r i n g u p o n t h e r e t e n t i o n · o f t h e 1 0 . r e s p e c t _ i v e v a t d y e s 

by the experim~ntol fabrics. 

VAT BRILLIANT YELLOW 

I\ c e e pt an c e an c~ Re ten t ion _<Lf_ •·.Y_il_!_ Br i 11 i ant 
Yellow on the Basis of Grade of Cotton ---- - --- ----- -· - ·---.- -

Acceptance £!-... !)_j:~-- The greatest color change which 

¼3S observed in the per cent acceptance of Vat Brilliant 

Yellow dye by the initial fabrics was in · the Middling grade 

of cotton. F o t the bl e ::1 ch e d fabrics, M i .d d 1 in g cotton . s us -

tained n 6.8 per cent change, while the Tinge grad~ of 

cotton showerl the least acceptance, with . an average of 3.3 

per cent. In tile unbleachi.::d cottons, Middling- eotton also 
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m a n i f e s t e d t h e g r e a t e s t 1 e v e 1 o -f a c c-e p t a n c e w i t h a 1 0 • 5 

per cent change, whereas unbleached· again showed the lowest 

acceptance with a change of 7.8 per cent. 

Some statistical differences were found in Vat 

B r i 11 i a n t Ye l 1 ow · fa b ri c s \V hT c h w·e r e d ye d b u t u n t re a t e d • 

A s c a n. b e · no t e d i n S um m a 1~ y_ E , th e . r e f 1 e c t a n c e o f t h e 

u n b 1 e a c h e cl M i d d l i n g. c o t to n w a s 1 o we r t h a n t h e r e f 1 e .ct a n c e 

of the bleached Middling cotton (P<0.02). Strict Low 

Middling cotton reacted to dyeing in a similar manner to 

that observed by the Middling grade. The unbleached fabrics 

failed to exhibit i reflectance comparable to that of the 

bleached (P<0 ~05). No other differences were found betw~en 

the three resp e ctive grades of cotton either in the bleach e d 

or unbleached state. 

Fadi!U( during Light Exposure. Statistical compari-

sous of Vat Brilliant Yellow fabrics bleached before dyeing 

showed that 80 hours of light exposure had caused a sig-

n i f i c a n t d i f fer en c e i n t h e re f 1 e ct an c e of ·t h e · M i d d 1. i n g g r ad e 

of co t ton ( P <O . 0 2) • A s 1 i g ht darkening was e v .i. dent after . 

light exposure which may have been due to a chemical change 

in the dye cause ci by the · u 1 tr av i o 1 et rays from t·h e carbon -

arc lamp. 

A lower reading was evident also in the Low Middling 

grade after light fading which caused a significant difference 



from the initia1yellow (P<0.10). No significant· di'ffer-

ences were found between the unbleach~d grades ·of these 

cotton fabrics. 

A comparison of reflectance values within grades 

of cotton revealed no ·sjgnificant differences between the 

_initially dyed s?.mples and the dyed and faded samples, 
'• 
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although the reflectance values were lower in- each instance 

after light exposure. No significant 'differences were found 

between grades of bleached cotton after light exposure and 

only Low Middling showed a difference. in the grades_ for 

.unbleached cotton. Unbleached l~ow_ Middling displayed a 

higher reflectance than did unbleached Strict Low Middling 

( P <O. 0 5) . 

Fadlnq during Laundering. Laundering ~evealed a 

significant difference between the bleached and unbleached 

Middling coiton with the higher mean reflectance found in 

the bleached cotton (P<0$05). All three grades of bleached 

as well as unbleached samples exhibited significant trends 

with reference to fading after laundering when compared to 

their initial yellow dyed samples. Within the bleached 

fabrics, the differences from laundering were not as great 

as in the unbleached fabrics. 

There were no differences between the reflectance 

v a 1 u es o f t l1 e u n bleached dyed a·n cl 1 au n de red fabrics with 

reference to grade nor were there differences within gr~des 

of bleached and J ;J 1lndered fabrics. 



Ac' c e pt an c e an cl Re t e 11 t i {) n of Vat Br i 11 i ant · 
Ye 1 1 o w .Q..ll t h s· a s i s o f Co l o r o f C o t t o n 

In ·the -bleached fabric, the 

grea~~st acceptance of Vat . Brilliant Yellow according to 
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per6~n~age calculations was in White cotton (lQ.O per cent) 

a n d t h e 1 e_ a s t . a c c e p ta n c e _i n t h e . T i n g e co 1 o r g r o u p ( - 3 . 0 

p e r c e ri t ) . · H e r e · i t ·w a s o b s e r v e d t h a t t h e 'f i n g e d co t t o n , 

according to spectrophotometric readings, gave results 

which denot6d an increased yellow color before dyeing than 

a f t e r d ye i n g , a 1 t h o u g h t h i s w a s n o t d "i s c e r n e· d v i s u a 11 y • I n 

the fabrics dyed in the grei9e state, White cotton r e vealed 

a higher percentage of acceptance o·f the Br i 11 i ant· Ye 11 ow 

··dye. (13.1 per cent) than did the other groups, while Tinge 

cotton showed the least acceptance (7.2 ·per cent)~ 

The natural color of the cotton had significant 

effects in some instances upon the acceptanc~ of the Vat 

Brjlliant Yellow dye when statistical comparisons of the 

data were made. In the ·unbleached -fabries: no differences 

were noted except between Light Spot and Tinge where a 

slight difference was favorable to Light Spot (P<0.10). A 

slight difference in reflectance was ~lso noted bet ween the 

bleached Light Spot cotton and the Spot cotton in· whi .ch 

S po t . \V a s s 1 i u h t l y s up e r i o .r ( P <O • 1 0 ) • 

Comparisons of the ble~ched and unbleached fabrics 

within each color classification revealed that bleached 



Tinge had a signific~~tly higher reflectance value ·after 

application of the .Vat Brilliant Yellow dy~ than did un-

bleached Tinge (P<0.02). A slight indication of a diffe~-

ence Was noted to favor bleached spot when compared to 

u n b I _e a c h e d S p o t ( P <O • 1 0 ) • 
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Fiding during Light Exposure. After 80 hours of 

light exposure, the per cent reflectanc~ of Spot cotton in 

the bleached an~ unbleache~ fabrics was lower than the value 

of ·th c i n i t i a 1 co lo r ( P <u . 0 5) • W h j t. e cotton h ad the s am e 

trend ( P <O. 10) • A s 1 i g ht darkening effect of fa cling was 

r e s p o n s ib 1 e . f o r t h i ~; o c c u r r e n c e • 

White cotton which was bleached before dyeing with 

V a t B r i 1 l i an t Ye l 1 o w h a d l o w e r r e f 1 e c t a ii c e t h a n L i g h t S p o t 

aft e r 8 0 h _o u rs · of expos u re in the Fade-· Om et e r ( P <O .. 0 5) .• In 

the unblenched ciyed fabrics, Light Spot was superior both 

t o S p o t a n c! T i n g e w i t h re f e re n c e t o r e f 1 e c t a n c e ( P <O . 0 l ) 

T h e r e we r e n o s i g· n i f i c a n t d i f f e r e n c e s i n r e f 1 e c t a n c e 

between the· color groups of cotton when comrJared to their 

initial groups in either bleached or unbleached goods,· hence 

no trend for fading of Vat Brilliant Yellow was evident. 

F a d i n H _d u r Ln_~l L a u_ n d e r i n g_ • T h e l a u n d e r e d f a b r i c s o f 

Vat Brilliant Yellow displayed a significant difference in 

all color classes when compared to their initial counterparts. 



Th e b 1 e a c h e d a s we 11 a s t h c u n b 1 e a c h e d s a mp 1 e s - e xh i b i t e d 

higher mean reflectance values ~fter la~ndering than 

before. See Summary E. 

In these laundered· samples, bleached Spot cotton 

and bleached Tinge cotton· groups showed s(gnificantly 
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-h i g h e r me an re fl e c t a n c e s , w h e n p a i re cl _ a g a i n s t t h e u n b-1- ea ch e d 

groups ( P <O • 0 l and P <O. 0 5, respective 1 y) • 

Unbleached White surpassed bleached Spot cotton in 

reflectance (P~0.05); ·and bleach~d Tinge surpassed bleached 

Light Spot cotton in this respect (P<0.05) •· 



SUMMARY E 

STATISTICAL COMPARISONS OF REFLECTANCE MEASUREMENTS 

_Q_[ _DYED AN(?_ LAUNDERED FABRICS ON .I.U_I BAS IS 

OF COLOR. OF COTTON - ----- ----

(_VAT_ BR ILL IANT YELLOW) 

-··------- - -· --

I Co:pari sou I Bleached I Unbleached 
! Mean I Proba- Mean I P·r ob a-·· i Reflectance I bility I Reflectance bility i 
I ! __ .. _,. 
""---· ·- .. -
I 

White I 72.5 N.S. 72.6 P <O. l 0 
Light Spot 71. 0 69.8 
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·--· 
__ .... ________ 

White 72.5 N. So 72.6 P <O. 05 
Spot 72.9 68. 4 

----.. 

Wh .it e 72~5 N. S. 72.6 N.S. 
Tinge 74.9 69.5 

Light Spot 71. 0 N. S . 69.8 N. S. Spot 72.9 ·• 68.4 

Light Spot 71. 0 P <O. 05 69.8 N.S. 
Tinge 74.9 69.5 

I 
Spot 

__j 
72.9 

___j u~J· 68.4 N.S. . .,, . 74.9 69.5 ! 11 ng e 
I L ___ ,. _________________ 

·- __ .. __ 



VAT ORANGE 2 · ------

Ac c e pt an c e and Re t en t i o n · o f Va t O r an g e 2 
on the Basis of Grade of Cotton 
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Ac c t an c e. o f D ye . Th e a c c e p ta n _ e o f Vat _ 0 r a n g e .2 _ 

by the various grades of cotton varied . from the usu_al pat-; · 

tern. In . the bi e 2 ch e d fabrics , Mid d 1 in g cot ton accepted· t .h e 

hi~hest perc~ntage of ~ye (21~0 per cent), while Low Middling 

cotton accepted the lowest percentage (19.7 per cent). In 

the unbleached fabrics, however, this trend was reversed. 

Low Middling accepted the greatest level of this dfe (20.3 

per cent), while Middling cotton accepted the lowest amount 

( 19,8 per cent). No significant differences were. observed· 

in the initial fabrics of Vat Orange 2 when comparisonr; of . 

data were made on the basis of grades of cotto~. 

Fadin[ during Light Exposure. After light fading, 

the findings revealed the fact that the unbleached Middling 

surpassed the unbleached Low Middling cotton with a signifi--

cant difference (P<0.01); that unbleached Middling surpassed 

unbleached Strict Lo~v Middling cotton by a highly signi.fi-• 

c a n t d i f f e r e n c e ( P <O • 0 0 1 ) ; a n ct t h a t t h e re f 1 e c t an c e o f L o w 

Middling showed slight evidence of being more subject to 

fading from light exposure than the Strict Low Middling 

(P <O • l O) • B 1 each e d Mid d 11 n Q cotton show e ct a s i g n i f i cant 

difference in reflectance due to fading when compared to 
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the in it i al fabric ( P <O. 0 5) ; and the u n bleached fabric dud n g 

the same -comparison exhibited a significant di·fference which 

was somewhat higher (P<0.02). Slight fading was noted also 

within the Low Middling grade of cotton (P<0.10). 

Fading_ during Laun·derinq. Dttring __ laundering, 

bleached Middling cotton manifested a highly significant 

trend for fading (P<0.001). Strict Low Middling cotton 

showed the same trend (P<0.01). Low Middling cotton also 

was found to show a significant fading trend during launder-

ing as was den~ted by the highly significant diffe~ence 

-between the reflectance values of the laundered and the non-

laundered specimens (P<0.001). For the unbleached goodsl 

Middling and Low Mi&dling cottons showed a highly signifi-

cant trend toward fading during laundering (P<0.001), whereas 

the degree of fading experienced by the Strict Low Middling 

cotton was of less significance (P<0.01). 

Acceptance an cl Re tent i_QJ!. of Vat_ 0 range_ 2 
on the Basis of Color of Cotton - ---

A c c e p t a n c e tl !).i._~ • W i t h r e s p e c t t o t h e o r i g i n a 1 

color of the cotton, it was found that the orange dy~ was 

accepted -best-by the White cotton (23.6 per cent)·, with 

leGst acceptan~e by Tinge cotton (16.6 per cent). 

When observing the comparisons of the color of 

cotton in the initial bleached and uyed state of Vat Oran·ge 2 



the mean reflectance of bleached Spotted cotton surpassed 

the mean reflectance of bleacihed Tinge cotton by a ~ignifi-

cant differenc e (P<0.05)~ This was the only color which 

showed a significant difference in the initially dyed 

fabrics. 

Fad i n g rl u ring _Li g h .!:_ Exposure • When the re f _l e ct an c e 

values of the Vut Orange 2 fabric we·re compared on the basis 

of the original colors of the cotton, differences due to 

light exposure were not evident in·· fhe -unbleached fabrics. -· 

Spot cotton contributed to a higher degree of fading than 

d i d W h i t e ( P <O • 0 2 ) , w h e r e a s L i g h t S p o t -- (P <O 0 1} an d · s p o t 

(P<0.001) showed more fading than did Tinge-in the bleached 

and dyed fabrics. 

Comparisons of the bleached and unbleached Vat 

Orange 2 fabrics gave evidence of the superior loss of color 

in the Spot color category favorable to the bleached fabrics 

( P <0. 0 5) • 

Fadinq during Laundering. The bleached and the 

unbleached fabrics dyed with Vat Orange 2 evidenced fading 

that was significant in al·l four color categories when the 

reflectance values of the laundered fabrics were compared 

with the initial values. The degree of fading in most 

c o 1 o r g_ r o u p s w a s h i g h 1 y s i g n i f i c a n t ( P <O • 0 0 1 ) • Ex c e p t i o n s 
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were found in the Light Spot bleached and in the ~nbleached 

White and Spot colors where fading was not as defined (P<0.01). 

C 

S p o t c o t t o n _ s h o we cl a h i g h e . r d e g ·r e e o f f a cl i n g d u r i n g 

laundering than ditl Tinge cotton (P<0.05) f6r both bleached 

and unbleached samples. Light Spot cotton showed fading to 

.a greater degree than Tinge cotton both in the bleached and 

unbleached fabrics. Other differences which were found to 

exist between the colors of cotton wh~n fabrics were dyed 

with Vat Orange 2 and laundered can be noted in Summary F. 
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. SUMMARY F 

STATISTICAL COMPARISO~S OF REFLECTANCE MEASUREMENTS 

OF DYED AND. LAUNDERED FABRitS ON THE BASIS --- -- ----- ---- -- --
OF COLOR OF COTTON -- --- --

( VAT ORANGE _?_) 

Bleached Unbleached 
Corapari sons Mean I Proba- Mean Proba-

Ref lectance1 bility Reflectance bility 

White 60.6 P <O. 01 61 .. 9 P <O. 10 
Light Spot I 63~8 65.4 

---
White 60.6 P <O. 02 56.0 P <O. 02 
~pot 63.6 58.7 

I 

Light Spot I 63.8 P <O.01 65.4 P <O. 02 
Tinge I 61. 1 61. 0 

Spot 63.6 P <0. 05 63.2 P <b. 05 T.i.nqe 61.1 61.0 
-----



VAT RED 10 --· -- --

Acceptance and Retention of Vat Red 10 
on the Basis of Grade of Cotton 
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Acceptance tl ~- Vat Red 10 dye manifested little 

variation with respect to its acceptance~ in the bleached 

fabrics; Middling cotton showed the highest acceptance with . 

an average of 23.7 per cent change· during dyeing, while Low 

Middling cotton had the lowest acceptance of the dye, with 

an average of 20.3 per cent. In the unbleached cottons, Low 

Middling ·sustc:1:incd the highest acceptance (30.4 per cent), 

whereas Middling had the least acceptance (25.4 per cent). 

The only significant difference found in the initial 

fabrics, with refe re nee to . their acceptance of Vat Red 10 

on the basis of giade of cotton, was that which appeared 

in the Low Middling grade. In comparing the bleached with 

the unbleached fabrics, the bleached Low Middling cotton 

was favored by a highly significant difference (P<0.01). 

Fading during bight Exposure. No diffirences with 

reference to reflectance values were noted within the three 

grades of cotton when th~ bleached and dyed spec·imens exposed 

to 80 hours of sunlight were compared to their unexposed 

counterparts. A highly significant degree of fading oc-

curred within the Low Middling grade of the fabrics which 
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were dyed in the unbl.eached state with- Vat Red 10 (P<0.001). 

_After ex_posure to light, the bleached fabrics in· all three 

grades of cotton were s~perior in reflectance to the fabrics 

w h i c h, we re d ye d w i t ho u t b 1 e a c h i n g . ·: 

F a dj_!UI. d u r i n g La u n d er i n g . Laun de r i n g p r o d u c .. e d 

highly . s i g rd f i cant degrees of fading . w Lt hi n a 11 three gr a ct es 

-of bleached and unbleached cot·ton, as ·was evidenced by 

comparisons of the reflectance values of fabrics dyed with 

Vat Red 10 before and afte-r laundering. After 25 laundering 

periods, no differences were found between the reactions of 

the three g_ rad es of ·the u n b 1 each e d cotton • It was observed 

t h a t. i n t h e s e f ab r i c s t h e M i d d 1 i n g ( P <O • 0 2_) · a n ct t h e Low 

Mi d cl l in g _( P <O • O 1 ) g rad es faded more th an d i d the St r i ct Low 

Middling cotton. 

Acceptance ~-9.. Retention of Vat Red 10 
on the Basis of Color of Cotton 

Ac r, e p t Rn c e .2..f _g_y_~. W h en · comp a r"i s on s we re rn a ct e 

between the undyed and the dyed fabrics before exposing 

them to light or to laundering, with regard to c6lor 

classes of cotton, Vat Red 10 dye was· accepted best by 

bleached White cotton (28.8 per cent) and it was accepted 

least by bleathed Tinge cotton (14.8 per cent). Interest-. 

ingly enouglt, White ·cotton again accepted the most dye 

(33.8 pe~ cent) while Tinge cotton accepted the least 



(23.8 per cent). When statistically compa~ing the data of 

the Vat Red 10 fabrics with reference to the color c 1 ass 

of cotton, no significant differenries were found before 

fading. 

Fadin[ during Light Exposure. Significant differ-

Bnces between the res~ective colors of cotton were evident 

after 80 hours of exposure to li·ght, both in-.i .he b.leached 

and unbleached fabrics dyed with Vat 8ed 10. In the un-

bleached fabrics White, Light Spot, and Spot showed more 

fading than did Tinge, with differences significan~ at the 
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·levels shown in Summary G. With reference to the bleached 

fabrics, Spot showed more fading than Tinge (P<0.05), w~ere-

as there were slight indications of other differences. 

W i t h i n t h e L i g h t S p o t ( P <O • 0 5 ) , S p o t ( P <O • 0 1 ) , . a n d T i n g e 

(P<0.10) categories of cotton, the bleached and dyed fabri~s 

faded more from light exposure than did the unbleached and 

dyed fabrics. In the bleached category of fabrics, the 

reflectance of the respective colors of cotton was not 

affected sJgnificantly by light when the dyed and the· faded 

specimens, within each color group, were compared with the 

dyed fabrics before exposure. Upon the basis of comparisons 

of the unbleGched and the dyed -fabrics, fading due to light 

expo s tt re was evident in the W hi t e co t ton ( P <O • 01) , and a 

slight sembl?nce of color change was also noted in the Spot 

c o 1. o r g r o u p ( P <O • 1 0 ) • 



Fad i .!!._Q. during_•!_. au n_d er in g • . . It was . f o u n d that there 

was a significant difference in fading for all four color 

groups, both in the blea~hed and unbleached specimens. 

In all color groups of the unbleached fabrics, 

c o mp· a r i s o n s b _e t we e n · t h e i n i t · i l a n d 1 a-u n d e r· e d s p e c i me n s 
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s h o w e d . a h. i g h 1 y s i g n i f i c a n t ct e g r e e o f J ad i n g ( P <O • 0 0 1 ) • 

Fading equivalent to that mentioned above was experienced 

by the White and Spot cottons in the bleached fabrics, how-

ever, the fadinu in the Light Spot -and Tinge cottons was 

1 es s sign i fi cant ( P <O.01) . 

Comparisons of the Vat Red 10 fabrics with reference 

t o t h e b 1 e a c h e cl an d u n b 1 e a c h e d d a t a .re v e a 1 e d. a s i g .n i f i c a n t 

difference ·between the two treatments of fabrics in the 

Tinge cottons. In this instance, the fabrics which were 

bleached before dyeing exhibited the higher reflectance 

v a 1 u e ( P <O • 0 1 ) • 
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SUMMARY G 

STATISTICAL COMPARISONS OF REFLECTANCE MEASUREMENTS OF 

DYED AND LIGHT FADED FABRICS ON THE --- -- --.--- --- ---- -- ---
BASIS OF COLOR OF COTTON 

( VAT RED 10) 

I Bleached Unbleached I 
I Comparisons 

Mean 
I 

Prob a-• Mean Proba-
Reflectance bility R e f1 e c ta n c e bility ·-

I I l 

White 51.1 P <O 10 50 .. 7 N. S,, Light Spot 52.6 50.5 

White 51. 1 
P <O 10 50.7 

N. S. Spot 52.8 50.9 
·-

-
White 51.1 N.S. 50.7 P <O.01 Tinge 51.2 48.3 

Light Spot . 52. 6 N.S. 50.5 N.S. Spot 52.8 50. 9 

Light Spot 52.6 P <O. 10 50.5 P <O. 05 Tinge 51. 2 48.3 
-

Spot 52.8 
P <O. 05 50.9 P <O.01 Tinge 51. 2 48.3 



VAT VIOLET 13 

A c·c e·p t a nc e an d_ Re t en t i on .2...f Vat V i o 1 e t 13 
o n l~ B as i s .2..£ G r_a d e Q.[ Co t t o n 

Ac c e p t a n c e ..9_[ D y e • · S p e c t r o p h o t o me t r i c r e a d in g s · 
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ct is closed . th~ finding th a_t b 1 each e d Mid d 1 in g cotton accepted 

ihe highest peicentage of Vat Violet 13 dye, with a color 

ch an g e . ,o f 3 2 • 5 p e r . c en t • Th e r e_a d i n g s a 1 s o r v e a 1 e d t h a t 

bleached Low Middling cott6n underwent the luwe~~ color 

ch an g e d u r i n g cl ye i n g , w h i c h w a s 3 0 • 7 ·p e r c e n t . ·· I n ad d i t .i o n , 

the readings displayed the fact that, of the cottons dyed 

in the unbleached state, Strict Low Mi~dling underwent the 

highest color change (36.9 per cent), and the Middling 

cotton showed the lowest change (32.8 per cent). 

From statistical comparisons of the acceptance of 

Vat Violet 13 by the various grades of cotto·n, no signifi-

cant differences were· found in the initial fabric which 

was dyed but untreated. With respect to comparisons 

between gr~des of cotton, after pairing the bleathed with 

the unbleached fabrics for acceptance tests, .still no 

significant differehces were found . 

.fad .i. n_g_ d u r i n g Li g h t Expo sure • Aft e r 8 0 ho u rs o f 

light expos-ure of Vat Violet 13 dyed fabrics, the mean 

reflectance of bleached Middlirtg cotton surpassed the mean 

reflecta~ce of bleached Strict Low Middling cotton by a 
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highly ·significant difference ( P <0.001) • This .also was true 

for a comparison of the same unbfeached fabrics (P<0.001). 

The mean reflectance of Low Middling .cotton was higher than 

that of Strict Low Middling, both in the bleached and 

unbleached state (P<0.01). Only one other comparison 
. -

revealed a difference in b~havior during light exposure 

of Vat Violet 13; the mean reflectance of i>leached Strict 

Low Middling cotton surpassed the mean reflectance of 
unbleached Strict Low Middling by a significant difference 

( P <O. 0 5) . 

In evaluating the initial samples and those that had. 

b e e n e x p o s e d t o l i g h t , t h e r e we r e n o · s i g n i f i c a nt d i f f e r e n c e s • 

Hence, fading was not evident. 

fading during Launderin~. Following the 25 launder-

ing treatments, comparisons were made between the tested 

S3mples and the initial samples dyed with Vat Violet 13, 

nnd in many cases there were numerous evidences of fading. 

In i:tll C':omparisons involving grades of cotton, the dyed 

and laundered samples were lighter than the comparable non-

laundered fabrics by distinctly significant differences. 

Low Middling (bleached) had a probability level ·of OoOl, 

and unbleached Strict Lo':.- :Vliddling a probability of 0.02. 

In all remaining cases t.ht~ other grades, bleached anrl un-

ble:;1cherl, had highly significf,nt changes during laundering 

( P <O.001) • 



A c c e p t a n c e il..!!.9.. R e t e n t ion , of~ .Y_? t V i o 1 e t l 3 
.Q_l:!. the 8 as i s· of Color of Cot to..!!. 
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Acceptance._gJ_ Dye. Wit.-h reg.ard to· color classes of 

cotton, the spectrophotometric readings indicated that 

bleached White cotton absorbed the most violet dye (37.9 

per cent) ,. • w hi 1 e the b 1 e a,c he d · Tinge cotton absorbed the 

feast _(27.6 per cent). For those unbleached fabrics which 

were dyed with Vat Violet 10 dye, the readings signified 

t h a t W h i t e c o t t o n · a c c e p t e d · t h e m o s t d ye ( 3 7 • 9- p e r c e n t ) ., 

and that Tinge cot ton accepted the 1e·ast (29-.3 per cent). 

_In the statistical comparisons of the color classes 

of cotton, only bleached Light Spot cotton revealed a 

higher mean reflectance than unbleached Light Spot cotton 

( P <O • 0 2 ) ; a n d u n b 1 e a c h e d S p o t c o t t o n h a cl a h i g h e r r e f l e c t -

ance than unbleached-Light Spot cotton (P<0-05). 

Fading_ during_ 1_.t__g.!!._~ Expo s·u re • Light exposure after 

80 hours had little effect on the Vat_Violet 13, and further 

study reveaied- that only-unbleached Light Spot cotton showed· 

a s i g n i f i c a n t t r e n d t o w a r .d f a d i n g ( P <O • 0 5 ) • 

Fading .£]:~_Eing_ LaunderLr!..S.1. After laundering tests 

were performed, Vat Violet 13 revealed fading in all color 

c 1 a s s e s f o r b o t h t h e b 1 e a,r.:, h c d a n d t h e u n b 1 e a ch e d s amp 1 8 s • 

See Sn1nmary IL It was also •.)h:31}rved, when comparing the 

bleached to the unbleached cotton, that Tinge had a higher 

me an reflectance than Wh i t e or Liu h t Spot in· the b 1 each e cl state • 



71 , 

SUMMARY H 

STATIS·TICAL COMPARISONS OF REFLECTANCE MEASUREMENTS Q.f. DYED 

AND LAUNDERED FABRICS ON Tt!~ ~ASIS OF COLOR ~Q_[ f_Q_T~,ON_ 

. (VA'[ VIOLET 13) 

Bleached Unbleached 
Comparison 

Mean ·Proba- Mean ·Proba-
! Reflectance bility Reflectance bility ! 

I 
White -·· ·- -

Initial 44.0 P <O. 02 44.0 P <O.01 
Laundered 50.0 51. 4 

r 
Spot I 

P <O. 00 l I 
Light 

Initial 45.6 P <O 01 42.3 
La uncle red 51.1 50.3 

Spot 
Initial 46.0 P <O. 05 44.2 P <O.01 Laundered 52.0 51. 1 

Tin9e 
I 

I Initial 45.0 44.0 j P <O.001 P <O.01 I Laundered 53.4 51.9 i 

t---

I -
White 50.0 P <O.01 51. 4 N. S. 

I Tinge 53.4 51.8 

I 
I Light Spot 51.1 

P <O. 02 
50.3 

l_:' inge 53.4 51.9 
-· 



VAT BLUE 6 

A c c e p t a n c e _§..!_1-9. R e t e n t i o ri . .Q._.f. V ~i. B l u e 6 · 
on the Basis of Grade of Cotton - -- --- --- ------

Acceptance of Q_ye • . The Vat Blue 6 dye showed a 
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d i ff e re n t t re n cl in t h e r a t .e o f a cc e p t an c e o f .d ye b y some o f 

the unbleached cottons than was noted previously. Bleached 

Strict Low Middling cotton abs,orbed t~e highest percentage 

of dye (62.4 per ·cent), while · bleached Low Middling .Cotton 

absorbed the lqwest percentage of dye (61.5 -per cent). How-

ever, both the unbleached Middling and the Strict Lo~ 

Middling cotton sustained the same percentage of acceptnnce 

of dye (61.5 per cent). None of these differenees were. 

statistically significant. It also should be noted that the 

bleached fabrics manifested a very small difference (0.9 

per cent) in their rate of acceptance. Tinge cotton had a 

58.2 per cent level of acceptance. 

In a statistical comparison of the performance of 

the grades of cotton wi _th respect to . .acceptance of Vat Blue 6, 

the data indicated that the mean lig-ht reflectance readings 

we r e significantly different when comparing Strict Low · 

Middling cotton to Low Middling cotton in the bleached and 

dyed fabrics. Here, the bleached Low Middling had the 

higher reflectance reading with a statistically significant 

difference (P<0.05). There were no other significant 



differences in the comparisons made on the initial Vat 

Blue 6 samples in the bleached or unbleached s·tate and the 

dyed s ampl.es. 

Fading during Light Exposure. Light exposure 

produced fading to a significant degree only in bleached 

Middling cotton and in unbleached Strict Low Middling 

cotton when matched to their initial samples which had not 

b e e n e x p o s e d t o 1 i g h t ( P <O • 0 1 · a n d P <O : 0 5 , r e s p e c t i v e 1 y) • 
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After gomparing bleached Middling cottoh to bleached 

Strict Low Middling cotton, a significant difference was 

observed in the mean reflectance values, with Middling 

co t t o n h a vi n g t h e h i g h e r re fl e c t an c e ( P <O 0 1 ) . A s i g n i f i - · 

cant difference at the same level of significance was 

observed to favor bleached Middling over bleached Low 

Middling cotton. No differences were found in similar 

comparisons for the unbleached grades. When a comparison 

of bleached to unbleached Strict Low Middling cotton was 

made, however, the unbleached Strict Low Middling had a 

highPr reflectance reading with a difference which was 

statistically significant (P<0.01). This same trend was 

observed in a comparison of bleached and unbleached Low 

Middling CQtton with an even higher level of significance 

(P<0.001), favoring the higher reading on the unbleached 

fabric. 
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F a d i n g d u r i n g La· u n d e ri n q • · -T h e co t to n f a b r i c s cl y e d 

with Vat Blue 6 evidenced a highly significant trend of 

fading after- laundering for all _g_rades. The comparison 

between the laundered and non-laundered both in the bleached 

and unbleached fabrics showed highly significant differenqes. 

There were two groups which reve2led significantly higher 

differences in reflectance readings in the unbleached state 

when compared to their bleached ·samples--Strict Low- Middling 

( P <O • 0 0 1 ) and Low Mi d d 1 i n g -c o-t ton ( P <O • 0 1 ) • Another signifi-

cant difference r~vealing higher mean reflectance before 

laundering was found in bleached Middling cotton over 

ble?che~ Strict Low Middling cotton (P<0.01) and unbleached 

Low Middling over unbleached Strict Low Middling cotton 

( P <O. 0 5) • 

A c c e p t ? n c e a n d R e t e n t i o n p f _ V a t B 1 u e 6 
on the Basis of Color of Cotton -- -- ---

Acceptance_.21_ ~- The evaluation of the acceptance 

of dye by color classes of cotton showed that bleached White 

cotton absorbed a higher percentage of dye (66.7 per cent) 

than any other of the cotton color classes. The evaluation 

also revealed that bleached Tinge cotton ac.cepted a lower 

percentage _of dye (58.4 per cent) than any other of the 

color classes. In the greige state, White cotton accepted 

the most dy6 (63.6 per cent) and Spotted cotton accepted the 

least dye (57.8 per cent). 



When statist!~al c~mparisons were ~adc on the 

initial Vat Blue 6 dyed fabrics, only one pair of color 

groups indicated any significant difference in light 

reflectance readings, nam~ly bleached Tinge cotton had a 
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h i g h _e r re f 1 e c t an c e t h an d id b 1 ea c h e ct· W h i t e c o t t o n ( P <O • 0 5 ) • 

No other ~ignificant differen6es were found on the initial 

fabrics. 

F a d i n q ~d u r Ln_.q_ L i q h t Exp o s u r e • N o s i g n i f i c a n t d i f -

ferences were indicated in any of the color classes of 

cotton, bleached or unbleached, when comparisons w-ere made 

as to the same initial, untreated samples after light 

exposure. Hence no fading was revealed in these cases. 

There were some significant difference~ in the means of 

White cotton and Spot cotton in comparing the bleached with 

the unbleached state; In - both instances, the mean reflect-

a n c e w a s h i g h e r i n t h e u n b 1 e a c h e d g o o d s ( P <O • 0 1 ) • A 

comparison of White cotton to Spot cotton indicated that 

the Spot cotton had a higher reflectance in both bleached 

and u n b 1 e a d1 e d s amp 1 e s ( P <O • 0 5 ) • 0 n e o t h e r c o mp a r i s o n 

indicated a significant difference in reflectance, namely 

bleached White cotton was surpassed by bleached Tinge 

cotton by a highly significant difference (P<O~Ol). No 

o t h e r d i f f e r e n c e s w c r e f o .u n d i n V a t B 1 u e 6 d u e t o t h e c o 1 o r 

of cotton. 
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Fading during Launderinq. Launderi-0g of V~t Blue 6 

dyed samples revealed fading for every ~olor group of cotton, 

when compared to the initial samples. See Summary I -. The~e 

were significant differences in mean reflectance readings 

for the color group of c·otton after laundering .as noted · in 

this summary. One other significant difference in mean 

reflectance which is not shown in the summary table was 

f o u n d i n t h a t a h i g h e r r e a d i n g fo r S p t c o t t o n i n t~ h e u n _-

bleached state appeared when compared to its bleached state. 
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SUMMARY I 

STAT IS T'ICAL COMPARISONS OF REFLECTANCE MEAS UHEMENTS ·Qf D YEO_ 

WITH DYED AND LAUNDERED FABRICS ON THE --- -·- -- - --
BASIS OF COLOR OF COTTON - -

Bleached Unbleached 
Comparison 

White 
Initial 
Laundered 

Light Spot 
Initial 
Laundered 

Mean I Proba-
Reflectance 

I 
bility 

23.6 
30.5 

25.4 
32.9 

I P <O. 00 l 
I 

P <O.01 

Mean Proba-
Reflectance bility 

25.8 
34.0 

26.4 
34.9 

P <O.001 

P <0.001 

!---S_p_o_t _____ .,_._. ________ ___,;1-----...;-------+---~~ 
I n i t i a l 2 5 • 9 p <O • o O l 2 8 • 2 p <O • o l 
L a u n d e r e d .3 3_. 1 I .. . 3 7 • 0 

Tinge 
Initial 
Laundered 

White 
Light Spot 

25.8 
34.3 

30.5 
33.0 

P <O.001 

I I P <O. 05 

I 

28.5 
33 ·. 5 

34.0 
34.9 

~<0.001 I 

N. S. 

W h i t e 3 O • 5 3 4 • 0 p <O • O 5 
p---s_p_o_t ______ .L--__ 3_3_._1 __ _,!. __ N_._s_._-i--___ 3_7_._o __ , ___ ..;._ ___ _.il 

White L 30 5 I 34 O 
~-n_g __ e____ _ __ 3_4_:_ -=-2 ___ 1---P_<_o_._0_0_1--+--~~_3_:_5. ____ _,....__~-~-~-·---· 

Light Spot 
Tinge 33.5 

34 ,. 9 
33.5 N.S. 3 4 • 9 I p <O • 1 0 

t------------:_ ______ ----1,. _____ -+-------4-------1 

Spot 
Tinge 

33.1 
34.2 P <O .10 37.0 

33.5 P <O.01 



VAT NAVY 18 

Acceptance and Retention .21_ Va_!_ Navy 18 
£!!_ the Basis of Grade of Cotton 

A c c e p t an c e tl Qy.£. Ac .c o rd i n g t o t a b u 1 a t i o n s b a s e d 
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on the spectrophotometric readings~ Middlin9 absorbed 

the highest percentage of Vat Navy 18 dye in the bleached 
. . 

group. The extent of acceptance for Middling cotton was 

62.4 per cent; also in the bleached cottons, the lowest 

extent of acceptance was found for the Low Middling ·grade 

of cotton (55.0 per cent). The readings indicated that, 

of the unbleached group, Strict Low Middling cotton sus-

tained a chringe of 64.6 per cent, which was the highest 

degree of acceptance. Middling cotton accepted the lowest 

percentage of dye (62.0 per cent) in the unbleached cot·tons. 

According to the "t" tests performed on these data 

concerning Vat Navy 18, there were no significant differ-

ences in the initial,· untreated vat-dyed fabrics, when 

grade of cotton was considered. 

F a d i nJl_ d u r i..!ul L i a h t_ E x p o s u r e • L i g h t e x p o s u r e , 

after BO hours, had lit·tle effect on thi·s Navy 18 vat dye.•. 

There was a significant difference in mean reflectance 

between Strict Low Middling cotton in the bleached and 

unbleoched stat.e, with the bleached cotton having higher 

reflectance (P<0.05). The only other difference revealed 
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in light fudiug was · Uiat found · in . a comparison of unbleached 

Middling cotton with unbleached Strict Low Middling cotton 

and the unbl~ached Middlirtg was favoYed with the higher 

reflectance (P<0.05). 

F~ding during Laundering. All grades of cotton 

t.reated with Vat Na-vy 18 dis-closed ? significant trend o:f 

·fading both f~r.bleached and unbleached specimens (P<O~OOl). 

A s 1 i g ht ref 1 e ct an c e- d if f e· re nc e was revealed when comparing 

unbleached Middling cotton · with unbleached Strict Low 

Middling co~ton, with the ~iddling cotton displaying the 

higher reflectance (P<0.10). When Strict Low Middling 

cotton was compared in the bleached and unbleached states, 

a slightly significant difference was found to favor the 

b 1 e a c h e d g r a d e a s e x h i b i t i n g h i g h c r -r e f 1 e c t a n c e ( P <O • 1 0 ) . 

1'-cceptance and Retention £i.. Vat Navy 18 
on the Basis of Color of Cotton -- -- ----

Acceptance of Q_y e .• In the grouping of fabrics 

a c c o r d i n·g t o c o 1 o r c 1 a s s , t h e e x am i n a t i o n d i s c l o s e d v e r y 

little difference in the levels of acceptance of -dye bot_h 

by the bleached and unbleached cottons. Bleached White 

cotton had the highest degree of acceptance (64.2 per cent); 

and bleached Tinge had th·e lowest level of acceptance (60.·o 

per cent). In the u·nbleached cotton, Vat N·avy 18 was absorbed 

at nearly the same level as the bleach~d~ There was little 



difference in each of the &ighest and lowest levels of 

acceptance. White cotton accepted 65.0 per cent of the 

dye, while Tinge cotton accepted 60.8 per cent. No 

statistical differences were found in this initial fabric 

when considering the color class of cotton. 

Fading during Light Exposure. No fading due to 

light exposure was evident in the Vat Navy 18 fabrics. 

80 

A significant difference in reflectances was observed when 

bleached Spot cotton was compared with Ligh_t Spot cotton, 

with the former showing the higher reflectance (P<0.01). 

Also, bleached Spot cotton had a higher reflectance than 

bleached Tirtge cotton by a difference which was signific~nt 

( P <O • 0 5) • In the u n b 1 each e d fabrics , White cot ton had a 

higher reflectance than Tinge cotton by a significant dif-

f e re n c e ( P <O • 0 2 ) • · B 1 e a c h e d Sp o t . a 1 s o h ad a s i g n i f i c a n t 1 y 

higher reflectance than unbleached Spot (P<0.05). No 

other differences were found to be statistically significant 

when light exposure comparisons were made. 

Fading durin[ Laundering. All four color classes, 

both bleached and unbleached, exhibited a high level of 

fading, when the initial· dyed sample was compared with the 

dyed and laundered specimens. When the laundered per-

formance of bleached Spot cotton was compared with Tinge, 

the Spot farled somewhat more than the Tinge (P<0.05). The 

same comparison made in ·the unbleached fabric showed the 



Spot to exceed the Tinge cotton with reference to fading 

during laundering by a slight·ly significant · difference as · 

can be noted in Summary J. 
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SUMMARY J 

STATISTICAL COMPARISONS OF REFLECTANCE MEASUREMENTS OF 

C o mp a r j s o n .s 

White 
Light Spot 

White 
Spot 

White 
Tinge 

Light Spot 
Spot 

.--I 

Light Spot 
Tinge 

- ·-••·-

Spot 
Tinge 

pYEQ AND LAUNDERED FABRICS ,!)N_ THE 

BASIS OF COLOR OF COTTON 

Bleached I Unbleached 

- Mean I Proba- I Mean I Proba-
Reflectance b il it y Reflectance, bility 

30.0 30. 9 · N.S. 30.0 NcS~ 30.6 

30.0 

I 

30.9 
30.8 N.S. 31.4 N.S. 

30.0 30. 9 
29.5 N.S. 30 .1 I N.S. 

I 

I 

I - 30.0 30. 6 

I 
30.8 P <O. 20 31 • 4 N. S. 

30.0 30.6 
29.5 P <O. 20 30. 1 N.S. 

30.8 
P <O .-05 

31.4 
· P <0 .-10 · 29. 5 30.1 
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VAT GREEN i' 

A c c e p t a n c e a n d Re t e nt i o n £.f Vat G re .e n 1 
on the Basis of Gracie .2.f. Cotton 
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. A c c e p t a n c e ,2_.:f_ .Q_y_£_. . F o r Va t G r e e n l, t h e d i f f e r e n c e 

in extent of· acceptance o_f th·e dye. by ble~ched and un-

bleached cotton was relatively minor. In the bleached 

fabrics which were dyed with Vat Green 1, it was noted that 

Strict Low Middling cotton absorbed the greatest amount of 

dye (63.0 per pent) and that Middling cotton absorbed the 

1 ea s t am o u n t o f dye ( 6 0 • 9 p e r cent) . In th e ·gr e i g e s tat e , 

the per ceit of change in reflectance after dyeing was 

found to be the highest in Strict Low Middling (63.1 per 

cent) and to be the least in the Middling grade of cotton 

(60.5 per cent). A statistical analysis of the data by 

means of the "t" test applied to pairs of fabrics with 

respect to initial colors revealed the fact that no si~-

nificant differences ·were found between the pairs. 

F ad i n g d u r i n [ lli!:!J. E x ~s u r e . A f t e r 8 0 h o u r s o f 

light exposure, dyed Middling cotton when compare~ to 

Strict Low Middling revealed a higher xeflectance both for 

the bleached and the unbleached cottons with the following 

significances of difference, P<0.05 and P<0.02, respectively. 

Ano t he r s i g n i f i can t · cl if fer enc e .i n the u n bl e a c"'h e d s p e c i men s . 

was fdund in Middling cotton paired with Low Middling, 



with Mid d 1 in g h c1 vi n g the higher ref 1 e ct an c e ( P <O • 0 5) • 

Bleached Low Middling cotton revealed a higher mean 

reflectanc6 than did bleached Strict Low Middling cotton, 

w i t h a s i g n i f i c a n t d i f f e r e n c e o f P <O • 0 5 • W h en c om p a r i n g 

bleached and unbleached samples, the only significant 
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d i f f e r e n c e w a s f o u n d i n t h e Lo w Mi d d li n g g r a d e c o t t o n , w i t h 

the b 1 e ache ct s u r pas s in g the . non -bleached by a difference 

which was slightly significant (P<0.10). 

Only one grade, Strict Low Middling, revealed a 

slight tendency fer -light fading when it was compared with 

the initial dyed fabric (P<0.10). This change occurre·d 

only in the bleached state. 

Fading duri_ruL Laundering. Laundered Vat Green l 

samples showed highly significant differences from the 

in it i a 1 cl ye d fabric. This. tendency was found in a 11 three 

grades both for bleached and unblea.ched cottons, P<0.001 

for all groups except bleached Middling which had a dif-

f e r e n c e · w h i c h w a s s 1 i g h t 1 y 1 e s s s. i g n i f i c a n t ( P (0 • 0 1 ) • 

Ac c e p t an c e an d Re t e nt i on o ·f Va t G re e n 1 
on the Basis of Colorof Cot ton 

Acccotance .2..£ !_)...Y..£. Regarding color classes, Vat 

Green 1 produced most variation of reflectance in bleached 

White cotton (65.9 per cent) and the least variation of 

reflectance in bleached Tinge cotton (56.6 per cent). 
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Unbleached White cotton accepted th~ most dye (65.2 per. 

cent), while unbleache~ Tinge accepted the least (58.7 per 

cent) • 

A statistical analysis of the data revealed the 

finding that only one difference appeared - in the initial 
- . . 

fabrics and that was betw~en bleached White cotton and 

bleached Spot cotton. This difference favored the Spot 

c o t t o n w i t h a h i g h e r m e a n r e .f 1 e c t a n c e ( P <O • 0 1 ) • N o o t h e r 

color groups of the cottons sho~ed significant differences 

when compared by pairs. 

Fadinq during ~ight Exposure. Vat Green 1, after 80 

hours of light exposure, demonstrated some trend toward 

fading in the bleached s~ate. Light Spot showed a differ-

ence which was slightly significant when compared to the 

i n i t i a 1 fa b r i c ( P <O . 1 0 ) • A 1 s o , b 1 e a ch e d T i n g e s h o we d a 

tendency toward light fading more than unbleached by a 

difference which was more highly significant than the 

p r e v i o u s· c o m p a r i s o n ( P <O • 0 2 ) .. 

Only three comparisons made io determine differences 

in 1 i g h t f ::id in g were s i g n i f i cant • The b 1 each ed. Tinge· co t ton 

surpassed the bleached White cotton in light fading (P<0.001) 

in the unblenched cotton, while Light Spot cotton as well ~s 

S p o t s u r p a s s e d W h i t e co t t o n ( P <O l O an d P <O • 0 l , re s p e c t i v e 1 y) • 
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F a d i n g d u r i n (l L au n d e r i n g • . . T h i s g r e e n d ye · d i s p 1 a ye d 

fading in all color classes of cotton, both bleached and 

unbleached -dudng laundering. The.9yed - specimens exhibited 

varying degrees of ·significance, when compared with the 

initial groups. See Summ~ry K. Some variations in mean 

light reflectance may be ob.served al.so. 
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SUMMARY _K. 

STATISTICAL COMPARISONS_ OF REFLECTANCE MEASUREMENTS OF DYED 

AND LIGHT FADED FABRICS ON THE BASIS - OF COLOR OF COTTON ---

(VAT GREEN l) 

Bleached Unbleached 
Comparison 

I 
.. 

Mean 
I 

Proba- - Mean I Proba-
Reflectance bility Reflectance I bili ty 

i 
White r . 

Initial 24.2 P <0.001 
I 

24.8 P <0.001 Laundered 31.0 31. 5 
.. I Light Spot I Initial 24.5 " P<0.001 25.1 I P <0.001 . Laundered 32.0 32.7 ! -

Spot I 
Initial . 25.7 P <0.001 26.3 P <0 001 
Laundered 33.7 34.0 

Tinge 
Initial 27.1 P <0. 02 25.8 P <0. 05 Laundered 31.8 31.2 

---
White 31. 0 P <0 .0-1 --- - 31. 5 P <0.01 Spot 33.7 34.o · 

-· 
Light Spot 31. 6 P <0 .02 - --·--Spot 33.7 

Spot · 33.7 P <0 ~10 34.9 · P <0. 0 2 Tinge 31.8 31.. 2 

I 



VAT OLIVE 13 

Acceptance and Retention of Vat ·Olive 13 
.Q..l)_ the Basis of Gracle-ofCotton 

88 

. A c c e p t a n c e .Q..[ D v e • A c c _o rd i n g t _o . t_ h e g. r a d e o f c o t t o n , . 

Middling cotton showed the highest rate of acceptance of 

Vat Olive 13 both in the bleached and the unbleach~d fabrics. 

The bleached Middling cotton absorhed 72.9 per cent oi dye, 

whereas the unbleached Middling absorbed 73.4 per cent of 

dye, with no signi.ficant difference between the two. There 

also was little difference in acceptance of this dye through-

out . the various cotton grades, with Strict Low Middling 

bleached cotton and Low Middling the lowest. in this regard, 

accepting 71.5 and 71.6 per cent, respectively& 

No signifi'cant differences were found when the "t" 

test was applied to pairs of initial fabrics and the dyed 

fabrics when considering the grades of cotton. 

Fading_ durinq k,UI,E.,.!,_ §~sure. There was a slightly 

significant difference in the bleached Middling cotton 

(P<0.10) when exposed to light fading and a difference of 

higher significance in the unbleached Middling cotton when 

it was compared to the initial stimples. Hence fading took 

place in the Middling grad~ of cotton for fabrics dyed 

with Vat Olive 1~1. There were differences in mean reflect-

ance of all three grades and bleached Low Middling grade had 
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a · s i g n i f i c a n t 1 y h i g he. r r e 1 e ct _a n c e t h a n b 1 e a c h e d · M i d ct 1 in g 

c 6 t ton ( p· <O • 0 2) • It also had a high e T ref 1 e ct an c e in the 

bleach~d sta·te than in bleac~ed Strict Low Middling with a 

differerice of low. sig.niff~ance (P.<0.10) ·• Middling and 

s ·tri.ct Low Middling cotton · had-slightly higher significant 

differenc~s in reflectance after light fading in the un~ 

bleached state compared to the bleached state, with a 

difference which was . s 1 i g ht l y s i g n if i cant ( P <O • 10) • 

89 

Fading during Launder in q. W h_e n cons i de ring the 

grades of cotton,. the dat~ revealed_a h~ghly significant 

difference (P<0.001) .between the laundered and initial 

samples dyed with Vat Olive 13 for .all grades both in the 

bleached aucl unbleached -stat·e. Only one other slightly 

significant difference was found in that there was - a higher 

mean reflectance f~r-Low Middling cotton when co~pared with 

M i d d 1 i n g c c t t o n ( P <O • 1 0 ) . 

Acceptance and Retenti6n of Vat Olive 13 
o n t h e B a s i s - ·o f Co 1 or of ea· t t o n ---

Acceptance £1.. Q_ye. When judging the color absorbency 

of Vat Olive 13 in the bleached fabri6s, it was -Observed 

that White cotton as well as Light $pot cotton had th~ 

s a m e r a t e o f c h a n g e w h e n ·cl y e d w i t h V a t O 1 i v e .1 3 • E a c h o f · 

the t\vo cottons sus t 'ained a cha.nge of 73.2 . per cent, while 

Spot cotton of the bleached group had a 71.0 per cent change. 
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In the unbleached group, White cot.ton maintained the highest 

rate of absorbency (73.2 per cent), and Spotteij cbtton the 

lowest rate of absorbency (70.4 per cent), although the 

difference in the two cases was not statistically signifi~ 

cant. 

In the statistical comparisons of acceptance of Vat 

Olive 13, the only significant difference involved a higher 

mean reflectance for Spot cotton in comparison with Tinge 

c o t t o n ( P <O • 0 5 ) • 

F a d i n g d u r i..!!Jl. L i g h _!_ E x p o s u r e • A h i g h 1 y s i g n i f i c a n t 

difference was found ~etween the initial and the light 

exposed bleached White cotton samples dyed with Vat Olive 13, 

i n d i c a t i n g f a cl i n 'J ( P <O • 0 l_) • L e s s e r d i f f e r e n c e s w e r e f o u n d 

in comparing unbleached Tinge cotton with bleached Light 

Spot, and Tinge cotton which reveal some light fading for 

these three color groups. 

There were differences in mean reflectance for 

_ s e v e r a 1 g r o u p s a s c a n b e o b s e r v e d i n S um ma r y L • T h e -o t h. e r 

significant differences in mean reflectance for light fading 

which were not given in the summary were these: u n b 1 e a ch e·d 

White cotton had a higher mean reflectan~e than bleached 

W h i t e c o t t o n ( P <O • 1 0 ) a n d u n b 1 e a c h e d S p o t h a d a h i g h e r 

reflectance than bleached Spot cotton (P<0.05). 
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SUMMARY L 

_?TAT_IST ICAL COMPARISONS_ OF· REFLE-GTANCE MEASUREMENTS . OF DYED 

AN D L I G HT F !\DE D FA B H IC S Qfi· THE BAS IS QI COLOR OF COTTON 

(VAT OLIVE .!l_) 

.· . 

Bleached Unbleached 
Comparison 

I Proba-
I 

Mean I Proba-· Mean 
·Reflectance I bility Refle.ctance bility -

White 17.8 N.S. 19.7 · I P <O.01 Li9ht Spot 19. 1 . 18. 6 

White 17.8 N.S. 19. 7 ·· -

Spot 19.3 20.6 P <O. 10 -

White 17.8 N •. S. 19·. 7 P <O. 10 Tinge 18.6 19.1 

.. 

Light Spot 1_9. 1 N.S. 18.6 P <O.001. Spot 19.3 20.6 -

Spot 19.3 N.S. 20.6 P <O.01 Tinge 18.6 19.1 



VAT BROWN 1 

Adceptnnce and Retention of Vat Brown 1 
on the Basis of GradeofCotton ---
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Acceptance Qf Q_y_~. · Evaluation of the spectrophoto-

metric reaaings showed th.at both the bleached and the un-

bleached Strict Low Mid d 1 in g. grade· of cotton had the highest 

r a t e s o f a c c e p t a n c e o f V a t B r own 1. T h e b l e a c h e d S t r.i c t 

Low Middling absorbed 56.9 per cent of the dye and un- · 

bleached Strict Low Middling absorbeJ 57.5 ~er cent. In 

the low rates of acceptance of the dye, Low Middling cotton 
I 

rank_ed the lowest (39.6 per cent) for the bleached group, 

- a n d t h e Lo w M i d cl l i n g ··a 1 s o r a nk e d t h e l o we s t ( 4 1 . 1 p e r c e n t ) 

for the un6leached group. 

There were three light reflectance differences when 

the data were computed statistic~lly for thi performance of 

the grade~ of Vat Brown 1 dyed cotton in this initial 

state. ~leached Low Middling surpassed bleached Middling 

in mean reflectance by a significant difference (P<0.05); 

and unbleached Low Middli~g surpassed unbleached Strict Low 

Middling with a difference which was slightly significant 

(P<0.10). Middling cotton in the unbleached form surpassed 

the unbleached Strict Low Middling cotton with a signific~nt 

d i f f e r e n C e ( p <O • 0 5 ) . . N O O t h e r . s t a t i s t i C a l 1 y s i g n i f i C a n t d i f -

f e re n c e s . vv c. r e o b s e r v e d • 
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F a d i n g - d u :rJ-2!J1 L i g h t - E x p o s u r e • T h e V-a t B r o w n 1 d y e d 

fabrics exhibited no apparent fading when the "t" _ test was 

applied to the light exposed speciciens matched to the 

initial dyed fabrics. There were, however, some significant 

differences in mean light reflectance averages. The 

reflectance of Middling cottoh surpassed the reflectance 

of Strict Low Middling cotton both in the bleached and un-

bleached fabrics with a difference in the first case which 

w a s s i g n i f i c a n t ( P <O -• 0 5 ) , a n d i n t h e s e e o n d i t w a s - h_ i g h 1 y 

s i g n if i c a n t (. P ~o . O 1) • T h e L o w M i a d 1 i n g co t t o n ·s u r p a s s e d 

the Strict Low Middling cotton both in the bleached arid the 

unbleached form, with a highly significant difference-in 

both instances (P<0.001) .• Yet the Middling cotton surpc1:ss-Bd 

the Low Middling cutton in the bleached state by a differ-

ence with a slightly lower significance (P<0.01). 

Fadin[ during Laundering. All three grade~ of 

cotton show e d a tendency for fading when comparing the 

laundering samples to the initial dyed · samples, with dif-

ferences having a significance of varying degrees. Bleached 

Middling, bleached Low Middling and unbleached Middling 

cotton showed changes after fading which had a high level 

o f s i g n i f i c a n c e ( P <O • 0 0 1 ) ; a n d t h e r e m a i n d e r h a d · d i f f e r e n c e s 

which were significant at a slightly lower level (P<0.01)~ 

When domparing the fabrics which had been bl -eached before 

dyeing to the unbleached fabrics, bleached Low Middling sur-

passed in me an liiht ieflectance with a difference which had 



a low prob ab i li. t y of s ig n if i can c e ( P < o • 1 O) • - Bleach e cl Low _ 

Middfing cotton dyed with Vat Brown _ 1 also surpassed bleached 

S t ri c t Low M i d d 1 i n g co t t o n by -a di f f e r e n c e w h i ch w a s s 1 i g _h t 1 y 

significant (P<0.10). 

Laundered Vat Brown 1 dyed samples revealed further 

differences · in light reflectan6e: bleached Low Middling 

cotton surpassed bleached Middlirig as well as bleached 

Strict Low Middling by differences which weie significant 

with the following respective probabi •lities, P<0.05 and 

P<0.001) -. Also, unbleached Low· Middling cotton surpassed 

u n b 1 each c d St r i ct Low ·-Mid d 1 in g by a h i g h 1 y s ig n i f i cant d i f -

fer enc e ( P < 0 . 0 1 ) The fin a 1 d i ff ere n c e o_b s er v ed. was th a t 

found after laundering in the higher reflectance of Middling 

cotton over Strict Low Middling cotton in the unbleached 

fabrics. The difference was extremely significant (P<0.001). 

Acceptance and Retention --~.£ Vat Brown l 
on the Basis of Color of Cotton 

. A C_.£~:_Q t a n c e .Q.f. D ye • I n m a k i n g e v a 1 u a t i o n s a c c o r d i n g 

to color classes of cotton, the reiding~ revealed the finding 

that Tinge cotton had the lowest rate of acceptance of the 

Vat Brown 1 dye both in the bleached and unbleached groups. 

The bleached Tinge cotton absorbed 34.1 per cent of the dye, 

while the unbleached Tinge cotton absorbed 35.0 per cent. 

The highest per cent acceptance of Vat Brown 1 was in the 

White class both for bleached (43.9 per ient) and unbleached 

cotton ( 45~9 per cent). According to the "t" test performed 
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on the data, no significant differc:nces were observed in the 

initial cotton dyed with Vat ~rown 1, according to the coldt 

of the cotton. 

F a d i n g d u L!..!!.[ !:iJI.~ Ex p o s u r e . N o s · i g n i f i c a· n t d i f f e r -

ences were found after maichi~g ~he light exposea ~amples to 

_the initial untreated, -· dyed samples. - Hence no fading was 
. . 

evident. There were, however, variations in light reflect-

ance readings to indicate the followihg as having higher 

readi~gs: Light Spot cottdn surpassed Spot in bleacihed goods 

by a significaht difference (P<0.05); White surpas~ed Spot 

.cotton in the bleached state by a slightly significant dif-

ference (P<0.10); Tinge surpassed White cotton in the un-
·- -

bleached state by a significant difference (P(0.05); Tirige 

s u r p a s s e d L i g h t S p o t i n t 11 e u n b 1 e a _c h e d f o rm b y _ a h i g h _l y s i g -

nificant difference (P<0.01); and Tinge surpassed Spot cotton 

both in the bleached and unbleached cotton by differences in 

each case which were highly significant. (P<O.01). 

Fadinq durin[ Laundering. After exposure of the Vat 

Brown 1 fabrics to laundering, all color classes of cotton 

revealed fading in the bleached group except White, with the 

same tendency observed for all groups in the unbleached 

samples except Spot_ cotton, when comparing its in-itial to 

the treated samples. See Summary M. This summary also 

discloses changes in mean light reflectance readings for 

four bleached comparisons and two unbleac~ed ones which 

incli.c ·ates more changes for. the bleached goods after dyeing. 
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SUMMARY M 

STATISTICAL COMPARISONS QF REFLECTANCE MEASUREMENTS OF DYED 

AND LAUNDERED FABRICS ON THE BASIS OF COLOR OF COTTON 

I Bleached . Unbleached I Comparisons ' 
. - I Mean 

I 
Prob a- Mean Prob a-

I I Reflectance bility ·.Reflectance bili ty r 

Wh i t e . 
Initial 39.5 N. S. 38.1 P <O.01 
Laundered 45.2 44. 7· 

Light Spot 
Initial 39.6 P <O.001 38.6 P <O.01 
Laundered 45.5 44.6 

' 
Spot i Initial 37.5 I P <O. 0 2 3B.4 N. S .. 

Laundered I 43.3 ! 42.8 

Tinge 
Initial 41.0 P <O. 00 l 40.4 P <O 901 
Laundered 47.3 I 46.4 I 

White 45.2 P <O. 10 44.7 P <O. 10 
Tinge 47.2 - - 46.4 --
Light Spot 

I 
45.5 

I 
P <O. 05 41.L 6 N •. s. 

Spot 43.3 42.8 
- ·------·--

Light Spot 

I 

45.5 

I 

44.6 
Tinge 47.3 P <O. 05 46.4 N. S . 

Spot l :~ 1-~ 

42.8 P <O. 02 Tinue 46.4 
·- --------·-·-



VAT BLACK 9 

Acceptance and····R-etention . .2..f. Vat B1 .ack 9 . 
.2..!!. the Basis of Grade of Cotton 

A c c e p t an c e .2. f D ye • Th e t e s t s rev e a 1 e _d th e f a ct 
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that the Strict Low Middling grade of cotton absorbed the 

highest percentage of Vat Black 9 both in the bleached and · 

the unbleached cottons. In this group, the Strict Low 

Middling cotton accepted 94.0 per cent of the ~ye, and 

in the unbleached group it accepted 92.0 per cent of the 

dye, with no significant difference in dye absorption by 

the. two. Low Middling cotton in the bleached group accepted 

· 91.6 per cent of the dye, while Middling cotton in the 

unbleached state accepte1 91.4 per cent of the dye, again 

with no significant difference between the two types. 

The statistical comparisons revealed only one dif-

f e r e r1 c e i n · 1 ig h t. r e f 1 e c t a n c e o f f a b r i c d ye d w i t h V a t . B 1 a c k 9 

for the grades of cotton. In this case Low Middling sur-

passed Strict Low Middling cotton by a significant differ-

e n c e ( P <O • 0 5 ) • 

F a d i n q d u r i n g b,igj!J:. E x p o s u re . A f t e r 8 0 · h o u r s o f 

liyht exposure, Vat Black 9 showed a slightly significant 

trend for fading in the bleached Middling and the bleached 

S tr i c t Low Mi d cl 1 i n g co t tons ( P <O • 10) • No s i g n i f i c an t 
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d if fer e n c e s were f o u n.d i n th c u n h le a ch e d s amp 1 e s o f o the r 

grades of co~ton. 

F~dinq during Laundering. Laundering for 25 periods 

c a u s e d f a d i n g t o · b e o b s e r v e d in t h e . V a t B 1 a c k 9 f o r b 1 e a c h e d 

S t r i c t Low M j d d 1 i n g co t t o n ( P ._<O -• 0 5 ) a n d i n u n b 1 e a c h e ct S t r i c t 

~ow Mi ct d 1 i n g ( P <O • l O ) • No -0 t he r g rad e s , h. owe v er , w h-e the r 

'bleached or unbleached showed a trend of fading after 

laundering. Middling cotion in the unbleached state re-

vealed a higher mean refle'ctance than in the bleached 

cotton with a highly significant difference (P~0.91). 

Middling cotton in the unbleached state also had a 

higher mean reflectance than did Strict Low Middling in the 

unbleached·gcods after laundering, with a difference which 

was highly significant (P<0.01). Low Middling cotton had a 

higher refle~tance rating after laundering \han Strict Low 

Middling cotton in the bleached itate (P<0.05), as well as 

in ·the u n b 1 each e d state ( P <O • 10) • 

Acceptance and. Retention .2..£ Vat B 1 a ck 9 
on the Basis of Color .£l. Cotton 

Acceptance of Dye. L·i g ht Spot cotton showed the 

same degree of acceptance of dye · (94.6 per cent) both in 

the LLeoched and unbleached fabrics. In the bleached group, 

Light _Spot absorbed 94.6 per c~nt of dye which was the 

highest rate of acceptance for · that group. Tinge cotton 
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in the bleached state absorbed the lowe·st percefftage (93.A 

per cent) of dye in this group, - which did not differ sig-

nificantly from the fi~dings for Ligh~ Spot. -Tinge color 

of cotton also had the lowest level of acceptance (92.9 

per cent) in the unbleached ftibrics. Light Spot abs~rbed 

the most dye (94~6 per cent) in the tinbleached group, 

again showing a very narrow overall range of acceptance. 

A statistical analysis of the initial fabrics 

according to the color of the cotton revealed four findings 

of mean reflectance which were sighificantly different. 

·Bleached White cotton stirpassed bl~ached Light Sp~t cotton 

by a difference which was slightly significant (P<0.10). 

Unbleached White cotton· was surpassed by unbleached Light 

S p o t w i t h a d i f f e r e n c e w h i c h s h o we d a h i g h e r l.e v e- l o f 

significance (P<0.05). On the other hand, unbleached Light 

Spot cotton was surpassed in mean reflectance averages not 

only by unbleached Spot (P<0.10), but also by unbleached 

Tinge cotton (P<0.02). 

Fading during b_~ Exposure. When Vat Black 9 

was exposed to 80 hours of simulated sunlight in the Fade-

Ometer, Light Spot cotton was the only color group whi~h 

revealed fading, as noted in Summary N. This also was 

true both for bleached and unbleached samples. Changes in 

mean light reflectance as observed in {his summary were 
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found only in the unbleached cotton. Two comp~r1s-0ns 

which were made in bl~ached ~gainst unbleached samples were 

found to be significant. Bleached L.ight Spot ·cotton sur-

p a s s e cl u n b l e a c h e d L i g h t S p o t b y a d i f fe r e n c e wh i c h w a s 

s t a t i s t i c a 1 1 y s i g n i f i c a n t ( P <O . 0 5 ) , a n d u n b 1 e a ch e d T i n g e 

surpassed bleached Tinge._by a ·difference which also ivas · 

significant with a somewhat higher level of significance 

( P <O. 0 2) • 

Fading during Laundering. When Vat Black 9 was sub~ 

j e c t e d t o 1 a u n d e r i n g , u n b 1 e a c h e d _ S p _o t , u n bl e a c h e d L.i g ht S p o t 

. and b 1 e a ch e d L i g ht Sp o t re v e a 1 c d fad in g i n t h e comp a r i s o n s. 

made with initial fabrics with a slight significance (~<0.10) 

for the unbleached specimens and greater significance (P<0.05) 

for the bleached ones. 

Again, the Rnbleached co~ton revealed these signifi-

cant differences in light reflectance: White cotton and 

Spot cotton surpassed Light Spot cotton (P<0.01), while Tinge 

cotton surpassed Light Spot cotton with a greater signifi-

can.ce (P<0.001). One other variation revealed in the 

unbleached goods was the fact that Tinge surpassed Spot 

cot t. on in ref 1 e ct an c e ( P <O . O 2) . When u n b 1 e ached cotton was 

matched to bleached cotton, the unbleached White surpassed 

bleached White (P<0.05) and the unbleached Tinge surpassed 

t h c b 1 e a ch e d T i n g e ( P <O • 0 1 ) • 
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SUMMARY N 

STATISTICAL COMPARISONS OF ·REFLECTANCE MEASUREMENTS OF _Q_YED 

AN D L I G H 1' FADED FABRICS ON THE BAS IS OF COLOR OF COTTON ---

(.YAI_ BLACK .2) 

.. ~---
Bleached I- Unbleached 

Comparison 
I 

I 

I Mean Prob a-- I Mean Proba-
Refl ·ectance bility i Reflectance bili t y I I ..,_ ... -·· ' _b Light Spot .d __ ·. __ U . P<0~5-'---

In it ia 1 3.7 
Light Faded 4.2 

. --· -·· ·------ •-... ·•--·-

I P <O. 05 

\ 

White 4.3 i 4.3 i N.S. Light Spot 4.2 
I 

4.0 

White 4.3 N .·s. 4.3 P <O. 0 5 Tinge 4.2 4.6 

Light Spot 4.2 N. S. 4.0 P <O. 00 l Spot 4.4 4 .. 5 
I ~--

Light Spot 4.2 N .. S. 4.0 P <O.001 Tinge 4 ? i 4.6 . -
j ----.... , .... - ... • 

! 
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DIRECT DYES 

S um rn a rie s O - t h r o u g h X rep o r t t h e p e r c ent - v a r i at i o n 

in reflectance of the Direct Dyes of· this study. For deter-

m i n i n g t h e a c c e p t a n c e of t h e d ye b y t h e f a b r i c in q u e s t · i o n , · 

t h e a v e r a g e o f s p e c t :r o p h o t o me t r i c r e a~ i n g s ·. w a s u s e d • T h e 

difference between the original, undyed sample specimen and 

the dyed sample was cbmputed to determine the per ~ent change 

in reflectance as · a result of dyeing. The same procedure was 

userl to determine the average change in light reflectance 

readings after light fading and laundering ·as was followed 

with the vat dyes. These changes are referred to only by 

percentage differences between the undyed and the dyed fabric 

-- specimens in the following discussion. 

DIRE CT YELLOW 98 ----

Acceptance and Retention~ Direct Yellow 98 
· on the Basis of Grade of Cotton 

Acceptance .Q.f ~-· The range of acceptance of the 

cotton which was bleached and dyed with Direct Yellow 98 

varied from 39.1 per cent for Low Middling cotton to 71.0 

per cent for Middling grade o_f cotton (see Summary 0). · There 

was ouly a slight difference between Middling cotton and · 

Strict Low Middling with respect to acceptance of this dye. 

It would be concluded that the Middlinri and Strict Low 
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Middlin9. grades of cotton had better dye acc~ptance than did 

the Low Middling irade, when bleaching preceded dyeing. 

Fading during Light Exposure. The unbleached fabrics 

had minor differences among the grades with respect to changes 

in the percentages of reflectance· from 20.2 per cent for- Loiv 

Middling cotton to 22~0 per-cent for Middling cotton. Ii 

was decided that the- grade of the cot ton had 1 i" t t 1 e effect 

on the acceptance of this hue, if it was dyed in the greige 

state. 

The retention of this dye after 80 hours of light 

fading cannot be evaluated accurately by the reflectance 

·read in gs , s inc e the 1 eve 1 s of difference in -t- he fabric before 

and after dyeing in all ~ases were less than the initial 

readings. Becaus~ of chemical changes in the dye, the faded 

samples appeared darker after light exposure than before_, 

and hence gave low readings of -1.0- per cent for bleached 

Middling to -5.6 per cent for bleached Strict Low Middling. 

The fabiics dyed in the greige state had lower readings, 

ranging from -0.6 per cent for Low Middling to -5.8 per cent 

for Strict Low Middling cottons. 

Fading durinq Laundering. Laundered samples after 

20 laundering periods did not show the same trend of negative 

readirigs. The bleached specimens revealed changes in reflect-

ance of 25.3 per cent for Low Middling to 32.3 per cent for 

Mi~dling cottons. Hence the greatest loss of dye was found 
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in the Middling grade and the smallest loss of this hue fell 

in the Strict Low Middling grade. 

Lesser differences·were evfdent in the unbleached 

a n d d ye d s a mp 1 e s • Lo w Mi d_ d 1 i n g· co t t o n h ad a ch a n g e o f 2 9 • 9 

p e. r cent and Mid ell in g co t . ton h a cl a ch an g e . o f 3 5 • 1 per cent , 

which produced the same trend as the bleached samples. 

Acceptance and Retention of Direct- Yellow 98 
on the Basis of Color of Cottoh 

Ac c e pt an c e ..2....f .Q.IT. Di rec t · Ye 11 ow 9 8 was a c-c e pt e d- by 

·the color classes by a difference ranging from 1341 per cent 

for White to 39.0 per cent for Spcitted Cotton. Be~ause 6f 

the fact that Spotted ccitton has a yellow shading, this 

p r o b a b 1 y i n f 1 u e n c e d t h e a p p e a r a n c e a s we 1 1 a s t h e s p .. c c t ' r o 

photometric readings of fabrics colored with this direct dye. 

For the unbleached cotton, there were minor differences in 

the various color classes with Light Spot cotton having the 

lowest acceptance (19.7 per cent), and Tinge having the 

highest (24.4 per cent). 

Frtdinq during b_!._qht Exposure. Samples subjected to 

80 hours of light fading revealed no difference between 

bleached White and bleached Light Spot cotton with both 

having a negative percentage reflectance change_ of 2.6 per 

cent. The other color classes varied from -1.5 per cent for 

Tinge to -5.9 per cent for Spot cotton, in. the bleached .state. 
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The unbl-eached cotton had the highest _ readin·g for · 

Light Spot (4.0 per cent change), with the lo0est reading 

f o r W h i t e ( - 6 • 1 p r c e n- t.) • Th i s · <:I o e s n o t r e f 1 e c t t h e · t r -u e 

loss of color due to fading, since t .he specimen-s darkened 

in h u e as fad in g pro gr es s e d , res u 1 ting in . 1 ow c r re.ad in gs . 

This prob~bly was a result of chc1-nges in the chemical str.uc-

ture of some of the components of .this dye. 

Fading during Laundering. Twenty-five launderings 

produced definite changes in the fellow with bl~ached Whit~ 

having the highest color loss (31.0 per cent change from 

the original), and ble~ched Spot cotton having the least 

(26.4 per cent). On the ·other hand, Tinge showed the le~st 

color loss in unbleached samples (39.2 per cent) as compared 
. 

to White in the unbleached state (30.0 per cent). 



107 

SUMMARY 0 

· _ COMP AR ISON OF THE PER CENT VARIATION IN REFLECTANCE 

BETWEEN. UNDYED, DYED, AND_ DYEQ AND FADED FABRICS 

(DIRE CT YELLOW __ 9Q) 

PART l• GRADE OF COTTON 

C h a-n g-e D u e Chang_e Due 
Grade Change Due to .Light to 

to. Dyeing Fading Laundering 

Bleached 

Middling 71. 0 -1.0 32.3 
Strict Low Middling 70.5 -5.6 26.3 

Middling 71.0 :..1.0 3 2. 3--
Low Middling 39.1 -4.7 25.5 

Strict Low Mi dd 1 i_ng 70.5 -5.6 26.3 
Low Middling 39.1 -4.T .- 25.5 

-

Unbleached 

Middling 22.0 -2.8 35-. 1 
Strict .Low Middling 22.9 .. -5.8 33.8 

Middling 22.0 -2·. 8 35. J. 
Low Middling 20. 2- -·O. 6 29.9 

~-
Strict Low Middling 22.9 -5.8 33.B 
Low Middling 20.2 -0.6 29.9 
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SUMMARY o~-Contin~ed 

CO MP AR IS ·o N .Q.£.. JH E PE R CENT VAR I AT ION IN R EFL EC TAN CE 

BETWEEN UNDYED, DYED, AND .QYED AND FADED FABRICS · 

· (DIRE CT YELLOW .2.§) 

PART IL COLOR OF COTTON 

Change Due Change Due 
Color Ch a·ng e Due to Light to 

to Dyeing _Fading Laundering 

Bleached 
. 

White . 13.1 -2.6 31.0 
Light Spot - 36.8 -2.6 27.2 

White 13.1 -2.6 31.0 
Spot 39 .. 0 -5.9 26.4 

White 13.l -2.6 31.0 
Tinge 24.1 -1. 5 27 . 2 

Liuht Spot 36.8 -2.6 27.2 
Spot 39.0 -5.9 26. 4 . 

Light Spot 36.8 -2.6 27.2 
Tinge 24. 1 -1.5 27.2 
Spot 39.0 

I 

.. -5. 9 26.4 
Tinge 24.1 -1.5 27.2 

Unbleached 

White · 21. 9 -6. 1 30.0 
Light Spot 19.7 " +4.0 32.6 
White 21.9 -6.1 30.0 
·spot 21.2 -4.0 36.0 

White 21. 9· --6. 1 30.0 
Tinge 24.4 -2.6 39.2 

Light Spot 19.7 +4.0 32.6 
Spot 2L2 ;.. 4. 0 36.0 
Light S p·o t 19.7 +4.0 32.6 
Tinge · 24.4 -2.6 39.2 ---· 
Spot 21. 2 . -4.0 36.0 
Tin9e . 2 4 .4 -2.6 39.2 -----·~--· ·•------ --·-------"'•"-----·--



DIRECT ORANGE 61 

Acceptance and Retention of Direct Orange_ 61 
o n th e B a s i s o f G r a d e o f C ot t o n 
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Acceptance of~- The acceptance of Direct Orange 61 

by the ble?ched s~mples as recorded in Summary P verifies the 

fact that Middling cotton abs·orbed the greatest amount of dye 

of any of the grades (30.5 per cent), when grades of cotton-

were compared. On-the other hand, bleached Low Middling 

cot.ton accepted the least ·amount of d_ye (23._2 per cent)~ Low 

Middling cotton·had the gre~test acceptance of dye in the 

unbleached state (39~6 per cent) and Strict Low Middling 

cotton had the least acceptance in this state (32.2 per cent). 

Fadinq during Liqht Exposure. Light fading had an 

adverse effect on th~s Orange dye since some chemical change 

i n t h e d ye c a u s e d d a r k e n e d c o 1 o r s d u r i n g 1 i g_ h t e x p o s u r e • · A s 

a 1esult, some readings were low~r after light fading than 

before they were exposed to light. Visual inspection detected 

a trend toward a great amount of fading, tog·ether ·with a 

~hange of hue. In the bleached goods, Middling cotton showed 

a change of 0.8 per 6ent due to. light_ fading, while Low 

Middling cotton showed a negative 0.1 per cent change. In 

the unbleached samples, Low Middling cotton had t~e highest 

color loss (2.4 per cent) and Middling had the least color 

loss as a result of light fading (-1.7 per cent). 
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Fadinq during Laundering_.,_ Laundering_ tests re~ 

vealed a high percentage of color loss due to fading, with 

Strict Low Middling losing ~he greatest level of dye in the 

bleached state (50.2 per cent), and Low Middling losing the 

lease amount of dye in this state (46.4 per cent). For the 

unbleached samples, Middling cotton lost the largest per-

centage of dye (64~3) and Strict Low Middling lost the 

least dye (52.2 per cent). 

Acceptance and Retention _2J_ Direct Orange 61 
on the Basis of Color of Cotton -- --

Acceptance .2J... ~- When comparing color classes of 

co.tton it was found that Spot or spotted cotton accepted 

the greatest amo1rnt of dy_e in the bleached state (30.8 per 

cent), as well as in the unbleach~d state (39.6 per cent). 

The least amount of dye was absorbed by Tinge cotton in the 

bleached samples (14.6 per cent) and in the unbleached 

condition (26.5 per cent). 

Fading during L.!JL!:!...!:. Exposure. Light fading showed 

a negative trend in these readings for color classes, as it 

did for grades of cotton. Bleache~ Light Spot revealed a 

low percentage of change of 1~4 per cent and it had a high 

ch an g e o f 2 • 2 per cent for the u n b 1 each e d specimens • · Ti n.g e 

hnd the lowest readings denoting the least amount of fading. 
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The bleached goods sustained 'a change of -6.0 per cent and 

the unbleached had a negative change of 6.1 per cent. 

F a d i n g d u r i n g L a u n d e r i n g • L a u n d e r i n g. s h_ o we d a 

definite trend toward fading for all color classes of 

cotton, with chahges in reflectance from a high loss of 

dye in the bleached Spotted cotton (53.2 per cent) to the 

1 o we s t 1 o s s o f d ye in t h e b 1 e a c h e d Ti n g e (-3 5 • 6 p e r c e n t ) • 

~he unbleached f~brics lost the least amount of dye 

in the Tinge type of cotton ·(-47 .9 per cent) and the greatest 

amount in the White cotton (63.0 per cent). 
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SUMMARY P 

COMPARISON- OF THE PER CENT VARIATION IN REFLECTANCE 

BETWEEN UNDYED, DYED, AND pYED AND FADED- -FABRICS 

(DIRECT ORANGE 61) 

fART l., GRADE OF COTTON 

Change Due Change Due 
Grade Change Due to Light to 

to Dyeing _Fading Laundering 

·Bleached 
' 

Middling 30.5 0.8 50.0 
Strict Low Middling 25.3 0.2 50.2 

Middling 30-. 5 0.8 50.0 
Low Middling 23.2 ..:.o. 4 46.4 

Strict Low Middling· 25~3 0.2 50.2 
Low Middling 23.2 -0. 4 46. 4. 

Unbleached 
,. 

Middling 37.5 -1. 7 64.3 
Strict Low Middling 32.2 -0. 9 52.2 

Middling 37.5 -1.7 64.3 
Low Middling 39.6 2.4 52.9 

-
Strict Low Middling 32.2 -0. 9 52.2 
Low Middling 39.6 2.4 52.9 



113 

SUMMAR~ P--Continued 

COMP AR ISON _Of_ THE- PER CENT VAR It\ T ION IN REFLECTANCE 

BETWEEN UNDYED, DYED, AND DYED AND FADED FABRICS 

(DIRECT ORANGE g) 

PART II. COLOR OF COTTON 

Bleached 

White 
Liqht Spot 
White 
Spot 
White 
Tinge 
Light Spot: 
Spot 
Light Spot 
Tin9e 
Spot 
Tinge 

..... 

Unbleached 
White 
Liqht Spot -- . ---------
White 
Spot 
White 
Tinqe ~---... "' 
Light Spot _L Spot 
U9ht Spot 
T .i n_g e -----· 
Spot 
Tinge 

Chang_e Due 
to Dyeing 

30.5 
2·0. 4 
30.5 
30.8 
30 . -5 
14.6 
28.4 
30.8 
28.4 
14.6 ---
30.8 
14.6 

37.5 
32.2 
37.5 
39.6 
37.5 
26.5 
32.2 
39.6 
32.2 
26.5 
39.6 
26.5 

Change Due 
to Light 
Fading 

-1.2 
+l. 4 
-1. 2 
- tL 1 
-1.2 
-6.0 
+l. 4 
-4. 1 
+l. 4 
-6.0 
-4 1 
-6.0 --

·• -0. 9 
+2Q2 
-0. 9 
+1.0 
-0.9 
-6.1 
+2.2 
+1.0 
+2.2 
-6.l 

i 

I 
I 
i 

I 
I 

I 
f 

I 
! 

Change Due 
to 

Laundering 

47.1 
52.8 
47.1 
5 3 .• 2 
47.1 
35.6 
52.B 
53.2 
52.8 
35.6 
53.2 
35.6 

63o0 
55.5 
63.0 
59.0 
63.0 
47.9 
55.5 
59.0 
55.5 
47.9 

-,-+l.O 59.0 
--6 • 1 47.9 

I 
: -·-

--



DIRECT RED 184 

Acceptance and Retention of Direct Red 184 
.2.B_ the B·a s~ is of Grade~· o-f Co·t ton 

114 

Acceptance .Q1 Dve_-. According to Summary Q, the 

tendency for acceptance of Di°rect Red 184 was favored for 

Low Middling cotton in bleaBhed fabrics (20.2 per cent), 

with the tendency for the least acceptance being for Strict 

Low Middling cotton (26.5 per cent). In unbleached fabrics, 

Strict Low Middling cotton experienced the best acceptance 

(40.1 per cent), while Low Middling cotton had the poorest 

acceptance (34.6 per cent). White cotton rated second in 

both classifications· .. 

Fading ~uring Light Exposure. On surveying the 

results of light fading tests, the findings for bleached 

cotton indicated that most fading occurred in the Low 

Middling class of cotton (18.3 per cent), and the least 

fading in the Strict Low Middling cotton class (8.6 per 

cent). Again, Middling rated second in both instances. 

Fadin[ during Laundering. After laundering eval-

uations, Middling rated ~ighest in color loss for the 

bleached specimens (20.8 per cent), yet Strict Low Middling 

cot ton rated 1 owes t in t. h J s class if i cation ( 11 . 8 per cc n t.) • 

The ~nbleached fabrics had most color loss for Strict Low 

Middling cotton (21.8 per cent), with least color loss for 
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Midd .ling cotton (20.8 per cent) . . In all cases, launderi·ng 

caused more fading than was caused by exposure to light, 

Acceptance and Retention of Direct Red 184 
.Q.!!_ the Basis of Color: of Cotton--

Acceptcrnce of~-· I n a n a 1 y-z i n g d a t a f o r t h e b Le a c h e cl 

specimens, White cotton was found to have the best acceptance 

of dyn (33.4 per cent) and Tinge cotton had the poorest ac-

ceptance (24.6 per cent). In unbleached fabrics, Tinge had 

the best acceptance (39.2 per cent) and Spot the poorest 

acceptance (35.9 per cent). 

Fadin.~1 during Li9ht Exposure. After .light . fading; 

the red dye lost the greatest amount of color from bleached 

Spot cotton (21.4 per cent) and Light Spot cotton lost the 

least color (15.5 per cent) in the bleached. state. 

Fading_ during Laundering. In unbleached samples, 

Tinge demonstrated -the greatest fading as a result of 

launderfng (25.7 per cent), and Light Spot cotton had the 

least (19.7 per cent). 

There appeared t~ -be no pattern with respect to 

these comparisons concerning grad£s or colors of cotton 

other than the fact that l:1undering caused more fading than 

did exposure to light. 
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SUMMARY ,Q_ 

COMPARISON OF nrn · PER CENT VARIATION IN .. REFLECTANCE - -- -- ----
BETWEEN UN DYED, DYED, AND OYIU>._ J-\ND_ FADED FABRICS 

(DIRECT RED 184) --·-

PART I. GRADE OF COTTON 

I 

Change Due Change Due 
Grade Change Due to Light - to 

to Dyeing Fading Laundering 

Bleached 

Micldlin9 27.7 9.6 20.8 
St~ict Low Mjddling 26.5 8.6 11. 8 

Middling 27.7 9.6 20.8 
Low Middling 29.2 18.3 20.6 

--

Strict Low Mid d 1 i-ng 26.5 8.6 11. 8 
Low Middling 29.2 18.3 20.6 

•--~ -
Unbleached 

~Ii dd ling 38.2 9.3 20.8 
Strict "Low Middling 40.0 8.B 21. 8 

-----
Middling 38.2 9.3 20.8 
Low Middling 34.6 6.9 20.9 

.... , .. -•·-•··-

Strict Low l\Iidclling 40.0 8.8 21.8 
Low j\ id d 1 i rig 34. (> 6 0 • j 20.9 

..___ ____ __ _ 



SUMMARY 0--Continued 

COMPARISON .QL J'HE. ,PER CENT VARIATION _IN REFLEC!.:~[~~ 

B ET WE EN ll ND YE D , D YE D , Ai"iQ !)_YE D -AN Q_ FA DE D FA B RIC S 

( D lRECT RED 184_) 

PART I I. COLOR OF COTTON 
--

Change Due Change 
Color -- Cha.nge Due to Light to 

117 

Due 

to Dyeing · Fading Laundering 

Rlcach e d 

White 33.4 13.4 17.8 
Light Spot 27.1 11. 5 15.5 ·-
White 33$4 13.4 17.8 
Spot 30.6 

I 
11. 9 21.4 -

White 33.4 13.4 17.8 
Tinge 24.6 9. 6- 17.9 

Light Spot 
I 

27. l 11. 5 15.5 
Spot _ 30.6 11 . 9 21. 4 
Light Spot 

I 
27.1 11. 5 15.5 

Tinge 24.6 9.6 17.9 - -·-

I 
Spot 30.6 11. 9 21. 4 
Tinge 24.6 9.6 17.9 

··-· ··- -· --·· -- ,,., __ 

Unbleached 
White 38.9 14.3 19.9 
Li g rCt ...... Spot 36.5 6.2 19.7 
White ·3s. 9 14.3 19.9 
Spot 35.9 3.5 20.1 

Wh i t c 30.9 14.3 19.9 
Tin~ie -39. 2 8.7 25.7 -
Liuht Spot. 36.5 6.2 '19.7 
c· r. ') t 35.9 3.5 20.1 ..._::~iJ\ , ----·----·-.. --.-· ... ---··- ---· 
Liqht Spot 36.5 6.2 19.7 
Tinge 39.2 8.7 25.7 

h- --· ... ·-·--·-··-.. --'.--... -
Spot 

I 
35.9 3.5 20. 1 

Tin9 e 39.2 8.7 25.7 ___ ... 



DIRECT VIOLET 47 

A c c e p t a n c e ..9.il..s!. R e t e n t i o n _Q_:f_ D i r e c t V i o l e t 4 7 
_Q_l! the Basis of Grade of Cotton 

Acceptance .2..:,.( Q_y_£. The per cent of change of 
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reflectance for bleached fabric colored with Direct Violet 

47, as seen ~n Summary R, ranged from 27.9 per cent for 

Strict Low Middling cotton to 34.3 per cent for Low Mid-

dling cotton. These data indicate that Low Middling cotton 

accepted a higher percentage of this dye, whereas Stri.ct 

Low Middling cotton had the lowest percentage of acceptance. 

In the unbleached state, ·higher levels of change. 

were found in reflectance averages, with Middling cotton 

e x h i b i t i n g a c h a n g e o f 3 4· • 2 p e r c e n t a n cl S t r i c t L o w M i d cl 1 i n g 

cotton a 40.5 per .cent change. 

F a d i n g d u r i n g L i g h t E x p o s u r _c • A f t e r e v a 1 u a t i n g t h e 

fabric following 80 hours of light fading, the Low Middling 

cotton evinced the least color loss, with a change of -3.9 

per cent, as compared to the bleached Middling cotton with 

the highest color loss (2.4 per cent). The unbleached goods 

w h i c h w e r e c o 1 o r c d w i t h t h i s cl y c s h o w e d t . h a t M i d. d 1 i n g c o t t o n 

sustained no color loss, and that Low Mjdclling cotton under-

wen t t }1 e h i g h c s t co 1 o r. 1 o s s o f t h c co t to n s ( 11 • 6 p e r c c n t) ·. 

Thi.s did not indicate the actual change resulting from 

light exposure, since visual inspection indicated a definite 
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Fading durin~·Launderinq. The laundering test dis-

closed di-fferences of 48.4 ~~r_ c~nt foi Strict Low Middling 

to 5 7 • 7 per ·cent for Low Mid d Ung cotton in t·h e b 1 each e d 

and- dyed fapric. This would indicate . that bleached Strict 

Low Middling cotton showect · the least amount of fading after 

1 a u n cl e r i n g ; a -n d t h a t · b 1 c a c h e d L o iv M i d d 1 i n g c o t t o n f a d-e d _ t o 

the greatest extent. 

In the cotton fabric which was dyed with Direct 

Violet 47 in the greige st~tc, Mid~lipg cotton sustained 

the least amount of fading (53.7 per cent) and Low Middling 

cotton a somewhat larger degree of - fading (58.7 per cent). 

A~~-~J.!_!.i!...~"!-~~<2. a n <! R e t e n t i o n 5:_[_ D i r e c t V i o 1 e t 4 7 
. _9.._g __ the B a:..?.j__s_ .9-..f. Co 1 or of Cc_! t.o n_ 

~cceptcrncc of Q_~. Direct Violet 47 data showed 

that bleach c d Tinge cot to n ma int a in e cl th c lowest accept a·n c e 

of tl1is dye (29.4 per cent), while b_leachecl White cotton 

~xperienced the best acceptance (32.0 per cent). 

In the unbleached fc1brics, the dye was accepted 

best by Tinge cotton ·(t13. 2 per cent), _with Light Spot 

cotton displaying the poorest acceptance (32.2 per cent). 

Fa cl :i. n g_ _du r in 9 L iSl.l!._ t. _f,_~..12.0 sure • After fl O hours of 

light exposure, the fabrics dyed with Direct Violet 47 

unde:rw-ent . only small chanues, with blenched Light Spot 
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cotton undergoing the smallest ·pc .r cent of. change (1.0 .. per 

cent) or the least color loss of dye. Tinge cotton sus-

t a in e d t he gr e a t e s t h an g e ( 4 • 7 p e r . c c n t } · r-o r t he g .re a t e s t 

loss of color. In the Violet-dy€d greige goods, the 

readings t ·end to favor White cotton for .the least fading 

(3.7 per cent), with Tinge cotton showing the most color 

change (10.5 per cent). Again, visual inspection was n6t 

e n t i · r e l y c o n s i s t e n t i n f i n d i n g s w i t h t h e -1 ab o r a t o r y . . t e s .t s . , 

when examining the dyed and faded specimens in comparison 

with the untreated samples. 

F~dins during Laundering. Laundering tests with 

the bleached ·fabrics produced results which favored White 

cotton for least color 6hange (45.0 per ~ent) and Tinge 

cotton with the highest change (64.0 per cent). ln the 

unbleached, dyed cotton, the greatest fading occurred 

again for Tinge cotton with a 65.4 per cent change. Yet 

White cotton revealed the least fading, with readings show-

ing only ·a 37.2 per cent change. 
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SUMMARY R 

COMP AR IS ON OF THE P E R CE N 'I;__ VAR I AT ION IN REFLECTANCE -

BETWEEN UNDYED, DYED, AND. DYED AND FADED FABRICS 

(DIRECT VIOLET fl) 

PART~. GRADE OF COTTON E- Change Due Change Due 
Change Due to Light to 
to Dy e ing Fading Laundering 

-· 

Bleached 

Middling 31.4 2.4 55.0 
Strict Low Middling 27.9 2. l - 48.4 

Middling 31-. 4 2.4 55.0 
Low Middlj.nu 34.3 ..:.3. 9 5L 7 

Strict Low Middling · 27.9 2. 1 48.4 
Low Middling 34.3 --3. 9 57.7 

Unhlcachecl 
.. 

Middling 34.2 o.o 53.7 
Strict Low Middling 40.5 2. 5 54.4 

Middling 34.2 o.o 53.7 
Low Middling 35.2 4.6 58.7 

----------- -·-

Strict Low Middling 40.5 2.5 54.4 
Low Middling 35.2 4.6 58.7 

---.. ·-·---·----- ·-··--·-·--



SUMMARY R--Continued 

COMP AR IS_ 0 N .9 F TH E P£R CE i'il_ VAR I AT ION IN REFLECTANCE 

BETWEEN UNDYED, DYED, ANQDYED AND FADED FABRICS 

( D IR EC 1' VIOLET . .11) 

PART Q. COLOR OF COTTON 

Change Due Change 
Color Change Due to Light to 
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Due 

to Dyeing Fading Laundering 

Bleached 

White 32.0 2. 1 45.0 
Light Spot 31.6 1.0 54.8 
White 32.0 2 • 1 45.0 
Spo_t 31. 7 2.6 51. 4 
White 32.0 2. 1 45.0 
Tinge 29.4 . 4.7 64.0 
Light Spot 31. 6 1.0 54.8 
Spot 31. 7 2.6 51. 4 
Light Spot 31. 6 1.0 54.8 
Tin gc 29.4 4.7 64.0 
Spot 31.7 2.6 l 51. 4 
Tinge 29.4 4.7 61.0 

.... -- .. -
Unbleached 

White 38.2 3.7 38.0 
Light Spot 32.2 3.9 55.8 

-· 
White 38.2 3.7 38.0 

~pot 33.2 4.5 55.1 .. 

Whit. e 38.2 3.7 38.0 
Tinge 43.2 i045 65. tl 

- · 
Light Spot ·32. 2 3.9 55 .·8 
Spot 33.2 4.5 55.1 

--
Light Spot 32. 2 3.9 55.8 
Tinge 43.2 10.5 65.4 

------ --·-.. 

I 
Spot 33.2 4. 5 . 55.1 
Tinge 43.2 10.5 65.4 



DIRECT BLUE 14 

A c c e p t a n c e a n cl H e te n t i6 n .2.i D i r e c t B l .u ·e 14 
on the Basis of Grade of Cotton 
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Ac_~eptanc_y_ of~- As observed frc1m Summary S the 

range of acc6ptance of this hue varied from 65.l per cent 

for the bleached Low Middling cotton to 70.0 per cent for 

the bleached Middling. The bleached Strict Low Middling 

exhibited a slightly higher percentage of . acceptance of the 

color than dirl the Low Middling. In the unbleached fabric, 

the percentage ranged from 66.7 per cent for the Low 

Middling to 67.8 for the Middling cotton. The Low Middling 

rated lowest in acceptance, although there was little dif-

ference between Lhe Low M-iddling and Strict Low M.iddling 

cotton. The diffe.rences were low~r for the unbleached 

fabrics than for the bleached fabrics. 

Faclinrl during _hight Exposure. As observed in this 

summary,. after 8 0 _h o_u rs. o .f 1 ig ht fad i ·ng, the var i at ion 

between the original dyed sample and the dyed and faded 

sample ranged from 12.3 to 32.5 per cent with the Middling 

cotton displaying the greatest loss of color. There was 

only a slight difference between Strict Low Middlin~ and 

Low Middling cotton. 

In the unbleached state, the trend was for Low 

Middling cotton to have the highest color loss of ihe hue 



with a per cent variation of 19.6. Strict Low Middling 

had the lowest per cent variation (14 ·.o) for light - fading 

and Middling cotton had 15;1 per cent variation. 

Fading during Laundering~ After 25 l~unde~ing 

periods, the bleached and dyed samples had_a much higher 
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- per cent variation- in reflectance, denoting mo r .e co 1 or 1 o s s 

from 1 au n de ring than. from 1 i g h t fad-in g • The var i at ions 

ranged from 92.2 for Low Middling to 100.5 for Middling 

c o t t o n • ___ _ T h e r e w a s a s l i g h t d i f f er e n c ~- b c t w c e n _ S t r i. c t Lo w 

Middling and Low Midd~ing cotton with Low Middling having 

t h c b e s t r . e t e n t i o n o f D i r e c t . B 1 u c l 4 • In the unbleached 

fabric, the readings ranged from 51.l to 95.5 with Strict 

Low Middling cotton showing the highest degree of fading. 

There was little difference between Middling and Strict 

Low Middling cotto·n but. much more variation between these 

two groups and Low Middling cotton. 

Acceptan·ce and Retention of Direct Blue 14 
o n t h e B a s i s o f Co 1 o r o f Cott o-n --

Acceptance .Q.f P-1.£· When comparing color classes of 

t he s a r.1 p 1 e :, , t h c a c c e p t a r_1 c e o f t h e D i re ct B 1 u e l 4 d y c \·I as 

f o u n cl t o r ;:1 n g e i n p e r . c e n t v a r i a t i o n s f r o m 6 4 • 5 f o r t h e 

Tinge to 70.'.! for the White · cotton. Little difference was 

f o u n d b c t ~•; c c r. L i g h t S p o t a n d S p o t w i t h t h c w i cl e s t v a r i a t i c n 

f o u n d b c t ~•i c e J'i W h i t e a n d T i n n e co L t o n • In the greige state, 
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the var i at ions range cl.· f.r om. 6 4 • 6 to 7 0 • 2 per cent. The same 

general trend was evident for the greige tjoods as found in 

the bleached fabrics, except f6r a much wider variation 

between Spot and Ti~ge. 

Fading durin[ Light Expo~ure. After light fading 

the per cent variations ranged from 11.4 for Light Spot to 

23.1 for_Tinge cotton. In the gr6ige state, variations 

ranged from 12.8 for Spot to 19.5 for Tinge. Tinge lost 

more hue in this test ·than-any other color classification. 

Fad i n g _g_ u ri n q Lau nd e r in g_. H "i g he r v a r i a t i on s . were 

found for the laundering test and Tinge lost more color in 

the b 1 each e d state ( 1 O 5. 9 p e_ r cent) as . we 11 as in u n b 1 each e d 

( 9 8 . 2) • W h i t e. cotton fad c d 1 east in the b J. each c d s tat e 

(96.7) and Spot fade~ least in the unbleached state (93.1). 



SUMMARY S 

COMPARISON OF THE PER CENT VARIATION IN REFLECTANCE 

BETWEEN UNDYED, DYED, AND·QYED AND FADED·-FABRIGS. 

(DIRECT· BLUE .l.:!) 

PART I. GRADE OF COTTON 

Change Due Change 
Grade Change Due to Light to 
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Due 

to Dyeirig Fading Laundering 

Bleached 
i 

Middling 70;0 32.5 100.5 
Strict Low Middling 65.8 1-2. 3 92.5 

Middling 70.0 32.5 100.5 
Low Middling 65.1 i2.5 92.2 

Strict Low Middling· 65.8 12.3 92.5 
Low Middling 65. 1 . 12.5 92. 2. 

·-, 

UnlJlenchcd 
.. 

Middling 67.8 15.1 95.4 
Strict Low fvli d d 1 i ng 66.7 14.0 95.9 

.. 

Middlinu 67.8 15.1 95.4 
Low Middling 67.1 19.6 51.1 

Strict Low Middling 66.7 14.0 95.9 
Low· Middl·ing 67.1 19.6 51.1 

i ___ 



···SUMMARY S---Gontinucd 

COM PAR IS ON OF JHE PER CEN.T VARIATION IN REFLECTANCE 

B.ET\VE:EN UN DYED, DYED, AND DYED ANQ. FADED FABRICS 

( DIRECT BL_QE _!j_) 

PART I I. ·coLOR OF COTTON 

Change Due Change 
Color Change Due to Light to 

Due 

to Dyeing Fadin•g Laundering 

Bleached 

White 70.2 22. 3 . 96.7 
Light Spot 66.3 n .4 97.8 
White 70.2 22.3 96.7 
Spot 66.5 l~.8 98.6 
White 70,2 22.3 96.7 
Tinge 64.5 23.l 105.9 

-·· 
Light Spot 66.3 11. 4 97.8 
Spot 66.5 18.8 98.6 

·-
Light Spot 66.3 11. 4 97.8 
Tinge 64.5 23.1 105.9 
Spot 66.5 18.8 98. 6' 
Tinge 64.5 23.1 105.9 

Unbleached 
White 70.2 18.5 97.2 
Light Spot 66.3 14.4 95.6 

i White 70.2 18.5 97.2 
I Spot 67.3 12.8 93.1 
r--

I Wli it e 70.2 18.5 97.2 I 

I Tinge · 64. 6 19.5 98.2 
L. -I L Light Spot 66.3 14.4 95.6 

Spot 67.3 12.8 93. l · l Ltght s p () t 66.3 l ,J • 4 95.6 
TiHue 64.6 19.5 98.2 

. ·---·-~-·--I Spot. 67.3 12.8 93. l I Tinge 64.6 · 1 9. 5 98.2 



DIRECT NAVY 252 

A c c e p t a n c -~ a n d R e t e n t i o n o f D i r e c t N a v Y. 2 5 2 
on the Basis of Grade of Cotton 

Acceptance of Dye. Summary T presents data con-· 
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cerning bircct Navy 252. The. acceptance of this dye by the 

v. a r i o us <c 1 asses of fabrics in the b 1 each e d group ranged 

from 80.4 per cent for Stri6t Low Middling co·tton-to· 77.7 

per cent for Low Middling.·. In the greige sta~e, the greatest 

acceptance was fourtd in th~ Stritt Lo~ Midd·~ing grade of 

cotton (80.6 per cent), with a slightly lower acceptance 

in the Low Middling ~rade (80.3· per cent). Thus, Direct Navy 

2;52 dye appeared to. have the better acceptance of color -in 

the lower grades of cotton. · 

Faqinn_ durin~ Light Exposure. With regard to the 

light fading tests made on the -cotton, the Low Middling·-

cotton lost the greatest amount o1 color (16.2 per cent), 

while White cotton lost th~ least color in the bleached 

fabric. In the griege state, Strict Low Middling cotton 

faded the most (24.8 per cent), while Low hliddling faded the 

least (22.6 per cent}. 

F' a d i n ·o d u r i n g L a u n d e r i n q • L a u n d e r j n g i n cl u c e d m u c h 

higher losses of color than light fadiig, since bleached 

MiddlinG cotton sust~jned a 71.9 per cent loss of color, and 

tl n b 1 ea Che d s t r i C t LO w ~1 id cl 1 i n g CO t t On u· n d Cr \'Jent a 2 4 • 8 p Cr 
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cent loss. The smallest losses occ~rred in bleached Low 

Middling (16.2 per cent) and unbleached Low Middling cotton 

(2 2 . 5 p c r c e n t ) • 

Acceptance 2 nd Retention .Q_£ Direct~ ·252 
.£!l_ _t h e B a s i s o f C o 1 o r o f C o t t o n 

Acceptance .£.f _!)_ye. Ught Spot cotton accepted this 

dye extremely well, with the highest acceptance of dye being 

80.3 per cent in the bleached staie and Of.2 per cent in 

the unbleached state. The least acceptance of Direct Navy 252 

was that exhibited by the Tinge grade of cotton, with a 78.9 

per - cent acceptance for the bleached cotton and 80.2 per _ cent 

for the unbleached cotton. 

Fading during Light Exposure. Accordirtg to spectro-

photomet -ric reaclin.gs, Direct Navy 252 also evinced negative 

results after the light fading tesi. The recordings ianged · 

from -3.0 per cent for Light Spot cotton to -8.8 per cent 

f o r S p o t_ t e d c o t to ·n i n t h e b 1 e a c h e d . s t a t e . A g a i n t h e s p c c t r o ;.. 

photometric test did not depict the true fading of the fabric, 

since the eye could detect .more change than the test showed. 

In the unbleached state,. the Tinge grade of cotton had a 

positive change of 8.9 pet c~nt; while the Spot grade ha~ 

n negative 5-.~ per cent change. 

T h e u 1 t r a v i .o 1 e t r a y s o f t h e 1 i g h t f a d i n g t c s t m a y 

have caused some chemical reaction in the dye. Consequently, 



this chemical reaction p·robably was responsible for. the 

rn i s l e a di n g r e ad i n g s , s i n c e t h e f . a b r i c s · s ho ~v e d m u ch mo re 
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f a Li i n g · b y V i s u a 1 i n s l) e c t i o n t 11· a n b y . t h e · S p e c t r o p h o t; o m e t rJ C · 

test. 

Fading during Laundering. The highest degree of 

.fading incurred from laundering was found to be the bleached 

Tinge (2L4) -as well as the unbleached Tirrge (30.9). The 

lowest percentage of variation was observed in Spot cot.ton 

for both the bleached (10.2) and unbleache~ (17.8) state. 
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SUMMARY T 

COMPAHlSON Or~ THE PER CENT VARIATION IN REFLECTANCE 

BETWEEN UN DYED, DYED, AND DYfrn AN Q FADED FABRICS 

(DIRECT NAVY 252) 

f_~ l•. GRADE OF COTTON 

Change Due Ch a nge Due 
Grade Change Due to Light to 

to Dyeing Fading Laundering 

Bleached 

Middling 79.4 7.2 71. 9 
Strict Low Middling 80.4 16.0 16. 8 

Middling 79.4 7.2 71.9 
Low Middling 77.7 16.2 16.2 

Strict Low Middling 80.4 16.0 16.8 J Low Mid d 1 in g 77.7 16.2 16.2 
_, 

Unbleached 
.. 

Middling 80.6 22.9 22.9 
Strict Low Middling 80.6 24.8 24.8 

Mid d 1 i ng 80.6 22.9 22.9 
Low Middling 80.3 22.6 22.6 

Strict Low ~1 id d 1 in g 80.6 . . 24.8 24.8 
Low Middling 80.3 22.6· 22.6 
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SUMMARY !.--Continued 

COMPARISON Qf. JHE _PER £~NT VARIATION. IN REFLECTANCE 

BETWEEN UNDYED, J)YED, AND QYEQ ANQ. FADED FABRICS 

f.P..RT .I!.• COLOR OF COTTON 

. ' Change Due Change Due 
Color Change Due to Light to 

to Dyeing Fading Laundering 

Bleached 

White 80.2 -4.3 15.0 
Light Spot 80.3 -3.0 20.2 

White 80.2 -4.3 15.0 
Spot 7 9. 4 -8.8 10.2 · 
Whjte 80.2 .-:-4.3 15.0 
Tinge 78.9 -3.0 21. 4 

Light Spot 80.3 -3.0 20.2 
Spot 79.4 -8.8 10.2 
Light Spot 80.3 -3.0 20.2 
Tinge 78.9 -3.0 21. 4 
Spot 79.4 -8.8 

I 
10.2 

Tinge 78.9 --3. 0 21. 4 

llnbleached 
White 80.8 -2.9 21. 3 
Light Spot 81. 2 +2.3 26.6 
White 80 .-8 -2 .·9 21. 3 
Spot 79.7 -5.2 17.8 ~----
White 80.8 -2.9 21.3 

L 
Tinge 80.2 +e.9 30.9 

~Linht 
Spot 81. 2 +2. 3 26.6 

S n ot 79. 7 -5.2 17.8 

~(ght Spot 81. 2 +2.3 26.6 
11nge 80.2 +a.9 30.9 I Spot I 79.7 -5.2 17.8 

I Tin~re 80.2 +0.9 30.9 
• ·-

I 



DIRECT GHEEN 68 

Acceptance .Q_f!..9. Retention· of. Direct Green 68 
.2..!!.. _the Bas i s o f Gr a c1e· · o f Co t t ·on 

c c e p t a n c e tl !~Y.: e • Su mm n r y U s i g n i f i e s t h a t M i d d 1 i n g 

cotton accepted the largest level of this dye in the bleached 

·s t a t e ( 6 0 • 4 p e r c e n t ) , a n d t h a t S t r i c t L o w M i d d l i n g a c c e p t e d 

the le~st dye (51.8 per cent) of this type in this state. 

In the unbleached gioup, · however, Strict Low Middling cotton 

accepted the most dye (72.4 per cent), while Middling 

accepted the least dye (66.1 per c~nt). 

Fading during Liqht Exposure. Where fading occurred 

due to light exposure, ~trict Low ~iddling cotton exhibited 

the greatest loss of dye in the bleached goods (35.5 per c~nt), 

whereas bleached Middling ~ustained the least los.s of dye 

(26.5 per cent). In the greige state, Low Middling cotton 

lost the most of this dye (39.1 per cent) and Middling lost 

the least dye (26.1 per cent). 

Fading ~uring Laundering. Laundering caused color 

losses similar to light fading. Bleached Strict Low Middling 

cotton underwent the greatest loss of dye (35.4 per cent), 

artd bleached Low Middling sustained the least color loss 

08.7 per cent}. 

The Low Middling gractc of cotton faded the most 

in the unbleached fabrics (40.1 per cent), and the Middling 



grade faded the least for the cotton in the unblea.ched · 

state (34.6 per cent). 

Acceptance and Retention .21. Direct Green 68 
2.!I.. the_ Basis of Color of Cotton 
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Acceptance tl ~- In comparing the acceptance of 

this dye according to the color of the cotton, _it was evi-

dent that Spotted cotton demonstrated the highest acceptance 

in the bleached cottons (61.6 per cent), while White cotton 

showed the lowest acceptance (50.1 per cent) in the fabric 

which had been bleached. 

In the Unbleached group, White cotton man~fested · 

the highest acceptance of this dye (64.1 per cent), and 

Tinge c -o t ton- s h·o we ct the 1 owes t a cc c pt an c e ( 5 7 • 6 per cent) • 

Fading_ during_ Light Exposure. Fading as the result 

of exposure to light was responsible for the greatest change 

in White cotton (40.6 per cent) for bleached goods, and 

for the ·1east change in bleached Light Spot cotton (24.0 

per cent). 

In the unbleached cottons, Spotted cotton experienced 

the m-0s t change (6.2 per cent) and Light Spot cotton showed 

the least change (0.4 per cent). 

Fading during Laundering. Laundering caused a 

greater degree of color loss in cotton than did light fading. 



Launderin~ caused the following levels of fading in tb~ 

blenched fabrics: Spotted cotton .showed the greatest change 

(33.2 per cent); Light Spo.t cotton had t lie least change 

(13. 3 per cent); unble -ached Wh-i t c , cotton 1 o st the • most dye 

(64.0 per cent), and unbleached Tinge lost the least dye. 

(57.6 per cent). 
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SUMMARY U 

COMPARISON OF _THf2 PER CENT VARIATION 'IN REFLECTANCE 

BETWEEN UNDYED; DYED, AND DYED AND FADED FABRICS 

(DIRECT GREEN 68) 

PART.!_. GRADE OF COTTON -
Change Due Change 

Grad e Change Due to Light to 
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Due 

to D ye.i ng Fading Launderin.g 
-

Bleached 

Middling 60.4 26.5 25.0 
Strict Low Middling 51.8 35.5 3 f1. 4 

Middling 60. <I 26.5 25.0 
Low Middling 59.8 27.7 18.7 

Strict Low Middling 51. 8 35.4 35 • Lj 
Low Middling 59.8 27.7 18.7 

-

Unbleached 

M i cl d 1 in _g 66.1 26.1 34.6 
Strict Lc.,w Middling 72.4 29.4 36.4 

Middling 66.1 26 .1 34.6 
Low Middling 70.4 39.1 40.1 

Strict Low ~Ii d d J. in g 72.4 29.4 36.4 
Low Middling 70.4 39.1 40.1 

----·-
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SlfMM.fl.R·Y Q--Continttcd 

COMPARISON Of THE PER CENT VARIATION _fil REFLECTANCE 

BETWEEN UNDYED, . DYED, AND DYED AND .FADED FABRICS 
. . . . - --- --.- . -. - . . . --

( DIRECT GREEN ~1!.) 

PART II:... COLOR OF COTTON 

Change Due Change Due 
Color Chan~1c 0 UC to Light to 

to Dyeing _Fading Laundering 

Bleached 

White 60.4 27.l 25.4 
Light Spot 61. 3 24.0 13. 3. 

White 60.4 27.1 25.4 
Spot 61.6 36.3 33.2 

.. . 

White 60.4 27.l 25.4 
_T i_ng e 56-. 4 31.7 2 2. 1 

Light S_po t 61.3 24.0 13.3 
Spot 61. 6 36.3 33.2 

Light Spot 61. 3 24.0 13.3 
Tinge 56.4 31. 7 22. 1 · 

Spot 61. 6 36.3 
I 

33.2 
Tinge 56.4 31. 7 22. 1 

.. 

Unbleached 
Wld te 64.0 1.6 "64. 0 

,- L ig hf Spot 61.8 0.4 61. 7 

l White 64.0 
·-·-

1. 6 64.0 
I Spot 58.7 6. ,2 58.7 I 

I White 64.0 1.6 64.0 
I T i.n g e 57.6 3.4 57.6 
I 

Light Spot 61.8 0. 4 · 61. 7 
Spot 58.7 6.2 58.7 ,_ _________ 
L .i Oh t .Spot 61.8 0.4 61.7 

... T_2::1g c 57.6 3.4 57.6 
Spot. 58.7 6.2 58.7 
T :i n ue 57.6 3.4 57.6 

--•---



DIRECT OLIVE 70 . 

A c c e p t a n c e a n d . R <~ t e n t i o n .Q.f D i r c c t O 1 i v e 7 0 
..Q.E. _!,he Basis .2_f Grade of Cotton 
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Acceptance_ .Q1. _Dve. As seen in Summary V, the accept-

ancc of Dir~ct Olive 70 by the bleached fabrics varied from 

52.5 per cent for Lo~ Middling cotton to 50.3 per cent for 

Middling cotton. In the greige state, Strict Low Middling 

cotton manifested the highest acceptance of Direct Olive 70 

with a percentage of 56.1; while Middling cotton maintained 

the lowest acceptance, with an average of 53.4 per cent. 

Hence, it may be observed that there was little variation 

in acceptanc e of Direct Olive 70 dye on the basis of the 

class of cotton. 

F a d i n q d u r.i n 9 . L i g h t E x p o s ·u r e • L i g h t f a d i n g p r o d u c e d 

results varying from a high color loss of 26.3 per cent in 

the bleached state for Low Middling· cotton and 33.5 per cent 

f o r S t r i c t L o w M i _d d l i n g , t o a J. o w o f l 6 • 1 p e r c e n t f o r 

bleached Middling cotton and 31.8 per cent change for 

unblc~ched Low Middlirig cotton. 

Fadino during Laundering. Laundering caused a 

greater loss of color than did light fading in this instance, 

since the averages are generally lower; Low Middling cotton 

lost th e most color (25.6 per cent) in bleached fabric as 

we 11 i n u n b 1 cached fa b r i c ( 3 6 • i" per cent) • oi id d 1 in g 
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cotton sustained- the least color loss both for the'blcached 

(21.2 per cent) and the unbleaclicd (17.5 per cent) fabrics. 

A c c e p t a n ~S. _Q.!!_g_ R e t. e n. t i o n o f D i r .e c t . 0 1 i v e 7 0 
.Q..!l lhe Basis of Color of Cotton 

Acceptance of _Q_yc. The highest acceptance of color 

w a s m a cl c b y b l e a c h e d W h i t ·e cotton (58.4 per cent), although 

Spot co t to n ha d th e h i g he s t a c cc p tan c e. ( 5 0 • 8 p er c en t ) fo r 

the u n b 1 each e d cottons • B 1 each e d Tinge cotton show e-d the 

low~st acceptance of this dye (47.4 per cent) as well as the 

lowest average (33.1 per cent) of acceptance by the unbleached 

Tinge cotton. 

Fading during Light Exposure. The most color loss 

i n 1 ig h t f a d i n g w a s o b s c r v e cf i n t h e b 1 e a ch e d W h i t e ( 3 4 • 9 p e r -

cent), as well as in unbleached White cotton (45.7 per cent). 

The least color loss was found in the bleached Tinge cotton , 

(20.5 per cent) aHd in the unbleached Tinge cotton (26.5 

per cent). 

E_ading during Launrl~_rin51. The laundering tests 

reve?led somewhat less fading than did the light fading 

tests. White cotton lost more color both in the bleached 

stctte (30.5 per cent) _ and in the unbleached (34 .3 per cent). 

Tinge cotton incurred the least color loss (17.4 per cent) 

for the bleached fabric and 18.5 per cent loss for_ the 

greige uoods. In both the laundering and th~ light fading 



t e s t s , b o t h i n t h e b l e a c h e d an .d u n b 1 e a ch o d s t a t e , W h .i t c 

cotton lost the most color and Tinie cotton the least for 

the Direct Olive 70 dye. 

1'10 
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. . 
SUMMARY V 

COMP A R ISON O I~ THE P E R f ENT VAR I AT ION . IN ·-nE FL EC TAN CE 

BETWEEN UNDYED, DYED, }.ND~ ·on~.Q_ AND FADED FABRICS 

(DIRECT OLIVE ]_Q) 

PART I. GRADE OF COTTON . --- --.. 

Change D u9- Change Due 
Grade Change Due to Light to 

to Dyeing Fading Laundering 
.. - · 

Bleached 

Mid d 1 ing- 50.3 16. 1 21. 2 
Strict Loiv Middling 51. 6 25.7 22.0 -

Middling 50 .. 3 · 16. 1 21. 2 
Low ~li cl d l i.n g 52.5 26.3 25.6 

Strict Low Middling _ 51.6 25.7 22.0 
Low Middling 52.5 26.3 25.6 

-
Unbleached 

Middling 53.4 32.7 17.5 
Strict Low Middling 56.1 33.4 28.3 

Micldling 53.4 32.7 17.5 
Low Middling ' 54.6 31.8 36.1 

-·-

Strict Low Middling 56.1 33.4 28.3 
Low Middling 54.6 31.8 36.1 ___ , 
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SUMMARY V--Continucd 

COMPARISON OF THE PER ~ENT VARIATION IN REFLECTANCE 

BETWEEN UN DYED, D YEO, AND QYED ANO FADED FABRICS 

( D I REC T O L IVE 7 0) 

PART .!_J. COLOR OF COTTON 

Change Due Change Due 
. Color Change Due to Light to 

to Dyeing Fading Laundering 

Bleached 

White 58.4 34.9 30.5 
Light Spot 48.7 21.8 17.5 
White 58.4 34.9 · 30. 5 
Spot 55.8 28.6 28. 2. 
White 58.4 3 ,j. 9 30.5 
Tinge 47.4 20.5 17.4 
Light Spot 48.7 21.8 17.5 
Spot 55.8 28.6 28.2 
Light Spot 48.7 21.8 17.5 
Tinge 47.4 20.5 17.4 

Spot 55.8 28.6 28.2 
Tinge 47.4 20.5 17.4 

Unbleached 

White 42.9 45.7 34.3 
Light Spot 37.9 28.6 30.6 
White 42. 9 .. 

ti 5. 7 34 .3 
Spot 50.8 30.8 26.8 

,, White 42.9 45.7 I· 34.3 
Tinge 33.1 26.5 18.6 
Light Spot 37.9 28.6 30.6 
Spot . 50-.8 30.8 26.8 

-
Li<jhl Spot 37.9 28.6 30.6 
Ti nv c 33.1 26.5 18.6 --·-
Spot 50.8 30.8 26.8 
Tinge 33.1 26.5 18.6 - --· 



DIRECT BROWN 3 

Acceptance _andf{ctenti.on of Direct Brown 3 
.£.!!. _!he Basis of Grade ·of- Cotton 

Acceptance of Dye. Data presented in Summary Ware 

inf OT ffi at i O 11 CO n Ce r n in g th C a CC e pt an CC and re-tent i O rl Of 

Direct Brown 3. The highest acceptance of this dye was that 

shown by Middling cotton (60.4 per cent) when bleached goods 

were used, while Low Middling :_cotton demonstrated the lowest 

acceptance- (59.1 per cent). Strict Low Middling cotton 

a c c e p t e cl t h -c 1 a r g e s t p e r c e n t a g e -o f dye ( 6 3 • 0 p e r c e n t ) i n 

the unbleached fabrics, while L~w Middling cotton accepted 

the smallest amount (62.6 per cent) in this state. 

fi!.5! i n q du r i n g L i g ·h t E x p o s u re • V c r y 1 o w r e f 1 e c t a n c c 

changes were obser.ved for the light. fading tests, since this 

brown dye did not reveal .-the true state of fading in these 

readings. 

Here, the highest average reflectance for bleached 

fabric wns l . ·9 per cent for · White cot·ton and 0.4 · per cent 

for Strict Low Middling cotton. The unbleached fabrics 

majnt8ined a slightly higher average of acceptance, ranging 

fr::.,m 3.6 per cent for Low Middling cott_on to 2.0 per cent 

for Strict-Low Middling cotton. In both instances, Strici 

Low Middling showed a proclivity for the least fading as a 

result. of exposure to ljght. 



F a cl i n g d u r i n c( L a u rt cl e ri n q • L a u n d e r i n g p r o cl u c e d a 

t rend o f h ig her re ad in gs . than di d 1 i g h t , thus ind i c a t-i n g 

a positive loss of · color. Low Mi.ddling cotton sustained 
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. the greates ·t color loss ·_for this dye, with a ·29.4 per · cent 

change for the bleached and a 38.1 per cent chnnge for the 

unbleached· state. The least color· loss for the fabric whjch 

was blea6hed before dyeing was in th~ Strict Low Middling 

cotton ( 21 • 0 per cc n t) , with l\lidd ling cotton showing th c 1 ea s t 

loss (31.5 per cent) for the unbleached fabric. 

Acceptance .51nd_ Retention of Direct Brown 3 
on the Basis of Color of Cotton -----

Ac c e p t a n c e .£1. Q.y e • A d e f i n i t e . t r e n cl w a s n o t e d i n 

comparin_u the color groups of cotton dyed v1ith Direct B~own 3. 

W hi t e co t to n s how c d ~he h i g he ·s t a cc e p tan c e o f th i s dye b o th 

in the bleached (63.1 per cent) and in the unbleached (66.1_ 

per cent) fabrics; but Tinge cott~n manifested the least 

color acceptance in the bleached state (56.4 per cent). 

White cotton showed the least acceptance in the unbleached 

state (61.0 per cent). 

F a d i n g_ -~~-~tzj._!!_[ L i g h t E x p o s u r e • ~I o re co 1 o r 1 o s s d u e 

to light fading was noted in bl~ached White (1.9 per cent) 

ns ~ell as in the griege ~tatc of White cotton (5.8 per 

cent). The least color loss was found in the bleached Spot 

(-1.B per cent) as well as in the unbleached Spot cot.ton 

(-+1.2 per cent). 



14 f.j 

F a d i n q _gi!_E,_~!UJ. L a u n d. e r i n g • 0 n c e mo ~- e _l a u n d e r i n g 

contributed to a greater color loss for bleached White 

c o t t o n ( 4 2 • 3 p e r c e n t ) t h ·a n ci" i d 1 i'g h t f a cl i n g • S p o t c o t t o n 

in the bleached and dyed st2te caused the I.east color loss. 

After 1 au n de ring, the 1 o s s was 2-1 • 8 per cent in the . bl cached 

state; and in the unbleached state the loss was 25.4 per 

cent. Here, a d~sposition was s~en for White cotton not 

only to accept a larger percentage of dye than did the other 

cottons, bu~ also to 16s~ ~he greater amount of dyes after 

laundering and light fading. In all but one instance, Spot 

cotton disclosed the lowest dye acceptance as well as the 

lowest color loss. 



SUMMARY W 

COMP AR ISON OF TH£ P EH C EN 1' VAR I AT ION '_!_~ RE FL EC TAN CE 

BETWEEN UNDYED, DYE~, ANO DYED AND FADED FABRICS 

(DIRECT BROWN 1) 

PART l_. GHADE OF COTTON 

Change Due Ch an ge 
Grade Change Due to Light to 
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Due 

to o·ye in g Fading Laundering 

Bleached 

Middling 60.4 1. 9 ·25.6 
Strict Low · Mid dl i !1 g . 59.4 0.4 21. 0 

-'--· 

Middling 60.4 1. 9 25.6 
Low Middlinu 59.l ·1.1 29.4 

. -

Strict Low Middling. 59.4 0.4 21. 0 
Low Middling 59.1 1.1 29.4 

Unbleached 
.. 

Middling 62.9 2.8 31. 5 
St.ri ct Low Micldljng 63.0 2.0 36.8 

-
Middling 62.9 2.8 31. 5 
Low Middling 62.6 3.6 38.2 

Strict Low Middling 63.0 2.0 36 .. 8 
Low Middling 62.6 3.6 38.2 

'---·-



.SUMMARY W--ContinUcd 

COMPARISON OF THE fEil CENI_ VARI'ATION IN REFLECTANCE 

BETWEEN UNDYED, DYED,. AND DYED AND FADED FABRICS ·· 

( DIRECT BROWi']_ 1) 

PART LI. COLOR OF COTTON -- -- ---··-
Change Due Change 

Color Change Due to Light to 
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Due. 

to Dyeing Fading Laundering 
--

Bleached 

White 63.0 + 1. 9 29.8 
Light Spot 60.4 -0.4 26.8 ·-
White 63.0 +l. 9 29.8 
Spot 58.0 -1.8 21;8 
White 63.0 +l. 9 29.8 
Tinge 56.4 +0.5 23. 6 

Light Spot 60.4 -0.4 26.8 
Spot 58. 0 -1.8 21.8 

Light Spot 60.4 -0.4 -26. 8 
Tinge 56.4 +0.5 23. 6 
Spot 58.Q -1.8 21. 8 
Tinge 56.4 +0.5 2 3. 6 

Unbleached 

White 66.0 5.8 42.3 
Light Spot 62.1 1. 6 38.1 
White 66.0 5.8 42.3 
Spot 61.0 1. 2 25.4 

I White 66.0 5.8 42.3 ' Tinge 61. 6 4.6 41.8 

Light Spot 62.1 1. 6 38.1 
Spot 61.0 1. 2. 25.4 
Light Spot 6 2. 1 l. 6 38.1 
Tinue 61.6 4.6 41.8 .._ _________ 
Spot 61.0 1. 2 25.4 

I Ti n ~.re 6 l. 6 4 .·6 41.8 



.Q.. IR_E CT . BLACK 9 l 

A 6 c et) t a n c e -~ n d H e t ·e n t i o n tl D i r e c t B 1 a c k 9 1 
2.E. the Basis of Grade of Cotton 

Acceptance . .2.f Qye. · As o.bserved f_rom Summar_y X, 
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b 1 e a c h e cl i d d 1 i n g c o t t o n rn a n i ·f e s t e d t h e g re a t e s t a c c e p t a n c.; e 

of dye (79.4 per cent), while bleached Low Middling cotton 

showed a slightly lower acceptance (77.7 per cent). In the 

greigc goods which were dy~d; Strict Low - Middling cotton 

showed the greatest acceptance (79.4 per ce~t) and Low 

Middling cotton exhibited the least acccptanee (75.5 per 

cent), with the range between these two values very sm~ll. 

F a d i n q d u r i n q_ !:,_!_g..h_!:., E x p o s u r e • · F' a d i n g d u e t o 1 i g h t 

caused color loss to a lesser extent than during laundering, 

and the loss to the greatest extent occurred in Low Middling 

( 2 3 • 0 p e :c cent ) in the b 1 ea cli e d state and in · Mi cl d 1 i n g cotton 

(19.4 per cent) in the unbleached state. The smallest change 

of color was 11otecl in the Middling grade of cotton (14.4 

per cent) ind in the Strict Low Middling grade (-9.~ per 

cent) in the unbleached cottons. The visual evaluations of 

DirPct Black 91 dyed fabrics revealed · extensive color loss, 

a p p a r e n_ t 1 y t h e re s u 1 t o f c h em i c a 1 ch an g c s . i n s o m c c om p o n e n t s 

of the dye; however, spec·trophotometric readings did not 

indicate an appreciable amount of color loss. 



149 

Fadin[ durinfr"Lau~dering. Cottons subjected to the 

laundering test tended to produce high changPs in the color 

of this dye. In the bl·eached fabrics, Middling cotton lost 

more color (58.3 per cent lois), while Low Middling· lost 

the .least amount (43.2 per·cent). Strict Low Middling faded 

the most in the unbleached cottons (52.9 per cent), .and 

Low Middling cotton lost the least color in the unbleached 

group. 

Acceptance ·.Q.!_l_g_ Retention .Qi Dir~ect Black 91 
.2_!!. the Basis of Color of Cotton 

Acceptance .2.l.. Dye. Direct Black 91 dye was accepted 

best by White cotton both in the bleached (82.5 per cent) 

and in the ·unbleached cottons (80.0 per cent). The Tjnge 

grade of cotton indicated the least dye acceptance both in 

the bleached (77.5 per cent) _and in the unbleached (77.~· 

per cent) fabrics. 

Fading ·durin~1 Liflht Exposure. Gen_erally,_ the color 

losses from light fading ranged from Light Spot cotton for 

the highest change (21.8 per cent) to the bleached Tinge 

cotton for the lowest change (17.1 pe~ cent). In the un-

bleached fabrics, White cotton ranked highest in color loss 

( 21 • 8 per cent) , w hi 1 e Li ·g ht Spot cotton ranked lowest in 

c o J. o r l o s s ( l 5 • ,1j p e r · c e n t ) . 
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F a d i n q d u r i n q_ L a u n d e r i n g • L a u n d e ri n g rn a n i f e s t e d a 

definit~ tendency toward e~treme fading for all cotton 

·c o 1 o r c l a s s e s , w i t h a· h l g h 1 o s s o f d ye i n t h e b 1 e a c h e d 

Light Spot cotton (50.3 per c?nt) to the lowest loss of 

dye (42.l per cent) in the bleached Tinge grade of cotton. 

The unbleached fabrics revealed differences in the 

per cent of reflectance from 57.8 per cent for White cotton 

to 41.4 per cent for the Spotted grade of cotton. 
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S lJ M ~.1 AR Y X 

COMPARISON OF THE PE_g_ s.;E.NT VARIATION IN REFLECTANCE 

BETWEEN UNDYEO-, DYED~, AND DYED AND FADED FABRICS 

( DIRECT BLACK .'zl) 

PART I. GRADE OF COTTON 

Change Due Change Due 
Grade . Change Due to Light to 

to Dyeing Fading Laundering 

Bleached 

Middling 79.4 14.4 58.3 
Strict Low Middling 79.0 20.7 56.~ 

Middling 79.4 14.4 58.3 
Low Middling 77.7 23.0 43.2 

Strict Lo \V Middling 79.0 20.7 56.4 
Low Middling 77.7 23.0 43.2 

Unbleached 

Middling 79.4 19.4 45.3-
Strict Low Middling 7 7 .1 -9.8 52.9 

Middling 79.4 19.4 45.3 
Low Middling 76.5 14. l 45.5 

Strict Low Middling 77.1 -9. 8· 52.9 J Low Middling 76.5 14.1 45.5 



I 
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I 

stlMMA~Y !--Con~inued 

COMPARISON OF~ THE PER CENT VARIATION _lli REFLECTANCE 

·, B ET WE E N ll ND YE D , D YE D. , A!'!Q. D YE D AND FAD E D FA B R I CS 

(DIRECT BLACK .2.1) 

PART I I. COLOR OF COTTON· . -· -
Change Due Change Due-

Color . Change - Due to Light to 
to Dyeing Fading L a u n d e r i ri g 

Bleached 

White 
. . 

82.5 18.6 . 50 .o 
Linht Spot 78.4 21.8 50.3 
White 82.5 18. 6 50.0 
Spot 76.3 20.2 48.1 
White '82. 5 18.6 50.0 
Tinge 77.5 .1 7. 1 42.1 
Light Spot 78o4 : 21.8 50.3 
Spot 76.3 20.2 . 48.1 
Light Spot 78. t'.l 2L8 50. ~j 

Tinge 77.5 17. 1 42.1 
Spot 76.3 

I 
20.2 

I 
48. 1 · 

Tinge 77.5 17.l 42.1 

Unbleached .. 

White 80.0 21.8 57.8 
Light Spot 79.0 15.4 51.0 

-· 
White : 80. 0 21.8 57.8 
Spot 77.2 17.1 41.4 
White 80.0 21.8 · 57. 8 
Tinge 74.4 8.8 44.6 
Light Spot 79 .. 0 15.4 51.0 
Spot 7 7. 2 17. 1 41.4 
Light Spot . 79. 0 15.4 51.0 
Tinge 77.4 8.8 44.6 
Spot 77.2 I 1 7. 1 I 41. 4 
Tin 9 e · 77.4 8.8 44.6 I 



SUMMARY 

The experimental fubr'ics used in this study were 

knitted fr6m three grades and four color classes of Texas 

cott.nh. One group was dyed with 10 different hues of vat 

dyes, while the other was dyed with 10 different corresponding 

hue5 of direct dyes. I n b o t h g r o up s , o n e - h a 1 f o f e n. c h f a b r i c 

was ble::tchcd before dyeing und the remainder was dyed in the 

grc:igc state. 

These f,r1lJ:rjcs were subjected to 80 hours of light 

fading by means of the Fadc-Omcter., and \\ft''l'e {j:ivcn 2~j 

l • • h 1 au n (1 c- r 111 9 s , . us 1 n g t e Laun <.l c r -0 me t c r • Light 1cflectances 

re1atjve to the color ch;rnge following dydn{1, and to th~ 

exposure of the dyed .fabrics to 15ght nnd to laundering ~as 

m c a s u r c d h y r1:; n n s o f t h c B c c k nm n S p c c t r o p h o t o me I. e r • 

The Vi.iL dyes gcne:rnlly were Qcccpted to u greater 

degrPe by the grades and colors of cotton thon were the 

Moreover, the vat dyes extibited a greater 

der.;:tec of coJ.orf2.,tnes.s t.o l"i~Jht. and espc•r..ially to launder-

i. n 'J t h a n d i d t h , ; d i r e r. t d y ,,~ • 

For the vat dyed fabrics, there were no significant 

d i. f f '-~ r: P n c 8 ;:; i n a r. r: e p t a n c e o f t h e d ye s b y t h e t h ·r e c g r a d t :; 



of cotton. 

Among the different colors of cotton, White sur-

passed Tinge in acceptance of the dyes in many comparisons 

of vat dyed fabrics with few differe~ces between other 

ini.tial colors of cotton. 

For all grades and colors of· cotton, ·light exposure 

caused only minor changes in vat dyed fabrics, whereas 

laundering caused varying degrees of fading In all of these 

dyed fabrics e~ccpt Vat Black 9. 

The fabri~~ which were - bleached before the applica-

tion of vat dyes did not differ markedly from the unbleached 

fabrics in acceptance of the dye, or in their response to 

light fiJcljng or to fading during laundering. 

SomP differences were noted between the acceptance 

of the direct dyes by the various grades and colors o:f 

experimental cotton-. Irrespective of the treatment previous 

to the dyeing procedure the Middljng and the Strict Low 

Middling grvdes and the White color of cotton were more 

susceptible to the dyes than were the remaining grade 

and colors. 

T h e r e ~-- c n t. 1 o n o r t h e d i r e c t d y e s L li r o u g h 8 0 h o n r s 

of expc,sure to sunli9ht wos most evident in the St.rit.t Low 



Middling gr~de,. whereas after l~undcring . the bleanhed Low 

Middling and ·the unbleached •Middling were found to be 

superior in this respect. Spot cotton withstood both 

methods of fading in a more acceptable manner than that 

exhibited by White, Light Spot, · and Tinge. 

155 



B I B L I O G R A P H Y 

1. . Crockett, S. R., and K-. A. Hilton, Dyeing S!l_ Cellulosic 
Fibers nnd Related .. Processes. New York: Academic 
Press (19~1) 

. 2 .. H a r t s u c h , B r u c e E • , I n t r o d u ct io n _!,_Q_ T e x t i 1 e C h e m i s tr Y. •• 
New York: ,John Wiley and Sons, Inc. (1950) 

:i. Hamby, Dame S., Il.!.£ American -~tto!!_ Handbook. Volume I. 
New York: Interscience Publishers, Inc. (1965) 

4. U. S. Department ·of Agrjculture,. The Classification of 
C C?_!.l..£.!:!_ , P u h 1 i c a t i o II N o • 3 l O ( .J a n u a r y , 1 9 6 5 ) 

5. S Jn d s , ,J • E. , R ._ .J • Ch cat h nm, L. A • Fiori , and . W. G • 
S 1 o an , SJ' o L t e d C o t L on s : · Th e i:r E f f e c t s o n P r o du ct. 
P T o p c r t. i e s a n cl Sp j n n i ~q P e r f or r~1 a n c e , R e p o _r t o f 
S o u t h e ht H ,? g i o n 3 l . R c s e a r c h L a b o r a t o r y , N e w O r 1 e a n s 
(Jantt3ry, 1964) · 

6 • R o fJ <:! ni , R a 1 p h H • , a n d C • A . R o n n e r :, f.= ,~ o n o m i !:. .. :~ Ql. 
. Me Ch an i C ,~ J._ CO t t On St r i rn?..1 n ~l On BJ. a Ck land Far 111 S, 
Texns A0 ricultural Experiment Station Bulletin 969 
(March, "1960) 

7. Texas Agricultural Experiment Station,!~~ Mechanical -
Harie s tin~ of Cotton, Bufletin 452 (August, 1932) 

8. Textil e W(irld, Editorial, 117:9,·85 (September, 1967) 

9. Sto~t, Evelyn M., lntr~duction to Textiles. New York: 
John W.i.ley and Sons, Inc. ( 1%0) 

1 0 • C o t t c n Re s e ~1. r c h Co mm i t t e e o f Te x a s , H r~ p o r t ~o_f. 
P r _o c e <~ d _ i n_ ~L s o f ~i e e L _ i :1 St , ~i a t a m o r as , T c x a s ( J u n e , . 1 9 6 2 ) 

1 l . Pl a ins Cott.on Gr o i·: er s , Inc • , P. n al y s i s_ .£.f Price , Sb!.a l i ': .. Y 
a_nd_ St!. .. Pl!J-.V of Liu_ht ~12.Q__t_J.ccl Cotton From J:-..b...<::. liJ:.1L~. 
Plains of Texas. A Report by the Plains Cotton 
Growers., Inc., Lu-buock (1957) 

1 :2 • C o o p e r , A • S • , ·a n d C o mm i t t c c f o r 1 9 6 2 I n t e r s c c t. i o 11 tl l 
T e c h n i c i:l l P a p e r , Th e D v e i n q_ f h a r a c t c r i s t i c s .Q...f :la r n s · 

156 



157 

F r O !!1_ S C 1 e C t e d C O t · t O n 5 .!J S i_!!,g_ M .i J._!_ l,)_y e i n .[ P r O C e d U r e S , 
American Dyestuff Report.er 52:6, ,JJ.-49 (March, 
1963) 

l ~) • W a r cl , K y 1 e , J r • , C h e m i s t r y 1! .. !!E.. C h em i c n I T e c h n o 1 o qy_ 2.1_ 
Cotton. New York: .Interscience Pul>lishcrs, Inc. 
( 1957 f 

14. Peters, R.H., Textile Chemistry. Volume II. New York: 
Elsevier-Publishing co~ · (1967) 

15. Merrill, tilbcrt R.; Alfred R. Macorm~s; and Herbert 
M a u c r s b c r g e r , .Th.-~- Am c r i -c an C.o t t o n H a n d b o o k • Vo 1 um e 
II. New York: Textile Book Publishers, Inc. (1949) 

1 6 • K i 1 h c f f e r , J • V • , ~1 o d e r i1 T e x t i 1 e D y e _§.., E • I • D u P o n t 
Nemours and Co., Inc., Organic Chemical Department, 
Charlotte, North Carolina (April, 1965) 

17. American Association of Textile Chemists and Colorists, · 
Th t :~ ,) l i c a t'i on _o_f D ye s , A ATC C Mo n o g r a p h No • 2 • 
E D s t o n , P c n n s y l \' a n i a : rvGcf P r i n t i n g C o ~1 p a n y ( 1 9 5 3 ) 

'18 . B c a u ch enc 7. A 11 c e Be r g , Effect .Q.[_ Nat u r a 1 l v .9. c c 1.1 r r i n a_ 
J\I i n e :ull_.:~ l_Jj)_Q..!!. .!-~:. C o J o r _o f p y e d C o t t o n _f. a b r i c s ., 
Master of Science Thesi·s, Texas Woman's Univ~rsity 
( I 96 ~o 

l 9 • B r a k e b i l l , S u e E l 1 e n , _A S t u d y .Qi, _t h e R e 1 a t i o n s -~2.. 
8 e t we e n _! lf e M o l e c u 1 a r }:{~i_ull! _<?__f ~ · Q.y e 2-t~t _.l..:L~. 
D y c i n_g 8 c h a v i o r W h e n AP. p l i e d t o Te x a s Co t t o n s 21.. 
V a r l._o_.!:!_~ M j c r o n a i r e L e v e 1 s , D o c t o r a 1 D i s s e rt a t i o n , 
Texas Woman's University (1961) 

2. 0 • Br al, et, i 11 Sue E 11 en , Re l at i on s h i Between Co t ton 
r i b e r !"_r o p e rt i e s .?.E.i t h e D v e i n q ~tla"racl e r i s t i c s o f 

·cotto_.!_1__ Yar....!!_, Master of Science Thesis, Texas 
Womun's University (May, 1959) 

21. Trost, Lucile Layton, Effects Q.[ Mineral Impreqnation 
Ef Cotton £I!. Its Dyeing Properties, Doctoral 
Dissertation, Texas Woman's University (1959) 

2 '.-! • G 1 a s s c o c k , N e l 1 S k a g g s , I n v e s t i q a t i o n tl _ty~ 
B..2 l a ~-L~'f'-.? .. B c t 1,li e e n t h_~ K i n e t i c s o f D ye Ab s o r p t i o n a n d 
fjl .. 1.'1 J'r_op !~' rt_ies __ of Cott.on, Doctoral Dissertation, 
Texas WomQn's University (1950) 

2 :J • K 1 e i n , R ~, t h D • . , E f .f e c t s 2-f. N u c l e a r ~~.Y., G a mm a 
B a <i i. a t i o 1,1_, 2.B.i R a d i n t i o n 2..£ _t!!s_ S u n l i q h t S p e c t rum 
o n C o t t u 12 C o l o r e d td t h O ye s o f V :n y i n er M o 1 e c u l a r 



Wtl~ i!..!lQ. Structures, Doctoral Dissertation, 
Texas Woman ' .s Uni vers it y ( 1963) 

158 

2 4 • L a t h r o p , · G e r t r u cl e Ad a rn s , · D e v c 1 o p me n t o f Q..y_~ S p c c i f i c a -
ti .ons for Matchinq !Jte Seasonal Colors 2.J_ the 
T e x t i1 e C .o 1 o r C a r d A s s o 'c i a t i o n o · f t h e U rt i t e d 
State~., Doctoral Dissertat-ion, Tex~Woman's 
University (1955) 

25. Pal, P. N.,·and Ramon M. Esteve, Jr., A Study .Ql. the 
R e 1 a t i o n s h i p B e t t'I e e n .P-Y.£. A b s o r p t i o n a n cl C o t t o n 
Fiber Properties ~ ··Equilibrium, . Report from the 
College o( Househol~ Arts and Scierices, Texas 
Woman's University (1960) 

26. Siao, Sylvia Hubi, Vat _Dye Formulations to Produce 
Season_al_ Fashion Colors When AJ?plied to Cotton .Qi 

Vari(!ty_ .9._:,( Micronairc Values, Master of Science 
Thesis, Texas Woman's University (1961) 

27. Badis6he Anilin-and Soda-Fabrik A.G.~ Palarithrene 
Dye s t u ff s .Q..!!. Co t t o n , Co lo r C a...£_c_!_ li!.. d e x • • New York : 
Putnam Chemical Corporntion 

28. Sandoz Chemical Works, Inc., Direct, Developed and 
C u p r o f i x C o 1 o r s .Qi!. C o t t o n an d ~-~!l V i s c; o s e • N e w 
Yo r k : S a n d o z C h e.m .i c a l W o r k s , I n c • 

29. American Association of Textile Chemists and Colorists, 
Tentc1tive test Method: 61-1965, Colorfastness !.Q. 
W a s h in g_, Dome s t i c , _and Laun de r i n g , Commer c i aJ_, 
Acceleratccl, Technical Manucil j1_ (1967) 

30. American Association of Textile Chemists and Colorists, 
Standard Test Method: 16A-1964, Colorfastness .!:..'?.. 

. L i q : C ·a r b o n .;.. A r c L a ..!!!2_, Co n t i n u o u s L i q h t , T c c h n i c a l -
Manual 4 2 ( 197?7_) __ 



A P P E N D I X 



TABLE I 

SPECTROPHOTOMETRIC MEASUHE~lENTS lJi TERMS 

_OF REFLECTANCE RATINGS OF COTTON 

FA°BRICS 1J1. THE GREIGE STATE 
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Cotton Lot . . Mean 
Number . . Grade · Color Reflectance 

1 Middling White 69.2 

2 Strict Low Middling White 7 2 .1 

3 Low Middling Whit·e 71. 5 

4 Middling Light Spot 70.8 

5 Strict .Low Middling Light Spot _ 64.4 

6 Low Middling Light Spot 68.9 

7 .Middling Spot 66.7 

8 Strict Low Middling Spot 66.5 

9 Low Middling Spot 66.6 

10 Middling •·. Tinge 63.8 

11 Strict Low Middling Tinge 63.7 

12 Low ~1 id d 1 in g Tinge 59.1 

-· 



SPECTROPHOTOMETRIC MEASUREMENTS IN TERMS OF REFLECTANCE 

RATINGS . OF COTTON FAS.RIGS · DYED li.!.._TH VAT YELLOW AFTER 

A SPECIFIED NUMBER OF HOURS ·OF EXPOSURE IN THE ---
A1:LAS FADE-OMETER 

fj\RI~ A. BLEACHED FABRIC 

Gotto n · Lot HOURS OF EXPOSURE IN FADE--OMETER . 
Numb e r · " 

0 5 20 I 40 60 80 . - ··-"i 
I 

1 66.4 64.1 59.7 58.2 62.4 6 2. l 
2 60.7 59.9 5~ .• 2 57.2 52.8 60.7 
3 6.4. 4 64.7 61.1 57.8 58.2 58.6 
4 62.6 64.7 63.2 59.7 60.3 (d. 3 
5 6 '1 • 1 64.3 63.9 58.0 59.1 6 -1.8 
6 63.2 63.l · 63. 6 63.] 61. 4 - 60·, 
7 64.8 62.3 60.6 57.~ 57. 4 58. tJ 
8 64.4 63. 2 ' 60.3 60.6 56.8 66.0 
9 66.2 65.2 63.9 59.0 62.2 63.1. 

10 65.2 62.1 52.0 58.7 58.0 6 C: ... , ;J • 

i 11 63.4 61.4 66.5 58.0 59.2 66.5 
I . -

66.8 61.8 59.7 59.9 '60. 4 L _________ 12 63.7 

P ART B o UN B L E i\_f_lifm_ FA B R I C 

I I 
I 

1 i 6 2. 0 62 • .l 57.8 54.9 59.7 60.3 I 
I 2 I 59.7 61. 9 57.3 56 .1 53.3 61. 6 

3 
I 

6~L 2 63.9 61.0 55.3 58.3 59.3 I 
I 

4 I 61. 6 63.8 61.9 57.6 58.7 58.9 
5 I 61.0 5 0 ') 55.4 . 54. 7 58.6 62.6 , .. -
6 i 6:). 8 6:3. 6 ·65.5 63.6 6 2. 7 bi. l 

I 7 I 5f.3.6 58. 7 i 58.4 55.9 56.7 57.6 ' I 

8 I 56.0 56.4 I 54.9 52,. 1 56.7 59.7 

I 
') 62.1 62.7 I 60o9 57.3 56.8 56.3 

10 60.1 58.5 ! 57.4 56.2 47.2 60.6 
! 

;j7 .7 54.6 54.4 60.6 11 56.8 57.4 i 

12 56.2 59.0 I 55.9 55.4 56.3 57.1 I 

I ... ______ ---



162 

. ,.J' . A B L E · I I I . 

SPECTROPHOTOMETRIC MEASUREMENTS IN TERMS OF REFLECTANCE 

. RATINGS OF . COTTON FABRICS DYED WITH VAT ORANGE 2 
a ---------------

AFTER A SPECIFIED NUMB.ER . 9£ HOURS OF EXPOSURE 

_lli TH~ ATLAS FADE-0METER 

PART A. BLEACHEr> FABRIC 

Cotton Lot HOURS OF EXPOSURE IN FADE-OMETER-
Number -

0 5 20 40 60 

1 53.5 57.0 55.5 56.9 62.4 
2 54.8 54.1 51. 8. 60.2 54.9 
3 54.1 53.8 53.1 56.3 51.8 
4 · 55. 1 . 56. 0 59.0 60.4 58.6 
5 57.7 54.3 53.0 55.8 53.2 
6 50.2 57.2 54.4 59.5 58.0 
7 54.1 55.1 56.6 6'0. 4 61. 7 
8 56.9 54.8 58.0 58.6 56.8 
9 56.8 59.4 56.9 59.8 60. :1 

10 51. 2 50.3 50.6 55.7 57.7 
1.·1 52.9 54.9 51.8 52.4 58.5 
12 52.5 5~L 2 54.1 56.6 57.0 

PA~I_ -~'-• UNBLEACHED FABRIC 

1 52.6 54.5 57.0 58.7 60 .. 1 
2 51 . 7 52.2 51. 7 61.7 51. 2 
3 53.8 53.8 52.7 56.4 55.2 
4 56.4 59.0 58.8 59.8 59.8 
5 52.8 5:3. 9 52.6 56.2 53.9 
6 52.7 56.0 ·53.8 58.9 55.8 
7 52.3 54.2 ' 5 t1. 4 56.4 60.2 
8 57.2 54.2 51.9 51.8 53.4 
9 53.B 59.7 57.2 55.0 58.4 

10 55.5 58.6 55.7 58.3 63.7 
11 43,l 51. 0 5.1. 3 53.2 58.5 
12 52.0 50 .. 6 52.8 52.0 55.1 
-------· .-• . 

80 

59.2 
58.0 
55.5 
62.0 
60.6 
61.0 
60.0 
59.5 
62.0 
57.1 
55.9 
53.0 

62.3 
52.8 
60.0 
63.2 
6.1. 0 
5_9. 8 
57.0 
58.6 
61. 7 
63.9 
56.6 
59.0 



. . :. · T A B L E I V 

; SPECTROP.HOTOMETRIC MEASUREMEN1'S _!N TERMS OF REFLECTANCE 

RATINGS OF COTTON FABRICS DYED WITH VAT RED· 10 
', _ __ · _ ---------

AFTER A SPECIFIED NUMBER OF. HOURS OF 

EXPOS URE IN TH°£ ATLAS FAD E-OMETE R 

PART A. BLEACHED FABR.IC 

Cotton Lot HOURS ·OF EXPOSURE IN FAD E---01\1 ET ER 

Number 0 5 20 I 40 60 

1 48.2 51. 7 5 J.. 9 53.0 54.1 
2 50.0 49.4 47.8 · 51.4 48.9 
3 · 53.2 53.7 54.4 . . 47.4 50.4 
4 ' Si. 2 53.l 52.8 56.8 52.0 
c· 
V 52.6 51. 4 53.5 · 52.6 51 .. 8 
6 53.6 53.2 55.0 54.6 54.7 
7 51. 7 52.4 52.1 5·2. 1 52.9 
8 49.6 50. 2 52.7 52.0 49.1 
9 54.1 55.4 55.7 55.4 52.2 

10 55.3 47.7 53.2 51.9 51. 3 
11 5206 · 50. 2 52.6 51. 9 48.1 
12 51.1 52.3 53.3 51. 8 50.7 

PAR'£_ B. UNBLEACHED FABRIC 

80 

51.8 
49.4 
51,9 
55.0 
52~0 
50.4 
53.6 
50.6 
55.8 
50.6 
49.1 
52 .. 7 
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-

1 46.7 53.2 51. 7 50.4 51.1 50 .o · 
2 49.0 48.8 47.3 51. 2 49.7 49.2 
3 44.9 50.2 53,0 49.5 51. 9 53.7 
4 54.2 

.. 
52.7 49.9 46.9 49. 6 51.8 

5 49.8 46.5 52.6 5·2. 9 46.1 51.7 
6 46.9 ·so.7 51.7 53.2 50.9 50.9 
7 . 50.6 49. 4. 47 . . 9 52.2 51. 0 51.1 
8 47.8 49 .. 4 50.3 51. 0 50.8 51.0 
9 48.9 52.3 51. 9 52.8 51.7 51.3 

10 50.2 44.9 50.0 52.2 49.5 54.6 
11 47. 2 46. 1 47.6 47. 6 44.3 46.6 
12 44.7 47.3 t18. 3 50.7 47.3 47.8 

------·--··-
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T A H L E V 

SPECTROPHOTOMET!{IC MEASUREMENTS IN. TERMS . OF REFLECTANCE 

RATINGS QI COTTON f.ABR ICS DIED WITH VAT VIOLET _!l 

AFTER A S PE C IF IE D N UM I3 E R OF HO UH S O F EXPOS UR E 

·. _m THE ATLAS FADE-0METER 

PAWf _ll.. BLEACHED FABRIC 

Cotton Lot HOURS ·OF EXPOSURE IN FA0E-0METER -
Number 

0 5 20 40 60 80 

1 46.1 46.6 44.7 46.6 48.2 48.2 
2 41. l 41. 5 . 43. 0 42.l 42.0 42.6 
3 44.9 44.8 43.8 44.6 45.6 46.6 
4 46.5 46.2 46.8 47.2 48.1 47.4 
5 45.6 43.2 46.4 45.3 45.3 4.0. 0 
6 44.6 44.l 43~4 41. 7 . 44.9 45.6 
7 45.3 46.3 48.7 4·5. 5 46.6 47.1 
8 43.3 44.5 43.7 44.0 44.6 42.7 
9 49.1 45.8 43 ... 9 . 44.2 46.3 48.8 

10 44.4 45.0 48.7 42. 2 44.l 48.4 
11 44.8 45.8 41.8 45.3 46.3 46.7 
12 t.15.9 46.8 47.3 43.9 48.0 48~7 

P ART B • UNBLEACHED FA BR I C 

1 46.4 48.6 49.9 44.9 45.7 46.1 
2 41. 9 41. 4 40.6 40.6 43.3 4 4. 1 

! · 3 43.8 43.6 44.5 39.6 45.4 45.7 
t 4 42.3 46. 3 46.1 45.6 45.2 45.8 
! 5 41.6 42.4 43.0 42.5 42.7 41.7 
1- 6 42.9 45.6 46 .·o 43.6 45.6 45.1 f . 

7 44.6 45.2 45. 6 .. 43.4 47. 3 47.5 
8 43~9 42.l 42.l 42.7 43.2 43.0 
9 44.0 44.8 43.2 43.2 43.l 47.0 

10 48.3 41.8 43.8 42.1 44.3 46.1 
11 40.8 43.3 42.7 4 2. 4 45.9 44.8 
l ~; t12. 8 42.9 40.0 45~2 45.2 47.3 

I ____ , 
l 

. 
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TABLE VI 

SPECTROPHOTOMETRIC MEASUREMENTS IN TERMS OF REFLECTANCE 

RATINGS OF COTTON FABRICS DYED WITH VAT BLUE 6 - -------- ·-
AFTER A SPECIFIED NUMBER OF HOURS OF - ---- --- - -- - · 

EXPOSURE IN TH..[ ATLAS FADE-OMETER 

f.ART A. BLEACHED FABRIC 

Cotton Lot HOURS OF EXPOSURE .IN FADE-OMETER 
Number 0 5 20 40 60 80 

1 23.7 26.6 27. 2 . 28.5 28.8 27. 2 
2 23.4 25.3 ·23.3 23.5 27.8 25.7 
3 23.6 . 23.4 24.0 23.3 25.2 25.3 
4 26.4 30.3 28.4 28.8 31.8 29.3 
5 23.6 24.4 23.8 23.8 25.9 24.1 
6 26. 1 25.8 25.1 . 25.8 28.3 26 .. 6 
7 26.6 28.0 27.4 27~1 27.9 29.5 
8 26.2 26.9 26.5 25.3 27.3 28.0 
9 25.9 26.3 24.8 · 25.7 27.4 27.8 

10 - 25.1 25.5 25.4 26.0 29.5 28.0 
11 25.4 27.8 26.1 28.2 29.3 30.7 
12 27.0 28.9 26.5 26.8 30. 2 . 31. 0 

PAWL' B. UNBLEACHED FABRIC 

r 1 24.6 25.5 24.7 25.6 - 27.3 27.8 
2 25.3 29.5 28 .1 28.6 32.1 28.0 
~1 27.4 26.7 28.2 27.l 30.7 27.8 
4 26.8 30.6 30.4 30.5 34.1 33.4 
5 ·. 25.6 25.2 26.4 27.2 28.2 26.8 
6 26.8 28.7 26 .. 9 26.3 28.0 26.8 
7 29.7 31. 7 31. 0 31.0 2 9. 4 33.6 
8 25.3 26.6 25.6 24.9 28.0 27.3 
9 29.5 32.2 29.4 31. 5 33.4 34.2 

10 23.0 25.3 24.7 27.2 30.4 28. 4 
l l .1. -~ 26.6 29.1 28.0 29.2 20.2 31. 5-
1 ') 27. 7 28.4 26.4 27.8 28.8 29.7 
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· T .A B L E V · I I · 

SP EC'fRO P HOTOl\IETRIC ' MEASUREMENTS lN TERMS OF · REFLECTANCE · 

RATINGS OF COTTON FABRICS- DYED WITH VAT NAVY 18 -·---...... ---- ' --- --- - · -- -
AFTER~ -SPECIFIED NUMBER OF HOURS .9.£. 

EXPOSURE IN THE ATLAS FADE-OMETEH 

PAW( ~-• BLEACHED FABRIC 

Cotton Lot HOURS OF EXPOSURE IN FADE.,..OMETER. '• 

Number 0 I 5 20 40 60 80 

1. 23.9 24.4 23.4 24.4 26.3 26.2 
2 26.8 25.7 26.0 26.1 27.3 29.5 
3 25.5 26.0 23.5 23.7 26:4 26.8 
4 2,L 9 22.6 21.9 23.3 25.8 25.5 
c: J 24.7 . 24.4 24.2 25.4 24.9 26~0 
6 24.3 25.3 25.7 23.6 25.1 25.6 
7 27.3 25.4 26.4 26.4 28.1 28.5 
8 24.9 25.8 26.2 26.5 26.7 27.7 
9 25.2 24.4 24.7 25.6 25.l 25.8 

10 25.5 24.2 26.0 24.8 26.2 27.7 
11. - 24.7 23.7 24.3 . 22. 8 25.2 25.3 
12 24.5 24.2 25.4 25.7 25.5 26.1 

PART B. UNBLEACHED FABRIC 

1 25. I 23.7 24.. l 25.7 26.9 26.5 
2 22.9 22.9 25.5 24.6 29.2 28.9 
•') 26.3 26. 3 26.0 24.3 26.5 27.5 ..J 

4 23.7 22.6 23.5 23.7 25.0 26~2 
5 25.0 25 .·7 23.7 25.1 25-. 0 26.4 
6 23.8 24. 8 24.1 25.4 25.8 27.2 
7 27.3 26.0 24.8 26.5 27.2 28.3 
8 23.3 22.6 23.5 22.7 24.5 24.4 
9 24.9 24.5 24.1 24.0 25.6 26.4 

10 26.7 25.7 26.7 26.2 26.3 27.5 
11 ' 23.1 21. 6 23.2 21. 3 23.3 2~1. 8 
12 l 2 3. ~1 21. 2 22.2 22.8 2 J.. 8 23.2 

I ... -·--·-----



T.. ·A B . L E V I I I 

SPECTROPHOTOMETRIC MEASUREMENTS IN TERMS OF REFLECTANCE 

. RATINGS OF COTTON FABRICS DYED · WITH VAT GREEN 1 
' • - . ------ .--

AFTER A. SPECIFIED. NUMBER OF HOURS OF 

EXPOSURE IN THE ATLAS FADE-OMETE~ - - ---- ____ __._ 

PART A· BLEACHED FABRIC 

Cotton Lot HOUHS OF EXPOSURE IN FADE-OMETER 
Number 

I 0 5 20 40 60 
. 

1 25 .. 1 27.1 25 .. 7 27.0 26.6 
2 24.4 27.3 25.5 25.9 25.4 
3 23.1 24.9 21. 7 24.4 24. 3 
4 25.4 26.2 25.8 25.1 24.8 
5 23.9 25. 0 . 24.2 24,9 24.7 
6 24.3 25.8 26.0 26.9 2t'.l. 9 
7 26.0 27.1 24.8 26.4 2~L 9 
8. 24.7 26 .. 6 24.1 25.8 25.1 
9 26.4 28.6 28.3 29.7 28.9 

10 29.3 28.8 27.8 27.0 28.3 
11 25.9 26.7 25.6 27.0 25.4 
12 26.0 29.1 28.0 28.0 28.7 

P ARt· fr. UN BL-EACH ED FABRIC 

l 25.1 27.4 25.5 26.2 27.6 
2 24.6 26. 0 . 23.2 23.7 24.9 

· 3 24.6 22.3 23.4 24.3 24.5 
4 26.4 25.9 25.4 . 27. 0 28.3 
5 24.0 23.5 24.3 24.7 25.4 
6 25.0 27.8 ·25.4 27.4 26.0 
7 26.6 25.6 24.8 27.0 27.0 
0 26.4 27. 8 . 25.9 27.5 26.9 
9 26.0 26.0 26.0 27.0 26.3 

10 28.8 26.5 . 25.5 27.8 27.5 
11 23.5 25.8 25.6 25.2 25.4 
12 25.0 24. 2 24.7 25~8 23.4 

80 

28. 0 
25.7 
25.8 
27.9 
26.8 
26.7 
25.5 
26.6 
31.1 
31. 7 
28.0 
30~1 

26.e 
25.9 
26.0 
27.5 
27.8 
28.6 
27.9 
28.5 

.29.4 
32.2 
26.7 
27.0 
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T · ABLE . IX 

SPECTROPilOTOMETRIG MEASUREJIENTS 1.N TERMS Q£. REFLECTANCE 

RATINGS _9F COTTON FABRICS DYE.Q. .WITH VAT OLIVE 13 

AFTER~ SPECIFIED NUMBER OF HOURS OF 

EXPOS URE _IN THE . ATLAS FADE -0 METER 

PAR1~ P:_. BLEACHED FABRIC 

Cotton Lot . HOURS OF EXPOSURE IN FADE-OMETER 

Number 
0 5 20 40 60 80 .. 

1 20.2 19.5 18.2 19.8 18.7 18. 7 
2 19.0 19.2 19.3 19 .-4 18.8 20.8 
3 17.9 19.5 17.7 18.8 18.9 20.2 
4 17.7 19.5 18.9 18.7 18.3 17.8 
5 18 .9 18.7 18.8 19.0 20.0 21."0 
6 17.9 19.8 18.8 19.3 19.3 18.2 
7 18.2 16.6 J. 8. 2 17.9 18.2 18.6 
8 19.4 19.7 19.1 19.2 19.6 20.2 
9 20.0 20. 7 20.0 21.0 21.2 19.9 

10 17.4 19.3 20.0 18.2 17.9 20.5 

16B 

11 17. 1 ·_ 18.4 18.5 16. 9 17.l 17. 5 . 
12 17.4 17.2 20.2 18.7 19.6 19.4 

PAW[ B. UNBLEACHED FABRIC 

1 18.0 19.4 19.9 19.3 19.0 18.9 
2 18.0 20.4 19.9 20.7 19.5 21. 5 
3 17.7 19.6 18.8 18.8 19.6 20.2 
4 17.7 19.2 18.7 18.6 19.1 18.l 
5 19.7 15.-6 17.8 18.9 19.6 20.3 
6 16.6 18.4 18.4 18.3 18.1 19.7 
7 19.0 19.2 20.5 20.2 20.4 20.9 
8 17.8 18.2 18.6 10.7 19.6 19.6 
9 22.3 22.5 22.4 23.1 23.1 21. 4 

10 17.4 18.H 19.3 17.9 17.6 19.5 
11 16.5 18 .o 18.4 19.0 18.4 18.6 
12 19.0 19. 1 20.2 20.1 20.2 21. 2 



T -A B L E ,X 

:SPECTROPHOTOMETRIC MEASUREMENiS IN TERMS OF REFLECTANCE 

RATINGS OF COTTON FABRICS DYED WITH VAT BROWN 1 

·. AFTER A SPECIFIED NU~lBER OF .HOURS _9F 

EXPOSURE IN_ TH~ ATLAS FADE-OMETER 

PART A. BLEACHED FABRIC 

Cotton Lot HOURS OF EXPOSURE IN FADE.-OMETER . 
Number I 0 5 20 40 60 80 

- ----
1 38.8 39.1 38.3 39_. 8 43.8 42.1 
2 37. 9 35.9 _- 35 .-1 39.9 41. 4 42.0 
3 41.8 4L4 4 2. l 41. 5 45.3 45.6 
4 39.6 39.1 38.7 39.4 4'1. 6 41. 9 
5 38.7 39.3 38.5 39.7 40.6 42.5 
6 40.4 39.9 40. l 42.1 44.3 43.7 
7 38.8 38. o· 37.4 3'8. 6 42 .o 4 2. '7 
8 33.4 33.2 32.4 36'.0 37.1 37.7 
9 40.3 40.4 39.9 41.1 4 -2. 1 43.2 

10 40.2 40.9 40.3 40.9 41.8 43.5 
11 40.8 39.8 40.4 40.8 41.1 43.1 
12 41. 9 41. 5 41. 9 41. 9 44.2 46.5 

f_AR1:'_ .Q_. UNBLEACHED FABRIC . . 

1 39.9 37.3 36.9 39.2 41.4 43.0 
2 35.7 37.2 35.0 40.7 41.3 42.4 
3 39.7 38.8 . 38. 9 43.l 43.5 44.2 
4 40.7 39.4 39.6 .40. 9 42.8 4 2. 9 . 
5 37 .o · 37.9 37.1 38.1 40.5 40.5 
6 38.2 38.4 37.8 38.3 42.2 39.6 
7 ;39. 5 :rn. 3 39. 1 40.6 41. 7 41.7 
8 3- ') J ...... 35.1 35.2 36.3 38.6 42.0 
9 40.5 40.2 39.3 40.0 42.9 42.8 

10 39.8 41.0 41.6 42.6 43.5 44.1 
11 39.4 39.4 39.6 s! 1. 1 40.2 40.5 
12 41.9 44.4 43.3 .:13 . _8 45.1 44.4 
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. : .. · T A · B L E X · I 

·sPECTROPHOTOMETRIC MEASUREMENTS IN TERMS OF REFLECTANCE - --
RATINGS Q[ COTTON FABRICS DYED ~ITH VAT BLACK 9 

.. 
AFTER A SPECIFIED NUMBER "OF HOURS . OF. 

EXPOSURE IN.TH.E ATLAS FADE-OMETER --
PA RI. _fl o· BL E ACHED FA B HI C 

HOUHS 
Cotton Lot 

Number ·o ·5 

1 4.2 4.3 
2 3c9 3 ;9 
3 4.2 4.2 
4 3.B 4.4 
5 3.5 3.5 
6 3.8 3.9 
7 3.7 3.6 
8 3·. 7 3.9 
9 4.4 4.6 

10 4.3 4.5 
11 3.8 3.5 
12 4.3 3.9 

PART~. UNBLEACHED FABRIC ,------ -

.· 3 
4 
5 
6 
-,· I . 

8 

U
. 9 

1 
. 

.. 

4.8 
4.1 
4.3 
3.9 
3.7 
3.4 
4.3 
3.8 
4.2 
4.4 
4.2 
4.6 

4.6 
4. 0 . 
4.1 
3.7 
3,9 
4.0 
4 .·o 
3.7 
4~3 
4.6 
4.5 
4.6 

OF EXPOSURE IN FADE-:-OMET.ER 

20 40 60 

3.8 3.7 4.5 
_4.3 4.3 4.7 
3.6 4 .• 3 4.0 
4.2 4.7 4 - t1 
4.5 4.3 4. 1 
4.4 4.2 4.2 
3.9 ·4. 0 4. 1 
4.0 4.6 4.5 
4.7 5.3 5.0 
4.9 4.8 4.7 
4.0 4. 1 3.9 
4.2 · 4. 0 3.88 

4. l 4.7 4.7 
3.5 4.5 4.2 
3.9 4.4 4 .-6 
3.8 4.3 4.2 
3.8 4.0 4.0 
3.8 4.0 4.2 
3.9 4.3 -1 • 3 
4. 6 . 4.6 4.7 
4.8 5.1 5.0 
5.1 4.6 4.6 
4.8 4.8 4.7 
4.0 4.3 4.3 

80 

4.5 
5.3 
4.0 
4.3 
3.9 
4.3 
4. 1 
4.4 
s. o· 
4.9 
3.4 
4.3 

4.6 
3.7 
4.7 
4.3 
4.1 
4.0 
4.3 
4.9 
4.8 
4.9 
4.2 
4.8 
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T A B 'L E X I I 

SP ECTROP HOTO~IETR IC MF.AS UREMENTS _Di TERMS _ ,PF REFLECTANCE · 

RATINGS . QI COTTON FABR res DYED_ WITH iHRECT YELLOW 98 

AFTER fl SPECIFIED Nu°MBER OF HOURS OF EXPOSURE 

IN_ THE ATLAS FADE-OMETE~ 

PA~.:-£. A • BLEACHED FA BR IC 

Cotton Lot HOURS OF EXPOSURE IN FADE-OMETER 
Number 

0 5 20 40 60 80 

1 61.3 61.2 61.6 62.4 60.4 61.0 
2 61.0 57.8 60.3 55.7 6 2. 3 60.2 
3 62.4 6L8 60.4 58.2 60. I · 57.7 
4 68.9 65.7 64 .. 2 

. . 
67. 2 66.9 70.0 

5 65.2 60.8 62.1 61.2 61. 2 64.3 
6 62-. 3 65.4 61.1 63.3 59.9 64.3 
7 61.8 60.8 58.4 61.8 61.3 62.8 
8 61.1 56.7 56.3 55.9 57.8 59.6 
9 69.0 62. 0 58.5 61.7 6 J.. 5 62.5 

10 59.2 57.0 60.8 58.9 58.8 58.0 
11 60. 8 · 57. 8 60.8 57.7 58.9 55.6 
12 62.0 56.0 58.2 59.2 64.9 "62.3 

ff_RT !!_. UNBLEACHED FABRIC 

1 57.4 54.3 49.6 50.0 54.3 52.4 
2 52.5 50.7 50.7 52.2 49.2 49.3 
3 56.4 56.4 53.8 51. 3 54.3 52.1 
4 55.4 56.8 52.2 56.2 51.3 56.7 
5 52.3 49.4 49.4 51.0 53.5 57.3 
6 56.1 54:3 55.8 58.5 59·_ 8 61.8 
7 52.8 49 -. 8 50.1 52.3 50.9 52.1 
8 52. 0 · 47.1 43.1 · 47.9 47.1 49~0 
9 52.8 53.9 52.6 53.1 52.5 54.8 

10 45.1 49.7 44.5 47.7 46.8 46.0 
11 48.9 45.4 44.l 43.4 44.9 '13.8 
12 47.1 45.6 45.8 45.2 46.7 . . 47 .1 

----
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T AB L E X I I I 

SPECTROPHOTO~lETRIC M~AS UREMENTS IN_ TERMS or: REFLECTANCE 

RATINGS OF COTTON FABRICS DYED WITH DIRECT ORANGE 61 - -- -- ---· --- --
AFT ER A SPEC I F IE D NU M Em R OF HOURS _Q_E_ EXPOSURE 

lJi TH~.ATLAS FADE-OMETER 

PART A. BLEACHED FABRIC 

Cotton Lot . HOUHS OF EXPOSURE IN FADE-OMETER 
Number 

0 I 5 20 40 60 

1 47.9 55.8 4·2. 6 · 47. 8 . 47.4 
2 47.2 46.8 46.0 47.2 46.4 
3 52.7. 53.4 53.1 53.1 50.2 
4 46.6 48.0 46.8 43.4 48.0 
5 50.6 48.1 52.8 51. 3 59.8 
6 48.9 55.0 55.5 51.9 48.5 
7 40.8 42.8 44.9 41.5 44.0 
8 40.1 51. 7 49.3 46.l 50.1 
9 49 .. 3 53.9 53.3 48.7 5.2. 9 

10 52 .8 52.l 50.6 49.1 49.0 
-11 5 3. 1 · 51. 4 51. 7 50.7 49.0 
12 53.4 51. 2 51. 3 48.9 48.8 

PART B. UNBLEACHED FABRIC 

l 37.3 49.8 34.4 34.6 27.7 
2 44.l 42.4 42.4 43.6 42.4 
3 51.6 57.1 57.4 51. 4 54.6 
4 44.2 44.6 47.3 44.0 42.l 
5 49.8 55.0 52.6 51. 4 52.3 
6 44.2 47.1 48.5 41. 9 41 .. 3 
7 37.6 39.8 35.9 39.4 39.7 
8 40. 1 4,L2 42.4 39.8 42.2 
9 42.9 35.3 45.4 39.9 41.3 

10 49.0 47.2 46.4 45.0 44.9 
11 42.3 35.9 42.2 41.8 43.7 
12 45.8 40.2 41.0 36.8 41.8 

---

80 

46 .. 2 
44.8 
49.8 
45.1 
48.8 
47.3' 
39.5 
4 ,1. 7 · 
50.1 
46.1 
49.2 
48.7 

27. 1 
43.2 
49.9 
43.8 
50.4 
43.8 
41.2 
39.7 
42.7 
43.0 
42.0 
43.0 



.1 A B L E' X I V . 

: SPECTROPHOTOMETRIC MEASUREMENTS IN TERMS pF REFLECTANCE 

RATINGS OF COTTON FABRICS DYED WITH DIRECT RED 184 - ---------
AFTER A' SPE:CIFIED NUMBER - OF HOURS ,9F. EXPOSURE 

. -_lli THE ATLAS FADE-OMETER 

PART A~ BLEACHED FABRIC 

Cotton Lot .HOURS OF EXPOSURE IN FADE-OMETER 
Numher 0 I 5 I: 20 40 60 

. . 

1 49.0 49.8 52.3 47.4 52.8 
2 - 44.3 45.6 52.4 47.8 50.7 
') 48.2 51. 8 . 56.6 57.6 61.3 ,.., 
4 51. 5 53.2 53.3 55. 6 _· 59.5 
5 47.l 50. 9 . 50.8 52 .-8 51.. 3 
6 50.3 53.9 53.7 53.9 55.8 
7 46.4 · 47. 0 47.9 50.8 56.2 
8 48.3 46.4 46.9 48.3 50.1 
9 · 43.8 53.3 52. 7 - 55.5 57.8 

10 48.8 49.2 51. 9 48.2 53.0 
11 45.7 48. 3 48.7 59.1 46.2 
12 46.2 49.3 49.6 51.6 52.4 

f.;.t\f([ B. UNBLEACHED FABR. IC 

1 10.2 46.5 45.6 44.7 47.2 
2 43.9 48. 2 49.1 49.7 51. 0 
3 45.7 49.2 48.6 48.1 52.1 
4 43.3 45.6 47.6 49.9 53.2 
5 39.8 40.2 37.6 39.9 42.7 
6 46.6 46.4 - 43. 2 46.6 46.0 
7 43.0 43.2 41.1 42.7 47.6 
8 40.5 38.9 39.7 38.0 42.3 
C) 44.5 46 .-1 45.7 45.4 47.7 

lO 40.5 39.0 38.6 35.6 41. 2 
11 35.6 39.3 39.7 40.3 41.0 
12 37.2 41.0 40.7 42.8 42.4 

80 

58.9 
5~1. 5 
64.8 
63.3 
56..6 
64.8 
61.1 
55.4 
61.8 
59.7 
57.7 
55.8 

50.1 
54.8 
56.2 
56 ·. 5 
44.8 
4f,l.8 
52.6 
42.7 
49.2 
45.4 
44.0 
44.7 
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. SPECT-ROPHOTOMETH IC MEASUREMENTS _Jli TERMS .9£ REFLECTANCE 

RATINGS _Q_E_ COTTON FABRICS DYED WITH DIRECT VIOLET 47 

AFTER A -SPECIFIED NUMBER OF HOURS . OF EXPOSURE 

.Yi THE ATLAS FADE-OMETER 

PART A. BLEACHED FABRIC 

Cotton Lot HOURS O.F EXPOSU-RE IN FADE-OMETF.R 
Number 

0 5 20 I 40 60 80 

. 1 48. 1. 51.5 48.2 50.0 46.5 48.8 
2 47.5 40.6 45.6 45.7 46.9 49.6 
3 48.9 47.5 49.5 48.7 46.0 49.8 
4 · 47.5 43.1 45.3 43.7 . 45. 3 46.4 
5 51. o 50.9 ·s 1 .• 0 51 .-1 49.0 51.8 
6 51. 5 43.2 44.l 44.5 42.9 44.5 
7 45.0 44.6 47.5 46.1 51.6 48.0 
8 50.9 51. 2 48.4 48.6 47.7 48.8 
9· 40.6 41. 2 40 .. 7 39.3 39.7 39.9 

10 44.8 40.1 44.6 48.3 50.5 48.9 
11 42.8 47.5 47.9 47.1 44.9 48.6 
12 44.0 45.2 44.6 452. 46.4 47 .. 0 

PART !!_. UNBLEACHED FABRIC 

l 44.2 44.4 45.3 44.5 42.3 43. fr 
2 42.8 44. 5. 42.6 4 3. t1 42.7 42.3 
3 44.2 45.3 46.3 44.7 47.6 45.8 
4 45.6 44.8 44.5 .44.9 45.7 43.9 
5 41 .. 3 39.8 37.5 38.7 40.1 38.4 
6 51. 5 48.7 . 50.6 48.3 49.0 48.2 
T 50.9 47.8 48,6 49. 1 45.2 48.6 
8 40.3 38.9 38.3 39.4 39.7 39.4 
9 42.3 41. ·2 41. 0 40.2 39.1 40.8 

10 37.3 48.0 . 36. 7 39.9 38. ~) 42.4 
l J. 34.3 37.0 38.8 38.6 37.3 39.0 
12 3 t1. 2 36.3 36.9 37.6 38.3 39.0 

··-·-

·---



175 

T A 8 L E X V I 

SPECTROPHOTOMETRIC MEASUREMENTS IN TERMS OF REFLECTANCE 

RATINGS OF COTTON FABRICS DYED WITH DIRECT BLUE 14 -. . ---· --- ---.-
AFTER!::._ SPECIFIED NUMBER OF HOURS OF EXPOSURE 

.Q!. THE ATLAS FADE-OMETER 

PART A. BLEACHED FABRIC 

Cotton Lot . HOURS OF EXPOSURE IN FADE-OMETER 
Number 

0 5 20 40 I 60 

1 20.7 21. 5 22.7 26.7 28.5 
2 -20. 8 22.5 20.6 24.1 25.6 
3 21. 7 23.1 23.6 28.8 27.3 
4 21.8 24.5 25.4 29.1 30.5 
5 · 23 .0 22.3 23.7 24.4 25.4. 
6 23~8 23.2 26.3 29.8 30. 1 
7 J. 9. 7. 23.2 24.4 27.8 29.5 
8 23.8 20.8 25.7 25.8 28.9 
9 2:1. 5 22 .·a 2 3. l · 26.3 29.7 

10 19.1 21.6 24.0 24.8 27.6 
11 23 I 4• 23.1 26.3 28.0 29.0 
12 23.9 25.2 24.5 25.2 31.6 

f.ART ~. UNBLEACHED FABRIC 

1 19.8 20.7 19.4 22.9 23.4 
2 21. 7 23.2 24.1 24.6 26.7 
3 21. 7 21. 3 23.5 25.5 26,0 
4 24,1 23.0 24.8 28.1 29.5 
5 22.7 22.2 -23. 0 24.4 . 26 .. 1 
6 21.8 21. 3 24.8 26.2 28.5 
7 21. 1 21.0 23.7 24.4 25.6 
8 20.8 22.1 23.7 25.1 24.7 
9 23.6 21. 7 25.5 22.1 25.5 

10 22,0 22. 3· 24.0 25.0 26.6 
11 23.6 23.7 24.9 28.0 26.7 
12 20.3 22.9 24.9 26.4 28.6 

80 

33.3 
26,9 
31.7 
34.3 
26.6 
29.4 
29.3 
30.1 
30.7 
30.2 
33.0 
33.6 

· 25. 6 
30.6 
28. 2 
31.1 
28.0 
32.7 
30. 6 . 
26.5 
26.5 
29.7 
28.5 
30.6 



T A 8 L E X V I I 

SPECTROPHOTOMETRIC MEASUREMENTS IN TERMS OF REFLECTANCE 

RATINGS OF COTTON FABRICS DYED WITH DIRECT NAVY 252 -- -- -- --. --
AFTER t SPEC IF IED NUMBER. OF HOURS OF EXPOS URE 

.Q! THE ATLAS FADE-OMETER 

PART A. BLEACHED FABRIC 

Cotton Lot HOURS OF 
Number 

0 · 1 5 . .. I 

1 13.8 12.5 
2 13.0 12.9 
3 15.3 14.5 -

... lj 13.0 -13. 3 
5 13.2 · 13. 1 
6 13.9 13.1 
7 12.7 12. l 
{3 l 2. 4 11 .. 1 
9 16.0 l Lj. 5 

10 11. 9 12. 1 
11 13.6 13.5 
12 13.9 14.5 

PART !}_. UNBLEACHED FABRIC 

1 
1 
l 

1 
r. 
t:. 

3 
4 
5 
6 
7 
8 
9 
0 
l 
:2 
--... 

12. 7 13.3 
14.6 13.6 
13.5 J.3.6 
14.0 13.6 
12.0 12 .-8 
J. 2. 5 11.8 
l:L5 13.3 
1 '.L 2 10.7 
l :1. 9 13.7 
12. ~'\ 13.5 
11.6 12.5 
13. l 1:3.4 

-

EXPOSURE IN FADE·-OMETER 

20 .I 40 60 

12.7 13,3 12.6 
12.1 12,9 13.3 
14.4 14,2 12.1 
11.-9 13.0 12.1 
12.3 12.0 12.8 
13.8 13.8 12 .. 9 
ll.5 1 l. 8 11. 1 
10.5 12.2 10.5 
13.5 14.4 14.7 
11.1 11. 3 11. 1 
12.0 12. 6. 12.6 
13.6 14.0 13.8 

12.2 13.4 14.1 
11. 7 13.1 13.8 
1'.1.1 13.2 12.6 
13.4 13.4 12.6 
13.0 12.4 13-. 0 
11. 4 1446 · 12.5 
13.0 12.6 11. 9 
11.0 10.8 12.5 
12.3 14.2 13.5 
12.7 15. 1 13.5 
11. 2 12.7 12.3 
13.6 12.6 13.4 

80 

13.4 
15.1 
14.6 
14.3 
12.8 
13.4 
12.6 
10.6 
15.7 
11. 1 
13.6 
14.0 

13.1 
12.6 
13.6 
15.0 
13.3 
14.2 
13.i 
14.5 
15.1 
15.6 
14.4 
14.6 
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T .A B L E · X V I . I I 

SPECTHOPHOTOMEtRIC . MEASUREMENTS IN TERMS Qf. REFLECTANCE 

RATINGS OF COTTON FABRICS .Q_YE_Q_ WITH DIRECT GREEN 68 

AFTER A SPECIFIED.NUMBER OF HOURS OF EXPOSURE - ----·· ·- -- - ----
. _lli_ THE ATLAS FADE--OMETER 

P-ART A. BLEACHED FABRIC --
Cotton Lot HOURS OF EXPOS URE IN , FADE-OMETER 

Number 0 5 20 40 60 80 

.. 1 24.9 23.1 26.9 30.6 33.1 35.9 
2 28,7 29.7 32.2 37.6 38.3 44.7 
3 30.6 32e5 3~. 1 37.6 44.2 54.3 
4 29.8 28.1 . 28. 6 3·9. 3· 41.1 46.1 
5 26.9 28.2 30.0 34.4 39.3 44.8 
6 22.1 21.1 2 l. .1 27. 3 28,4 32.3 
7 23.1 24.3 29.0 27.9 35.9 40.8 
8 24. 5.- 26.6 27.9 33.6 38.9 44.4 
9. 29.1 28.9 34.5 40.8 43.4 46.7 

10 29.2 26.5 32.3 38.3 44.3 45.9 
11 27.2 27.8 34.8 39.2 44.0 48.9 
12 24.8 24.1 26.7 26. 9 32.8 42.3 

PAR_'!'_ Q. UNBLEACHED FABRIC 

1 20.4 20.9 22.6 29.7 30.1 33.2 
2 16.3 17.6 18.5 22.0 24.8 25.5 
3 20.2 22.5 24.6 28.6 30.4 36.8 
4 28.5 27. 5 29.8 36. 4 42.3 47.3 
5 15.6 15.2 16.4 . 19. 6 20.6 23.7 
6 16.4 18.5 - 19.3 21 . 6 . 24.7 27.9 
7 21. l 22.4 24.3 35.3 32.8 36.2 
8 I 21.0 21. 4 23 6 29.4 31.0 34.6 
9 I 21.5 22.5 24.4 28. 3 32.9 39.3 . 1UJi'4 20.3 23.7 25.6 30.6 32.8 

11 20.6 19.9 23.7 25.3 28.6 34.4 
12 20.5 21. 9 24. 2 29.5 33.1 35.9 

-----·· 
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·SPECTROPHOTOMETRIC MEASUREMENTS IN TERMS OF REFLECTANCE 

RATINGS OF COTTON FABRICS DYED WITH DIRECT OLIVE 70 -- --· -- --- -- -
. AFTER A SPECIFIED NUMBEH OF HOURS OF EXPOSURE 

lJi THE ATLAS FADE-OMETER 

PART _~- BLEACHED FABRIC 

Cotton Lot HOURS OF EXPOSURE IN FADE-OMETER . 
Number I 0 5 20 40 60 

- · 

1 28. 3 32.3 41. 7 · 47.7 49.5 
2 29.6 30.8 31.5 40.1 41.0 
3 30.7 32_. 4 31.6 37 .-2 . 42.9 
4 29.9 31.8 30.9 36.3 42.6 ., 

5. 38.0 35.1 39.7 41. 4 45.3 
6 36.8 38.0 40.8 47.7 55.3 
7 30.4 32.5 32.3 36.0 41. 9 
8 25.8 30. 1 32.4 38.2 41.6 
9 32.1 32.7 35.5 40.1 40. 8 

10 35.8 31.1 33.4 33.5 41.8 
11 35.8 35.5 39.9 45.3 54.5 
12 26.6 28.4 32.1 35.8 38.8 

PART B. UNDLEkCH£D FABRIC 

80 

51.1 
42.3 
44.4 
45.1 
47.4 
59.8· 
45.1 
42 .o . 
44.8 
43.4 
57.7 
40.3 

---
1 29.3 32.8 42.5 51. 2 52.2 . 53. 4 
2 27.2 34.2 32.1 34.9 44.9 45.9 
3 27.6 28.1 31.8 ~~6. 8 45.0 46.1 
4 32.4 34.6 35.3 37.8 45.1 50.3 

I 
5 29.2 29.0 32.2 37.0 40.5 40.9 
6 28.8 24. l 34.5 40.0 49.0 50.7 
7 34.3 30.5 33.7 38.7 44. 2 45.7 

i 
I 8 31. 9 33.9 37.0 40.0 47.9 53 • Lj 
I 9 35.4 38.6 43 .8 49.4 50.6 56.2 
I 10 29 .. 5 33.6 37.2 37.2 48.3 50.3 
I 

' 11 28.8 29.7 30.7 35.5 38. 8 41.0 I 

I 12 29. J. 28.4 30.9 34.8 36. 2 39.6 
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. . T A. B .L E X X 

SPECTHOP HOTO ~IETR IC MEAS UH EMENTS · J1! T EfU~l_§_ OF REFLECTANCE 

RATINGS.OF COTTON FABRICS pYED·WITfi.DIRECT BROWN _1 

AFTER A SPECIFIED NUMBE8 OF HOURS .OF EXPOSURE . : - .. . .. . .- --- - ----
JN THE ATLAS FA DE-OMETf~R 

PART A. BLEACHED FABRIC 

Cotton Lot HOURS OF EXPOS URE IN FADE-OMETEH 
Number 

I 0 5 20 40 60 80 

1 26.4 24.3 24.8 24.7 25.7 27.0 
2 27.2 26.2 26.4 25.1 27.2 28.l 
3 24.9 26.0 25.1 25.2 26.3 28.9 
4 24.4 22.7 25.0 25. 1 25.6 27.1 
5 27.3 25.0 25.2 26.5 28.8 28.7 
6 29.0 28.9 26.8 28.4 30.0 2 9. J 
7 28.2 25.8 26.8 27. 1 29.4 27.9 
8 28.4 26.7 25.0 26. 3 28.4 29.0 
9 27.3 28.2 26.1 27.3 28.7 29.5 

10 28.4 27.8 24.5 27.5 28.9 28.6 
11 25. 4- 28.0 25.8 25.6 28. 1 2 9 .1 
12 27.5 26.0 24.4 26.0 . 29. 1 29.0 

_PART !?_. BLEACHED. F.ABR IC 

l 23.8 24.5 24.8 20.3 26. 5 28.0 
2 26.7 24.9 25.l 25.0 27.8 27.0 
3 21. 7 25.0 26.3 24.9 26.0 26.9 
4 26.0 25.5 26.9 26.6 28.9 28.3 
5 24.4 23.9 24.2 21. 2 26. 3 26.0 
6 26.8 26 :2 24.2 26.7 26~4 27. 1 
-, 26.9 25.9 26.0 25.8 27.5 26.9 I 

8 24.4 23.9 23.2 23.6 25 ·. 4 26.2 
9 26.6 27.0 2.1. 5 25.7 27. 0 26.8 

10 23u7 24.1 23.5 26.1 24.7 26.5 
11 23.4 22.7 25.4 24.7 25.7 26.7 
12 24.5 23.6 22.1 25.0 26.8 27.3 

-
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· ... TABLE . XXI · 

SPECTROPHOTOMETRIC MEASUHEMENTS · IN TERMS OF ·REFLECTANCE 

RATINGS OF COTTON FABRICS DYED WITH DIRECT BLACK 91 
. - --- --- -- - ·-- --- ---

AFTER A S PE C IF. I ED NUMBER . 0 F HOURS .Q F EXPOS URE 

IN J'HE ATLAS . FADE-OMETER 

PART A• BLEACHED FABRIC 

Cotton Lot I BOU RS OF EXPOSURE IN FADE-0~1ETER i 

Number 0 5 20 40 60 

1 13.0 12.7 14.6 14.5 15.2 
2 11.9 10.6 1L9 15.0 14.9 
3· 12.2 J. 2. 8 14.5 17.5 16.5 
4 13.7 13.9 14. 6 . 15 .• 1 16.3 
5 14.6 16.8 18.1 20. 1 19.9 
6 15.7 15.4 17.5 19.7 21. 9 
7 16.0 16.7 18.8 18. 2 19.4 
8 16.4 16.2 18.2 18.0 20.9 
9 15. l 16.8 18. 4 18.5 20.4 

10 12.6 13.2 14.9 14.0 16.9 
11 13.2 14.2 15.2 16.4 17.3 
12 16.3 16.8 17.9 19.6 20.0 

PART ~. UNBLEAGHED FABRIC 

1 14.1 16.5 17.4 18.0 18.9 
2 12.5 12.4 13.0 14.6 14.8 
3 16. 1 16.9 19.1 18.9 21.. 2 
4 13 .1 13.9 14.6 15.4 16.l 
5 15.0 15.6 16.2 17. 3 19.6 
6 14.8 14.7 · 15.7 15.9 1 7. 1 
7 14. 3 · 15 • .l 16.5 18.6 18.8 
8 15.9 16.6 17.3 19.2 20.1 
9 15.5 15.7 16.8 . 17. 1 18. 1 

10 14.1 13.1 . 14.0 15.3 17.5 
n 17.6 15.0 10.9 19.7 19.7 
12 16.1 1.6. 1 17.8 19.9 17.6 
--- . ...... 

80 

16.2 
16 . .1 
17.2 
16.5 
21. l 
21.8 
21. 3 
21. 6 
21.5 
15.0 
15 .• 8 . 
18 .. 8 

19.7 
15.9 
22.4 
17.2 

. 19. 8 
18.4 
19.2 
20.8 
17.4 
16.3 
20.2 
19. 1 . 
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T-A B. L E - XX I I 

·sPECTR0PH0TOMETRlC. MEASURE~ENTS 1~ TERM$ OF REFLECTANCE 

RATINGS OF COTTON FABRICS DYED WITH VAT YELLOW -. .. .-- -- -- - ---
AFTER A -SPEC IF IE D . NUMB E R. · 0 F LAUNDER ING S 

AT 160° 

P A_R T A· BLEACHED FA BR IC 
-· 

Cotton Lot NUMBER OF LAUNDERINGS 
Number 0 5 10 15 20 

1 66.4 67.3 72.4 7 4. 8 . 81. 7 
. 2 60.7 66.o · 67.4 67.3 72.7 

3 64.4 - 69. 8 . 71.9 77.3 75.6 
4 6 2. 6 71.6 69.0 7 2. l 73.2 
5 64.l 65.2 57.2 74.9 73.6 
6 63.2 65.4 72.3 70.0 7 2. 4 
7 64.8 65. 4 .. 70.0 i4.2 76.3 
8 6 4. 4 . 69.2 74.5 7 3' . 9 72.3 
9 .. ; ... .. 66. 2 66.0 73.l 79.3 79.3 

10 65.2 67,7 71. 4 75.6 80.7 
11 63.4 67.1 72.9 78.2 78.9 
12 63. 7 61.0 72.3 75.2 78.0 

PABI Q.. UNBLEACHED FABRIC 

1 62.0 63.2 73.3 72.6 75.6 
2 59.7 62.0 ~/1 .. 7 71. 5 76.9 
3 63.2 67.3 76.2 74.9 77.7 
4 61.6 66.6 68.5 -70. 9 71. 2 
5 61.0 64.5 67.9 72.l 69.8 
6 63 .fl 66.7 68.9 68.8 73.5 
7 58. 6 63.3 69.5 68.5 70.1 
8 56.0 64.0 62.5 65.4 66.4 
9 6 2. l 66.9 74.1 73.5 74.9 

10 60. I 63.7 72.1 69.0 72.1 
11 ;16. 8 60.6 64.1 69.0 7B.O 

25 

79.4 
68.8 
75.5 
74.1 
70.3 
73.2 
71.B 
69.8 
78.0 
8 2. il 
81. 3 
81.0 

77.0 
72. 0 
77.0 
74.4 
71.6 
71. 8 
70.1 
63. 7 
72.5 
76.6 
78.0 

L 12 56.2 59.l 72.6 6_8 ~2 68.6 70.9 

18.l 
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T A B L E X X I I I 

' . 
SPECTROPHOTOMETRIC MEASUREMENTS--.IN TERMS OF. REFLECTANCE 

RATINGS OF COTTON FABRICS D YEO _W ITI-! VAT ORANGE 2 

AFTER A SPECIFIED NUMBER Q£. LAUNDERINGS 

AT ·160° f_._ 

f ART A• BLEACHED FABRIC 

Cotton Lot NUMBEH OF LAUNDERINGS 
Number 

0 5 10 15 I 20 25 
-

1 53.5 60.8 63. 5 · 59.3 66.0 67.6 
2 54.8 59.2 57.5 58.0 58.9 58.9 
3 54.l 57.2 59.9 62.0 61.0 .59.4 
4 55.l 63.7 66.2 63.7 60.5 67.3 
5 57.7 63.7 63.8 68.0 64.1 65.7 
6 50.2 61-~ 8 58.4 62.3 63.8 64 .. 0 · 
7 54.l 60.6 65.4 64.6 66.7 67.9 
8 56.9· 57.3 59.8 63.3 64.5 67. 4 . 
9 56.8 60.2 64.3 59.3 66.2 67.3 

10 51. 2 60.8 58.7 59.6 61.3 60.8 
11 52.9 62.0 54.6 61. 3 65.2 64.1 
12 52.5 60.9 62.4 63.6 60.3 60.4 

PART _ _!:!.- UNBLEACHED FABRIC 

·1 52.6 63.8 60.4 63.2 68.0 67.7 
2 51'. 7 55.1 57.l 63.0 62.1 60.5 
3 53.8 59.6 58.7 62.9 62.5 64.5 
4 56.4 61. 5 62.6 64.7 65.5 68.1 
5 52.8 60.0 63.9 63.2 65.1 65. 7 
6 52 .7 61.3 65.5 85.0 65.4 66.5 
7 52.3 59.l 60.7 63.4 62.0 64.4 
8 57.2 62. 8 65.6 63.8 64.8 66.6 
9 53.8 62.1 61.1 59.1 64.6 66.7 

10 55.5 62. 0 59.3 59. 4 65.9 65. 4 
11 48.1 60.1 57.5 56. 7 59.6 61.6 
12 52.0 57.9 63 .1 59.5 62.2 64.3 

:. 



T A B L E X X I V 

SPECTROPHOT(JMETRIC MEASUREMENTS·' IN TERMS OF REFLECTANCE 

RATINGS OF:_ COTTON FABRICS DYED llTH VAT RED lQ.. 

AFTER~- SPECIFIED NUMBirn· OF l,AUNDERINGS 

AT 160~ L_ 

PAR'!'_ ~- BLEACHED FABRIC 

NUMBER OF ·LAUNDERINGS 
Cotton Lot 

Number 0 5 10 15 20 

1 48.2 61.7 60.7 60.0 63.9 
2 50.0 57 .1 57.8 56.9 60.3 
3 53.2 53.7 58.7 58.7 62.0 
4 51-.2 60. 0 . 58 .·7 58.7 57.5 
r: ,J 52.6 53.6 57.6 ·59. 0 62.2 
6 53.6 62.0 58.5 61.8 62.8 
7 51. 7 59.5 56.6 60.2 60.3 
8 49.6 58.5 59.7 54.5 57.3 
9 54.1 60.6 60.2 61.4 62.2 

10 55.3 59.3 56.4 60.4 63.5 
11 52.6 59.3 57.2 59.5 56.6 
12 51. l 57.5 60.1 59.8 65.2 

PA!i'J' 1l_. UNBLEACHED FABRIC 
-·• 

1 46.7 59 .· 1 58.0 58.8 53.4 
2 49.0 53.6 57.0 56.6 61. 0 
~1 44.9 55.4 57.9 57.6 58. 1 
4 54.2' 61.1 60.1 60.8 59.1 
5 49.8 58.4 56.7 59.3 61-. 5 
6 46.9 59.3 58.6 58.4 58. 2. 
7 50.6 . 61. 0 58.2 60.8 62.1 
8 47.8 56.7 54.5 52.5 53.2 
9 48.9 57.8 50.7 58.8 59.1 

10 50.2 55.3 57.4 56.9 58. 1 
11 47.2 56.9 58.2 56.8 55.6 
12 44.7 50.4 57.9 56.5 57. 3 

I 25 

6 2. 0 
61.7 
62.2 
57.2 
61~9 
67.4 
60.4 
57.5 
6 2. 4 
65.8 
59.4 
62.0 

58.4 
63.2 
6 2 .1 
61.0 
6 2. 4 
61. 3 
60.5 
64.2 
61.8 
58.7 
54.3 
62.7 
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T A . B L. E X X V 

·sPECTROPH0T0METRTC MEA.SUREMENTS 11i TERMS OF REFLECTANCE. 

RATINGS OF COTTON FABRICS DYED WITH VAT VIOLET 13 - ---- --- -- -- - ---
-AFTER ! SPECIFIED NUMBER QI LAUNDERINGS 

AT 120° .L_ 

PART A.. BLEACHED FA B RIC 

Cotton Lot · NtJM.BER OF LAUNDERINGS 
Number 

0 5 10 15 20 · 

1 46.1 51. 7 50.8 49.5 55.5 
2 41.1 47.4 47.9 45.0 46.6 
3 44.9 50.5 59.8 44.8 52.9 
4 46.5 53.1 51 . -3 52.4 49.3 
5 45,6 52 .·o . 51. 5 46.4 50.5 
6 44 .·6 53.9 49.8 50.4 45.2 
7 45.3 -52,5 52.3 47.4 47.6 
8 43.6 53.3 53.6 55.1 46.9 
9 49. 1 51. 7 55.6 46.4 57.5 

10 44.4 54.2 54.0 55.7 54.0 
11 44. s · 50. 8 · 53.5 5·1. 9 50.0 
12 45.9 54.6 53.7 53.9 52.4 

PARI_ !!• UNBLEACHED FABRIC 

1 46.4 53.0 54.1 48.4 53.8 
2 41. 9 48.0 50.7 45.0 51.3 
3 43.8 49.6 50.2 47.8 54.4 
4 42.3 52.1 51. 4 52.0 49.2 
5 41.6 51 .-4 51.0 46.2 51.8 
6 .4 2. 9 48.8 40.8 51. 2 47.9 
7 44.6 51. 3 51. 9 50.5 47.1 
8 43.9 50.1 52.2 48.4 15.9 
9 44.0 51. 5 52.1 49.0 53.9 

10 40.3 54.5 52. 0 54.8 56.1 
11 40.8 52.8 51.8 51. 5 50.5 
12 42.8 48.6 52.5 46.3 48.4 

25 

54.3 
50.6 
52.7 
55.4 
52~0 
53.6 
52.2 
49.8 
57.7 
57.0 
53.4 
52.5 

54.8 
52.6 
56.8 
51. 3 
49.6 
51. 9 
52.3 
52.1 
57.6 
57.3 
53.9 
46.7 
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SPECTROPIWTO~IETRTC MEASUREMENTS IN TERMS '' OF REFLECTANCE· 

RATINGS OF COTTON .FABRICS DYED WIT~ VAT BLUE 6 -- . ' ----. - . -.. ---:-

AFTER A SPECIFIED NUMBER OF LAUNDERINGS . 

AT. 160° .E._!. 

PART A • BLEACH ED FA B R IC 

Cotton Lot NUMBER OF LAUNDERINGS 
Number 

0 5 10 15 20 25 

l 23.7 30.5 29.3 33.2 32.7 32.5 
2 23.4 28.6 27.2 31. 2 ~H. 4 32.1 
3 23.6 26.8 29.3 29.2 33.0 30.6 
4 26.4 35.4 38.4 37.2 36.3 36.8 
5 23.6 30.6 26.8 29.3 32.3 27~4 
6 26.1 31.6 30.8 34.0 :34. 3 32. 7 
7 22.6 31.8 33.8 32.4 33.9 33.4 
8 26. 2 . 31.9 29.4 31. 8 31.8 33.0 
9 25.9 32.4 32.7 37.0 36.0 35.2 

10 25.1 33.6 32.9 34.8 33.2 35.8 
11 25. 4 · 33.6 33.6 35.8 35.6 34.4 
12 27.0 34.5 31. 3 36.1 33.6 35.0 

f ART Q.. UNBLEACHED FABRIC 

1 24.6 30.9 30.4 33.1 33.7 34.4 
2 25.3 34.1 31.1 36.6 36.1 36.8 
3 27.4 30.0 34.7 34.6 37.4 35.4 
4 26. 8 . 37.0 36.2 38.7 37.5 38.1 
5 25.6 32 •. 2 32.7 34.4 35 .. 1 34 .1 
6 26.8 33.1 30.7 35.1 35.2 33.6 
7 29.7 36.3 38.6 34.3 41. 1 40.6 
8 25.3 32.6 30.4 32.6 32.7 :3 3. 4 
9 29.5 39.0 38.0 41. 6 42.3 41.8 

10 23.0 32.7 28.3 34.5 32.1 30.9 
11 26.6 35.8 32.3 35.1 34.1 35.4 
12 27.7 34.7 32.9 35.7 34.3 33.5 
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TABLE· XXVII 

S'PECTROPHOT{)METRIC MEASUREMENTS IN TERMS OF REFLECTANCE 

RAT ING S_ .QX. COTTON FA BR IC S DYED W ITH VAT NAVY 1 8 
. -- --- . ·-. 

AFTER A SPECIFIED NUMBER OF LAUNDERINGS 

AT 160° .L_ 

f~RT A·· BLEACHED FABRIC 

Cotton Lot NUMBEil OF LAUNDERINGS 
Number I 0 5 10 . 15 20 

., 

1 23.9 2·6. 7 29. 2 · 29.5 30.2 
2 26.8 30.3 28.8 31.8 33.4 
3 25.5 27.9 28_. 0 29.9 31. 0 
4 24.9 27.4 28.2 30.7 30.8 
5 24.7 30.1 30.0 31. 1 ·30.3 
6 24.3 30.4 29.8 30.9 29.8 
7 27.3 28.3 29.7 32.5 33.8 
8 24.9 30. 1 31. 5 29.8 28.3 
9 25. 2 .. _ 29.5 30.3 . -· 30.8 ... 30. 5 --

10 25.5 28.8 27.4 30.2 30.9 
11 24.7 28.8 28.7 29.5 30.0 
12 24.5 30.5 29.5 28.8 30. 1 

PART~. UNBLEACHED FABRIC 

1 25.l 30.4 30.2 32.2 28. 9 
2 22.9 30.1 28.0 29.2 30.4 
3 26.3 29.0 33.6 35.3 33.3 
4 23.7 28.0 26.4 31.1 29.3 
5 25.0 31. 7 31.8 32.2 33.0 
6 23.8 28.2 30.6 30.3 32.9 
7 27.3 32.8 · 30 .1 34.6 34.7 
8 23.3 29.8 31. 3 31. 1 29.4 
9 24.9 27.3 30.7 30.1 32.2 

10 26.7 28.9 29.7 31. 2 32.2 
11 23. l 27.7 29.7 30.8 31. 9 
l~ 23.4 - 28.9 30.3 29.9 27. 2 

-·-·----

25 

32.0 
32.0 
29.3 
29.1 
30.5 
31._. 2 · 
32.9 
30.3 -

. 33 •. 7 
30.6 
30.3 
28.2 

32.4 
29.9 
30.6 
30.1 
34 .1 
29.3 
33.2 
~H. 2 
32.0 
30.9 
30.8 
31. 8 

·-



187 

T A .B L E · X X V I I I . 

SPECTROPHOTOMETRIC· MEASUREMENTS IN TERMS OF REFLECTANCE. 

RATINGS .Q£. COTTON FABRICS DYED _lYITtJ. VAT GREEN l 
AFTER A SPECIFIED NUMBEn bF (AUNDERINGS ---- - -. -----

PA }If. ~. BLEACH E D FA B R IC 
-· 

Cotton Lot NUMBER OF LAUNDERINGS 
Number 

0 5 10 15 20 

1 25.1 29.0 26.9 29.6 30.4 
2 24.4 28.0 31.9. 34.7 34.4 
3 23.1 27.5 31. 2 30.7 31. 4 
4 25.4 28.8 29 .-0 31.7 31. 8 
5 23.9 28 .8 . 29.3 31.4 32.9 
6 24.3 30.6 31.4 33.3 34.2 
7 26.0 28.3 33.1 32.4 34.2 
8 24.7 31.0 32.6 35.0. 34.9 
9 26.4 31.3 38.2 -33. 6 35.1 

10 29.3 29.5 33.2 33.5 33.0 
11 25.9 27.8 29.8 30.5 35.4 
12 26.0 27.5 29.7 -29.4 32.3 

PAR! ~. UNBLEACHED FABRIC 
-

l 25.1 28.9 29.0 30.7 32.4 
2 24.6 28.5 28.8 32.9 32.6 
3 24.6 29.1 32.8 32.5 33.0 
4 26.4 30.0 33.3 35.8 36.6 
5 24.0 28;2 22.5 27.5 31 ·• 9 
6 25.0 31.7 33.9 35.6 33.2 
7 26.6 28.5 32~8 32.l 35.9 
8 26.4 32.1 34.8 31:'.: ? ~-- 34.6 
9 26.0 31.8 35.9 33.3 35.2 

10 28.8 28.7 35.2 33.2 36. 3 
11 23.5 25.2 31.8 31. 6 32.0 
12 25.0 25.4. 27.7 27.8 32.8 

25 

34.2 
33.2 
31. 4 
34.2 
33~4 
33.0 
35.3 
34.6 
-35. 6 
34.7 
35.6 
34.6 

35.1 
33.7 
33.1 
34.7 
33.1 
35.6 
35.0 
36.2 
35.2 
34.8 
32.5 
33.1 
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T A B L E X X I X 

SPECTROPHOTOMETR.1C MEAS URE!'viENTS .!Ji· TERMS OF REFLECTANCE 

RATINGS OF COTTON ,FABRICS DYED WIT~ VAT OLIVE 13 
' - . ' . -------

AFTER A SPECIFIED NU~BER OF LAUNDERINGS - . . ' -------

PA_~'!:_ ~. BL EA C HE D FA B R IC 

Cotton Lot NUMBER OF LAUNDERINGS 
Number -

0 5 10 15 20 25 

1 20.2 22.8 23.6 27.7 29.2 26.4 
2 19.0 23.2 26.3 26.2 28.1 26.3 
3 17 . -9 23.l 23.9 26.4 27.4 26.3 
4 17.7 20.9 23 .-2 25.9 26.2 24.3 
5 18.9 24.8 24.9 26.4 25.9 24.1 
6 17.9 22.3 2~). 3 24.7 25.1 26.6 
7 18.2 21.3 23.3 25.2 27.8 26.2 
8 19.4 · 19.9 24. l 24.3 25.7 24.1 
9 20.0 26.0 . 27 ~-6 ·29. 8 30 -. 2 29.1 

10 17.4 21. 3 22.8 24.5 22.7 25.3 
11 1 7. 1 21.2 23.8' 26. 9 25.4 25.8 
12 17.4 22.2 23 .. 9 24. 1 24.6 28.4 

PART~. UNBLEACHED FABRIC 
--

1 18.0 23.9 26.6 27. 8 27.8 27.5 
2 18.0 23.3 26.8 29. 1 28.9 26.6 
3 17.7 21.0 23.0 25.6 25.7 25.1 
4 17.7 21.8 23.6 25. 3 28.1 26.5 
5 19.7 22.-3 25.3 26.0 28 ·. 4 26.6 
6 16.6 20.4 23. 2. 24. 2 26.4 24.8 
7 . 19.0 24.6 26.7 24.9 28.8 28.7 
8 J. 7 • 8 23.9 26.6 24.6 27.3 27.3 
9 22.3 22.1 25.8 24.6 27. 4 25.7 

10 17.4 20.6 22.7 25.7 26.3 26.4 
1.1 16'. 5 21. 3 24.5 25.3 25.1 25.9 
12 19.0 23.2 24.1 29.5 28.5 27.2 



T A B L E X X X 

SPECTROPHOTOMETRIC .MEASURE~1ENTS IN TERMS OF REFLECTANCE 

RA~INGS OF COTtON FABRICS DYED WITH VAT BROWN 1 - --- -.--- ------ --~ - --
AFTER A SPECIFIED NUMBER OF LAUNDEHINGS 

AT 16Q_~ 

PART ~-• BLEACHED FABRIC 

Cotton Lot NUMBER OF 
N urnbe r 

0 5 

1 38.8 39.6 
2 37.9 40.2 
3 41.8 40.8 
4 39.6 48.3 
5 38.7 42.4 
6 40.4 44.8 
7 38.8 41. 3 
8 33. '1 40 .. 2 
9 40.3 43.9 

10 40.2 45.3 
11 40.8 46.0 
12 tll •. 9 49.4 

·----

PAR'I~. _!l. UNBLEACHED FAGHIC 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
. 11 

12 
-

38.9 
35.7 
39.7 
·10. 7 
37.0 
38.2 
39.5 
35.2 
40.5 
:39. 8 
39.4 
41. 9 

42.2 
4i. 2 
44.2 
46.6 
40;7 
41. 3 

·43.1 
37.0 
43.3 
45.6 
42.4 
46.6 

10 

43.3 
40.9 
48.4 

-4 4 .-6 
44.3 
43.2 
42.2 
39.0 
41.3 
45.6 
44.3 
47.1 

43.1 
40.2 
45.0 
46.7 
40.3 
42.3 
42.3 
~H. 3 
41. 5 
4 4. 11 
41.4 
45.9 

LAUNDERINGS 

15 20 

44.1 44.6 
45.8 43.8 
49.8 47.5 
44.5 45.7 
43.1 46.1 
47.0 46.7 
47.4 47.3 
39.3 40.7 
42.4 47.9 
44.7 48.1 
45.8 46.3 
50.7 46.8 

45.1 44.4 
48.1 46.2 
48.6 46.9 
4L3 49.6 
40.7 47 ·. 2 
42.2 45.0 
48.2 50.2 
38.4 38.5 
40.6 46.6 
46.5 47.9 
46.7 46.7 
50.8 49.S 

25 

44.3 
46.6 
50.9 
47.8 
45~6 
48.8 
40.0 
42.7 
45.6 
47.3 
51.6 
50.0 

45.0 
41. 9 
47.8 
48.5 
45.5 
45.5 
47.7 
41. 7 
46.2 
44.9 
48.5 
48.0 
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T A 8 L E X X X I 

s·p ECTf{OP HOTOMETRJC MEAS URE MEN TS IN TE HMS OF REFLECTANCE 

RATINGS OF COTTON FABRICS DYED WITH VAT BLACK 9 

. AFT E R fl SPEC IF I ED NUMBER OF LAUN DE R'°I NG S 

AT 160° .L_ 

fA_RT f1_. BLEACHED FABRIC 

Cotton Lot NUMBER OF LAUNDERINGS 
Number 

0 5 10 15 20 
L--

1 4.2 4.5 3. 9 . 4.0 4.3 
2 3.9 4.5 4.2 4.3 4.5 
3 4.2 3.9 4.2 4. 1 4.5 
4 3.8 4. 1 4.0 4.6 4.5 
5 3.5 3.8 3.8 3.6 4. 1 
6 3.8 4.0 4.2 · 4. 4 4.5 
7 3.7 3.9 3.7 3.8 4.3 
8 3.7 3.6 4.7 4.0 4.3 
9 4.4 4.7 4.6 4.3 · 4. 6 

10 4.3 3.8 4.9 4.5 5.0 
11 3.8 4.5· 4.0 4.0 3.7 
12 4.3 4.6 4.7 4.4 4.0 

PART ~. UNBLEACHED FABRIC 

1 4.8 5.6 4.1 5.0 4.9 
2 4.1 4.9 3.8 4.0 4.4 
3 4.3 5. 1 4.0 4. 1 4.5 
4 3.7 4.1 4.6 4.0 4.5 
5 3.7 3.8 4.2 4.7 4.0 
6 3.4 3.4 3.6 4.0 4.i 
7 4.3 4.3 4.3 5. 1 · 4. 5 
8 ~L8 4. 1 4.2 4.3 4.2 
9 4.2 4.6 5.0 4.6 4.4 

10 4.4 5.0 4.2 s.o 4.7 
11 4.2 4.3 4.2 4 ') . - 4.6 
12 4.6 5.4 5.1 5.3 5.4 

25 . 

4. 1 
4.0 
4.2 
4.4 
4.0 
4-. 3 
4.0 
4.8 
4.3 
4.7 
4. 1 
4.0 

4.9 
4.3 
4.4 
3.8 
4.0 
3.9 
4.4 
4.4 
4.4 
5.4 
4.4 
5.4 
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· T A B L E X X X I I 

SPECTROPHOTOMETRIC MEASUREMENTS IN TERMS OF REFLECTANCE 

.RATINGS .QE COTTON FABRICS DYED WITH DIRECT YELLOW .2.§. . 

AFTER A SPECIFIED NUMBER _9F LAUNDERINGS AT 160° f.. 

PART P:_. BLEACHED FABRIC 

Cotton Lot NUMBER OF .LAUNDERINGS 
Number 0 5 10 15 20 25 

l 61. 3 80.H 70.6 84.6 88.3 89.7 
2 61.0 73.6 79.4 79.5 82.4 82.8 
3 62 .4 65.9 69 .. 0 81.8 85.8 87.7 
4 68.9 75.5 88.5 88.6 94.2 92.3 
5 65.2 7 2. 5 74.0 78.6 82.6 85.3 
6 6 2. 3 72.3 80. 1 85.2 87. 1 93 ·• 4 
7 61. 8 7 2. 8 79.9 85.4 84. 1 91.6 
8 · 61. l 71. 7 74.9 82.0 82.2 83.2 
9 69.0 72.l 7 3. 9 88.3 69.8 91.8 

10 59.2 73.5 74.2 72.2 . 80. 7 P.,6. 8 
11 60.8 72.7 71 . .7 76.4 79.8 81.6 
12 62 .O' 74.5 70.4 80.7 84.3 79.0 

PART ~- UNBLEACHED FABRIC 

1 57.4 59.8 67.7 81. 7 76.5 80.1 
2 52.5 68.3 66.9 71. 3 77.9 79. 0 
3 56.4 62.5 67.8 64.2 74.0 82.2 
4 55.4 61. 2 70~3 70.4 80.1 86.6 
5 52.3 60.6 64.0 73.9 78.2 81. 9 
6 56.J. 62.6 70.4 68.3 74 .. 6 83. 1 
7 52.8 62.2 65.9 69.1 83.4 84.8 
8 52.0 56.7 59.0 65.7 73.2 78.7 
9 52.8 60.5 65.5 76.8 82.5 87.3 

10 45.1 57.4 56.3 69.2 71'.7 69.6 
11 48.9 5i".8 56.7 63.9 69.1 72.2 
12 ., 47.1 59.2 65.0 67.9 72.7 72.5 
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T A. · B L E X X X I . I I 

. SPECTHO"PH0T0METRTC M8ASUREMENTS _lli TE'RMS Q.f.. 'REFLECTANCE· 

RATINGS _9F COTTON FA BRl CS DYED_ WITH DIRECT ORANGE £1 
AFT E R A SPEC IF IE D NUMBER OF LAUNDER ING s· AT l. 6 0 o f_. 

P.AR1~ ~-• BLEACHED FABRIC 

Cotton Lot NUMBER OF LAUNDERINGS 
Number 

0 5 10 15 20 25· 
-

l 47.9· 61.9 68.9 . 77. 7 79.0 80.8 
2 47.2 57.5 65.7 71. 2 77.7 79.2 
3 52.7 67.3 68.4 76.3 77.1 78.8 
4 46.6 62.7 63.2 70.4 83.0 76.6 
s· 50.6 65.8 76.6 72.3 83.9 84.8 
6 48.9 66.7 69.3 7 5. tl 81. 6 83.2 
7 40.8 54.0 58.9 67.6 68.1 71. 2 
8 48.1 66.2 62.3 7Q.9 72.8 79.6 
9 49.3 67.4 73.5 78~1 80.1 82.7 

10 · 52.8 61.0 67.8 77.9 78.2 80.2 
11 53.1 66.8 71.0 62.7 69.9 73.6 
12 53.4 68.l 65.3 78.5 78.2 80.4 

1 37.3 63.4 7~L8 78.8 78.2 80.6 
2 44.l 54.5 62.3 67.8 70.3 73.9 
:3 51.6 68 .·s 73.2 78 5 78.6 80.6 
4 44.2 6 2. 2 66.2 67.5 71. 5 77.9 
5 49.8 63.9 68.2 -69.0 83.3 84.7 
6 44.2 60.8 65 .. 8 74.8 78.5 80.6 
7 37.6 50.1 57.8 54.1 71. 4 74.5 
8 40.l 51.3 58.2 64.3 69.3 72.2 
9 42.9 53 .. 9 62.2 63.0 76.8 78.6 

10 Lj9 • 0 61. 5 67.4 72.9 73.5 75.8 
11 42.3 55.4 58.3 67.8 71. 4 76.3 
12 45.8 58.2 61 • 4 72.7 67.6 74.6 
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T A B L E . X X X I V 

SPECTHOPHOTOMETR IC MEASUREMENTS IN TERMS Q..E. RE.fLECTANCE 

RATINGS OF COTTON FABRICS DYED WI'flL DIRECT HED 184 

AFTER A SPECIFIED NUMBER OF LAUNDERINGS AT. 160° f. 

PAR'£. ~. BLEACHED FABRIC 

Cotton Lot NUMBER OF LAUNDERINGS 
Number 0 5 10 15 20 25 

1 49.0 56 •· 5 58.8 56.9 58.6 ·56.s 
2 44. 3 48.8 51. 3 54.4 54. 5 5~j. 5 
3 48.2 53.3 57.8 55.5 57. 3 57.7 
4 51. 5 54.7 63.6 57.2 59.0 66.0 
5 47.1 52.6 56.2 55.5 54.8 54.8 
6 50.3 54.3 55.2 56.6 58. 2 60 ·. 3 
7 46.4 49. 2 · 49.4 51.0 53.5 59.1 
8 48.3 50.3 53.0 56.6 60.4 59.7 
9 43~8 56 •. 4 62.2 57.1 57.0 65.6 

10 48.8 53.4 55.7 57.8 56.9 57.3 
11 45.7 52.2 53 . .1 57.2 56. 3- 58. 1 
12 46. 2· 52.5 51.1 55.0 56.6 55.8 

PART~- UNBLEACHED FABRIC 
~----------· 

1 40.2 48.1 51.9 51.7 54.5 53.8 
2 43.9 44.8 50.8 52 .o 51. 9 51. 7 
3 45.7 49.2 52.4 52.9 55.2 57.8 
4 43.3 47.7 52.8 5 2. Ll 54.2 61.4 
5 39.8 53.2 47.8 50.3 51.4 52.7 
6 46.6 49.2 48.0 53.5 49 .. 9 51. 1 
7 43.0 48.6 46.1 50.5 52.3 53.5 
8 40.5 41. 4 43.9 48.7 52.9 49.2 
9 44.5 50.4 50.6 58.0 61.4 62.7 

10 40.5 41.4 43.5 49.6 46.8 48.8 
11 35.6 1 '> -~ .... .) 47.1 48.6 47.1 46.7 
]2 37. 2 42.8 q6.9 50.8 54.8 55.0 
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T-A BL E X X X V 

SPECTROPHOTOMETRIC MEASUREMENTS IN TERMS OF REFLECTANCE 

RATINGS OF COTTON FAI3HICS DYED WI'l]-! DIRECT VIOLET 47 

AFTER A SPECIFIED _NUMBER OF LAUNDERINGS_ AT 160° f.. 

PART A, BLEACHED FABRIC 

Cotton Lot NUMBER OF LAUNDERINGS 
Number ·I 0 5 . 10 15 20 25 

.. 
·1 48.1 66. 9 . 68.4 69.7 73.3 77.0 
2 47. 5. 65.1 65.6 · 65. 6 66.5 67.1 
3 48.9 68.4 71. 2 74.3 74.1 74.8 
4 47.5 68.8 68i2 67.3 71. 4 75.7 
5 51.0 71.1 76.8 83.5 78.2 78.5 
6 41.1 60.3 66.0 70.6 71. 5 . 72. 4 
7 45.0 65.6 68.9 71.8 75.6 79.3 
8 50.9 67.1 71.1 75.6 72.8 72.5 
9 40.6 58.6 59.2 60.3 65.2 70.5 

10 44.8 66.3 71.6 76.4 76.8 78.0 
11 ·. 42.8 64.3 68.2 72.0 72.7 73.5 
12 44.0 69.3 69.8 70.2 73.5 77.6 

PART B. UNBLEACHED FABRIC ---- -· .. 

1 44.2 61.3 61. 4 69.2 71.4 73.3 
2 42.8 58.8 66.7 65.0 65.6 66.5 
3 44.2 59.3 65.0 69.9 71. 5 72.9 
4 45.6 60.4 67.0 73.1 73.8 75.7 

· 5 41. 3 58.1 62.5 65.1 68.8 71. 7 
6 51. 5 67.0 70.5 73.5 76.0 79.9 
7 50.9 68.9 74.9 79.6 80.3 82.7 
B 40.3 52.8 · ss.5 62.9 62.7 62.4 
9 42.3 63.0 66.2 69.4 73.5 77.0 

10 37.3 54.2 56 6 · 58.4 61. 4 64.1 
11 311. 3 48.9 53.7 57.8 58.7 59.2 
12 34.2 50.0 57.5 64.1 65.0 65.9 



195 

· T A B L E X X X V I 

SPECTROPHOTOMETRIC MEASUREMENTS IN. TER~1S OF REFLECTANCE 

_EATINGS _OF COTTON FABRICS DYE.Q. WITH DIRECT BLUE il 
AFT E R A SP EC IF IE D NUMBER O F LAUNDER ING S AT 1 6 0 o f. . 

PART fj_. BLEACHED FABRIC 

Cotton Lot NUMBER OF LAUNDERINGS 
Number 0 5 10 15 20 25 

1 20.7 32.4 38.1 42.6 45.7 49.1 
2 20.8 32.7 35.5 42.l 42.6 43.5 
3 21. 7 32.5 44.7 46.7 46.7 47.B 
4 21.8 35.3 46~6 49.6 53.0 54.9 
5 23.0 33.5 38.3 46.6 51. 7 54.6 
6 23.8 33.8 37~5 48.5 46.8 48.3 
7 19.7 33.3 36.4 41. 4 43.3 48 ·. 4 
8 23.8 37.2 44.9 49.5 48.0 49.9 
9 23.5 37.1 48.5 48.2 48.4 49.3 

10 19.1 36 .. 3 39.2 49.2 50.8 52.3 
11 23.4 36.4 41. 2 48.1 50.1 52.1 
12 23.9 35.9 42.4 47.9 48.9 50.2 

PARt ~. UNBLEACHED FABRIC 

1. 19.8 31.8 33.7 40.9 42.0 42.5 
2 21.. 7 34.4 35.7 42.5 45.7 50.7 
3 21. 7 33.9 49.4 44.4 46.8 49.1 
4 24.1 . 36 .8 41. 5 51.8 50.8 58. 2 
5 22.7 35.6 46.5 43.5 48.0 49.9 
6 21.8 33.8 34.8 46.8 46.5 48.0 
7 21.1 30.0 35.7 4 ll. 1 42 .• 3 49.7 
8 20.8 33.6 43.6 43.0 43.1 44.3 
9 23.6 34.6 38.8 44.9 50.5 53.9 

10 22.0 37.1 44.2 44.9 46.0 46.9 
11 23.6 34.7 41. 9 49.4 50.9 52.2 
12 20. 3 31.7 35.8 42.7 46.2 49.5 
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T A B L· E · X X X V I I 

SPECTROPHOTO~l ETRIC ·MEASUREMENTS I.N TERMS OF REFLECTANCE 

_HA?,' ING S Of·~ COTTON FA B RI CS D YE D l'!_ IT !i D IRE CT NAVY 2 5 2 

AFTER A SPECIFIED NUMBER OF LAUNDERINGS ~T J.60° f.. 

-PA~_L ~. BLEACHED FABRIC 

Cotton Lot NUMBER OF LAUNDERINGS 

Number 0 5 1 O' 15 20 25 

1 13.8 15.5 15. 0 . 16. 1 .15. 5 15.9 
2 i3.0 14.0 15.0· 16.0 15.8 15.4 
3 15.3 14.9 17.0 18.0 18. 2 18.8 
4 13.0 12.9 14.9 18.6 J. 6. 3 16.4 
5 13.2 . 15. 5 14.1 15.4 15.3 16 .. 2 
6 13.9 17.3 16'. 6 17.8 16.9 17.3 
7 12.7 13.7 13. 4 . 13.8 13.4 14.2' 
8 12.4 14.6 13.8 14. 1 14. 1 1 Li• 9 
9 16.0 16.2 17.l 17. 1 17. 3 18.6 . 

10 11.9 ' 13.6 15.2 15.3 14.3 14. 1 
11 13.6 15.9 16.1 16.8 16.0 16.3 
12 13.9 17.0 17.6 16.9 16.4 16.6 

-

PART.!!_. UNBLEACHED FJ-\BRIC 

1 12.7 16.0 16.l 17. 4 16.3 15.7 
2 14.6 16.0 14.9 15.5 15.8 . 16. 6 
3 13.5 14 .3 15.5 21. 4 17. 9 17.2 
4 14.0 15.2 17.5 18. 1 16.4 17.5 
5 12.0 15.3 14.5 17.8 16.1 16.7 
6 12.5 14. 1 15.4 16.4 15.4 16.2 
7 13.5 15.5 15.6 15.5 15 . . 5 16.4 
8 1:3. 2 14.5 16.1 16.7 16.3 16.9 
9 13.9 15.5 15.1 16.6 16.3 16.5 

10 12.3 14.6 15.2 16.4 15.2 15.5 
11 11. 6 15.0 15.4 17.0 16.5 17. 5 
12 13.1 15.8 16.3 17.8 16.2 16.3 
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T A .:B L E XXXVIII 

'SPECTROPHOTOMETRIC MEASUREMENTS lJi TERMS OF REFLECTANCE 

RATINGS OF COTTON FABRICS QJED WITH DIRECT GREEN 68 

AFTER A SPECIFIED NUMBER OF LAUNDERINGS AT 160° f.. · 

PART~- BLEACHED FABRIC 

Cotton Lot NUMBER OF LAUNDERINGS --
I 

Number . 
I I 0 5 10 15 20 25 

- · 
1 I 24.9 31. 6 28.5 . 32. 1 32.5 33.2 
2 28.7 33.0 36.0 35.9 36.6 37.6 

. 3 30.6 34.2 32.2 37.2 38.0 39.0 
4 29.8 22.0 3:3.5 37.5 37.5 37.9 
5 26.9 32.7 31.8 31. 9 32.5 34.1 
6 22. 1 22.2 21..7 23.4 23.4 24.5 
7 23.1 32.8 32.0 32.2 32.4 33.2 
8 24.5 28.2 30.5 34.9 35. 2 35.2 
9 29.l 35.3 36.0 36.4 47. 3 40.4 

10 . 29.2 34.3 35.0 37.l 37.0 37.6 
11 27.2 28.7 29.0 34.4 34.4 35.1 
12 24.8 29.5 30.4 29.7 30.8 32.9 

· PART B. UNBLEACHED FABRIC ---
1 20.4 27.3 24.1 26.3 28. 7 29.9 
2 16.3 21.1 23.7 25.4 25.8 26.6 
3 20.2 28.0 26.7 30.5 30.7 30.5 

- 4 28.5 34.3 34.0 37.1 37.2 37.5 
5 15.6 21. 7 22.3 22.5 22.5 23.3 
6 16.4 21. 9 22.1 ·21.s 22.7 23.7 
7 21.1 28.3 - 29. 4 29.2 29.5 30.3 
8 21.0 25.2 26.1 26.9 27.9 30. 3 

I 9 21.5 29.0 29.9 29.5 31.f) 31.4 
10 22.4 28.0 25.6 27.1 27.5 29.1 
11 20.6 24.2 25.0 25.7 26.9 28.3 
12 20.5 27.0 2 6 . .-1 29.5 29.7 30.6 

•· 
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T A B L E X X X I X 

SPECTROPHOTOMETRIC MEASUREMENTS .JN TERMS OF REFLECTANCE 

RATINGS OF COTTON FABRICS DYEQ. WITH DIRECT OLIVE 70 

AFT_EH A, SPECIFIED NUMBER OF LAUNDERINGS AT 160° f. . 

. PAR 1~ A • BL EA CHE D FA BR IC 

Cotton Lot NUMBER OF LAUNDERINGS 

Number 
0 I 5 I 10 I 15 I 20 I 25 

l 28.3 33~0 36.1 38.8 39.6 43.7 
2· 29.6 34 ·. 7 35.0. 40.6 42.7 40.7 
3 30.7 33.0 36.7 39.1 41.1 42.4 
4 29.9 31.7 35.9 35.1 34.5 38.9 
5 38.0 36.1 39 .. 7 45.1 46.5 45.4 
6 36.8 39.5 44.0 44.8 45.7 52 .o 
7 30.4 34.6 37.7 41.6 46.9 43.4· 
8 25.8 31.7 34.9 37.4 34.2 :n .o 
9 32.1 33.8 37.2 40.3 41.0 40.4 

10 ;35. 8 30.4 36.9 34.6 40.4 40.5 
11 35.8 . 37. 3 41.2 41.8 45.3 45.9 
12 26.6 29.1 35.6 35.5 39.2 42.5 

PART !!_. UNBLEACHED FABRIC 

1 29.3 29.9 34.2 38.7 42.3 44.3 
2 27.2 32.5 33.8 33.7 36.9 . 41 . 7 
3 27". 6 32.2 37.2 40.9 41.8 44.2 
4 32.4 33.9 32.5 35.7 42.8 41. 2 
5 29.2 32.5 33.4 34.2 38.7 40.9 
6 28.0 40.1 43.3 44.8 44.8 51. 2 
7 29.8 3:LO 33.0 33·. 2 38.7 39. 2 
8 31. 9 36.9 40 .. 5 47.2 46.8 51. 6 
9 35.4 41.8 45.1 46.9 41.3 48.7 

10 29.5 . 30. 7 32.7 34.7 35.3 37.9 
11 28.8 29.5 32.2 34.5 37.0 36.0 
12 29.1 30.5 35.0 35.5 37.7 37.6 ___ ,_ .. 
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. -TA~ LE XL 

SPECTROPHOTOMETRIC MEASUREMENTS IN TERMS OF REFLECTANCE 

RATINGS. OF COTTON FABRICS DYED WITH DIRECT BROWN 3 - --- -- --- --- --- --
AFTER A SPECIFIED NUMBER OF LAUNDERINGS AT l_?Oo F. 

PART A· BLEACHED FABRIC 

Cotton Lot NUMBER OF LAUNDERINGS 
Number 

0 5 . 10 15 20 25 

1 26.4 30.8 31.8 . 36. J. 36.3 37.L! 
2 21.2· 30.8 ~rn. 3 31.4 · 33.1 34.7 
3 24.9 33.9 31. 3 36.3 37.4 38.7 
4 . . 24.4 31.6 29.6 36,3 34.1 35.1 
5 27.3 25.5 29.8 33.9 39.8 36.4 
6 29.0 34.0 32.9 35.4 38.7 38.5 
7 28.2 29.6 31.3 ~H .O 36.5 38.3 
8 28.4 32.0 32.4 34.5 34.8 35.8 
9 27.3 34.3 34.4 34.5 35.6 37.3 

10 . 28. 4 30.7 32.6 36.8 35.3 35.8 
11 ·25. 4 28.5 30.5 34.1 33.8 33.8 
12 27.5 34.0 32.0 33.5 35.0 36.5 

ft.RT ~-- UNBLEACHED FABRIC 

1 23.8 30.0 29 .. 5 32.8 34.0 35.4 
2 26.7 31.5 32.4 38.2 39.3 40.4 
3 21.7 31. 5 30.2 34.7 36.6 38. 1 
4 26.0 31.8 34.7 37.9 38.3 39.1 
5 24.4 31.9 30.3 33.5 35.6 36.9 
6 26.8 32.4 31. 9 ·35.9 43.8 38.5 
7 26.9 30.1 . 29.4 34.7 33.9 34.7 
8 24.4 27.7 31.0 32.8 33.4 34.3 
9 26.6 29.9 30.8 35.7 34.4 36.3 

10 23.7 25 • .6 31.3 32.0 34.1 36.3 
11 23.4 28.9 23.7 37.7 37.9 38.7 
12 24.5 29.8 31.CJ 35.7 32.4 36.5 
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T A B L E X L I 

SPECTROPHQJ'OMETRIC MEASUREMENTS IN TERMS OF REFLECTANCE . - -------• - ---,, 
HAT ING S O ~- COTTON FA B R IC S D YE D W ITH DIR EC T 8 LACK 91 

AFTER A _SPECIFIED. NUMBER OF LAUNDERINGS AT 160° f.. 

PART A• BLEACHED FABRIC ,_ .. -· -·-
Cotton Lot NUMBER OF LAUNDERINGS 

Number 
5 15 I 0 10 20 25 

~- .. 

1 13.0 15.2 10.1 19.5 20.3 20.3 
2 11. 9 15~8 19.2 21. 2 . 21 . 3 22.2 
3 12.2 16.4 18.0 19.2 20.0 20.6 
4 13.7 19.7 19.7 18.3 20.9 25.0 
5 14.6 · 20. J. 20.7 22.5 23.2 24.1 
6 15~7 19.2 21.7 23 •· 9 25.1 27.6 
7 16.0 20.6 21.3 23.0 23.1 23.6. 
8 16.4 22.9 23.0 23.9 26.1 29.2 
9 15. 1 21.1 21. 9 22.6 23.5 25.0 

· 10 12.6 13.5 17.7 19.6 19. :1 20. l 
11 13.2 · 16.5 19.1 21.2 21.6 23.5 
12 16.3 17.8 19.3 21.1 23.0 25.1 

PART B. · UNBLEACHED FABRIC 

1 14. l 19.2 20.8 22.0 23.1 24. 9 
2 12.5 15.6 17.4 18.9 19.6 · 20. 8 
3 16.1 25.3 25.4 25.5 27.0 29.7 
4 13.1 18.4 18.6 18.6 20.5 23.2 
5 15.0 19.4 21.4 23.8 24.6 26.2 
6 14.8 21. 3 20.7 20.3 22.2 24.5 
7 14.3 16.9 18.9 20.4 21.0 21. 6 
8 15.9 21. 6 24.5 27.2 28.2 30.0 
9 15.5 16.6 17.5 18.5 19.0 19.7 

1.0 14. 1 16.7 18.8 19.4 19.9 20.7 
11 17.6 22.9 23.9 25.8 27. 0 29.6 
12 16.1 19.4 21.3 24.0 26.6 29.4 
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