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SiaOIAET 

In recent years» amny etteMpts haire been made te 

produce unueuel effects In textile aaterlels by altering 

the dyeing eharacterlstlcs of the fibers to obtain contrast 

In color-effects froa the saae dyebath. 

A new Method (devised In the laboratory of the A* 

French Textile School) of producing such effects on wool was 

achieved by pretreatlng two saaples of wool to cause one 

group of fibers to absorb l«is dye and another to absorb 

aore dye* l«ater work along these lines Included further 

developaent of the dyeing process and, subsequently, an 

atteiq>t to determine the behavior of each dyebath coaponent 

(two dyes and the pretreatlng agent) la the dyebath as the 

dyeing proceeded* The latter phase of the work was effected 

by reaovlng <ly«batlii saMpl^s at lnt«rvalfli during th« dyains, 

analyzing thea spectrophotoaietrically, and, froa the data 

obtained, deteralnlng the concentrations of each coaponent 

in the dyebath during the dyeing, 

further work, consisting of exaaining the variables 

of the contrast ̂dyeing aethod, was perforaed and the original 

aethod was laproved considerably, the greatest laproveaent 

being in the pretreataent aethod; only one of the saaples 



vli 

of wool wiui protroat«d and it| along with aa untroated aaaplay 

was dyad la a bath containing two selocted acid dyos. 

Tha work horoia la eonoarned with tlio detaznULnation 

of tha bahaTlor of tha dyabath c<ntponanta diuriag tha oon* 

traat dyaing. Tha firat phaaa of tha work conaiatad of 

rapeatlag tha pravloualy aantlonad axparlaant in which tha 

dyabath aasplaa fron a contraat dyaing wara analyzad 

apactrophotosatrieally, and tha concantrationa of aach 

coaponant dataralnad* Tha raaaIta of thla axparimant aupportad 

tha proTloua flndlnga; tha bahavlor of tha dy^ath coaponanta 

(particularly tha pratraating agant) in tha bath during tha 

dyaing waa qulta unaxpactad. 

Siaca thaaa fiadinga cartainly warrantad furthar 

InYaatigation, tha aacond phaaa of thia work conaiatad of 

a atudy of tha i«provad mathod of achiaring eontraat. It 

waa coneamad with tha datar»ination of tha concantrationa 

of aach coaponant on both fabrica aa wall aa in tha bath 

during tha dyaing. Thia waa affacted by renoving aiiall 

aaaplaa of aach of tha fabrica, aa wall aa bath aaaplea, 

from tha dyabath at intarvala during tha dyaing. Tha dya 

waa stripped froa tha fabrica and tha atrippad aolutiona 

wara analyaad apactrophotoaatrically. Tha data obtained 

wara uaed to cimputa (uaiag an alactroaic c^nputar) tha 

concantrationa of aach of tha coaponanta in tha bath and on 

both fabrica. 
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While preYloua iny^stlgatlons save lAforsAtlon con«-

o«ming the behavior of the components in the dyebath only, 

the in vest igat ions included in this work gave insight as to 

the distribution of the cosponents on the fabrics as well 

as in the bath. 



CHAPTSE I 

IMTRODIX::TIOII 

Th« problem of producing contrast effects on wool 

was first brought to the attention of a graduate student 

(Davis» J.) in the A, French Textile School by Peerless 

Woolen Millst a Division of The Burlington Industries» Inc. 

Peerless desired a method of dyeing nubbed woolen fabrics 

which would yield a color contrast between the nubs and the 

body of the fabric. 

Work of a similar nature has been carried out by 

Posse Dyeworks, Ltd.» in England to produce ingrain or 

fleck effects and similar melange effects in woolen fabrics. 

Sarlier attempts to achieve contrast effects on wool 

were moocMsplished with varied euccese by uelns the chlori

nated wool method as is explained by Hartley, Wood, and 

Lund (1) , This method has disadvantages however, the major 

one being that the wool is degraded to some extent and 

considerable loss in fiber strength results. 

The usual approacheiê  to the problem have been: to 

change the chemical structure of the fiber, making it more 

or less accessible to dyestuffs or, to chemically alter the 

number of available dye sites and thus increase or decrease 

the total dyeing capacity of the wool (2)• 



k Method based on dyeslte availability was developed 

hj Davis (3) • The desired results were obtained by pre-

treating two sanples ot wool with a resist agent; one in 

the presence of phenol» and the other with phosphorio aoid. 

These two saaples were then dyed in a buffeared bath contain

ing two carefully selected acid dyes. 

This work was extended by Anderson (4) who studied, 

spectrophotoMetrioally, the change in concentration of the 

dyes and the resist agent in the dyebath as the dyeing pro

ceeded. The results obtained during this investigation 

were quite unexpected and rather interesting, thus it was 

decided to repeat this phase of Anderson*s work. 

Farikh (ft) continued the investigation initiated by 

Davis and extended by Anderson. He investigated the 

variables of the eoatrmst-^produoiag aethod and improved it 

considerably. The major iaprovesent, which had been suggested 

by Anderson, was in the pretreataent; only one of the 

saaples of wool was pretreated and it, along with an un-

tî eated sample, was dyed in a buffered bath containing two 

selected acid dyes. 

The results of Anderson's investigations gave only an 

overall picture of what takes place in the dyebath during 

the contrast dyeing. Xn order to get a more complete 

understanding of the dyeing process, that is, to be able to 

determine **what is going where and when**, it was necessary 



to determiae th« maounts of •ach of tho dyobath cosponoats 

on both saaples of the fabric aa wall aa in tha bath. Thia 

waa aohiOYod by raaoving anall piacea of both tha traatad 

and tha untraatad fabric aaaplea at tha aaaa iatarvala that 

aaoh of tha aanplaa of tha dyali^uor waa raaovad, Tha dyaa 

wara atrippad froa tha fabric aaaplaa and tha coacantration 

of aaoh of tha coaponanta waa daterained by apactrophoto-

aatric aaana. 

Tha work raportad harain, in addition to baing a 

chack on Aadaraon*a work» ia an inToatigation of Parikh*a 

iaprovad aathod of achiaying coatraat. It ia coaoarnad 

with tha dataraination of tha changaa ia eoncantrationa of 

tha dyabath ctHiponaatat both ia tha bath aad oa tha fibar 

aa tha dyaiag procaada. 



CHAPTER I I 

IXFBBIIfKlfTAL FBOCBDUBSS 

Pretreatnent and Dy«ing Procedures 

The Preparation 

All woolen goods to be dyed and pretreated were 

initially prepared by boiling in an 80si bath of water, the 

pH of which had been adjusted to that to be used in the 

subsequent dyeing.* 

The Pretreatttonts 

The pretreataent methods developed by Davis and 

investigated by Anderson shall be referred to in this work 

as Standard Pretreatsent I and Standard Pretreatnent II. 

The improved method developed by Parikh shall be referred to 

as the Improved Pretreatment• 

Standard Pretreatment I .--The woolen samples, which were 

circularly knitted goods, were treated for one hour at a 

gentle boll in a 4 per cent solution of phenol, containing 

10 per cent Synthratan ACA (owf*^). The liquor to fiber ratio 

'̂All adjustments in pR were made with 4 per cent 
solutions of diammonium phosphate or of phosphoric acid. 

*<On weight of fiber. 



was lOOtl. Th# saaples w«r« then rinsed in distilled water 

at room temperature. 

Standard Fretreataent II >—Samples were treated for one hour 

at a gentle boll in a 6 per cent solution of phosphoric 

acid, containing 10 per cent Synthratan ACA (owf) . The 

liquor to fiber ratio was 100:1. The samples were then 

rinsed in distilled water at room temperature. 

Improved Pretreatment.«>«*The samples» which were woven woolen 

blanket material> were treated for 45 minutes at a gentle 

boil in a 17 per cent solution of phosphoric acidt con

taining 40 per cent Synthratan ACA (owf). The liquor to 

fiber ratio was 100:1. The samples were then rinsed in 

distilled water at room temperature. 

Parikh found that for best results, the pretreated 

goods should be dyed within 24 hours after the pretreatment. 

The Dyeings 

The dyebath preparation devised by Davis and investi

gated by Anderson shall be referred to as the Contrast 

Dyeing Method. This dyeing method which was improved by 

Parikh shall be referred to as the Improved Contrast Dyeing 

Kethod. 

Contrast Dyeing liethod.—Two samples of circularly knitted 

woolen goods, one pretreated by Standard Pretreatment I and 

the other by Standard Pretreatment II, were dyed in an 80:1 
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bath, c<intftlBing 6 per c«at (owf) Fast Acid T«Ilow 08 

(Similftr to C. X. Acid Orange 1) and 2 per cent (owf) 

Brilliant Scarlet 3R (C. I, Acid Red 18). Both dyestuffs 

and the pretreating agent were used ae receired f roM the 

Manufacturers, without purification* The ifl of the bath had 

been adjusted to 6.0. The goods were entered at roooi 

temperature and the bath was brought to the boil during 

15 minutes. The goods were d/ed at the boil for 30 minutes; 

rinsed in distilled water at room temperature; and dried. 

Improved Contrast Dyeing Method.—^Two samples of woven 

woolen blanket material, one untreated and the other pre* 

treated by the Improved Pretreatment, were dyed in a 70:1 

bath» containing 3 per cent (owf) Fast Acid Tellow 08 and 

1 per cent (owf) Brilliant Scarlet 3R. The pH of the bath 

had been adjusted to 3.0. The goods were entered at room 

temperature and the bath was brought to the boil during 15 

minutes. The goods were dyed at the boil for 30 minutes; 

rinsed in distilled water at room temperature; and dried. 

The Stripping 

Stripping Method.*-The most effective stripping method 

developed to extract the dyebath components from the fabric 

samples was carried out in this work as follows: The samples 

were treated in a Soxhlet Extractor with 150 ml* of 10 per 

cent aqueous pyridine solution at the boil for from 2 to 10 



hours, depending on the MBOtmt of dje on the goods. The 

Soxhlet Extractor was heated with an electric heating 

mantle. 

Concentration Detemlnatlons 

Preparation of Standard Curves for Sach Dyebath Component 

The master dyeing performed by Anderson and repeated 

Initially In this work shall be referred to as The Master 

Dyeing. The master dyeing based on Parlkh*s Improved methods 

of pretreatment and dyeing shall be vterr^d to as The 

Improved Master Pyelag. 

The Master Dyeing.—In order to check Anderson's standard 

curves of the dyebath components, test runs were made on 

solutions prepared as follows: 

Fast Acid Tellow OS - 0.25 gram was dissolved In 

100 «1. of dlstlllad water (In the case of this particular 

dye, heating to about 180^ f. was necessary for complete 

dissolution) and the pB of the solution was adijusted to 

6.0. A five ml. sample was diluted with water of pH 6.0, 

to give a concentration of 0.06 gram per liter. 

Brilliant Scarlet 3B - Same as given for Fast Acid 

Tellow QB (without heating). 

Synthratan ACA - 0.40 gram was dissolved in water and 

the pB of the solution adjusted to 6.0. Dilutions were made 

to give concentrations of 0.20 and 4.00 grams per liter. 



The optical densities of the prepared solutions were 

determined at five milliaicron intervals over the range 320 

to 520 millimicrons with the aid of a Beckman Hodel D0 

Spectrophotometer. 

Aa expected, the data obtained verified the linear 

relationship of optical density to concentration. That is, 

readings at one wavelength with a known concentration were 

mathematically con^mted to optical density values at another 

wavelength, using the following formula: 

(Optical Density), - (Concentration)^ , (Optio.l 
2 (Concentration)^ Density) ĵ  

In general, the results wers in close agreement. 

The standard absorption curves of the dyebath com

ponents determined by Anderson and checked in this work 

indicate that the peaks of each of the cwipounds are properly 

distributed, that is, widely separated along the wavelength 

axis. The absorption peaks are located at 410 millimicrons 

for Fast Acid Tellow G8, at 500 for Drilliant Scarlet 3R, 

and at 320 for Synthratan ACA. Optical density values for 

each solution at the above wavelengths are given in Table 3 

in the Appendix. 

The Improved Master Dyeing.̂ •'-Since the dyeing in this pro

cedure was to be carried out at a pH of 3.0, it was desired 

to run the spectrophotometric analyses of the samples from 

the dyebath at the same pB. Standard absorption curves of 
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each of th« coaponents in Bolution at ft pB of 3.0 wore run 

In order to obtain tho nocossary data for tbo coaputationa 

of tho concentrations of the conponents in the dyebath. 

The optical density values of the components at the critical 

wavelengths (320, 410, and 500 ailliMicrona) are given in 

Table 3 in the Appendix. (It had been previously deterained 

that changing the i^ did not affect the position of the 

absorption aaziaa.) 

When it was attwapted to prepare the components in a 

10 per cent aqueous pyridine solution (the stripping 

medium), a precipitate formed in the solution at a p8 of 

about 4.5. It was thus decided to run the standard curves 

of the components in the pyridine medium at a jjiL of 6«0. 

Standard solutions of the components, containing 10 per cent 

pyridine and | per cent Triton X-100 (a non-ionic surfactant 

used to prevent turbidity in the sample solutions), were 

prepared and adjusted to a pH of 6.0. Optical density values 

for these solutions were determined at the critical wave

lengths (329, 43̂ 0, and 500 millimicrons) in order to obtain 

the data necessary for the computations of the concentra

tions of the components on the fabrics. The optical density 

values are included in Table 3 in the Appendix. 

The Dyeings 

The Master Dyeing.—A ten gram sample of prepared wool 

(circularly knitted) was pretreated by Standard Pretreatment 
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I aad a second ten graa sample was pretreated by Standard 

Pretreataent II. The samples were dyed by the Contrast 

Dyeing Method, the bath being prepared as follows: 

Step Ho. Wo lime (al.) 

1. Dye solutions placed in beaker 150.0 
2. I^e containers rinsed 150.0 
3. Water added 1000.0 
4. Bath agitated and pH adjusted to 6.0 1.0 
5. Water added, pa, 6.0 237.5 

DYSBATB WLHHB TSSW7S 
6. Sample No. 0 removed - 10.0 

DTraATB rohwa TSSBTS 
7. Samples entered, agitated 5 minutes 

and buffer added to adjust p& to 6.0 7.0 
8. Water added, agitation continued 64.5 

niUL DTBBATB WhWa 1600.0 

The completed dyebath was placed over a constant 

intensity gas f laote and the dyeing was carried out with 

constant agitation using a Tari-Speed stirrer. Any sub

sequent loss by evaporation as the dyeing proceeded was 

r«plac*d by predeter«iaed ftsounte of water. Details of 

time and temperature of sample reBK>val are given in Table 1. 

Bach of the lie vent een dyebath samples (10 ml. each) 

was placed in an individual flask and diluted twenty-five 

fold with water of i^ 6.0. Optical density values were 

obtained at each of the desired wavelengths (320, 410, and 

500 millimicrons) . These values are given in Table 4 in 

the Appendix. 

The concentrations of the dyebath components when 

Sample No. 0 was taken were: 



IX 

Table 1. Record of Dyeing Conditions 
The Master Dyeing 

Dyebath 
Sample 
Ko. 

Dyebath 
Teaperature 
(Degrees F.) 

0 79 

1 79 

2 91 

3 106 

4 122 

5 137 

6 149 

7 161 

8 172 

9 180 

10 187 

11 192 

12 198 

13 Boil 

14 Boil 

15 Boil 

16 Boil 

Elapsed 
Dyeing Tiae 
(Minutes) 

0 

12 

16 

20 

24 

28 

32 

36 

40 

44 

48 

52 

56 

60 

64 

68 

72 
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PMt Aoid Yellow 08 - 0.78 grwam per liter 

Brilliant Scarlet 3R - 0.26 grams per liter 

and when diluted; 

Fast Acid Tellow M * 0.0312 grans per liter 

Brilliant Scarlet 3R - 0.0104 grass per liter 

The concentrations of the dyehath components when 8uhse<iuent 

samples were taken cannot be determined by ordinary calcu

lations since some of the dyes had been absorbed by the wool 

and some of the Synthrataa ACA had been desorbed from the 

pretreated sample of wool into the bath. 

The Improved Master Dyeing. "—Before pretreatment, the pre

pared pieces of woven woolen blanket material were cut and 

weighed as follows, in order to distinguish the pretreated 

fabric from the untreated fabric in the dyebathi 

Set tee - tee ten gram sample and thirteen reotangu-

lar-shaped 0.2 gram samples. 

Set Two - tee ten gram sample and thirteen square-

shaped 0.2 gram samples. 

The ten gram samples reitained in the dyebath through

out the dyeing» while the smaller samples were removed at 

the appropriate time intervals. 

The samples from Set Two were pretreated using the 

Improved Pretreatment and were dyed, along with the un

treated samples (Set tee), using the Improved Contrast 

Dyeing Method. The <fyebath was prepared as follows; 
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St«p No. Voluif (M1.) 

1. Dye solutions placed In beaker 150.0 
2. Dye containers rinsed 150.0 
3. Water added 1000.0 
4. Bath agitated and pfi a4jsuited to 3.0 10.0 
5. Water added, j^ 3.0 454.0 

DYIBATB TOLma 17W.0 
6. Sample Vo. 0 renoved - 10.0 

DTKBATH TOLUMS 1754.0 
7. Saaples entered, agitated 5 ainutes 

and buffer added to adjust i^ to 3.0 8.0 
8. Water added, i^ 3.0, and agitation 

continued. 7.0 
WlHAh DTIBATBl tOLQlIS 17M.0 

The Kethods of beating and stirring vere exactly as 

those used in The Master Dyeing. Details of tisie and 

temperature of sample removal are given in Table 2. 

lach of the fourteen dyebath samples (10 ml. each) 

was placed in an individual flask and diluted ten fold with 

water of pa 3.0. The diluted solutions were analysed with 

the spectrophotometer and optical density values were ob

tained at the appropriate wavelengths (320, 410, and 500 

millimicrons). These values are given in Table 5 in the 

Appendix • 

The concentrations of the dyebath components when 

Sample Ko. 0 was taken were; 

Fast Acid Yellow GS - 0.4285 grams per liter 

Brilliant Scarlet 3R - 0.1428 grams per liter 

and when diluted: 

Fast Acid Yellow CSS - 0.04285 grams per liter 

Brilliant Scarlet 3R - 0.01428 grams per liter 
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Table 2. Record of Dyeing Conditioxis 
The laproved Master Dyeing 

Saaple Ho. 
(Bath and Fabric) 

Dyebath 
Tenperature 
(Degrees f.) 

Elapsed Dyeing 
Tine (Minutes) 

0 87 0 

X 87 6 

2 100 9 

3 118 12 

4 136 15 

5 150 18 

% 161 21 

7 169 24 

8 180 27 

9 190 30 

10 Boll 33 

11 Boil 36 

12 Boil 39 

13 Boil 42 
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laeli of th« tweatyHilx fftbrlo saaiples (tliirt««ii pr«-» 

treated and thirteen untreated) was stripped of the dyebath 

c<Miponents by treating them separately in a Soxhiet Sztraotor 

containing 150 ml. of 10 per cent aqueous pyridine solution. 

The samples were treated until they showed no further traces 

of dye and the fresh pyridine solution in the Soxhiet tube 

showed no coloration. The time of this stripping treatment 

ranged from two hours for the lighter dyed samples to ten 

hours for the heavier dyed samples. The stripped solutions 

were allowed to eool and, because they showed slight signs 

of turbidity» it was necessary to add a few drops of Triton 

X-lOOf a non-ionio surfactant, to each to clear the solution. 

Sach of the solutions was adjusted to a pH of 6.0 

and diluted with water of pH 6.0, to give a final volume of 

100 ml.^ The diluted solutions were placed in the spectro

photometer and optical density values were obtained on each 

at the desired wavelengths (320, 410, and 500 Millimd-crone) . 

These values are shown in Tables 6 and 7 in the Appendix. 

Computations 

The Master Dyein|^.--The concentrations of the dyebath 

components in the Ifaster Dyeing were determined by means 

^Before the dye solution was removed from the Soxhiet 
system, the Soxhiet tube was allowed to fill up with dis
tilled pyridine solution, thus the remaining volume of dye-
pyridine solution removed was less than 100 ml. 
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of the formula (6) In the Appendix, using tho optical 

density values in Table 4 and the calculated optical density 

values at unit concentration (one graa per liter) for the 

components (calculated fron the values given in Table 3) 

in Table 8. (All of these Tables are included in the 

Appendix.) 

In order to assure accuracy and obtain the results 

in the fastest manner» the data were arranged in program 

form and a Qnivao Scientific 1101 Computer was used to per* 

form the computations, (landom sets of data were picked 

and the eomputations were performed on a desk calculator. 

The results were then compared with the results obtained 

fr<Mi the computer. This served as a check on the correctness 

of the programming for the computer.) 

The data from the computer (expressed as grams per 

liter) were converted to concentrations in the bath by 

Multiplying the datft by 25, the dilution factor. The con

centrations obtained are given in Table 9 in the Appendix. 

The Improved Master Dyeing.-«»The concentrations of the com

ponents in the dyebath in this dyeing were determined by 

means of the formula in the Appendix, using the data in 

Tables 5 and 8. The data from the computer were converted 

to concentrations in the bath by multiplying by 10 > the 

dilution factor. The concentrations obtained are given in 

Table 10 in the Appendix. 
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Th« coQContrations of tho conpononts la the solutions 

stripped froa the fabrics were deterslned by neans of the 

sa«e formula, using the data in Table 6 (for the pretreated 

fabrics) and Table 7 (for the untreated fabrics) with the 

data in Table 8. These computer data (grams per liter) 

were converted to grams of each cimponeat on the samples 

removed by multiplying by 100 ml./lOOO ml. per liter. 

(The stripped solutions were brought to a total volume of 

100 ml. before spectrophotometer readings were taken.) 

The results obtained are given in Table 11 (for the pre«» 

treated fabrics) and Table 13 (for the untreated fabrics) 

is the Appendix. 

In order to convert the concentrations of the com

ponents in the dyebath for Sample 1, from grams per liter 

to grams, the data in Table 10 were multiplied by 1.769, 

the total BuiriEier of liters in the bath initially. For 

subsequent samples, this factor was progressively decreased 

by 0.010 to account for the volume (10 ml.) of each sample 

removed. 

In order to convert the weights of the components on 

each fabric from grams on the sample removed to total grams 

on the particular fabric, the following formula was used: 

W X T 
Total weight on each fabric - (̂ ]̂g 
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whore W « weight from Table 11 (or Tftble 12) 

T " total graMS of particular fabric In bath inaedi-

ately prior to tine of sample renoval 

0,2 • gram of sample removed at each time Interval 

These converted data are summarised in the Appendix 

as follows: fast Acid Yellow OS in Table 13; Brilliant 

Scarlet 3R in Table 14; Synthratan ACA in Table 15. The 

figures given in column 5 in each of these Tables are the 

cumulative amounts of the component that were removed with 

bath and fabric samples as the dyeing proceeded. 
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CHAPTSS III 

RESULTS AND DISC0SSIO1I 

Introduction 

Thin work was initially undertaken because of Interest 

In the rather peculiar results obtained by Anderson during 

his investigations of the changes in the concentrations of 

the dyebath c<Hiponents in the dyebath as the dyeing pro

ceeded (7). 

Investigation of the behavior of the dyebath ooaponents 

was begun in this work by repeating Anderson* s Master 

Dyeing (8) in order to check the validity of his results. 

The results (See Table 9) of this investigation agreed 

closely with Anderson*s findings* The established peculiar 

behavior of the dyebath components (particularly Synthrmtan 

ACA) during the dyeing, certainly warranted further investi

gation of this reaction* 

Since Anderson's investigations were concerned 

strictly with the pretreatsent and dyeing laethods devised 

by Davis, and Parikh had later developed a superior method 

for achieving contrast, it was decided to restrict further 

investigations in this work to Parikh*s method* At the same 

time, the investigation was extended by determining the 



80 

asounts of the dyebath coaponents absorbed by both the 

pretremted and the untreated fabrics as well as the changes 

in the concentrations in the bath. These results are given 

in Tables 10, 11, and 12, and are susnarized in Tables 13, 

14, and 15. 

Froa the suaaary tables of each of the ccmponents, 

the reproducibility of the determinations nay be approxi

mated by comparing the calculated total graas of dye present 

in the system at each tiae interval with the known initial 

concentration of the dye. The average calculated total 

amount of fast Acid Yellow QB as given in Table 13, agrees 

within 1% with the actual weight of the dye used. The 

saallest value obtained^ 0.7351 gram (Saaple 4), is 9% low, 

while the largest value, 0.7639 (Saaple 10), is 1% high. 

In the case of Brilliant Scarlet 3R, the average calculated 

total amount as given in Table 14 agrees within 5% with the 

actual weight of dye used. The saallest value obtained, 

0.2091 (Sample 2), is 17% low, while the largest value 

obtained, 0.2521 (Samp)# 5), is the actual weight of dye 

used. This 17% error is probably due to a slight error in 

optical density readings, for this is beyond the range of 

experimental error. The larger overall error for this dye 

compared to the yellow dye is due to the fact that the 

optical density range for the values of the red dye (absorp

tion peak 500 millimicrons) was smaller than that required 
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for greatest accuraoy. 

Since the original concentration of the Synthratan 

ACA on the pretreated fabric waa unknown» the error for this 

component could not be calculated. The concentration of 

the Synthratan ACA in the syetes was calculated to be 

1.9256 graoHi, the average of the total calculated grawi of 

the coaponent present in the system at each time interval. 

Since the original aiK>UBt of Synthratan ACA used in the 

pretreatsent was known to be 5.04 grams, and the average 

amount absorbed by the fabric was 1,9256 grams, the ex

haustion of the pretreatmeat bath was calculated to be 38&. 

Interpretation of Results 

Analysis of the changes in the concentrations of 

the components as the dyeing proceeds is more readily 

carried out if the data are presented in the form of curves 

expressed as concentration versus time of dyeing. The 

curves for the Improved Kaster Dyeing were prepared from 

the data contained in Tables 10 through 12 and are shown in 

Figures 1 through 6. 

The following discussion is a presentation of the 

interpretation of the individual sets of curves and no 

attempt is made to explain the dyeing reaction on the basis 

of a single set of these curves. 

The Yellow Pye (Figure 1) .---As the curve indicates, the dye 

in the bath began to exhaust immediately, with the rate of 
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•xhmustlon Increasing to a maxlaiw between points 2 and ft. 

At 7I the dye was almost completely exhausted from the bath 

and little change in concentration was noted past this 

point. 

The dye was absorbed essentially equally by both the 

pretreated and the untreated fabrics from points 0 to 1. 

From 1 to 4 the untreated fabric absorbed the dye very 

rapidly I while the pretreated fabric absorbed dye very 

slowly, from 4 to 6 the untreated fabric continued to 

absorb dye at a rapid rate but the pretreated fabric suddenly 

began to absorb dye at a similar rapid rate. From 9 to 7 

the untreated fabric continued to absorb dye» but at a 

slightly decreasing rate, while the concentration of dye 

on the pretreated fabric remained practically constant. 

From 7 to 8 the untreated fabric absorbed dye rapidly as 

the pretreated fabric desorbed dye at a similar rate. 

Itittle eignifleant change in the aaounts of dye on either 

fabric was noted from point 8 to the end of the dyeing. 

In suMtaryt the yellow dye exhausted from the bath 

at a rapid rate, reaching maximum exhaustion at point 7. 

The pretreated fabric absorbed dye slowly except for rapid 

absorption from interval 4 to 5. The dye was absorbed 

readily by the untreated fabric to point 7. At this point, 

dye was desorbed by the pretreated fabric and absorbed by 

the untreated fabric. After point 8, little change took 

place in the concentrations of yellow dye in the bath or on 

either fabric. 
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Th» Eed D y CPlgure 2) .-^thm dye In the bath •3Uiau0t«d very 

slowly until point 5. From 5 until 11» tho dye oxhaustod 

very rapidly and froa point 11 to tbo end of tlio dyoing^ 

exhausted »ore slowly. 

Tory little dye was absorbed by the pretreated fabric 

throughout the course of the dyeing. The saall aneunt that 

was absorbed by the pretreated saaple went on the fabric 

very slowly fro« points 7 to 12. Little dye was absorbed 

by the untreated fabric until point 5. At this point, the 

df was absorbed by the fabric until the end of the dyeing 

at approximately the same rate it exhausted froa the bath. 

OverallI the pretreated fabric absorbed very little 

red dye. The untreated fabric absorbed dye from point 5 to 

the end of the dyeing. 

The Colorless Pye (Synthratan) (yigure 3) .-̂ -During the initial 

six Minutes of the dyeing, the Synthratan was desorbed 

rapidly from the pretreated fabric and was taken up by the 

bath and the untreated fabric, rros point 1 to point 3, 

the pretreated saaple regained this colorless dye rapidly 

as it was given up froa the bath and the untreated saaple. 

Froa 4 to 5, the agent was desorbed rapidly froa the pre

treated fabric and went into the bath and onto the untreated 

fabric. Troa ft to 8, the concentration on the pretreated 

saaple reaained essentially constant, while froa 5 to 6, 

the untreated saaple absorbed Synthratan froa the bath. 
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Froa 8 to 9, tli« bath took up tho agont mm it was doaorbed 

froa the pretreatad aaapla. from 9 to II» tha untreated 

fabric absorbed Synthratan rapidly fro« the bath. At 

poiat 11» the cottpoaent was seemingly approaching e%uilibriua 

in the system, as little change in the concentration in the 

bath or on either fabric was noted after this point. 

The Dyes in the Pyebath (Figure 4) .—Aa indicated by the 

curve, the yellow &$9 exhausted rapidly from the bath until 

point 6, at which point it was almost completely exhausted 

and thus the concentration remained practically constant 

during the rest of the dyeing. 

The red dye exhausted rery slowly until the yellow 

dye approached maximum exhaustion. At this point, •, the 

red dye began to exhaust rapidly and continued to exhaust 

at essentially the same rate until point 10. From 11 to the 

•ad of the dy«ing, the eoncentrmtion of the red dye remained 

practically constant. 

The colorless dye (Synthratan) went into the bath 

rapidly from points 0 to 1, 4 to 5, and 7 to 9 while it 

was exhausted from the bath from points 1 to 4, 5 to 7, 

and 9 to 10. 

The Dyes on the Fret rented Fabric (Figure 5) .—(Due to the 

much larger concentration of Synthratan on the pretreated 

fabric, it was necessary to use a different scale when 

plotting the concentrations of.this component. This must 
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be kept In Bind when anmlyslng the relfttlonships of the 

curves in this and subsequent figures.) 

FroK point 0 to point 5, the yellow dye was absorbed 

by the fabric, with rapid exhaustion froa 4 to 5. The oon«-

centration of this dj9 remained constant from 5 to 7, but 

was desorbed rapidly froa 7 to 8. After point 8, the con

centration of the yellow dye on this fabric remained constant 

to the end of the dyeing. 

The Synthratan was rapidly desorbed from the fabric 

from point 0 to point 1, but from 1 te 3, the agent was 

partially regained by the sample. The fabric desorbed 

Synthratan rapidly from 4 to 5 (the same interval during 

which it alHiorbed yellow dye) and desorbed it again from 

8 to 10. From 5 to 8 and 10 to 13, the concentration of 

Synthratan an the fabrie remained^ constant• 

Tory little red dye was absorbed by the pretreated 

fabric throughout the dyeing. 

The Pyes on the Ohtreated Fabric (Figure 6).—In general, 

the figure indicates that all three c^iponents were absorbed 

readily by the untreated fabric. It is significant that 

the red dye began to be absorbed only after the yellow dye 

had practically reached maximum absorption. 

The Synthratan was absorbed readily during the initial 

interval, muring the second interval, however, it was de

sorbed from the fabric (whether or not it was displaced by 



26 

/•How dye 18 qu«stionablo) . The f &brle absorbed Synthratan 

rapidly from point 4 to point 11, with a alight deviation 

in the rate of absorption froM points 8 to 9* 

The yellow dye was absorbed rapidly £roa point 1 to 

point 8, with a slight deviation in the rate occurring fr<Mi 

6 to 7. At 8, the fabric was apparently approaching Maximua 

yellow dye absorption and thus little dye was absorbed 

after this point. 

The red dye was absorbed very slowly by the untreated 

fabric until point f. At this tiiM, the r^d dye began to 

be absorbed rapidly and continued to be taken up at this 

rate until point 10. froa 10 to the end of the dyeingt 

red dye absorption continued at a very slow rate. 

The Dyeing Reaction 

The explanation of the overall dyeing reaction is 

based on a logical interpretation of the emriiined sets of 

curves of the dyebath components (Figure 7) and the individual 

sets of curves previously analysed. 

Due to the c<mplexity of the behavior of the coa-

ponents during the dyeing, the overall process is interpreted 

in a stepwise aanner, based on the changes which took place 

during the thirteen intervals between the times at which 

samples were removed for analysis. 
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Infrval 0 to 1 (Six minuf a) >>—Th» fllom df began to 

exhaust froa the bath and wae absorbed bjr both fabrics, with 

approximately twloe as much dye going on to the untreated 

fabric. The pretreated fabric» apparently having absorbed 

an excess of Synthratan in the pretreataent» desorbed this 

agent readily; the desorbed material was taken up by the bath 

and the untreated fabric, Bssentlally, the red dye did not 

begin to exhaust froa the bath before interval 4 to 5. 

Interval 1 to 2».-"-The yellow dye continued to exhaust froa 

the bath, being absorbed by both fabrics at the saae rate 

as during the first interval. However, the Synthratan was no 

longer desorbed froa the pretreated sample but was, in fact, 

absorbed by this fabric as it was lost froa both the bath 

and the untreated fabric. 

Interval 2 to S.̂ '̂-The yellow dye continued to exhaust rapidly, 

b«lng «bsort»«d at a slMlIar rat« by th« \mtr«ated fabric and 

Slowly by the pretreated fabric* The Synthratan continued 

to exhaust froa the bath, being rapidly absorbed by the 

pretreated saaple. 

Interval 3 to 4.—The yellow dye continued to exhaust rapidly 

froa the bath, being absorbed quickly by the untreated fabric 

erhis and all subsequent Intervals are of three 
alnutes* duration. 
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ana slowl/ by the pretreated fabric* Tha pratreatad fabrlo 

ooBtlaued to absorb Syntbratan trem tha bath. 

Interval 4 to 5.—^Tbe yellow dye continued to exbaoat rapidly 

but, during this interval, was absorbed at essentially equal 

rates by both fabrics. The sudden increase in the absorption 

rate of the yellow dye by the pretreated fabric may be due 

to the increasing affinity of this dye for the fabric as the 

tMiperature rises, and also a decrease in the affinity of the 

Synthratan at the higher temperatures* The displaced 

Synthratan was taken up by the bath and the untreated ssmple. 

The red dye began to be absorbed a lowly by the untreated 

fabric* 

Interval 5 to 6,—The yellow dye continued to ejchaust fr<Hi 

the bath, being absorbed rapidly by the untreated fabric and 

slowly by the pretreated fabric. Synthratan was absorbed 

by the untreated sample as it was given up by the bath. The 

red dye was absorbed a lowly by the untreated simple while 

the pretreated sample remained resistant to this dye. 

Interval 6 to 7.--As the yellow dye approached maximum 

exhaustion from the bath, it was absorbed by the untreated 

fabric at a decreasing rate, and remained constant on the 

pretreated fabric. The Synthratan continued to be absorbed 

by the untreated sample as it was given up by the bath. The 

red dye, as it exhausted from the bath, began to be rapidly 

absorbed by the untreated fabric. 
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Interval 7 to 8.*«>At this point» the yellow dyo limd roaohod 

aaxlBiui oxhaustion from the bath. This dye> having a greater 

affinity for the untreated fabric (whieh had a greater nusber 

of available dyesitee) than the pretreated fabric» desorbed 

froa the latter and was quickly absorbed by the former. The 

r9^ dye continued to be absorbed by the untreated fabric 

at a rapid rate, and was absorbed to a slight extent by the 

pretreated fabric. The concentration of Synthrataa in all 

phases remained constant. 

Interval 8 to 9*-*'A small amount of yellow 4^e continued to 

transfer from the pretreated to the untreated sample, 

gynthratan was suddenly desorbed from the pretreated sample 

and taken up by the bath. The red dye continued to be ab~ 

sorbed by the untreated fabric as it exhausted from the bath. 

Interval 9 to 10.«»̂ From point 9 to the completion of the 

dyeing, the concentration of the yellow dye in the bath and 

on both fabrics remained constant, and it may be assumed 

that this component had essentially reached equilibrium in 

the system. The Synthratan was absorbed by the untreated 

sample as it was lost rapidly by the bath and slowly by the 

pretreated sample. The red dye continued to be absorbed 

by the untreated saiqple as it exhausted from the bath. 

Interval 10 to 11.«M,AS the red dye in the bath approached 

maximum exhaustion, it continued to be absorbed by the 
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untreated fabric but at a decreasing rate. Tbe pretreated 

sample continued to absorb red dye only slightly. The 

Synthratan was absorbed by the untreated fabric as It 

exhausted frim the bath. 

Interval 11 to 12.«'«»The red dye continued to be absorbed 

slowly by the untreated fabric. The untreated sample con

tinued to absorb Synthratan as It exhausted frmi the bath. 

By this time, all curres began to level out. 

Interval 12 to 13.'»̂ The red dye continued to be absorbed 

very slowly by the untreated fabric as the dye la the bath 

reached maximum exhaustion. It may be assumed that» by the 

end of the dyeing» equilibrium of red dye in the syst«i had 

been established, from the final levelness of the Synthratan 

curves, it may be assumed that this CMipeinent was also 

approaching a state of equilibrium in the system. 
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CHAPTfiR XT 

COKCLHSXOMS AMD RBCOIIIIKiaUnOia 

It 10 concluded that a rather unique raaotion takes 

place when dyeing wool to produce contrast effects. This 

reaction WOLJ be susnarised as follows; 

Xa general« under the conditions of this eacperisent» 

the yellow dye exhausted froa the hath rapidly» with Much 

sore being absorbed by the untreated fabric than the pre-

treated fiUiiric. When the yellow dye reached Mucisas exhaustion 

froa the bath» yellow dye was desorbed fro« the pretreated 

fabric and absorbed by the untreated fabric until the latter 

seeaiagly reached saziKua yellow dye absorptiea* 

The red dye exhausted very little fro» the bath on 

to either fabric until th« y«llow dy« approached »axiMu« 

exhaustion. When this occurred, the red dye was absorbed 

alaost entirely by the untreated fabric as it exhausted 

fros the bath. The pretreated saaple remained essentially 

resistant to the red dye throughout the dyeing. 

The reaction of the colorless dye followed no general 

trend, except that overall it was desorbed fro« the pre

treated fabric into the bath and onto the untreated fabric. 
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It 18 concluded that, in general, the achieving of 

contrast effects on wool is dependent on the relative 

affinities of the dyebath components for the wool and on 

the relative rates of dyeing of the coMpoaents. Based on 

dyeing behavior of the coaponents in this work, the affinity 

of Yaat Acid Yellow OS is assuaed to be much greater than 

that of Brilliant Scarlet 3R or Synthratan A.CA. The 

relative affinities of Brilliant Scarlet 3R and Synthratan 

ACA are not known, but »ay be assumed to be of the saas 

order. 

It is recomiended that, since the activity of the 

Synthratan MCA in the system seems to control the degree of 

contrast, and since this activity seems to be dependent on 

temperature, this work be repeated at selected constant 

temperatures. It is also recommended that different dye«» 

stuffs and other pretreating agents be used in further 

investigations in order to determine if the unusual behavior 

of the/ccmponents is characteristic of this process. 
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APPEIIDIX 
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Formula Used in Calculating Concentrations of 
Mixtures of D^Mi by Spectrophotoaetrie Keans 

The formula: 

Dĵ  (R3S2-R233) • D2(lliS3-E3Si) -•• D3(B2^l-&lS2) 
y 

®1 (S3^'-82T3) • D2W1T3-S3T1) • ^(Sa^X'^^l^a) 
* i i w — — I III «• I 1̂1 HI I III 11> II t i l l l f » — i i i i i mttmmtmmmm in • 11 1 1 1 — — — « » « » — > . » — — — i — i 

K 

, . 1̂ C^A-̂ aV ^ ^aOfA-Vi) * ^sffa^^^iV 

where K - ^i0^^2"^^Z^ * ^2^*1*3**3*1^ • T 3 < V l " V a * 

In the formula as applied to problems in this work: 

^l " optical density of a solution at 320 millimioroas 

D^ » optical density of a solution at 410 millimieroas 

D3 " optical density of a solution at 500 millii|iiorons 

and; 

T., T̂ i T^ " optical densities (at unit concentration) 

of fast Acid Yellow OS at 330, 410, and 

500 millimicrons, 

and siflUlarly for the K^, 1^, R3 values for Brilliant 

Scarlet 31t and the Sĵ , SQ^ ̂ 3 v^^^^* 'o' Synthratan ACA* 
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Table 3. Optical D^aAity TaXues of 
Standard Solutloiui 

A. Coaponents la water, pH 6.0. (The Vaster Dyeing) 

Wavelength 
( • l l l l H l o r o n s ) 

Fast Aeld 
TeXXow 08 

0.06« 

BrlXXlant 
Scar l e t 3R 

0.06'» 

Synthratan ACJk 

0.20e 4 . 0 0 * 

320 

4X0 

500 

0.344 

X.X06 

.09X 

0.65X 

.332 

X.470 

0.8S5 

0 .260 

.260 

B. Coaponents la vater, p8 3.0. (The XwproTed Kaster Dyeing) 

Wavelength Fast Acid Brilliant Synthratan ACA 
(nllllBlcrons) Yellow 08 Scarlet 31 

O.IO* 0.05* 0.16* 8.00* 

320 0.555 0 .559 0 .883 — 

410 1.852 .281 —. 0 .116 

500 • 179 1.245 - M » .032 

C. Coaponente In 10% aqueous pyridine solution, containing 
1% Triton X-100, pB 6.0. (The laproved Master Dyeing) 

Wavelength Fast Acid Brilliant Synthratan ACA 
(allllalcrons) Yellow OS Scarlet 3R 

0.10* 0.05* 0.16* 8.00* 

320 0.516 0 .516 0.875 — 

410 1.882 .249 — 0.120 

500 .160 1.153 — .^32 

*Concentratlon expressed In grass per liter 
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Tmbla 4. Optical Density VaXaes 
The Master I^eiag 

Saaple Xo, 
Wavelength (Kil l lAiorona) 

320 410 500 

0 0 .300 0.672 0.307 

I •290 .577 .284 

3 .297 ,593 .288 

3 .290 .559 .285 

4 .280 .513 •276 

3 .266 •482 •283 

6 •249 .407 •268 

7 .246 • 332 •267 

8 •205 •254 .257 

9 .209 .215 .252 

10 .194 .183 .249 

11 • 190 .156 .250 

12 .194 .147 .251 

13 .198 .154 .252 

14 •210 .153 .259 

15 .212 .144 .256 

16 .206 .145 .263 
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Tabl« 5. Optic*! Deiuiitjr Tallies 
The X»proTed Master Dyeing 

Solutloas from Djretatk 

Saaple Mo. 
Wavelength (MllllRlcroiis) 

320 410 500 

0 0.382 0 .811 0 .403 

I •418 .775 .385 

2 .365 .703 .335 

3 .335 .602 •386 

4 .288 .461 .372 

5 .231 .210 .339 

6 .185 .101 .293 

7 .130 .073 .218 

8 .106 .055 .143 

9 .086 .037 •097 

10 .060 .021 •053 

11 .049 .015 .038 

U .051 .017 .029 

13 .047 .012 .018 
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Tabl« 6. Optical Density Talaes 
Tha Improved Xastar Dyaiag 

Solutioxui from Fr«tr«ate<l Saaplaa 

Saaple Mo. 
Wav«length 

320 
( a i l l lmlcrons) 
410 500 

X 1.320 0.117 0.040 

a 1.439 .147 .032 

3 1,467 .230 .035 

4 1.498 .230 .040 

ft 1.382 .643 .052 

6 1.363 .711 .043 

7 1.386 .718 .091 

8 1.408 .446 .093 

9 1.337 .438 .107 

10 1.367 .438 .121 

11 1.317 Al$ .123 

12 1.308 .448 .140 

13 1.320 .432 • 114 
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Table ?• Optioal Density Values 
The Inproired Master Dyeing 

Solutions from Untreated Samples 

Vavelength (slllisiorons) 
Sample Mo. 320 410 500 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

0 .263 0 .131 0 .021 

.224 .276 .047 

.318 .510 .075 

.399 .936 .099 

.363 1.340 .110 

.457 1.597 .154 

.561 1»733 .412 

.830 X. <fev .679 

.828 2.020 .867 

.874 2.070 1.000 

.876 2.080 .980 

1.026 2.020 1.059 

.975 2.100 1.076 
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Table 8. Caloulated Optical Denaitlas at 
Unit Concentrations of Dyebath 
Coapononts 

(Unit concentration refera to a solution containing one graa 
per liter.) 

A. In waterp ^ 6.0. (The Master Dyeing) 

Wavelength 
(Killimicrons) 

Fast Acid 
Tellow 06 

Brilliant 
Scarlet 3R 

Synthratan ACA 

320 

410 

500 

5.7333 

18.4333 

1.5187 

10.8500 

5«3333 

24.4687 

4.3233 

0.0625 

0.0625 

B. In water, pB 3.0. (T^e Improved Master Dyeing) 

Wavelength 
(sillisicrons) 

Fast Acid 
Tellow 08 

Brilliant 
Scarlet 3R 

Synthratan ACA 

320 

410 

500 

5.550 

18.5200 

1.7900 

11.1800 

5.6200 

24.9000 

5.5200 

0.0145 

0.0040 

C. In 10% aqueous pyridine solution, containing H Triton 
X-100, pa 6.0. (The Improved Master Dyeing) 

Wavelength 
(Millimicrons) 

Fast Acid 
Tellow 08 

Brilliant 
Scarlet 311 

Synthratan ACA 

320 

410 

500 

5.1800 

18.8200 

1«6000 

10.3200 

4.9800 

23.0600 

5.4700 

0.0150 

0.0040 
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Tmble 9. Calculated Coiio«ntratloiia of 
0yabath Ooaponenta 

Th# Master Dyeing 

Sanple Ko. 
Fast Aold 
Te l lov CB 

(g /1) 

B r i l l i a n t 
Scar l e t 3R 

(8 /1 ) 

Sjmtkratan ACA 

( l / l ) 

0 0 .803 0 .284 - « • 

1 •888 .248 0.099 

3 .703 .251 .108 

3 .857 .250 .128 

4 .598 .245 .164 

5 .554 .255 .105 

6 .458 *245 .183 

7 .358 .250 .272 

8 .854 .246 .185 

9 .203 .244 .270 

10 .181 .244 .235 

11 .124 .247 .251 

12 .111 .249 .289 

13 .121 .249 .301 

14 .117 .267 .360 

15 .105 .254 .396 

16 .104 .261 .336 



49 

Table 10. Calculated Concentratloiui of 
0yebatli CoMponanta 
The Xnprovad Xaatar Dyelag 
Solatlona trmk D]fabatk 

Saapla So. 
Fast Add 
Yellow 08 

(8/1) 

ftrlllla&t 
Scarlet 3B 

(8/1) 

0 0.397 0.131 

1 •380 .127 

2 .348 .111 

3 .284 .135 

4 .208 .134 

5 .074 .131 

e .019 ai8 
7 .013 .087 

8 .013 .097 

9 .008 .038 

10 .005 .021 

11 .004 .015 

12 .008 .011 

13 .004 .007 

8yntbrataii kCk 

(i/X) 

.118 

.089 

.049 

•040 

.079 

.044 

.047 

•065 

• 101 

.061 

.055 

.064 

.067 



Table XI. Calculated Welglits of Dyebath 
Coapoaents 8trlp|ie<t from Fro-
treated 8aaiplee 
Tlie Xaproved Master Sgreing 
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Sample Mo. 
Fast Acid 
Yellow QB 
(grams) 

Brllliaat 
Soarlet 3R 
(grams) 

Synthratan ACA 

(grams) 

1 0,0008 0.0001 0.0234 

2 •0007 •0001 .0248 

3 .0012 .0001 .0258 

4 .0012 .0001 .0282 

5 .0033 .0001 .0238 

6 .0037 .0001 .0234 

7 .0037 .0002 .0238 

8 .0023 .0002 .0240 

9 .0022 .0003 .0228 

10 .0022 .0003 .0233 

11 .0021 .0003 .0224 

12 .0023 .0004 .0221 

13 .0022 .0003 .0224 



Table 12. Cftloulmt«d Welflits of Dyobmth 
CoBpoaeats 8trlpp«4 fros Qtt«» 
treated Saaples 
The iMproved Master Ssrelag 
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Sample No. 
Fast Acid 
Tellow OS 

(graas) 

B r i l l i a n t 
Scar le t 38 

(graM) 

S y a t h r a t a a ACA 

(grMw) 

1 0.0007 0 .0001 0.0041 

2 .0014 .0001 .0027 

3 .0027 .0002 .0033 

4 .0049 .0002 .0028 

5 .0070 •0003 .0035 

6 •0082 .0004 .0045 

7 .0087 .0014 .0058 

8 .0097 .0022 .0085 

9 .0101 .0029 .0052 

10 .0104 .0033 .0064 

11 .0103 .0034 .0062 

13 .0101 .0036 .0095 

13 .0104 .0038 .0078 
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Table 13. Calculated Distribution of 
rast Aoid Tollow <IS 
Tho I«proyod Mas tor Dyeing 

SampXo 
No. 

In tbe 
Bath 

(g) 

On the 
l^e treated 
Sample 

(8) 

On the 
Untreated 
Sample 

(8) 

Total 
SemoYOd 
with 
Samplee (g) 

Total 

(f> 

0 0( .7560) • «.. — — 0( .7560)« 

I .6717 0 .0358 0 .0429 0.0004 .7508 

a .6084 .0452 .0884 .0081 .7441 

3 .4971 .0725 .1618 .0045 .7359 

4 .3619 .0701 .4s9ee .0087 .7351 

5 .1273 .1938 .4101 .0150 .7462 

6 .0330 .2135 •4743 .0252 .7460 

7 .0224 .2105 .4934 .0371 .7634 

8 .0212 • 1280 .5457 •0495 .7444 

9 .0140 .1236 .5570 .0615 .7561 

10 .0082 .1203 .5615 .0739 .7639 

11 .0058 .1129 .5465 .0865 .7517 

12 .0095 .1192 .5245 .0919 .7521 

13 .0071 .1127 .5291 .1113 .7602 

Average: 0.7465 

^Actual weight of dye used. 
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Table 14. Calculated Distribution of 
Brilliant Scarlet 3E 
The ImproTed Master Dyeing 

Sample 
Ho. 

In the 
Bath 

(S) 

On the 
Pretreated 
Sample 

(g) 

On the 
Untreated 
Sample 

(S) 

Total 
Bemoved 
with 
Samples (g) 

Total 

(8) 

0 0 ( .2520) 4t « « — —• 0( .2520)« 

1 .2252 0.0082 0.0027 0.0001 .2362 

2 .1951 .0059 .0078 .0003 .2091 

3 .2354 •0050 .0108 .0007 .2519 

4 .2337 .0062 .0092 .0011 .2502 

5 .2262 .0077 .0168 .0014 .2521 

6 .1999 .0048 .0258 .0019 .2324 

7 .1480 .0117 .0784 .0025 .2406 

S .0960 .0124 .1256 .0042 .2382 

9 .0647 .0142 .1577 .0069 .2435 

10 .0351 .0155 .1782 .0099 .2387 

11 .0250 .0182 .1786 •0135 .2353 

12 .0186 .0186 .1854 .0172 .2398 

13 .0114 .0148 .1916 •0212 .2390 

Average: 0.2399 

'̂Actual weight of dye used. 
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Table 19. Calculated Distribution of 
Synthrataii kCA 
The Improved Master Dyeing 

Sample 
No. 

In the 
Bath 

(S> 

On the 
Pretreated 
Sample 

(8) 

On the 
Untreated 
Sample 

(8) 

Total 
SemoTOd 
with 
Samples (g) 

Total 

(8) 

0 « - (1«9258)« — — (1.9256)« 

1 0.2079 1.4710 0.2570 —— 1.9359 

2 .1582 1.5258 .1680 0.0276 1.8754 

3 .0848 1.5818 .2002 •0550 1.9018 

4 .0699 1.5733 .1573 .0838 1.8843 

5 .1373 1.4030 .2063 .1127 1.8593 

6 .0758 1.3580 .2811 • 1400 1.8327 

7 .0802 1.3480 .2993 • 1678 1.8933 

8 .1104 1.3420 .3849 .1968 2.0139 

9 .1704 1.2420 .2862 .2271 1.9257 

10 .1029 1.2580 .3452 .2550 1.9591 

11 .0915 1.1860 .3279 .2848 1.8900 

12 .1060 1.1490 .4942 .3132 2.0824 

13 .1102 1.1440 .3997 .3448 1.9987 

Average 1.9258 

^Assumed value. 
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