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THE EFFECT OF TMfPERATaRE^ 
SALT, Al̂ID pH IN THE APPHCATION 

OF DIRECT DIES ON COTTON 

smmfARY 

The success experienced in applying dyes to the new synethic f ibers 

with high teii5)eratiares s t a r t ed several invest igat ions as to the pos s ib i l i t y 

of using the same high temperature technique i n applying d i rec t dyes t o 

cottono These invest igations demonstrated that some d i r e c t dyes can be 

applied t o cotton successfully with high temperatures| however^ many 

questions were raised such ass What i s the heat s t a b i l i t y of each dye? 

What i s the ef fec t of the pH of the dyebath on the s t a b i l i t y of each dy^? 

What i s the ef fec t of s a l t with high temperature? What i s the effect of 

high temperature on the exhaustion of each dy^? What i s the effect of 

high temperature on the qua l i ty of the dyed product? 

The purpose of th is thes i s was to answer some of these questions.^ 

and thereby increase the empirical knowledge avai lable to the dyeing i n ­

dustry, for three d i rec t cotton dyeso The dyes used i n this inves t iga­

t ion were: Pontamine Fast Yellow RL, representing the Class A, or good-

level ing, type d i rec t dye; Pontamine Fast Orange EGL, representing the 

Class B, or s a l t - con t ro l l ab le , poor-leveling, type d i rec t dye; and Ponta­

mine Blue AX Gone05 representing t t e Class C or temperature-controllable, 

poor-leveling, type d i rec t dyeo 

Four se ts of dyeings were made on cotton yarn for each dye as fo l ­

lows s 



ad. 

lo Normal temperature c^eings with dye and s a l t applied as 

recommended by the manuf acturer« 

2o High temperature runs^ m t h dye and s a l t added i n i t i a l l y ^ 

but with no cotton yarn i n the bath (the heat s t a b i l i t y 

t e s t s )o 

3<» High temperature dyeings, at 250* Fo^ with dye applied 

to cot ton, but with s a l t added to bath during ths cooling 

phaseo 

ko High temperature dyeings, at 250" Fo^ with dye applied 

to cotton, with a buiTer added i n i t i a l l y to control the 

pH of the dyebath, and with s a l t added during the cooling 

phase of the dyeing cycle* 

The dje runs were coipared fcsr heat s t a b i l i t y of the dyes^ axid fo r 

dyebath exhaustions« The dyed ^^rns were compared for differences in color5, 

l i gh t - f a s tness , wash-fastness, and strengths 

I t was found tha t dyebath concentrations can be accurately measured 

only i f dyebath samples can be read on the colorimeter i n undiluted f orm© 

The concentration r e su l t s obtained by reading di luted dyebath samples i n 

the colorimeter indicated the exhaustion of the Class C dye only was s ignif­

i can t ly improved with high temperature applicationo 

I t was found t h a t the three dyes tes ted were s table a t high tempera­

t u r e s , and the additions of buffers to the dyebath had no apparent affect 

on t h e i r s t ab i l i t yo 

I t was also found tha t the dyeings with high temperature were equal 

in color^ fastness^ and strength^ to dyeings with normal temperature o The 

overal l dyeing time was not decreased with high teaiperature appl icat ion 



becaiise of the time reqiiired to r a i se the temperature of the bath t o 

250" F , 

The resu l t s of a l l dyeings indicate t ha t the most po?yerful dyeing 

a s s i s t an t for d i r ec t dyes i s not temperatiire but sa l to In a l l dye runs 

the high temperature actual ly reduced the dyebath exhaustions^ The dye-

bath was not s ign i f ican t ly exhausted during the Class B or C dys runs 

u n t i l the bath was cooled and s a l t addedo 



CHAPTER I 

rFTRODUCTION 

Considerable i n t e r e s t in the f i e ld of high temperat\3re dyeing has 

been seen in the pas t several yea r s . This i n t e r e s t was aroiised primari ly 

when i t was found tha t the new synthetic f i b e r s , such as nylon, Orion, 

and Dacron, could be dyed within a short time in dyebaths a t 250° F . , 

whereas they were not dyed well i n dyebaths at the normal dyeing tempera­

ture of 212** F . The success of high temperature applicat ion of c^es on 

the synthetics staarfced an inves t igat ion as to the possible advantages in 

using the same high temperature techniques i n applying dyes t o cotton, 

and rayon, as well as wool* 

Direct dyes are used i n great quant i t ies for dyeing ce l lu lese 

products i n a l l forms. Although several types of dyes have been developed, 

such as vat dyes, which are superior to d i rec t dyes in fastness p roper t i e s , 

the d i rec t dyes continue to be used because they are eas ie r , and consequent­

ly less expensive, to apply to cellulose« I t i s f e l t tha t the continued 

populari ty of the d i r ec t dyes w i l l be even more insured i f they can be 

applied be t t e r and i n less time by new methods. 

I t has been found by Young ( l ) that some d i rec t dyes can be applied 

to cotton a t high temperatures, i n less time, and with no decrease in 

product qua l i ty . Relat ively few of the actual number of popular d i r ec t 

dyes have been studied as to t h e i r high temperatiu:'e s t a b i l i t y and other 

dyeing c h a r a c t e r i s t i c s . Before industry can determine the economic 

f e a s i b i l i t y of using the high temperature method i n place of the r e l a t ive ly 



easy normal temperature applicat ion of d i rec t dyes on cotton, many tech­

n ica l questions must be answered, and they must be answered for each i n ­

dividual d i rec t dye. 

The a r t of dyeing i s based mainly on empirical knowledge <, I f the 

high temperature method i s t o be put i n actual use then the fund of emr-

p i r i c a l knowledge must include the effects of high temperature for a l l 

the d i r ec t dyes and cotton combinations* The dyer must have information 

for each dye as t o : the effect of high temperature on the chemical s t a ­

b i l i t y of the dyestuff; the effect of high temperature on the dyed product | 

the effect of the pH condition of the dyebathi the effect of high tempera­

ture on the exhaustion of the dyebath; and the effect of s a l t on the dye-

bath when using high temperature• 

The purpose of t h i s work was to supply some of the empirical i n ­

formation which w i l l help answer the aboire questions» The various effects 

of high tenperature , pH, and s a l t on three types of d i r ec t dyes uere i n ­

ves t iga ted . One dye from each of the three leveling classes of d i r ec t 

dyes (2) was chosen for th i s experimeitit i n order to give representat ive 

and comparative r e su l t s between the known leveling types© 

High temperature dyeing means appl icat ion with dyebath temperature 

over 212* F« and -op t o possibly 300® Fo In t h i s inves t iga t ion 250** was 

used as the temperature for a high temperature dyeing runo The increased 

temperature over 212" F , i s thought t o increase the speed of penetrat ion 

so tha t the same or a grea ter amount of dye can be applied to cotton i n 

a much shorter time than now required in normal temperature dyeingo This 

shorter time i n the bath would allow a speed-up of modem continuous dyeing 



machinely or allow less time for yarn to be dyed in a package dye machine. 

If the theory is equally sound in actual production dyeing^ the high tem­

perature technique can materially benefit the cotton textile industry. 

Faster application will be of little value if the end product is 

not as good as dyeings ncm achieved with normal teiiperatureso In this 

investigation yarns dyed at high temperature were compared with yarns 

dyed at normal temperature, and any changes in fastness properties, color, 

or yam strength were noted. 

History of Direct Dyes.-—Synthetic dyes are made from the aromatic hydro­

carbons, benzene, toluene, napthalene, and anthracene, and the chief sources 

of these are coal tar and petroleum. The honor of discoT-ering the first 

synthetic dye went to an Englishman named Perkin in 18^6 (3). Perkin was 

attempting to synthesize quinine by the addition of oxygen to allyItoluidine, 

in observing the action of potassium dichromate on aniline sulfate, he 

noticed a black product was formed. From this black substance Perkin iso­

lated a coloring matter which he found would dye silk. His main contri­

bution to the industry was in overcoming many obstacles, financial and 

technical, in order to transform a casual laboratory experiment into manu­

facturing practice. Perkin actually established a plant in 1857 which 

produced Mauve or Tyrian Purple as he called ito His success in demonstra­

ting the value of his product to the dyer and printer started a feverish 

search on the part of chemists all over the world for other possible syn­

thetic dyes. 

Many dyes were discovered thereafter which would dye wool and silk 

nicely but they all had to be mordanted on cotton. In 1883 Walter made 



Sun Yellow, the first stilbene dye, and the first soluble dye which would 

dye cotton (ij.)* In 188I|. the first direct cotton dye from benzidine, Congo 

Red, was discovered by Bottiger (5)» This dye enjoyed iimnediate popularity 

and is still used a great deal in spite of its fugitive character*, Since 

188U hundreds of other direct dyes have been synthesized by coupling 

tetrazotized benzidine and analogous diamines with various coniponents • 



CHAPTER II 

THEORETICAL CONSIDERATIONS 

Direct cotton dyes are so called because they have the ability to 

dye cotton without a mordant in the bath. Because salt is generally 

added to aid exhaustion they are sometimes called salt dyeso Direct 

dyes are mainly sodium salts of azo sulfonic acids| they are azo dyes 

with certain specific structural features (6), In order for the dye to 

be able to dye cellulose without the aid of a mordant the direct dje must 

have functional groups which can be held by hydrogen bonds with the 

hydroxyl groups in the cellulose polymer. As corresponding hydroxyl 

groips in the cellulose chain are spaced 10»3 Anstrom units apart, the 

functional groups on the direct dye must also be spaced a similar dis­

tance apart. In most cases only dyes with this special structural arrange­

ment will dye cotton directly. As only direct dyes possess these specific 

structural features associated with substantivity for the cellulose fibers 

they are sometimes called substantive dyes* 

Direct dyes as a class have poor fastness to washing and light. 

This drawback can be somewhat overccme with proper after ti»eatmenfc. Recent 

developments have made available direct dyes which are either copper com­

plexes or dioxazines which have excellent light fastness properties (7), 

Most direct dyes are salts of dye acids and these dyes may exist 

in solution as ions, molecular dispersions, or collodial dispersions. The 

majority of dyes exist in solution as single ions or molecules and as simple 

aggregates of 2-10 molecules. Depending on amount of aggregation the actual 



size of dye particles in solution varies. If the arnount of aggregation 

is large it may not be possible for the dye to enter the interraicelltilar 

spaces of cellulose. With direct dyes it was found aggregation varies 

inversely with temperature (8)« 

The diameter of the capillary pores of cellulose is of the same 

order as the length of a direct cotton dye molecule« These pores are a 

net?'7ork of cellulose chains which act like pores^ but are not necessarily 

continuous capillaiy ti±)es, Royer states that it is thought that it is 

through these pores the dye is absorbed molecularlyo High temperature 

acts to increase the pore size by swelling and at the same time decreases 

the aggregation and increases diffusion by increased thermal activity (9)o 

The great disadvantage uncovered so far with high temperature dye­

ing is that some of the dyes decompose Y/hen exposed to temperatures above 

the boil. One big advantage is that iiigh temperatures should increase the 

migratory activity of the dye particles and thus produce more level dyeing, 

The textile and dyeing pii)lications for the past several years have 

included articles concerning the theory and application of direct dyes to 

cotton* In 1939 Valko (lO) successfully measured the size of various acid 

and diiBct dyes by diffusion methods. He showed that most acids and some 

direct dyss are partly dispersed in the dye bath into single ions and are 

partly dispersed in the form of aggregates which in size do not exceed 3 

dye ions_, at 90* C. Some dyes do aggregate to a size of 100 ions but this 

type is in the minority„ Valko further found that dye particle size has 

been overestimated as most acid and some directs are dispersed completely 

or at least nearly so into molecules or ions under dyeing conditionso He 

stated that the important factor in dyeing is not the molecule size, but 



the effect of a t t r a c t i o n forces stich as hydrogen bonding between f iber 

moleciLLe and dye p a r t i c l e . 

In I9I16 the Society of Dyers and Coloiirists ( l l ) reported t i iat 

t he i r research resul ted i n the c l a s s i f i ca t ion of d i r ec t cotton dyes i n t o 

three c l a s ses : 

Class A, Direct dyes having good migratory and level ing 
proper t ies • 

Class B, Direct dyes haidng poor migrating proper t ies but 
which can be controlled by additions of s a l t to 
give uniform dyeing« 

Class C, Direct dyes of poor migrating and leveling proper t i es , 
but which can be controlled by tenperature and s a l t 
addit ion to give level dyeing. 

The d i r ec t dyes used in th i s thes i s have been c lass i f i ed on the 

basis of the recommendations of the Society of Dyers and Colourists (12)* 

In order t o get an indicat ion of hcsr/ each class of dye might react when 

applied to cotton a t high temperature, a representat ive dye from each c lass 

was usede 

I t has a lso been reported by the Society of Dyers and Colourists 

tha t temperature influence on d i r ec t dyeing i s twofold» That i s^ an i n ­

crease in temperature increases the r a t e of dyeing and at the same time 

decreases the equilibriuM exhaustiono Thus i f a given dye i s dyed for a 

fixed time a t various temperatures the influence of the temperature on 

exhaustion w i l l depend -apon both the time chosen and the dyeing r a t e of 

the individxxal dye. With a rapid dyeing dye the eqm.libiium may have been 

reached i n the time chosen and an increase in the temperature ac tua l ly 

would reduce the depth of dyeing. On the other hand with a slow dyeing 

dyestuff equilibriutii may not have been reached i n the time chosen and SLTSY 

increase in temperature would increase the exhaustion or depth of dyeing. 



In 19h9 the Philadelphia Section of the AATCC (13) published a 

s-urvey of the applicat ion of most common dyestiiffs a t high temperatures* 

They investigated the effect of high temperat-ure on both the dyBbath and 

the dye bath container, and foiond tha t chemical reactions occurred a t 

high temperature between metals normally used i n the containers and the 

dyestuffs; the r e s u l t being the dye was reduced and in many cases the 

color destroyed completely* This group found that special s t a in l e s s s t ee l 

or glass l ined s t a in less s t e e l containers must be used as only these did 

not reac t with dyestuffs at high temperature* The same a r t i c l e a l so r e ­

ported tha t heat destroyed many dyes i n each major class^ especial ly the 

va t s , but there were s t i l l many dyes i n each c lass which would t o l e r a t e 

the high temperatures fcr reasonable pe r iods . The a r t i c l e s ta ted the 

most important advantage revealed for high temperature d i r e c t dye appl ica­

t ion was be t t e r leveling of ce r t a in f a s t - s t r ik ing dyes | hofirever, t h i s ad­

vantage was pa r t l y offset by the a v a i l a b i l i t y of a large number of exce l ­

l en t ly performing dyes applicable at conventional temperatujre. The a r t i c l e 

also s ta ted there v/as no improvement i n fastness propert ies in the d i r ec t 

dyes on cot ton. One point on the side of high tenperature applicat ion was 

tha t diffusion was grea t ly increased i n the f iber , and many unlevel dyes 

behaved l ike level dyes» Thus the high temperature method did increase 

the number of avai lable leveling dyeso 

One of the f i r s t inves t iga tors t o consolidate several of the most 

accepted theories of dyeing and apply t h i s information to high temperatirre 

application was Drijvers (l!^)., His in te rp re ta t ion of the high temperature 

dyeing theory was the guiding principle of t h i s thesis « The f ollovfing i s 

a summary of high teniperatuj^ appl icat ion as presented by Drijvers* 



The fundamental pr inciple of high temperature dyeing i s based on 

the fact that dyeing i s accomplished by physico-chemical (or purely 

chemical) reac t ions , which being revers ib le , create a s t a t e of e q u i l i ­

brium af ter a cer ta in per iod. The s t a te of equilibrium and the ra te a t 

which i t i s established are functions of the temperature<, 

The dyeing of any t e x t i l e occurs i n three stepss 

1» The diffusion of the dye i n the bath towards the surface of 

the fiber» As a r e su l t of res idual valencies the molecules 

of the dye tend to aggregate i n the dyebatho At each tem­

perature a s t a t e of equilibrium i s reached between the 

amount of dye in the bath in molecular s t a t e and amount i n 

an aggregated s t a t e . 

2« Adsorption on the surface of the fLbero The molecularly-

diffused dye in the bath comes in to contact with the f iber 

through movement of ba th , and an adsorption phenomenon occurs 

u n t i l equilibrium i s reached, 

3« Diffusion i n t o f i b e r . The surface adsorbed dye has to pene­

t r a t e in to the i n t e r - c r y s t a l l i n e spaces of the macromolecule 

of the cel lulose f ibe r . This penetrat ion i s slow becaijse of 

the mechanical res is tance encountered by the dye. This 

accounts for the rapid acciMulation of the dye on the surface 

of the f iber and for the tiir^ required i n a l l dyeings to 

reach equilibrium* Further adsoiption w i l l not continue un­

less diffusion of dye in to the f iber i s proceeding. Thus i t 

i s seen that diffusion i s very important as i t governs the 

speed of cfyeing and a l so determines the f ixa t ion of the dye 

and resis tance t o rubbingo 
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The ftindainental pr inciple which instires leve l dyeing as s ta ted by 

Drijvers i s : 

In a djrnaniic system (dye solut ion and mass to be dyed) 
no change whatsoever, so fa r as exha\3stion of the bath 
i s concerned, can be achieved as long as t i n c t o r i a l 
eqidlibriimi has not been reached between the en t i r e 
mass and whole of the ba th , , 

In other words the repeated c i rcu la t ion of the dye bath a l t e rna te ly 

creates phenomenon of desorption ard adsorption which causes migration of 

the dye frcm l i g h t t o dark places u n t i l a t i n c t o r i a l equilibrium i s reach­

ed. The pr inciple factors governing the equilibrium are teii5)erature, con­

centrat ion of the e l e c t ro ly t e , and the ra ture of the dye*, 

Drijvers perfoniBd experiments with the th ree c lasses of d i r ec t 

dyes and plo t ted curves of exhaustion vs tenperature (as abscissa)o He 

found that each dyestuff has a charac te r i s t i c curve and the point a t which 

i t f a l l s off towards the abscissa i s a c r i t i c a l pointy From the tempera­

ture corresponding to t h i s c r i t i c a l point the exhaustion curve approaches 

equilibrium and a t higher temperatures f a l l s . This f inding i s i n agreement 

with previous statements that dyebath exhaustion i s reduced by high tempera­

t u r e . 

This cha rac te r i s t i c of d i r ec t dyes i s overcome by ra is ing the tem­

perature t o the c r i t i c a l point as rapidly as possible» Thus the high tem­

perature promotes more rapid diffusion of the dye i n t o the f iber and con­

sequently ar r ives rapid ly at the physico-chemical equilibriums After 

equilibrium i s reached the curve i s descended by cooling^ and most of the 

dye goes onto the f iber during th is sa l t ing and cooling phase« 

In the woik for t h i s thes i s t h i s theory of applying most of the dye 

during the sa l t ing and cooling phase was invest igated* I t i s known tha t 
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s a l t tends to aggregate the dye molec-ules ( l5) and th i s effect of s a l t 

woiiLd be i n d i r ec t competition m t h the high temperature theoiy which 

holds t ha t high temperat-ure decreases aggregation* Therefore t o get the 

maxim-urn penetration poss ib le , and t o a r r ive a t t i n c t o r i a l eqmlibriiim i n 

the shor tes t time, only the dye or dye and biiffer, was in the bath a t the 

high temperature phase of the dye run. When t t e bath was cooled s a l t was 

then added and most of ttie dye put on the yarn during th is cooling phase 

of the dye run* This procedure should give the maxim-um effect of high 

temperatui^ and allow dyeing in the shor tes t time© 

Drijvers also fouad tha t many di rec t dyes are reduced a t high tem­

perature especial ly under s l i g h t l y alkaline conditions<, He theorized tha t 

cer ta in organic products from decomposition of the celliilose act as rediac-

ing agents which are capable of destroying the azo bond of the dye molecule* 

He advocated use of oxidizing agents such as hyirogen peroxide and perbo­

ra tes to prevent reduction* 

Steverljmck ( l6) agrees tha t a lka l in i t y causes decomposition of some 

d i r ec t dyes and recommends ammonium sulphate be added to the dyebath t o 

maintain an e s sen t i a l l y neutral pH, and thereby prevent dye reduction* 

Drijvers ( l?) in 19^h further s ta ted that the l a t e s t improvement 

in the applicat ion of d i rec t dyes on cel lulose a t high temperature i s im­

proved dye s t a b i l i t y * He found tha t reduction of the dyestuff can be 

prevented by simply removing the a lka l in i ty of the bath,, He also recommends 

ammonium sulphate as a buffer and s ta tes that fastness proper t ies are not 

affected and shades are not dulled when this buffer i s used* 

Herrmann (18) c l a s s i f i e s many German d i rec t dyestuffs according to 

t h e i r s t a b i l i t y a t 214.8" F« He found tha t there are three classes of d i rec t 
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dyes according to beha-vior at high temperatiire. Class 1 dyes incliide 

some i|.0 different dyB colors which are stable at 2l|.8*' F» when applied for 

30 minutes on viscose rayon. Class 2 dyes include some 3k dye colors the 

stability of which suffer somewhat at high temperature« Class 3 includes 

35 dye colors which suffer severely, 

Herrmann states that by adding a "monochrome mordant" as a buffer 

the deterioration can be prevented on Class 2 dyes and lessened on Class 

3 dyes» The stability of substantire dyes above 212** Fo is dependent 

upon the following: 

(a) temperature of bath 

(b) length of time i n process 

(c) pH of dyebath 

(d) material being dyed 

(e) degree of dyeing 

In discussing the above Herrmann states that the danger of damage 

increases with the temperature and some direct dyes even break down below 

the boil« The naturs of the dye determines its stabilityo The length of 

time of dye cycle is important as some dyes withstand 2-6 hours of high 

temperature while others are affected in a few minutes*, He states the 

length of time of 30 minutes was chosen to test the dyes as this time 

reflected a normal dye run. The danger of damage at high temperature 

seems to be increased if the bath is alkaline© Herrmann foimd that there 

is much less danger of breakdown if the bath is kept neutral or slightly 

acid. Agents remaining from previous treatment of the fiber may also 

affect the pH of the bath and hence the stability of the dye© 

The stability of many dyes above 212° F, is dependent upon the 

material dyed© Herrmann found that any impurities on the fabilc or yarn 
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may reduce the dyestuff, His experimeiibs shcM that djes are stable on 

materials in the following order from least to best; 

1. Raw cotton 

2• Acetate 

3 . Cupra-ammoniTjm rajon 

k» Scoured cotton 

5« Viscose rayon 

6 , Scoured and bleached cotton 

A dye which would be uastable at high temperatures on raw cotton 

might be s table on scoured cot ton. This finding bears out Drijvers (19) 

theoiy tha t many d i rec t dyes are reduced at high temperature because 

cer ta in organic products resu l t ing from decomposition of cellulose^ or 

impurit ies on the fiber^ act as reducing agents capable of destroying the 

azo bond. 

Butterworth (20) observed i n 1953 that with the exception of Stever-

lynck's work a l l high temperature inves t iga t ion has been confined t o the 

labora tory . He concliides that the high temperature nsthod i s bes t a p p l i ­

cable to groups B and C of d i rec t dyes . He disagrees with Drijvers tha t 

most of the dye should be put on the f iber during the cooling cycle a f t e r 

the high temperature phase, but instead recommends s a l t be added during 

the l a s t half of the high temperature phase. This takes advantage of high 

temperature as i t u t i l i z e s the greater r ed i s t r ibu t ion powers of high tem­

perature , as well as gaining the desii^d equilibrium i n shor tes t t ime. 

Butterworth s t a t e s that s t a b i l i t y of the dyestuff i s very important 

and gives a short l i s t of English dyes which are placed i n three groups 

according to s t a b i l i t y at high temperature. Ammonium sulphate i s recommend-
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ed as a buffer to maintain neutral pH and prevent reduction of the dye* 

Butterworth s ta tes that i t i s not kncmn why aiiiinonium sulphate acts as a 

dyebath ass i s tan t i n a closed system as the ammonia cannot escape. The 

chemical function of the buffer i n preventing reduction has not been a s ­

certained • 

Butterworth summarized that high temperature applicat ion of d i rec t 

dyes permits equal or be t t e r r e su l t s on rayon i n a shor ter time^ but as 

d i r ec t dyes are destroyed by an a lka l i - ce l lu lose system i t i s e s sen t i a l 

to maintain n e u t r a l i t y . 

There has been l i t t l e work done in the United Sta tes concerning 

s t a b i l i t y of d i r ec t dyes on cot ton . The dyestuff manufacturers have not 

published data concerning the heat s t a b i l i t y of t h e i r d i r ec t dyes^ nor 

have researchers attempted to inves t iga te the s t a b i l i t y of American 

d i r ec t s as Herrmann did with the German d i r ec t dyeso This information 

i s grea t ly needed before commercial high temperature application can be 

attempted © 
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CHAPTER H I 

INSTRmiENTATION AND EQUIPlffiMT 

The f ollov/ing i tems of s p e c i a l eqiaipment were used i n t h i s problem: 

Morton Twelve~Po\md Package Machine 

Morton One-Pound Package Machine (modified) 

At las Fade-Qmeter 

Lunietron Color imeter , Model l4.02~E 

Beckman pH Meter, Model H-.2 

Beckraan Spectrophotometer^^ Model DU 

S u t e r S ing le S t rand Tarn Tes t ing Machine 

A l l i tems of equipment except t he modified Morton one pound package 

machine a r e s t andard equipment a v a i l a b l e on t h e open market and r e q u i r e 

no s p e c i a l d e s c r i p t i o n * 

The Morton one pound package machine was modified by t h e a d d i t i o n 

of a s t a i n l e s s s t e e l cover which can be secured t o t h e top of t h e expansion 

chamber. This enc loses t h e e n t i r e dyebath and pe rmi t s c i r c u l a t i o n under 

h igh temperature and p r e s s u r e . 

Two views of t h e modified machine a r e shown i n f i g u r e s 1 and 2o 

A view of the lumetron co lo r ime te r Model lj.02-E i s shown i n F igure 

3. 

^0^ 
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Fig-ure 2 , Morton One-Poimd Package Machine 
(Modif ied) , Side View 
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CHAPTER I T 

PROCEDURE 

Characteii-zation of the Yarn.—The cotton yarn used was f i r s t characterized 

with regard to size^ tw i s t , and breaking strength i n accordance with the 

American Society for Testing Materials standard t e s t D180-527 (21) „ The 

yam was found t o be a niMber l5»85 single ply yam with Z twist of 18«17 

turns per inch^ and with a breaking s t rength of lo2k7 poundso The s trength 

was highly irregular_, varying from 1«09 to lo55 pounds<, and t h i s deviat ion 

may affect the accuracy of strength t e s t s on the dyed samples«, The r e su l t s 

are shown in Tables 6, 7 ^^d 8# 

Preparation for Dyeinge—^The yam was scoured i n groups of twelve i n the 

Morton Twleve Pound Package Machine*, In scouring^ the JSLTTI was f i r s t wet 

out with one-half per cent of Tergitol-08 penetrant , with the machine f i l l ­

ed with water, a t 180' F« for f i f teen minuteso Then the yarn was scoured 

i n a bath containing five per cent sodium hydroxide^ three per cent sodium 

carbonate, and one per cent soap for one hour a t 200* Fo All percentages 

are on net weight of the yarn . The flow was reversed every five minutes o 

The bath was drained and yarn rinsed u n t i l neutral* The packages were 

then hydro-extracted and dried in a hot a i r oven* The packages were then 

conditioned for for ty-eight hours a t s ixty-f ive per cent r e l a t i v e humidity 

and 70** F . 

Sample Preparations—Each package of scoured yarn was tagged with a number 

i t would have throughout the experimentso Three breaking strength t e s t s 
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were made on each package, averaged and recorded in Table 80 

The weight of each package was determined to within one-tenth of 

a gram and was recorded on each package to be used as a basis for the 

calculation of weights of c^es and chemicals used in dyeing runso 

Outline of General Dyeing Procedure«,—In order to test the three dyes used 

in this experiment for heat stability, three dye runs were made for each 

dye* In the first run dye and salt alone were used in the dyebath, with­

out cotton yarn, at high temperature* Per cent transmission versus wave­

length curves, before and after heating at 250** Fo for 30 minutes 5 were 

plotted from colorimeter readings on samples of dyebath, and these curves 

were coisipared for any changes which might indicate a chemical breakdown 

of the dyestuff• 

In the second set of high temperature dye runs^ dye alone was in 

the dyebath, with cotton yarn. Per cent transmission versus wavelength 

curves were similarly plotted and compared* In the third set of high tem­

perature dye runs, dye was in the bath, with cotton yam, and in addition 

a buffer was added to control the pH of the dyebath* Per cent transmission 

versus wavelength curves were plotted from colorimeter readings of the 

beginning and ending dyebath samples and compared* 

The other major aim of this investigation was to compare the dye­

bath exhaustion of normal temperature dye runs with the exhaustions of 

the high temperatiire runs* This was done by comparing the final dyebath 

exhaustions determined in the three sets of heat stability dye runs with 

the exhaustions obtained by dyeing cotton yarn in the manner recommended 

by the manufacturer» 
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The effect of s a l t on the dyebaths was irtvestigated by comparing 

the dyebath concentration of various samples taken before and a f te r s a l t ­

ing for each dye run* 

Thus four se ts of dyeings were made for each dye as follows: 

lo Nonaal temperature dye runs with dye and s a l t applied as 

recommended by manufacturer© 

2o High temperature runs, with dye and s a l t added i n i t i a l l y , 

but with no cotton yarn in the dyebathe (The heat s t a b i l i t y 

runs) 

3<» High temperature dje runs with dye ^ p l i e d t o cotton^ but 

with s a l t added to dyebath during the cooling phases 

k» High temperature dye runs with dye applied t o cotton_p with 

a buffer added i n i t i a l l y t o control the pH of the dyebath, 

and with s a l t added to bath during the cooling phase of the 

dyeing cycle • 

Dyeingo-°-All dyeings were made i n a one pound package dyeing machine which 

had a l5 l i t e r capacity with the yarn i n the machine«, For every dyeing 

run two per cent dye, based on the weight of the yarn, was used,, Chemically 

pure sodium chloride was used i n the amount of 1$ per cent based on the 

weight of the yarn* Sodium chloride i n pure form was chosen as the s a l t i n g 

agent so i t would not introduce impurit ies i n t o the bath which might affect 

the pH of the bath and hence affect the s t a b i l i t y of the dye a t high tem-

peratiiresa The amount of buffer^ such as armnonium sulphate requiired t o 

obtain a pH near 7.? was found by ac tua l ly adding suff ic ient amounts of 

buffer to solutions of each dye t o give the required pHo 
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The dyes, s a l t , and b-uffers were a l l weighed accnra te l j on an ana-

lytlcal balanceo They were then di luted t o f ive htmdred m i l l i l i t e r s and 

added t o the dyebath i n th i s forme 

The yarn was f i r s t placed i n the one pound package machine and wet 

out i n 5 cc of Tergitol Penetrant 08 and l5 l i t e r s of water a t 180' Fo for 

ten minutes o After wetting out, the bath was drained and the yarn thorough­

ly r insed with water so as t o prevent foaming during the dyeing cycleo 

In the normal temperature runs the dyeing machine was f i l l e d with 

water to the fourteen U t e r marko The five hundred m i l l i l i t e r solut ion 

of dye was then added to the cold water» After an i n i t i a l mixing a sample 

of the bath was obtained and the teng^erature of the bath raised t o 212® F» 

and maintained for t h i r t y minutes* One half of the five hundred m i l l i l i t e r s 

of sa l t solut ion was added af te r each l5 minutes o The t o t a l volume a t t h i s 

point was 15 l i t e r s » Dyebath saaiples were taken at various times and tem­

peratures as noted i n the dye run tables* Thirty minutes dyeing time a t 

the bo i l was chosen because the dyie manufacturer's speci f ica t ions of a l l 

three dyes indicated maximum exhaustion within t h i s timeo The Pontamine 

Fast Yellcw RL i s s ta ted to be 90^ exhausted at l5 minutes, the Pontamine 

Fast Orange EGL i s supposed t o be 90/& exhausted i n 5 minutes and the Ponta­

mine Blue AX conCo i s reported to be 7$% exhausted i n l5 minutes or 100^ 

exhausted in 30 minutes (22)« 

The bath was then drained and the dyed yarn thoroughly r insed with 

cold water*, The package was removed from the machine and hydro-extracted. 

The yarn was dided in a hot a i r oven at 212° Fo^ and then conditioned for 

forty-eight hours a t s ix ty- f ive per cent r e l a t ive humidity and 70° F» 
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The dyebath samples were t e s t ed on the coloilmeter a f te r coolingc, 

the same day the dye run was madeo 

The high temperature dyeing runs were conducted in the same manner 

with the exception of the dyeing cycle and the addi t ion of s a l t o The dye^ 

or dye and buffer, as appropriate^ was added to the cold bath and an i n i t i a l 

dye sample dray?no The temperature was then raised to 200* Fo,,, with several 

samples of the bath withdrawn during t h i s timeo The top of the expansion 

chamber was bolted on and the tenperature raised to 250° Fo as rapidly as 

possible o Dyeing was allowed to proceed for ten minut-es at 2^0° Foc> then 

the bath was cooled rapidly by spraying coM water on the machine to 190° Fo 

The cover of the expansion chamber was removed and a l l the s a l t added. The 

run was ended af te r a f i f teen minute sa l t ing phaseo Dyebath samples were 

draiim a t reg"alar time and temperatiire in te rva l s thr^ough the high tempera^ 

t\ire cycle as noted i n the dye run tables© 

The time of ten minutes for the high temperature phase was de te r ­

mined by a preliminary run for each dye during which dyebath samples were 

taken a t in te rva ls for 20 minutes at the high temperature (Tables k?^ 53 

and 55)o This information indicated tha t af ter ten minutes very l i t t l e 

additional effect on exhaustion would be realized^ by continued dyeing a t 

high tenperature without sa l to 

Golorimetiyo°°-"Colorimetric measurements were used to determine the ex­

haustion of the bath and the dye s t a b i l i t y o Colorimetrlc instruments are 

comparativej; they only compare the opt ica l propert ies of a given colored 

solution with those of another standard solution^ The Lumetron Color i ­

meter which was used in these experiments measures the transmission of 
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l igh t thro'ogh a solutiono The colorimeter can be used to measixre the per 

cent l igh t transmission of a solut ion of knoiim concentration*, From t h i s 

a plot of concentration versus transmission or optical densi ty can be 

madso The concentration of a solut ion of unknown concentration can then 

be obtained from i t s per cent transmission by referr ing to t h i s plot of 

concentration versus dens i ty . 

A two per cent dyeing based on the ac tual weight of yam was used 

for a l l runso This percentage yie lds an i n i t i a l dyebath concentration of 

a l i t t l e more than one-half of a gram of dje per l i t e r « This solut ion was 

too concentrated to be read on the colorimeter» I t was found that a d i l u ­

t ion of 50 times gave a solut ion the transmission readings of which f e l l 

within the l imi t s of the colorimetera This determined tha t known con­

centra t ion versus transmission tables would have to be made to cover a 

range of OoOOl to Oe030 grams per l i t e r * 

The or iginal ca l ib ra t ion tables of concentration and per cent t r a n s ­

mission were made by preparing a solution of exactly O0O3 grams of dye i n 

loO l i t e r of tap water,, From th i s working solution^ concentrations of 

Oo025j, 0„0205 OeOl^^ O0OIO5, and O0OO5 grams of dye per l i t e r were then 

preparedo Vfhen s a l t and buffer were added to the dye for ca l ibra t ion they 

were dissolved separately and added t o the dye so lu t ion . Then the solut ion 

was mixed with t ap water t o form exactly one l i t e r of solution^ and dilu.ted 

as aboveo 

With the standard solut ion of 0^03 grams per l i t e r for each dye i t 

was necessary next to get a spectriim curve of wavelength versus per cent 

transmission i n order to determine the proper f i l t e r to be used for t r ans ­

mission readings for each dye*, Accoi-ding t o ?ickerst:aff (23) when color 
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f i l t e r s are used the band passed by the f i l t e r shoiild be narrow and should 

coincide m t h the maxim-um absorption wavelength of the dye solut ion i n 

order t o give a l inear re la t ionship between opt ical density and concentra­

t ion over the widest possible rangeo 

In order to determine the proper f i l t e r for each dye^ colorimeter 

readings were taken for each of the twelve available f i l t e r s covering the 

en t i r e range of v i s ib le l ight^ using the solut ion containing O0O3 grains 

per l i t e r of dye<, Thus the f i l t e r giving the grea tes t absorption or 

l ea s t transmission^ was deteniiined for each of the three djTes xised i n 

th i s experimento These absorption values are shown for each dye i n 

Tables 9 through Ho 

Next^ with the proper f i l t e r selected for each dyec readings of 

l igh t transmission for each of the prepared concentrations were taken 

with the colorimetero These va l ies are shoe^n for each dye (and dyê ^ s a l t , 

and buffer^, combination t o be used i n the dye runs) i n tables 12 through 

35« The same tab les were then completed by computing values of opt ica l 

density ( D ) , and absorption index eoretant (K) as w i l l be explained i n 

Chapter V<, These tables were used i n computing the concentration of each 

dyebath sample from a dyebath sample transmission readings 

The dyebath samples were obtained by drawing dye through the dye 

chamber bleed-off valve o The sample was allos^ed to coolj then 10 m i l l i ­

l i t e r s was pipet ted from the sample aid di lu ted with t ^ water t o 500 

m i l l i l i t e r s o This di luted sample was then iiBasured for per cent t r a n s ­

mission in the colorimeter a t the wavelength of maximum absorptiono By 

computing the opt ica l density of th i s transmission from formula (5)^ and 

dividing t h i s denmty by the appropriate absorption index (K) obtai,ned 
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from Table 36^ the concentration of the d i lu ted sample was obtained<, Then 

by multiplying th i s concentration by f i f t y (the amount cf d i lu t ion) a value 

for the concentration of the or iginal dyebath sample was obtainedo The 

above terms and computations and t h e i r l imi ta t ions are fu l ly discussed i n 

Chapter Yo 

In operating the colorimeter^, tap water was used as a standard 

reference solut ion in a l l caseso One centimeter cuvettes were used as dye 

sample holders; and a vi^ensitivity r a t i o of f i f teen galvanometer gradua­

t ions to ten transmission d i a l graduations was used. 

The coloidmeter was a lso used in an attempt to detemiine the s t a ­

b i l i t y to heat of the three dyes usedo In addit ion to obtaining a value 

for per cent transmission a t the wavelength of maximum absorptioHj, com­

ple te per cent transmission versus wavelength curves were obtained for 

several samples taken during each run*, I f no change in the shape of these 

curves was noted, th i s would l ike ly indicate there was no chemical change 

of the dye during the dye rune 

pH Control and Determinationo---As the r e su l t of some preliminaiy experi ­

ments;, i t was determined t h a t ammonium sulphate wouM give a neutral dye-

ba th | sodium acetate an acid dyebath| and ammonium phosphate an alkal ine 

dyebatho Each dyebath sample which was tested on the colorimeter was 

also tested for pH on the Becl<man Calomel electrode pH metero 

Dyed Yam Strengtho~«^Six break t e s t s ?rere made on each package of dyed 

yarn^ three before and three a f te r rewinding« The average dyed yarn 

strengths were compared with the imdyed yarn strengths o 
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Light-Fastness Tests«—Light-fastness t e s t s were perfoirmed on the dyed 

yarn i n accordance with Test l6A-Sh. described in the AATCC 19$h Yearbook 

(2li), The samples were exposed t o the arc- l ight in the Fade-Ometer for 

four twenty-hoiir i n t e r v a l s . The fading of each yarn was determined by 

visual inspect ion . The f i r s t appreciable change of shade determined the 

l ight - fas tness rat ing of the yarn. 

Wash-Fastness Tests.—Wash-fastness t e s t s were perfoimed on the dyed yarn 

in accordance with AATCC Wash-fastness Test Method 36-Sh, t e s t nimiber 

three (25) . 



28 

CHAPTER V 

DISCUSSION OF RESULTS 

Colorimetiyo—Considerable d i f f i c u l t y was exper ienced i n measuring t h e dye -

ba th exhaus t ions m t h t h e c o l o r i m e t e r . With Pontamine Fas t YellosRr RL a l l 

t h e dye runs i n d i c a t e very low dyebath exhaus t ions* The normal tei if)erature 

runs (Tables 39 and kO) i n d i c a t e an o v e r a l l exhaus t ion of only 30 p e r cen t* 

The dn Pont Company has not publ i shed the exhaus t ion c h a r a c t e i r i s t i e s of 

i t s dyes I hcmever, t h e Geigy Chemical Corp„ (26) has publ i shed the e x ­

haus t ions which should be achieved wi th i t s d i r e c t dyeso By r e f e r r i n g t o 

the Geigy dye w i t h t h e same p ro to type number as the du Pont dye used i n 

t h i s t h e s i s an approximate exhaus t ion for t h e dyes ijsed may be o b t a i n e d . 

This r e f e r ence i n d i c a t e s an e x h a i s t i o n of about 60 pe r cent should be ob­

t a i n e d w i t h t h e Pontamine F a s t Tellow RL« 

The yellow dye exhaus t ion r e s u l t s for the h igh tempera ture runs a re 

even more s u s p i c i o u s . Tables h9 and $9 i n d i c a t e an o v e r - a l l exhaus t ion of 

9oh7 and 13.7 per cent r e s p e c t i v e l y . Furthermore samples taken dur ing t h e 

middle of some of t h e yellow and orange high temperature dye runs show more 

dye i n the b a t h than was p u t i n t h e machine o r i g i n a l l y . 

The Pontamine Fas t Orange EGL dye runs s i m i l a r l y i n d i c a t e a low e x ­

h a u s t i o n , bu t t o a much l e s s e r d e g r e e . The Geigy p ro to type dye i n d i c a t e s 

an exhaus t ion of 60 per cen t should be ob ta ined , and most of t h e orange 

exhaus t ions a r e over IS p e r c e n t . 
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The Pontamine Blue AX Cone, dye rims shcfw more reasonable dyebath 

exhaustions. The blue runs a l l show dye bath exhaustions of over 6h per 

cent and are considered more r e l i a b l e , although data on the actual ex­

haustion of t h i s dyestuff i s not ava i l ab le . 

A summary of the exhaustions of a l l three dyes i s shown i n Table 2 

through k» 

On the bas is of the above observations i t was concluded t h a t the 

colorimeter measurements Yjere i n e r ror on the yellOT>r dyebath samples, 

probably somewhat i n er ror on the orange dyebath samples, and s l i g h t l y 

in er ror on the blue dye samples. Although the individual exhaustions 

can not be called accurate they may be used, T/ith caution, as r e l a t i v e 

va lues . In other words although each per cent exhaustion of the Pontamne 

Fast Orange EGL was low, a l l of the dye runs showed exhaustions s imi la r ly 

1CM; ard one orange dye run can be roughly compared Yfith another to a s ­

cer ta in changes brought about by the high temperatures or buffer additions 

to the dye cycle . 

The colorimetry er ror evident with the yellow dye could be made by 

others attempting t o measure dyebath concentrations and exhaustions. There­

fore in order to c a l l a t ten t ion t o , and t o i l l u s t r a t e , some possible er rors 

tha t a r i s e , the yellow and orange dye runs are included i n th i s worfc« I t 

must be emphasized however, tha t the r e s u l t s , especia l ly the per cent ex­

haustion, must be questioned. They are included only for i l l u s t r a t i v e 

purposes. 

The or ig ina l dyebath concentration was computed for each dye by 

dividing the number of grams of dye for the run by the knoifn voliime of 

ba th , A sample of t h i s same concentration was then prepared and diluted 
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in the same manner as a sample taken from an actual dye rim. The per cent 

transmission of this diluted sample was then read on the colorimeter, and 

the concentration computed from this transmission readings The value ob­

tained using the method of calculation discussed in Chapter V was too 

high. The results of these tests are shown in Table lo 

This shows that the concentrations calculated from colorimeter 

readings are higher than the actual dyebath concentrations, and explains 

why the ê diaustions are lower, especially for the yellow dye« 

The per cent transmission versus wavelength curve plotted from the 

data of Table 9, for Pontamine Fast Yellow RL as determined with the colori­

meter does not show an absorption maximum« To locate the wavelength of 

maximum absorption a curve was obtained with the aid of a Beckman spectro­

photometer. The results showed tha,t the maximum absorption occurred at 

390 millimicrons which comes within the filter of lowest wavelength avail­

able for the colorimeter. 

The explanation for the observed discrepancies in dyebath exhaustion 

can be found in the theories of colorimetry. The absorption of light by 

colored solutions is based on two laws, known as Lambert's law and Beer's 

law (29). Both laws are applicable to absorption of monochromatic light 

through perfectly molecularly dispersed solutions* Lambert's law states 

that light absorbed by a substance is independent of the intensity of the 

light. This may be stated mathematically as. 

Where I.j. is the intensity of light transmitted through a solution of thick­

ness 1, IQ is the intensity of light on the solution, and a is a constant. 
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Table 1. Concentration of Dyebath Calculated 
from Per Gent Transmission of 

Diluted Dyebath Sample 

Actual 
Concentration 
of Diluted 

Dye Sample 
(grams/liter) 

Concentration Concentration 
of Diluted of Original Dye-

Per Cent Sample Computed bath before 
Transmission from (T),(D) &. (K) Dilution 

(T) (grams/liter) (grams/liter) 

Actual Calculated 

Pontamine 
Fast 
Yellow RL 0.119 56.0 0.135 O.Shh 0.678 

Pontamine 
Fast 
Orange EGL 0,113 52 .ii 0.126 0.565 0.630 

Pontamine 
Blue ,AX 
Cone. 0.111 32.0 0.119 0.555 0.59I1 
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Beer's law s ta tes that the absorption of l igh t i n the colored solution i s 

proportional to the number of molecules of absorbing substance through 

which the l igh t passes . This is expressed mathematically a s , 

l y = I Q ^"^^ ^^^ 

where B is a constant and C is the concentration of the colored substance. 

The two laws can be combined. 

IT = lo e"^^^ (3) 

where K is the Absorbancj Index Constant. 

The spectrophotometer is constructed so that the intensity of light 

passing through a dye solution in a glass cell can be compaired photo-

electrically with the light passing through a similar cell containing a 

standard solution such as water. The light is dispersed into a spectrum 

m t h a diffraction prism and a narrow band of wavelength isolated for 

transmission. In the colorimeter, color filters are used instead of an 

expensive prism to render light approximately-monochromatic. The colori­

meter is calibrated to read directly the percentage transmission of the 

dye sample as compared with the standard water sample. 

Transmission, 

I 
T = ~1 X 100 ik) 

o 

The transmission of a solut ion i s not especial ly convenient i n estimating 

concentration of dyes as i t does not rary l i nea r ly with concentration, as 

does optical density (28) . The opt ica l densi ty of a so lu t ion i s defined 

by the equations 
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D = loĝ o j£ = loĝ o T ^ (5) 

This equation can be combined with (3) to give^ 

D = KCl (6) 

where D i s the opt ica l density of the so lu t ion , K i s the absorbancj index 

constant , C i s the concentration of the solut ion i n grans per H t e r , and 

1 i s the thickness of the solu t ion i n centimeters* 

The T a l i d i t j of Beer^s law has been questioned hy ma.i^ observers; 

pa r t i cu l a r ly when working with the colorimeter with color f i l t e r s , i t was 

found t h a t a l inear r e l a t ion between concentration and opt ica l densi ty 

did not always occur. Yickerstaff (29) s t a t es tha t the apparent d i s ­

crepancy i s not due t o a breakdown of Beer^s law but to a fundamental 

e r ror of the instrument i n not using monochromatic l i g h t . 

Formula (^) i s the one normally used with a colorimeter or spectro-

photometerj when densi ty i s plot ted against concentration i t should yield 

a s t r a igh t l ine« This i s possible , as mentioned before, only with mono­

chromatic l igh t through a dye i n perfect ly molecular so lu t ion . In th i s 

experiment nei ther condition was poss ib le . The colorimeter uses a f i l a ­

ment white l ight source which i s transmitted through f i l t e r s which can 

only reduce the l i gh t t o a band t h i r t y millimicrons wide, instead of t rue 

monochromatic l i g h t . The dyes were not tes ted for molecular dispersion 

but as some dyes are kna?m to aggregate th is may have introduced addi t ional 

e r r o r . 

In view of these known errors in colorimetry i t was expected tha t 

the dyes might depart somewhat from Beer*s law. In t r i a l runs with 
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precise ly controlled very dilnbe concentrations of dye^ i t was found tha t 

when densi ty obtained from formula (5) was plot ted against concentration 

the resu l t ing l ine was not s t r a igh t but s l i g h t l y curved for each dye. As 

the l ine thus generated by optical density and concentration was f a i r l y 

close t o being a s t r a igh t l ine i t was concluied the dye solutions were 

measurable, that i s the solutions f ollov?ed Beer^s law closely enough to 

be i n accord with Vickerstaff (30) who s t a t e s the opt ical density of a 

solut ion i s d i r e c t l y proportional to i t s concentration if the thickness 

of a solut ion i s constant . He advocates computing the constant K for 

each dye as the most convenient method of determining concentration of 

dye samples• 

As a t r i a l the absorbancy index (K) was computed for each t r a n s ­

mission reading of each concentration previously noted* This was done by 

rewrit ing formula (6) to 

K = D/Cl (7) 

•̂ IThere D i s opt ica l densi ty as computed from formula (^) , C i s known p re ­

pared concentration i n grams per l i t e r , and 1 i s width of c e l l which i s 

one centimeter. The absorbancy index was averaged for each dye, and dye, 

buffer , s a l t combination. The r e su l t s are shown i n Tables 12-36, The 

absorbancy index was found qui te constant for the blue dye, f a i r l y constant 

for the orange, and quite variable for the yellow dye. 

By using the ncm kixmn absorbancy index (K) for each dye solut ion 

the concentration of each sample was computed d i r e c t l y by using formula 

(6) rewri t ten a s , 

G B D/Kl (8) 
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By checking several dje runs and obtaining the concentration hj referr ing 

to cimres plot ted from formulas (I|) and (5) , and by obtaining the con­

centra t ion of the same samples by computing d i r e c t l y from foimula (8 ) , 

i t was found tha t a l l three methods gave r e l a t i ve ly s imilar r e su l t s* I t 

i s questionable as t o which method i s the most accurate but i t can be 

noted t h a t a l l three are simply d i f ferent presentations of the same 

basic transmission versus knoififn concentration d a t a . 

I t was decided tha t the formiila (8) method of computing concentra­

t ions from sample transmission readings would be used i n t h i s i nves t iga t ion . 

The formula (8) method could not be used i f the absorption index 

constant (K) was not constant for each concentrat ion. For instance with 

the Pont amine Fast Orange EGL dye each K i s r e l a t i v e l y the same for a 

pa r t i cu la r dye-sal t conibination. The same i s t rue with the K's determin­

ed for Pontamine Blue AX cone. By using an average K the formula method 

gives p r ac t i c a l l y the same r e s u l t as the graphical method. The lellow 

absorption "constants" (K) are not constant . They vary from 1$ t o 22.3 

on the same tab le of dye-sa l t combination. Without a f a i r l y constant K 

the formula cannot be used, even i f an average constant is found, as t h i s 

indicates a non-linear re la t ionship between density and concentration. 

In the case of the yellcm dye the formula (8) should not be used. 

Vickerstaff (31) s t a t e s t h a t even when precautions are taken to 

eliminate errors by using monochromatic l igh t a departure from Beer 's law 

may s t i l l be possible due t o a change in the condition of the dye con­

cent ra t ion . This change i s generally because of a change in aggregation 

of the molecules of the dye. He s t a t e s t ha t several inves t iga tors have 

found some very marked tendencies by d i rec t dyes t o change from single 
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molecules a t low concentrations to double molecules a t higher concentra­

t i o n s . He fotmd that the maximum absorption po in t s , as obtained from 

wavelength versus transmission, of some d i r ec t dyes did not remain at a 

constant wavelength, with varying concentrations, but moved towards laver 

wavelengths with increasing concentrations» 

From th i s i t may be assuned t h a t even though a s t r a i g h t l ine r e l a ­

t ionship between optical densi ty and concentration was found for a d i lu t e 

sample, th i s re la t ionship m ^ not hdld for a more concentrated dyebath. 

In th i s experiment by using a d i lu te sample and multiplying the concen­

t r a t i o n obtained by the d i lu t i on fac to r , the ac tua l dyebath concentration 

was obviously not obtained. Because of this i t i s thought tha t d i lu t e 

samples are not always re la ted t o concentrated samples and the method 

used was wrong, 1 

In a concentrated solut ion (0.5 g / l ) the yellow dye i s very red | 

when d i lu ted so i t can be read on the colorimeter (0,03 g / l ) , i t i s pale 

yellov?. This change i n color alone would indicate d i f ferent opt ica l pro­

p e r t i e s , and t ha t the d i lu ted solut ion readings would not necessar i ly give 

the actual concentrat ions. The same color change occurs when the orange 

dye solution i s d i l u t e d . The blue dye stays blue a t a l l concentrations 

which would indicate at l e a s t a constant opt ical proper ty . I t i s noted 

that the blue dye gave the bes t resi i l ts on the colorimeter . 

As the colorimeter can not read concentrated dyebath solutions with 

the normal c e l l ava i lab le , the samples had to be d i l u t e d . I t now appears 

that t h i s d i lu t ion was the source of e r r o r . Dilution can only be done i f 

there i s no aggregation or other change of the solut ion a t high concentra­

t i o n s . By using di luted samples which apparently follow Beer^s law, i t 
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could not be proven the moi^ concentrated dyebath samples a lso follow 

Beer 's law# In th is case aggregation was not determined but the r e su l t s 

indica te the p o s s i b i l i t y . Stearns (32) recommends, when using the spectro­

photometer i n analyzing d i rec t dyes, t he use of polyethylene oxide con­

densate together with a pH of 7 (neutral) in the dyebath to prevent aggre­

ga t ion . 

An intensive review of the colorimetry l i t e r a t u r e did not reveal 

a speci f ic reference tha t i t was appropriate to use di luted sample solu­

t ions for colorimeter readings . Mellon (33) did s t a t e tha t in quantiat ive 

analysis with the spectrophotometer, d i lu t ion of the sample must sometime 

be done. He s t a t e s tha t the re must be no change i n aggregation with 

d i f ferent concentrations, and the solut ion rmmt follow Beer 's laws The 

method may introduce error due t o measuring d i lu t ions , but the error 

should not be p roh ib i t i ve . 

I t would seem the answer to the question i s i n being able t o measure 

the per cent transmission of lighfc through a actual undiluted dyebath sam­

p l e . This cannot be done with the present colorimeter using a one c e n t i ­

meter wide cuvette fo r holding the dye so lu t ion . By using a very narrow 

cuvette or a very narrow c e l l on the spectrophotometer the undiluted dye­

bath solution could possibly be measured. This would allow the preparation 

of actual concentration versus per cent transmission or density curves and 

t h e i r actual re la t ionship could be deteimned without involving d i lu t ion 

or aggregation e r r o r s , provided, of course, polyethylene oxide condensate, 

or some similar compound was used to prevent aggregation* 

The Calco Division of the American Cyanamid Company, Bound Brook_̂  

New Jersey has developed a special instrument, the Dyeometer, which measures 
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accurately dyebath concentrations. As described by Kienle i3h) the Dyeo-

meter consists of two units, the dyebath chamber, and the cell measiiring 

unit. A sample of, the dyebath is continuously put through the cell unito 

The cell unit is a special glass unit constructed to allov? photoelectric 

measurement of the dye solution. A spectrophotometer is used to actually 

measure the concentration in tlB cell unit. The dyebath of any concentra­

tion can be measured directly, without dilution, by using several specially 

made interchangeable cell units of different thicknesses. The cell widths 

vary from one to ten millimeters in width« 

Simon (35) similarly found that dyebaths coiild be measured in con­

centrated form with a spectrophotometer by putting the dye solution through 

a special absorption cell that can be varied in thicknesso He found that 

dyebaths of most common dyes could be measured in this cell which can be 

adjusted from less than one millimeter to eleven millimeters in thicknesso 

Both Kienle and Simon found good correlation with dyebath exhaustion 

determined with their special equipment, and dyebath exhaustion data ob­

tained from actual productions runs in Industiy. 

rt would seem that special narrow cells of one millimeter to ten 

millimeters would have to be used with the colorimeter in order to actually 

measure concentrated dyebath solutions. 

It must be concluded that the principle of diluting the dyebath to 

obtain colorimeter readings with a 10 millimeter cell, as was done in this 

work, gives inaccurate results. 

Dyeing Results«i~~For this work it was desired to use direct cotton dyes 

which are used a great deal in dyeing cellulose today. The dyes were 
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chosen because of t h e i r popular i ty , and because they represent a dye for 

each level ing class» I t was f e l t t ha t i f an already popular dye which 

gave good r e su l t s a t normal temperature also gave good resu l t s when 

applied i n less time a t high temperature, then the app l i cab i l i ty of the 

new method would be more convincingly demonstrated. The dyes used are 

l i s t e d i n Table 5, with t h e i r p r o p e r t i e s . 

I t was hoped that the dyes would not be stable a t high temperatures 

i n order t ha t a determination of the effect of buffer control of the pH 

of the dyebath i n re tarding breakdown of the dye could be ascertained© 

By p lo t t ing curves of per cent transmission versus wavelength from each 

of the heat s t a b i l i t y tables (which immediately follcm t h e i r respect ive 

dye run data tables) i t can be seen tha t the curve for the beginning and 

the curve for the end of the dye ran are s imi l a r . This ind ica tes tlmto, 

m t h i n the l imi ta t ions of the colorimeter, the dyes were s t ab le fcjr each 

high temperature run . The action of the various buffers used to give 

a lka l ine , neu t ra l , and acid dyebaths therefore had no demonstrable effect 

on the heat s t a b i l i t y of these pa r t i cu la r dyes» 

By v isua l inspection of the dyed yarns i t was determined that the 

addition of a buffer with high temperature did give the orange dyed yam 

a br ighter shade. L i t t l e effect of the buffers was noticed on the shade 

of yellow and blue dyed y a m s . 

I t was pa r t i cu l a r l y noted t h a t a l l the buffers used imparted a 

s l i g h t l y be t t e r l igh t - fas tness t o a l l th ree dyes. 

The buffers did affect the exhaustion of the bathso The ammonium 

sulphate and ammonium phosphate buffers , with high temperature especially^ 

increased the overal l dyebath exhaustion as compared to the exhaustion 
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made l i t t l e difference i n the high temperature exhaustions. 

The temperature did affect the exhaustions as was expected<, The 

high temperature alone with Pontamine Fast Orange EGL lowered the exhaus--

t ion s l i g h t l y as compared with normal temperature dyeing. However, when 

a buffer was added to the orange dye the exhaustion was increasedo For 

instance high temperature alone gave an exhaustion of 1̂ 1 per cent | when 

ammonium sulphate was used ¥d.th high temperature the exhaustion increased 

to 6lo5 per cen t . The high temperature alone raised the exhaustion of 

Pontamine Blue AX eleven per cent over normal temperatures^ and when a 

buffer was added the exhaustion was increased s l i g h t l y mare o The actual 

exhaustions for each dye, and dye buffer combination, are summarized in 

Tables 2 through li© 

The normal dye runs were of for ty minutes durat ion. The high tem­

perature dye runs were of s ix ty minutes durat ion, which included ten 

minutes a t 250** F«, and f i f teen rainxites a t 190** F . for sa l t ings The r e s t 

of the s ix ty minutes was required to ra i se and lower the temperaturej, and 

i f t h i s time could be shortened, although i t probably would not affect the 

dyeing, i t would speed the app l ica t ion . On the package dyeing machine 

used, the high temperature applicat ion did take longer because of the time 

required to a t t a in high tenpera ture . 

As the Pontamine Blue AX gave b e t t e r exhalations when applied at 

high temperature and appeared a more leve l and deeper shade on the yarnc, 

i t would seem logica l tha t high temperature i s most applicable to the 

Class Cj, temperature contro l lable , hard to level t3rpe d i rec t dyeso 



Table 2 . Comparison of Dyebath Exha-ustions 
for Pontamine Fast lellotfir RL 

la 

Type Ram 

Average 
Dyebath 
Per Gent 
Exhaustion 

Average Time 
of Dye Runs 
in Ĵ Îinutes 

Change in Time 
from Normal 
in Minutes 

Per Cent ^ 
r' Change 
in Exhaustion 
from Normal 

Normal Temp 30.3 1̂0 , 

High Tenpo 
with salt 
only 9.h7 85 Ii5 More 20^8 Less 

High Tempe 
with pH 
(7o5) 13»7 85 U5 More 16„6 Less 

High Tempo 
pH (6eO) 27 »̂  16 $ More 2«8 Less 

High Temp, 
pH (8,5) 19 oO 60 20 More ss 



h2 

Table 3* Comparison of DyBbath Exhaiistions 
for Pontamine Fast Orange EGL 

Type Run 

Average 
Dyebath 
Per Cent 
Exhaust ion 

Average Time 
of Dye Runs 
i n l i n u t e s 

Change i n Time 
from Normal 
i n Minutes 

Per Cent 
Change 
i n Exhaust ion 
from Normal 

Noma l Temp 
Dyeing ki.o 35 

High Temp0 
Dyeing, s a l t 
only h^03 a5 50 More 1.7 less 

High Tenip# 
pH (7-5) 61.5 ^^ 20 More lU.5 More 

High Temp, 
pH (8.5) 50.8 57 22 More 2.2 More 

High Tenip. 
pH (6 .0 ) 53.8 58 23 More 6 .8 More 
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Table km Comparison of Dyebath Exhaustions 
for Pontamine Blue AX Cone. 

Average Per Cent 
Dyebath 
Per Cent 

Average 
of Dye ] 

Time 
Runs 

Change in Time 
from Nonnal 

Change 
in Exhaustion 

Type Run Exhaustion in Minutes in Minutes from Normal 

Normal Temp 
Dyeing 63.9 li5 

High Temp# 
salt only 7^.0 83 3$ More 11.1 More 

High Temp, 
pH (7.8) 76.3 60 1^ More 12.1; More 

High Temp. 
pH (9.8) 66.9 65 20 More 3.0 More 

High Temp. 
pH (6.0) 76.1 67 22 More 12.2 More 
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As the Pontaraine Fast Orange gave miach b e t t e r exhaustions, and 

br ightness , when high tenperature and a biiffer was -used i t would seem tha t 

the b-uffer i s most applicable t o the Class B or s a l t - con t ro l l ab le leveling 

type d i r ec t dye, 

laght-Fastness Results«—All of the dyes faded within for ty hours i n the 

Fade-Ometer* The Pontamine Fast Orange EGL faded j u s t s l i g h t l y a t forty-

hours, and was s t i l l only s l i g h t l y affected after eighty hours i n the 

Fade-Ometer, The Pontamine Fast Yellow RL faded jus t appreciably i n 

twenty hours, but was considerably deter iorated a f t e r forty hours . The 

Pontaraine Blue AX was not l i gh t f a s t . I t faded jiast appreciably within 

five hours, and was grea t ly deter iorated a f te r twenty hours . 

The low temperature applied c^es and the high temperature applied 

dyes faded jus t appreciably at the same time, and therefore must be given 

the same l igh t - fas tness c l a s s i f i c a t i o n . I t was noted however tha t the 

high temperature applied dyes were subject to less de te r io ra t ion overal l 

when exposed up to eighty hours. Thus i t can be s ta ted tha t the l i gh t 

fastness was s l i g h t l y improved by high temperature for the orange and 

blue dye espec ia l ly . This improvement i s probably not the r e su l t of a 

b e t t e r chemical r es i s t ance , but due to b e t t e r diffusion of dye in to the 

f i b e r s , and more dye on the yarn, 

Wash-Fastness Results,—All of the dyes and various dye buffer combinations 

bled onto the white cotton backing sewn to the tes ted yarn sample during 

the wash-fast t e s t . Direct dyes are not notably wash-fast without a f t e r 

treatment, and the high temperature, or buffers , did not improve the 

wash-fastness of the three dyes used. 
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Yarn Strength Test.-—The overal l average strength of the yarn before dye­

ing was 1.2ii8 pounds. The overal l s t rength of the dyed yarns was 1.193 

pounds, a s l igh t decrease. This loss in strength was j u s t as applicable 

to the high temperature samples as to the normal temperature samples of 

yarn . I t i s therefore s ta ted tha t high tanperature applicat ion of dyes 

has no s ignif icant effect on the strength of the y a m . 



CHAPTER VI 

CONCLUSIONS 

The remarks which follow are applicable only to the three d i r ec t 

cotton dyes used i n th i s investigation^ One direct dye representing a 

leveling class can not be considered to ref lect the general characteris­

t i c s of the entire c la s s . At best the results of t h i s inves t iga t ion can 

be ccmipared m t h the resu l t s of other invest igat ions for an indica t ion 

of how the remainder of the dyes i n each class might reac t to high tem­

perature appl ica t ion . 

High temperatures can be used to apply these three dyes success­

f u l l y . The dyeings were as good i n ^very way, and s l i gh t l y superior i n 

l igh t fas tness , as the normal temperature applied cfyeings. There was no 

s ignif icant loss i n s t rength of the yam, or loss of shade of the dye 

color , when high temperature appl icat ion was used. 

Whether the high temperature method i s economical, or necessary to 

get the best possible appl ica t ion, must s t i l l be determined. With an 

e f f i c i en t dyeing machine the time of high temperature applicat ion could 

be reduced below the time required for dyeing at the b o i l , but t h i s saving 

i n time would be small and would not seem to ju s t i fy the added expense from 

e i the r an economic or a technical standpoint . 

The r e su l t s of th is experiment do not indica te a s ign i f icant im­

provement i n the high tenperature applied <^es invest igated to warrant 

recommendation of the method. The Glass C dye used gave be t t e r exhaustions 
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m t h high temperature, and t h i s indicates the Class C, or temperature con­

t r o l l a b l e hard t o leve l dyes, are benefited by the high temperature tech­

nique more than Class A or B d i r ec t dyes. Whatever improvement may be 

gained by using h i ^ temperature application of d i r ec t dyes on cotton 

would seem to be with the Class C dyes onlyo 

The d i f f i c u l t i e s experienced i n measuring dyebath concentration 

were the r e su l t of inadequate information on the subject of colorimetry 

of dyebath solutions* The er rors noted may have been made i n other dye-

bath measurements by other inves t iga tors • I f d i lu ted samples of the dye­

bath are used for colorimetric l i gh t transmission measurements, t h i s fact 

should be s ta ted i n a l l published a r t i c l e s , as d i lu t ion has a d i r ec t bea r ­

ing on the accuracy of the measurement • 

When a d i r ec t dye i s s table a t high temperatures the use of a buffer 

to control the pH i s apparently not necessary. 

Even though high temperatures may give greater diffusion and l e v e l ­

ing the most powerful dyeing a s s i s t an t for d i r ec t dyes i s s a l t . In a l l 

dye runs , except the yellow, veiy l i t t l e dye was put on the f iber with 

temperature u n t i l the dyebath was s a l t ed . In fac t high temperature i n a l l 

cases actual ly reduced the amount of dye on the y a m , and the yarn was not 

r ea l ly dysd u n t i l the bath was cooled and s a l t added. 
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CHAPTER TTT 

RECO!f!E"MDATrONS 

Only three d i rec t djBs were tes ted i n t h i s work as t o heat s t a b i l i t y 

and exhaustion a t high temperatures« Tt has been shown tha t these djes 

can be applied a t high teniperattire without dyestuff breakdown^ or color 

change. In order to get a complete pictiire^ and before the dyeingr i n ­

dustry can ac tua l ly r ea l i se any possible benef i t s , each d i rec t dye must 

be tes ted for heat s t a b i l i t y * This can best be done by the dyestuff 

manufacturers o 

Tt was found t h a t the buffers used imparted t o the dyes a b e t t e r 

res is tance to ©"yerall fadings Tt wag also found tha t the buffers i n ccmh-

binat ion with high tenperature gave b e t t e r exhaustions to the Class B or 

sa l t - con t ro l l ab le level ing type d i r e c t dye used© The r o l e of the buffers 

i n giving these r e su l t s should be investigated« 

A more thorough study of colorimetry as applicable to dye solut ions 

should be made* All of the dyes should be tes ted for aggregation and 

color differences a t varying concentrationse The r e s u l t s of these i n ­

vest igat ions should be published together with the most p rac t i ca l and 

accurate method of measuring dye solut ion concentrations with standard 

equipiaenbe 

Unti l the above en^ i r i ca l knowledge i s obtained^ the d3nsing i n ­

dustry w i l l not be able t o determine whether any materi.al benef i t i s t o be 

gained from the use of high temperatures i n appl3ring d i rec t dyes to cotton* 
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APPENDIX 



Table ^. last of Dyes Used 

Mamifacturer: E, I. du Pont de Nemours and Company, Inc 

^0 

Light Wash Solubility 
Fastness Fastness in 

Direct Cotton Dye Rating Rating Water 

Class A 
Pontamine Fast Yellow RL ?ery Sol. 
best affinity 120" F., Hot or 
pr. ̂ 82 k 5 Cold 

Class B 
Pontamine Fast Orange EGL 7ery Sol. 
best affinity 160" F,, Hot or 
pr. 72 k 5 Cold 

Class C 
' 

Pontamine Blue KK. Cone. Moderately 
best affinity 190* F., Sol. ~ Hot 
c.r. ̂ 02 1 ^ or Cold 



Table 6 , Yam Nmber of Scotireci, 
Undyed Cotton Yarn 

51 

Sample 
Hiiniber 

Weight i n Grains 
of 120 Yards 

Yarn 
Number 

1 
2 
3 
k 

6 
7 
8 
9 

10 
11 
12 
13 
II* 
IS 
16 
17 
18 
19 
20 
21 
22 
23 

61.5 
63.8 
6k.O 
6U6 
63.9 
6 l* l 
59.9 
62 .U 
68.1 
6^.6 
63.2 
59.8 
6l.lt 
62.8 
68.6 
6^.h 
63.7 
6U,1 
63.5 
59.7 
68.2 
6l.lj . 
60,3 

16.25 
15.68 
15.62 
16.21; 
15.65 
16.37 
16.70 
16.05 
Ik.69 
15.22 
15.80 
16.70 
16.27 
15.91 
lU.59 
15.28 
15.69 
15.60 
15.75 
16.77 
lU.67 
16.28 
16.59 

Total 
Average 

361^.73 
15.85 

6l.lt


Table 7 . Twist of Scoured, Undyed 
Cotton Yarn i n Turns per Inch 

Direction of Twist: "Z" 

52 

Sample 
Number 

Turns 
per Inch 

1 
2 
3 
k 

6 
7 
8 
9 

10 
11 
12 
13 
Ik 
15 
16 
17 
18 
19 
20 
21 
22 
23 

17.5 
18.2 
19.78 
16.8 
18.2 
16.5 
17.5 
19.6 
18.9 
19.7 
18.55 
16.5 
18.8 

n.k 
18.1 
19.8 
18.5 
17.7 
17.6 
18.U5 
18.55 
17.9 
16.9 Total 

Average 
iil8.03 

18.17 
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Table 8, Single Strand Breaking Strength 
of Scoured, Undyed Cotton Yarn 

Sample 
Number 

Strength 
(poimds ) 
(average of 3 breaks) 

1 
2 
3 
k 
5 
6 
7 
8 
9 

10 
11 
12 
13 
111 
15 
16 
17 
18 
19 
20 
21 
22 
23 

X*4cc 

1.20 
1.31; 
1.25 
1.21 
1*15 
1.22 
1.18 
1.38 
1.25 
1.26 
1.09 
1.26 
1.19 
1.55 
1.38 
l . lU 
1.31^ 
1.18 
1.20 
1.27 
1.2ii 
1.18 

Total 
Average 

28.68 
1.214 
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Table 9. l i gh t Absorption Percentages 
for Pontamne Fast Yellow RL 

5U 

Percentage Percentage 
Value of Tr ansnd s s i on of Trans mi ss i on Ab s orpti on 
Monochromatic F i l t e r Color of Light of l i g h t 

(millimicrons) 

390 Violet 31 69 
h2D Blue ItO.6 ^9^h 
khO Blue 5l. i t ii8.6 
h6S Blue 67*k 32.6 
k90 Green 83.7 16.3 
5l5 Green 88.6 11 .It 
550 Green 99.0 1.0 
575 Aniber 99.3 .7 
^9^ Orange 99 »6 .k 
620 Red 100 0 
6iiO Red 99.6 .it 
660 Red 99.6 .h 

Composition of Solution: 

1 gram of dye 
8 grams of sodium chloride 
Sufficient tap water to make one 
liter of solution 

The above solution was then diluted to yield a concentration of ,03 gram 
of dye per liter of solution. 

5l.it
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Table 10, l i g h t Absorption Percentages 
for Pont amine Fast Orange EGL 

Percentage Percentage 
Value of Transmission of Transmission Absorption 
Monochromatic F i l t e r Color of Light of l i g h t 

(milliraic] pons) 

390 ¥ io le t 20.5 79.5 
1̂ 20 Blue 20.2 79.8 
l|.i|0 Blue 25.0 75.0 
h^S Blue liO.8 59.2 
\x90 Green 58.0 1|2.0 
515 Green 76.6 23 .ii 
550 Green 97.1 2.9 
575 Amber 99.0 1.0 
^9^ Orange 99.\x .6 
620 Red 99.9 . 1 
0x0 Red 99.9 .1 
660 Red 99.9 .1 

Composition of Solution: 

1 gram dye 
8 grains sodium chloride 
Sufficient t ^ water to make one 

l i t e r of so lu t ion 

The above solut ion was then d i lu ted to yield a concentration of .03 grains 
of dye per l i t e r of so lu t ion . 



Table 1 1 , Mght Absorption Percentages 
for Pontamine Blue AX Cone. 

S6 

Percentage Percentage 
Value of Transmission of Transmission Absorption 
Monochromatic F i l t e r Color of l i gh t of Light 

(millimic rons) 

390 Violet 61.9 39.1 
U20 Blue 60.1* 39.6 , 
hho Blue 59.0 ia.o 
h6^ Blue S5.5 kk.S 
k90 Green 30.5 69.S 
Sis Green 21.1 78.9 
550 Green S.6 9hM 
575 Amber 9.6 90.h 
S9S Orange 12.7 87.3 
620 Red 20.6 79*it 
61iO Red 37.1 62.9 
660 Red iiU.il SS.6 

Composition of Solution: 

1 grams of dye 
8 grams of sodiimi chloride 
Sufficient tap water to make one 

l i t e r of so lu t ion 

The above solution was then di lu ted t o yield a concentration of .03 gram 
of dye per l i t e r of so lu t ion . 

iiU.il
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Table 12. Light Transmission for 
Pontamine Fast Yellow RL 

57 

C one e n t r at i on Per Cent Optical Absorbancy 
of Bye Transmission Density Index 
(grams/liter) 

(c) (T) (D) (K) 

0.03 22.0 0.658 21.9 
0.02^ 28.3 0.5I1.8 21.9 
0.02 36.7 0.lt35 21.8 
0.015 5I4.U 0.26ii 21.8 
0.01 63 .ii- 0.198 19.8 
0.005 83.2 0.080 16.0 

Total K 107.2 
Average K 17.85 

Composition of Solution: 

1 gram of dje 
8 grams sodiiam chloride 
Sufficient tap water to make one 
liter of solution 

The above solution was then diluted to yield the working concentrations 
listed above. 

Monochromatic Filter Used in Colorimeter: 

Yiolet 390 millimicrons 

Scale ratio used on Colorimeter • 

15 Galvanometer Gradimtions to 
10 Transmission Dial Gradmtlons 

Summary of computationr 

100 D s log^g =Y^, formula (5) 

K = ^ , formula (7) 

D and K are pure nuiitoers, without u n i t s . 
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Table 13 , Light Transmission far 
Pontaiiine Fast lelloflr Rl 

Concentration Per Cent Optical Absorbancy 
of Dye Transmission Density Index 
(grams/ l i te r ) 

(c) (T) (D) (K) 

0.03 2li.5 0.611 20.U 
0.025 28*2 0.550 22.0 
0.02 38.it 0.i |l6 20.8 
0.015 56.3 0.250 16.75 
0.01 65.8 0.181 18.1 
0.005 82.7 0.083 16.55 

Total K III1..60 
Average K 19.10 

Composition of Solution: 

1 gram of d.jQ 
2 grams aTumonitim sulphate 
Sufficient tap water t o make one 

l i t e r of so lu t ion 

The above solut ion was then di luted to yield the concentrations l i s t e d 
above• 

Monochromatic F i l t e r Used i n Colorimeter: 

Violet 390 miUiffiicrons 

Scale r a t i o used on ColorinBters 

15 Galvanometer Graduations t o 
10 Transmission Dial Graduations 

38.it


Table lij., l i g h t Transmission for 
Pontaraine Fast Yelloiftr RL 

^9 

Concentration Per Cent Optical Absorbancy 
of Dye Transmission Density Index 
(grams/ l i te r ) 

(c) (T) (D) (K) 

0.03 25.7 0.590 19.65 
0.025 27.1 0.567 23.05 
0.02 -^ss 0.I450 22.50 
0.015 51;.2 0.266 17.71 
0.01 66.7 0.176 17.60 
0.005 87.7 0.056 11.2 

Total K 111.71 
Average K 18.62 

Composition of Solution: 

1 gram of dye 
2 grains of sodium acetate 
Sufficient tap ifater to give one 

l i t e r of solut ion 

The above solution was then d i lu ted t o give the concentrations l i s t e d 
above. 

Monochromatic F i l t e r Used i n Colorimeter: 

Yiolet 390 millimicrons 

Scale r a t i o used on Colorimeters 

15 Galvanometer Graduations t o 
10 Transmission Dial Graduations 
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Table l5. light Transmission for 
Pontamine Fast Yellow RL 

Concentration 
of Dye 
(grams/liter) 

(c) 

Per Cent 
Transmission 

(T) 

Optical 
Density 

(D) 

Absorbancy 
Index 

(K) 

0.03 
0.025 
0.02 
0.015 
0.01 
0.005 

21.5 
32.2 
3l;.2 
56,0 
6k.7 
81i.l 

0.668 22.30 
0.U92 19.70 
O.U65 23.22 
0.252 16.81 
0,189 18.90 
0.075 15.00 

100.93 
18.60 

Total K 
Average K 

Composition of Solution: 

1 gram of dye 
2 grams of aramonium phosphate 
Siifflcient water t o give one 
liter of solution 

The above solution was then diluted to give concentrations listed above. 

Monochromatic Filter Used in Colorimeter: 

Violet 390 millimicrons 

Scale ratio used on Colorimeter: 

15 Galvanometer Graduations to 
10 Transmission Dial Graduations 



#*^ 
61 

Table l 6 . l i g h t Transniission for 
Pontamine Fast Yellow RL 

Concentration Per Cent Optical Absorbancy 
of Dye Transmission Density Index 
(grams/ l i ter ) 

(c) (T) (D) (K) 

0.03 27.9 0.555 18.50 
0,025 33.0 o.USi 19.25 
0.02 36.6 0.ii39 20.95 
0.015 56.8 0.2lt6 16.1^0 
0.01 66.8 0.175 17.50 
0.005 81i.5 0.073 2h.6^ 

Total K 92.6 
Average K 18.52 

Composition of Solution: 

1 gram of dye 
Sufficient tap water to make one 
liter of solution 

The above solution was then diluted to give concentrations listed above. 

Monochromatic Filter Used in Colorimeter: 

Violet 390 millimicrons 

Scale ratio used on Colorimeter: 

15 Galvanometer Graduations to 
10 Transmission Dial Graduations 
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Table 17• l i gh t Transmission for 
Pontamine Fast Yellow RL 

Concentration Per Cent Optical Absorbancy 
of Bye Transmission Density Index 
(grams/ l i te r ) 

(c) (T) (D) (K) 

0.030 22.8 0.6U2 21.21 
0.025 30.5 0.516 20,65 
0.020 li5.6 0.3U2 17.20 
0,015 58.2 0.235 15.65 
0.010 69.1 0.160 16,00 
0.005 83.6 0.079 15.80 

Total K 106.51 
Average K 17.75 

Composition of Solution: 

1 gram of dye 
2 grams ammoni-um sulphate 
8 grams sodium chloride 
Sufficient tap water to make one 
liter of solution 

The above solution was then diluted to give concentrations listed above. 

Monochromatic Filter Used in Colorimeter: 

Violet 390 millimicrons 

Scale ratio used on Colorimeters 

15 Galvanometer Graduations to 
10 Transmission Dial Graduations 



Table 18• l i g h t Transmission for 
Pont amine Fast Yellov? RL 
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Concentration Per Cent Optical Absorbancy 
of Dye Transmission Density Index 
(grams/ l i te r ) 

(c) (T) (D) (K) 

0.030 23 .li 0.631 21.02 
0.02^ 27.8 0.559 22.35 
0.020 39*5 O.ltOlt 20.20 
0.015 5B.1 0.236 15.75 
0.010 66.lt 0.178 17.80 
0.005 82.8 0.082 I6.it0 

Total K 113.52 
Average K 18.92 

Composition of Solution: 

1 gram of dye 
2 grams sodi\jm acetate 
8 grams sodium chloride 
Sufficient tap water to make one 
liter of solution 

The above solution was then diluted to give dye concentrations listed 
above. 

Monochromatic Filter Used in Colorimeter: 

Violet 390 mini microns 

Scale ratio used on Colorimeters 

15 Galvanometer Graduations to 
10 Transmission Dial Graduations 

66.lt


Table 19• light Transmission for 
Pont amine Fast Yellow RL 

6h 

C one e n t r a t i on Pe r Cent Op t i ca l Absorbancy 
of Dye Transmission Dens i ty Index 
( g r a m s / l i t e r ) 

(c) (T) (D) (K) 

0.030 22.0 0.658 21.95 
0.02^ 26.7 0.57U 22.95 
0.020 36.5 0.ii38 21.90 
0.015 51 •! 0.291 19 .U2 
0.010 67.0 0.17U 17.ho 
0.005 82.1^ O.O8I1 16.80 

T o t a l K 120.!i2 
Average K 20.02 

Composition of Solution: 

1 gram of dye 
2 grams of ammoniiim phosphate 
8 grams of sodium chloride 
Sufficient tap water to make one 
liter of solution 

The above solution was then diluted to give dye concentrations listed 
above • 

Monochromatic Filter Used in Colorimeter: 

Violet 390 millimicrons 

Scale ratio used on Colorimeters 

15 Galvanometer Graduations to 
10 Transmission Dial Graduations 
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Table 20. light Transmission for 
Pontamine Fast Orange EGL 

Concentration Per Cent Optical Absorbancy 
of Dye Transmission Density TndejL 
(grams/ l i te r ) 

(c) (T) (D) (K) 

.03 20.2 0.69S 23.19 
•025 27.2 0.566 22.61 
•02 3ii . l o.ii55 22.75 
.015 he.^ 0.333 22.15 
.01 59.0 0.229 22.90 
.005 77.2 0.113 22.60 

Total K 136.20 
Average K 22.70 

Composition of Solution: 

1 gram of dye 
8 grams of sodiiM chloride 
Sufficient tap water to make one 
liter of solution 

The above solution was then diluted to yield the working concentrations 
listed above. 

Monochromatic Filter Used in Colorimeters 

Blue i|20 millimicrons 

Scale ratio used on Colorimeter: 

15 Galvanometer Graduations to 
10 Transmission Dial Graduations 

'.liPlllMiiillllillM 
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Table 21» Idght Transmission for 
Pontamine Fast Orange EGL 

Concentration Per^Oeiit Optical Absorbancy 
of Dye Transmission Density Index 
(grams/ l i ter ) 

(c) (T) (D) (K) 

0.030 19.7 0.706 23.50 
0.025 26.0 0.585 23 .Uo 
0.020 33.^ 0.I475 23.75 
0.015 51.U 0.289 19.25 
0.010 59.8 0.223 22.30 
0.005 77.8 0.109 21.80 

Total K 13li.00 
Average K 22.33 

Composition of Solutions 

1 gram of dye 
2 grams anirnoni-um sulphate 
Suff icient water to make one 

l i t e r of solut ion 

The above solut ion was then di luted t o give the dye concentrations l i s t e d 
above. 

Monochromatic F i l t e r Used i n Colorimeter: 

Blue 1|20 millimicrons 

Scale r a t i o vsed on Colorimeter: 

15 Galvanometer Graduations to 
10 Transmission Dial Gradimtions 



Table 22, l i g h t Transniission for 
Pontamine Fast Orange EGL 
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Concentration Per Cent Optical Absorbancy 
of Dye Transmission Density Index 
(grams/ l i te r ) 

(c) (T) (D) (K) 

0.030 19.3 O.7IU 23.80 
0.025 30.1 0.522 20.92 
0.020 3h*3 0.h63 23.20 
0.015 SO.2 0.299 19.95 
0.010 S9.6 0.225 22.50 
0.005 78.8 0.103 20*60 

Total K 130.97 
Average K 21.83 

Composition of SolutionJ 

1 gram of dye 
2 grams of sodiiim aceta te 
Sufficient tap water to make one 

l i t e r of solut ion 

The above solut ion was then dilufced t o give the dye concentrations l i s t e d 
above • 

Monochromatic F i l t e r Used i n Colorimeter: 

Blue U20 millimicrons 

Scale r a t i o used on Colorimeter: 

15 Galvanoneter eradications to 
10 Transmission Dial Graduations 
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Table 23 • Light Transmission for 
Pontamine Fast Orange EGL 

Concentration Per Gent Optical Absorbancy 
of Dye Transmission Density Index 
(grams/ l i ter ) 

(c) (T) (D) (K) 

0.030 19.U 0.713 23.78 
0.025 25.2 0.599 23.91 
0.020 3^.6 0.UU8 22 .U2 
0.015 16.0 0.31^7 23.15 
0.010 60.0 0.222 22.20 
0.005 77.2 0.113 22.59 

Total K 138.08 
Average K 23.01 

Coniposition of Solution: 

1 gram of dy© 
2 grams of ammonium phosphate 
Suff icient tap water to make one 

l i t e r of solut ion 

The above solution was then di lu ted t o give the concentrations l i s t e d 
above. 

Monochromatic F i l t e r Used i n Colorimeter: 

Blue ii20 millimicrons 

Scale r a t i o used on ColorinBter: 

15 Galvanometer Graduations t o 
10 Transmission Dial Graduations 



Table 2k» Light Transmission for 
Pontamine Fast Orange EGL 
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Concentration Per Getit Optical Absorbancy 
of Dye Transmission Density Index 
(grams/ l i ter ) 

(c) (T) (D) (K) 

0.030 19.8 0.70it 23 .U5 
0.025 28.6 Q.Shk 21.78 
0.020 33.6 O.U73 23.65 
0.015 m.9 0.311 20.75 
0.010 $9.9 0.223 22.30 
0.005 11.6 0,110 22.00 

Total K 133.93 
Average K 22.32 

Con550sition of Solxibion: 

1 gram of dye 
Sufficient tap water to make one 
liter of solution 

The above solution was then diluted to give the dye concentrations listed 
above. 

Monochromatic Filter Used in Colorimeter: 

Blue 1|20 millimicrons 

Scale ratio used on Colorimeter: 

15 Galvanometer Graduations to 
10 Transmission Dial Graduations 



Table 25« l igh t Transmission for 
Pont amine Fast Orange EGL 
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Concentration Per. Gent Optical Absorbancy 
of Dye Transmission Density Index 
(granis/ l i ter) 

(c) (T) (D) (K) 

0.030 19.7 0.706 23.51 
0.025 26.1 0.583 23.35 
0.020 3ii.O 0.U68 23.iil 
0,015 kh»o 0.357 23.80 
0.010 58.1 0.236 23.60 
0.005 76.1 0.119 23.81 

Total K lUlM 
Average K 23.58 

Composition of Solution: 

1 gram of dye 
2 grams of ammonium sulphate 
8 grams of sodiiim chloride 
Sufficient tap water to make one 

l i t e r of solut ion 

The above solut ion was then di luted t o give the dye concentrations l i s t e d 
above. 

Monochromatic F i l t e r Used i n Colorimeter: 

Blue ii20 millimicrons 

Scale r a t i o used on Colorimeters 

15 Galvanometer Graduations to 
10 Transmission Dial Gradtaations 



Table 26. l i g h t Transmission for 
Pont amine Fast Orange EGL 
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Concent ra t ion Pei* •Getit Op t i ca l Absorbancy 
of Dye Transmission Dens i ty Index 
( g r a i n s / l i t e r ) 

(c) (T) (D) (K) 

0.030 19.2 0.717 23.90 
0.025 2I1.2 0.616 2 i i .6 l 
0.020 3k.9 0.i;57 22.90 
0.015 h3*k 0.363 2i|.25 
0.010 59 .0 0.229 22.90 
0,005 76.5 0.117 23.10 

T o t a l K l i i l . 9 6 
Average K 23.66 

Composition of Solution: 

1 gram of dye 
2 grams of sodium acetate 
8 grams of sodium chloride 
Sufficient tap water to make one 
liter of solution 

The above solution was then diluted to give dye concentrations listed 
above. 

Monochromatic Filter Used in Colorimeter: 

Blue I42O millimicrons 

Scale ratio used on Colorimeter: 

15 Galvanometer Graduations to 
10 Transmission Dial Graduations 
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Table 27. light Transmission for 
Pontamine Fast Orange EGL 

Concentration Per Gent Optical Absorbancy 
of Dye Transmission Density Index 
(grams/ l i ter ) 

(c) (T) (D) (K) 

0.030 19.k 0.712 23.75 
0.025 23.9 0.622 2U.85 
0.020 32.3 O.I49I 2li.50 
0.015 ij-U*! 0.356 23.75 
0.010 ^6.9 0.2it5 2U.50 
0,005 75.0 0.125 25.00 

Total K llt6.35 
Average K 2ii.39 

Composition of Solution: 

1 gram of dye 
2 grams of arnmonitim phosphate 
8 grams of sodium chloride 
Siifficient tap water t o make one 

l i t e r of solut ion 

The above solut ion was then di luted to give dye concentrations l i s t e d 
above. 

Monochromatic F i l t e r Used i n Colorimeter J 

Blue I1.2O millimicrons 

Scale r a t i o used on ColoirimeterJ 

15 Galvanometer Graduations t o 
10 Transmission Dial Graduations 



Table 28. Light Transmission for 
Pontamine Blue AX Cone. 
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Concentration Per,;Cetit Optical Absorbancy 
of Dye Transmission Density Index 
(grains/ l i ter) 

(G) (T) (D) (K) 

.03 5.0 1.301 U3.U 

.025 8.0 1.097 it3.8 

.02 13.8 0.8U0 U2.0 

.015 22.9 0,6hO I42.7 

.01 36.8 O.U33 h3.3 

.0075 I47.5 0.32U h3.3 

.005 61.2 0.215 U3.1 

.003 73.9 0.131 h3.6 

.0025 78.8 0.103 hi.3 

.002 81.5 0.088 Uli.O 

.001 90,0 0.0li6 U6.0 

Total K 1430.5 
Average K 13.05 

Composition of Solution: 

1 gram of dye 
8 grams of sodium chloride 
Suff ic ient tap water to make one 

l i t e r of solut ion 

The above solut ion was then di luted t o y ie ld the working concentrations 
l i s t e d above. 

Monochromatic F i l t e r Used i n Colorimeters 

Green 550 millimicrons 

Scale r a t i o used on Colorimeter: 

15 Galvanometer Graduations t o 
10 Transmission Dial Graduations 



Table 29. l i g h t Transmission for 
Pontaraine Blue AX Cone. 
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Concentration Per Cent Optical Absorbancy 
of Dye Transinission Density Index 
(grams/ l i ter ) 

(c) (T) (D) (K) 

0.030 5.3 1.276 U2.2 
0.02^ 9.5 1.022 liO.9 
0,020 15.2 0.817 10.8 
0.015 26.2 0.582 38.9 
0.010 h l . l 0.386 38.6 
0.005 60.2 0.221 kh.2 
0.001 89.5 0.01^9 U9.0 

Total K 2U5.6 
Average K I1O.93 

Composition of Solution: 

1 gram of dye 
2 grams of ammonium sulphate 
Sufficient tap water t o make one 

l i t e r of solut ion 

The above solut ion was then di lu ted to give concentrations l i s t ed above. 

Monochromatic F i l t e r Used in Colorimeter: 

Green 550 laillimicrons 

Scale r a t i o used on Colorimeters 

15 Galvanometer Graduations to 
10 Transmission Dial GradiB-tions 
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Table 30, Light Transmission for 
Pontamine Bliie AX Cone • 

75 

Concent ra t ion Per Gent Op t i ca l Absorbancy 
of Dye Trans niiss i o n Densi t y Index 
( g r a m s / l i t e r ) 

(c) (T) (D) (K) 

0.030 $.S 1.260 ii2.0 
0.025 8.7 1.060 h2.k 
0.020 15.5 0.810 i|0.5 
0.015 25*1 0.600 I4O.O 
0.010 37.5 0,i|26 i;2.6 
0 .005 62 .8 0.202 iiO.il 
0 .001 90 .5 o.oUU I42.O 

T o t a l K 289.90 
Average K ii.l.lil 

Composition of Solution: 

1 gram of dye 
2 grams sodium acetate 
Sufficient tap water to make one 
liter of solution 

The above solution was then diluted to give concentrations listed above. 

Monochromatic Filter Used in Colorimeter: 

Green 550 millimicrons 

Scale r a t i o used on Coloriineter: 

15 Galvanometer Graduations to 
10 Transmission Dial Graduations 

iiO.il


Table 31• Light Transmission for 
Pontamine Blue AX Cone. 
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Concentrati on •^='Peri;-;Ceitt Optical Absorbancy 
of Dye Transmission Density Index 
(grams/ l i ter ) 

(c) (T) (D) (K) 

0.030 $»k 1,268 h2.3 
0.025 8.7 1.060 Ul.2 
0.020 15.2 0.818 itO.9 
0.015 27.5 0.563 37.6 
0.010 39.9 0.399 39.9 
0.005 60 .U 0.219 U3.8 
0.001 90.0 0.0U6 U6.0 

Total K 
Average K 

291.7 
iil.67 

Composition of Solution: 

1 gram of dye 
2 grams of ammonium phosphate 
Sufficient tap water to make one 
liter of solution 

The above solution was then diluted to the concentrations listed above. 

Monochromatic Filter Used in Colorimeters 

Green 550 millimicrons 

Scale ratio i:Bed on Colariraeter: 

15 Galvanometer Graduations to 
10 Transmission Dial Graduations 



Table 32• light Transmission for 
Pontamine Blue AX Cone. 
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Concentration Per Gent Optical Absorbancy 
of Dye Transmission Density Index 
(grams/ l i te r ) 

(G) (T) (D) (K) 

0.030 5.2 1.28ii. ii2»8 
0.025 9.7 1.013 U0.5 
0.020 l i t .7 0.803 I4O.2 
0.015 23.6 0.625 i i i .7 
0.010 38.0 0.1|20 ii2.0 
0.005 61.0 0.215 ii3.0 
0.001 87.1 0.060 UI.6 

Total K 291.8 
Average K Ul.68 

Composition of Solution: 

1 gram of dye 
Sufficient tap water to make one 
liter of solution 

The above solution was then diluted to give the dye concentrations listed 
above. 

Monochromatic Filter Used in Colorimeter: 

Green 550 millimicrons 

Scale ratio used on Colorimeters 

15 Galvanometer Graduations to 
10 Transmission Dial Graduations 
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Table 33* l i gh t Transmission for 
Pontamine Bl-ue AX Gone, 

Concentrati on Per Cent Optical Absorbancy 
of Dye Transmission Density Index 
(grams/ l i te r ) 

(c) (T) (D) (K) 

0.030 8.5 1.070 35.7 
0.02^ 10.8 0.977 39.0 
0.020 19.5 0.701 35.1 
0.015 21 .̂7 0.607 itO.5 
0.010 ii2.2 0.37^ 37.5 
0.005 6k.6 0.190 38.0 
0.001 90.2 0.0li5 ib5.0 

Total K 225.8 
Average K 37.63 

Composition of Solution: 

1 gram of dye 
2 grams ammonium sulphate 
8 grams sodium, chloride 
Sufficient tap water to make one 
liter of solution 

The above solution was then diluted to give the dye concentrations listed 
above. 

Monochromatic Filter Used in Coloringters 

Green 550 millimicrons 

Scale ratio used on Colorimeters 

15 Galvanometer Graduations to 
10 Transmission Dial Graduations 



Table 3ii-. Light Transmission for 
Pontamine Bliie AX Gone. 
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Concen t ra t ion PercGelit Cj) t ical Absorbancy 
of Dye Transmission Dens i t y Index 
( g r a m s / l i t e r ) 

(c) (T) (D) (K) 

0.030 6.3 1.201 I4O.2 
0.025 9.7 1.013 U0.6 
0.020 17 .k 0.760 38 .0 
0.015 2U.0 0.620 i i l . l i 
0.010 111 .5 0.382 38 .2 
0.005 62 .0 0.208 I4I.6 
0.001 89.6 0.0U9 U9.0 

T o t a l K 2lt0.0 
Average K ilO.O 

Composition of Solution: 

1 gram of dye 
2 grams of sodi-um acetate 
8 grams of sodium chloride 
Sufficient tap water to make one 
liter of solution 

The above solution was then diluted to the dye concentrations listed above. 

Monochromatic Filter Used in Colorimeteri 

Green 550 millimicrons 

Scale ratio used on Colorimeter: 

15 Galvanometer Graduations to 
10 Transmission Dial Graduations 



Table 35• light Transmission for 
Pontamine Blue AX Cone. 
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Concent ra t ion Per'/Geiit Op t i ca l Absorbancy 
of Dye Transmission Dens i ty Index 
( g r a m s / l i t e r ) 

(c) (T) (D) (K) 

0.030 7 . 1 1.155 38.5 
0,025 10 .8 0.988 39.5 
0.020 17 .5 0.757 37 .9 
0,015 25 .9 0.587 3 9 . 1 
0.010 I42.O 0.377 37.7 
0.005 6 2 . 5 0.205 Ul.O 
0.001 91.0 O.Oiil iil.O 

T o t a l K 27I4.7O 
Average K 39.2U 

Composition of Solution: 

1 gram of dye 
2 grams ammonium phosphate 
8 grains sodium chloride 
Sufficient tap water to make one 

l i t e r of so lu t ion 

The above solution was then di luted to give concentrations l i s t e d above* 

Monochromatic F i l t e r Used i n Colorimeters 

Green 550 millimicrons 

Scale r a t i o i3sed on Colorimeter: 

15 Galvano!!Bter Graduations t o 
10 Transmission Dial Graduations 
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Table 36^ S-ummary of Absorption Indices 
Computed in Tables 12 through 3^* 

Dye, Buffer 
Combination 

Absorption 
Index 

(K) 

Absorption Index 
of Same Dye and 
Buffer but with 
Salt Added 

(K) 

Pontamine Fast Xellcfw EL 18.52 

Pont amine Fast Yellow RL 
with Ammonium Sulphate 19.10 

Pontamine Fast Yellow RL 
with Sodium Acetate 18#62 

Pontamine Fast Yellow RL 
with Ammoniim Phosphate 18.60 

Pontamne Fast Orange EGL 22.32 

Pontamine Fast Orange EGL 
with Ammonium Sulphate 22,33 

Pontamine Fast Orange EGL 
with Sodium Acetate 21,83 

Pontamine Fast Orange EGL 
with Ammonium Phosphate 23*01 

Pontamine Blue AX Cone, Ul,68 

Pontamine Blue AX Cone, 
with Ammonium Sulphate 140,93 

Pontamine Blue AX Cone, 
with Sodium Acetate Itl^l^l 

Pontamine Blue AX Cone. 
with Ammoni\3m Phosphate i}.l»67 

17.85 

17.75 

18.92 

20.02 

22,70 

23.58 

23.66 

2k 39 

ii3.05 

37.63 

ho .00 

39.214 



Run 1 
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Table 37. Dyeing Cjcle Data of Pontamine 
Fast Orange EGL at 
Normal Temperature 

Yarn Sample 1 

Weight of Xarn 
Weight of Dye 
Weight of Sodiiffli Chloride 
Volume of Dye Bath 

Ii.01»5 grams 
8.ii6 grams 

65.0 grams 
15 l i t e r s 

Dyebath Time Temp. pH Per Cent Cone. 
Sample in Degrees of Transmission Optical of Dyebath 
Number Minutes F . Remarks Bath F i l t e r I4.2O mm Density (grams/ l i ter ) 

(T) (D) (C) 

0 
1 
2 
3 
h 
5 

0 

10 
15 
20 
30 

90 Xnitial cone. 
180 Dye on3y 8.2 
190 I Salt added 
190 8.U 
190 J Salt added 
200 9.2 

0.565 
61,8 0.209 0.i|65 
62.5 0.20U 0.iiii8 
63.5 0.197 0.ii33 
69.2 0.159 0.351 
72.6 0.139 0.307 

Total Dyebath Exhaustion - kSJ 
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Table 38. Dyeing Cycle Data of Pontamine 
Fast Orange EGL a t 
Normal Temperatin'e 

Run 2 Yam Sample 2 

Weight of Yarn 
Weight of Dye 
Weight of Sodium Chloride 
Volimie of Dye Bath 

U^U.l grams 
9.08 grams 

68.0 grams 
15.0 l i t e r s 

Dyebath Time Temp. pH 
Sample i n Degrees of 
Nimber M n u t e s F• Remarks Bath 

0 0 90 I n i t i a l c o n e . 
1 5 100 Dye only 8.2 
2 10 185 
3 15 212 J S a l t added 
h 20 208 8.it 
5 25 210 
6 30 210 1 S a l t added 
7 35 212 
8 iiO 212 9.2 

Per Cent Cone. 
Transmission Optical of Dyebath 
F i l t e r 1̂ 20 mm Density (grams/ l i ter ) 

(T) (D) (C) 

0.606 
52 .8 0.277 0 .621 
5ii.o 0.267 0.589 
62.2 0.206 o.Ii5l4 
6U.8 0.188 O.lill; 
6ii.5 0.190 0,1|17 
70.0 0.155 0.3lt l 
71.0 0.1ii9 0.327 
72.0 0.1ii3 0.315 

Total Dyebath Exhaustion - U8.0^ 
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Table 39* Dyeing Cycle Data of Pontamine 
Fast Yellow RL at 
Normal Ten^Deratiire 

Run 3 Yarn Sample 3 

Weight of Yarn 1401.5 grams 
Weight of Dye 8.03 grams 
Weight of Sodium Chloride 60.2 grams 
?olmie ot Dye Bath 15 l i t e r s 

Dyebath Time Temp. pH Per Cent Cone. 
Sample i n Degrees of Transmission O p t i c a l of Dyebath 
Number Minutes F , Remarks Bath F i l t e r 390 mm Dens i ty ( g r a m s / l i t e r ) 

(T) (D) (c) 

0 0 90 I n i t i a l cone . 0.536 
1 5 90 Dye only 8,li 68 .0 0.167 0,162 
2 10 160 68.0 0,167 O.Ii52 
3 15 210 i S a l t added 69.6 0.157 0.1i67 
h 20 208 8.8 69.1 0,158 O.Uh3 
S 25 208 1 S a l t added 70.6 0 ,151 O.hZh 
6 30 210 72.9 0.137 0.381t 
7 35 210 72.9 0.137 0.38ii 
8 hP 210 9.0 Ik*! 0.130 0.36ii 

Total Dyebath Exhaustion - 32.2^ 
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Table kO, Dyeing Cycle Data of Pontamine 
Fast Yellow RL at 
Normal Temper a t lire 

R-un k Yarn Sample 4 

Weight of Yarn U08.6 grams 
Weight of Dye 8.17 grams 
Weight of Sodium Chlor ide 61.23 grams 
Volume of Dye Bath 15 l i t e r s 

Dyebath I Time Temp. pH Per Cent Cone. 
San^)!© i n Degrees of Transmission O p t i c a l of Dyebath 
Nicnber Mlntites F . Remarks Bath F i l t e r 390 mm 

(T) 
Dens i ty 

(D) 
( g r a m s / l i t e r ) 

(c) 

0 0 90 I n i t i a l cone . o.5Ii5 
1 5 90 Dye only 8.5 71.9 0.11i3 0.387 
2 10 170 71.0 0.11^9 0.1^02 
3 15 190 70 .5 0.152 O.ltlO 
h 20 208 4 S a l t added 8.8 72 .li O.lliO 0.393 
5 2$ 200 72.6 0.139 0.380 
6 30 210 72.7 0.139 0.380 
7 35 200 i S a l t added 75.6 0.122 0.3kl 
8 iiO 208 7ii-.i^ 0.128 0.358 
9 h^ 210 9 .1 72.7 0.139 0.389 

Total Dyebath Exhaustion - 28.5^ 
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Table Ul, Dyeing Cycle Data of Pontamine 
Blue AX Cone, at 
Normal Temperature 

RTXQ 5 Yarn San^le 5 

Weight of Yam Ul9»l grams 
Weight of Dye 8.38 grams 
Weight of Sodiiffii Chlor ide 62.86 grams 
VoliJime of Dye Bath 15 l i t e r s 

Dyebath Time Temp. pH P e r Cent Gone. 
San^jle i n Degrees of Transmission Op t i ca l of Dyebath 
Niimber Minutes F . Remarks Bath F i l t e r 550 ram Dens i ty ( g r a m s / U t e r ) 

(T) (D) (c) 

0 0 90 I n i t i a l cone . 0.558 
1 5 90 8.h I4.3.2 0.365 0.I438 
2 10 150 36 .0 O.Î IiU 0.532 
3 15 200 37 .0 O.Ii32 0.518 
h 20 210 i S a l t added h9.1 0.309 0.359 
5 25 212 8.3 5U.0 0.268 0.312 
6 30 210 55 .0 0.260 0.302 
7 35 200 4 S a l t added 63 .5 0.197 0.229 
8 i;0 210 66.3 0.178 0.207 
9 Il5 212 8.8 67 .0 0.17ii 0,202 

Total Dyebath Exhaustion - 63.8^ 



Table I42. Dyeing Cycle Data of Pont amine 
Blue AX Cone, at 
Normal Temperature 
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Run 6 Yarn Sample 6 

Weight of Yarn 
Weight of Dye 
Weight of Sodium Chlor ide 
ITolume of Dye Bath 

kl6m6 grams 
8.33 grams 

62•$ grams 
15 l i t e r s 

Dyebath 
Sample 
Number 

Time 
i n 
MLniites 

Temp. 
Degrees 

F. Remarks 

pH Per Cent Cone, 
of Transmission Op t i ca l of Dyebath 
Bath F i l t e r ^^0 mm Dens i ty ( g r a m s / l i t e r ) 

(T) (D) (C) 

0 

10 
15 
20 
25 
30 
35 
iiO 
U5 

90 I n i t i a l cone . 
90 9.6 

185 
200 
210 J Salt added 9.h 
210 
210 
210 I S a l t added 
210 
210 9.3 

0.555 
hh.^ 0.352 0.h23 
36.9 0.ii33 0.518 
36.^ 0.ii38 0.526 
k6.^ 0.333 0.387 
50,9 0,293 0,3lil 
5U.7 0.262 0.30li 
62.2 0.206 0.239 
66.5 0.177 0.206 
67.5 0.171 0.197 

Tota l Dyebath Exhaust ion - 6i | .2^ 
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Table h3» Djeing Cycle Data of Pontamine 
Fas t Yellow RL - Bje Only 

Test far Heat S t a b i l i t y 

Weight of Dye 8,5 grams 
Weight of Sodiiffii Chlor ide 65 grams 
Volime of Dye Bath 1$ l i t e r s 

Dyebath 
Sample 
HtDnber 

Time Tempera-
in Degrees 
Mirmtes F. 

0 90 
5 1̂ 0 
10 212 
iiO 212 
h^ 190 
60 2U5 
95 250 
125 255 
155 255 
180 255 

pH 
of 
Bath 

7.6 

7*ii 

7.6 
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Table i;U* Test for Heat Stability for 
Pontamine Fast Yellow RL 

Per cent transmission of light through variotB wave length filters for 
dye bath samples listed in Table U3« 

Monochromati c 
Filter 
Number 
(millimicrons) 

Dye Bath Sample Number 

h 9 
Per Gent Transmission at.Wave 

Length Indicated '̂' 

390 
1420 
iiltO 
1|65 
h90 
51^ 
550 
575 
^9^ 
620 
6hO 
660 

62.5 6h.O S9.9 
67.3 69.0 61.0 
7k.Q 76.0 65.0 
Qk.Q 8ii.6 73.6 
92.3 92 .U 8i;.6 
9h.6 9k.6 89.0 
98.7 98.7 97.8 
98.75 98.8 98.9 
98.8 98.8 98.9 
98.9 98.9 99 .^ 
99.2 99.2 99.0 
99.U 99.3 99.1 
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Table h$. Dyeing Cycle Data f o r Pont amine 
Fas t Orange EGL - Dye Only 

Test fo r Heat S t a b i l i t y 

Weight of Dye 8,5 grams 
Weight of SodiiM Chlor ide 65 .0 grams 
TToliMe of Dye Bath 1$ l i t e r s 

Dyebath 
Saniple 
Niffiiber 

Time 
i n 
Minutes 

Temperature 
Degrees 

F. 

pH 
of 
Bath 

5 
35 
50 
65 
95 
110 

180 
212 
250 
255 
235 
190 

8.5 
8.5 
8.6 
7.9 
8.0 
8.7 

# 
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Table h6. Test for Heat Stability for 
Pontamine Fast Orange EGL 

Per cent transmission of light through various wave length filters for 
dye bath samples listed in Table i|.5» 

Monochromati c 
Filter 
Number 
(millimicrons) 

390 
i;20 

kko 
hS^ 
h90 
515 
550 
575 
S9^ 
620 
6hO 
660 

Dye Bath Sample Number 
2 6 

Per Gent Transmission at Wave 
Length Indicated 

58.5 57.5 57.0 
58.7 58.6 57.6 
62.3 62.3 6l.k 
72.5 72.5 72.3 
82.8 82.8 82.5 
87.7 87.7 87.7 
97.1 97.1 97.il 
99.1 99.1 99.1 
99.h 99.k 99.h 
99.9 99.9 99.9 
99.9 99.9 99.9 
99.9 99.9 99.9 

97.il


92 

Table hi* Dyeing Cycle Data for Pont amine 
Blue AX Cone• - Dye Only 
Test fo r Heat S t a b i l i t y 

Weight of Dye S*^ grams 
Weight of Sodiimi Chlor ide 6^.0 grams 
VoliMe of Dye Bath 1$ l i t e r s 

Dyebath Time Temperature pH 
Sample i n Degrees of 
Niomber Minutes F . Bath 

1 5 160 9*2 
2 15 212 9.0 
3 UO 212 9.3 
k 70 250 9.2 
5 95 250 9.0 
6 110 190 10.5 
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Table U8. Test for Heat S t a b i l i t y for 
Pontamine Bliie AX Cone, 

Per cent transmission of l igh t through various wave length f i l t e r s for 
dye bath samples l i s t e d i n Table U7-

Monochromatic 
F i l t e r 
Number 
(millimicrons) 

Dye Bath Sample Number 
2 3 

Per Cent Transmission at Wave 
Length Indicated 

390 
ii20 
kho 
i;65 
k90 
$1^ 
SSO 
575 
595 
620 
61iO 
660 

8ii.O 814.6 8U.9 
82.5 82.5 82.1 
82.3 82.3 82.3 
80.U 80 .ii 78.5 
6h.6 Sh.6 61i.l 
Sk.9 Sk.9 58.3 
3hS 3^.S iiU.7 
hP.2 1|2.1 51.8 
\6.0 li7.5 58.0 
^h.6 S6.9 65.8 
68.0 69.8 76.5 
72.5 7ii.O 80.5 
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Table h9» Dyeing Cjcle Data for Pontamine 
Fast Yellow RL - High Temper a t tire 

Run 8 Yam Sampl e 8 

Weight of Tarn 1|08.6 grams 
Weight of Dye 8.17 grams 
Weight of Sodi-um Chlor ide 61.23 grains 
Voltcne of Dye Bath l 5 l i t e r s 

Dyebatl-I Time Ten^). pH Per Gent Cone. 
Sample i n Degrees of Transmission Op t i ca l of Dyebath 
Niffi4)er Minutes F , Remarks Bath F i l t e r 390 Dens i ty ( g r a m s / l i t e r ) 

1 

i 

(T) (D) (C) 1 

0 0 90 I n i t i a l c o n e . 0.5it6 
1 $ 160 Dye only 8.2 69.^ 0.158 O.U27 
2 IS 205 8.2 66 .8 0.175 0.1^73 
3 30 230 8.It 66 S 0.177 O.Ii79 
k ko 235 8 .1 6U.5 0.190 o»5iU 
5 kS 2U0 8.2 6I1..6 0.190 o.5ii i 
6 50 2hh 8 .1 61i.8 0.188 0.508 
7 55 2ii8 8 .1 6ii.7 0.189 0.511 
8 70 2U8 8 .1 6h.O 0.19i| 0.525 
9 75 190 8.2 6h.O 0.191 0.525 

10 85 200 S a l t added 8.3 66 S 0.177 0.I497 

Total Dyebath Exhaustion 9.hl% 
pH Tap-water 8.8 
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Table $0, Test f o r Heat S t a b i l i t y f o r Pontamine 
Fas t Yellow RL - High Temperat-ure 

Run Ntniber 8 

Ffereent t r an smi s s ion of l i g h t through var ious f i l t e r s fo r dye b a t h samples 
l i s t e d i n Table l\.9* 

Monochromati c 
F i l t e r 
Number 
(mi l l imic rons ) 

Dye Bath Sample Number 
8 10 

Per Gent Transmission a t Wave 
Length I n d i c a t e d 

390 
1̂ 20 
kko 
ii65 
ii90 
515 
550 
575 
$9S 
620 
6I|0 
660 

69 S 6U.0 66.^ 
75.3 66,14. 71.3 
81.5 70.9 71.0 
88.2 79.1 77.it 
9h.^ 88.5 88.1 
96.5 92.6 92.3 
99.7 99.8 99.^ 
99.8 99.9 99.9 
99.9 99.9 99.9 
99.9 99.9 99.9 
99.9 99.9 99.9 
99.9 99.9 99.9 

77.it


Table 5 l . Dyeing Cycle Data for Pontamine 
Fas t Orange EGL - High Temperatiire 

% 

Run 9 Yarn Sample 9 

Weight of Yarn i|29.2 g jrams 
Weight of Dye 8.58 grams 
Weight of SodiiM Chlor ide 6U.38 grams 
ToliMe of Dye Bath 15 l i t e r s 

Dyebatt I Time Temp, pH Per Geiit Cone. 
Sample i n Degrees of Transmission Opt i ca l of Dyebath 
Niimber M n u t e s F . Remarks Bath F i l t e r U20 

(T) 
Dens i ty 

(D) 
( g r a m s / l i t e r ) 

(G) 

0 0 90 I n i t i a l conce 0.572 
1 5 135 Dye only 8.75 5 5 . 0 0.260 0.583 
2 10 180 8.8 55 .3 0.257 0.577 
3 15 210 8.8 ^S.3 0.257 0.577 
k 27 230 8.9 $S.3 0.257 0.577 
S 33 2U0 9.0 55 .3 0.257 0.577 
6 37 250 9.0 5U.1 0.267 0.598 
7 k6 2'^5 9.05 5 i i . i 0.267 0,598 
8 60 255 8.9 5U.7 0.262 0.587 
9 65 190 8.9 ^S.6 0.2ii7 0.553 

10 80 208 S a l t added 8.7 70 .5 0.152 0.335 
11 95 200 8.9 71.8 O.liili 0,317 

To ta l Dyebath Exhaust ion hh.S% 
pH Tap-water 8.9 
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Table 52• Test for Heat S t a b i l i t y for Pontamine 
Fast Orange EGL ~ High Temperature 

Per ceiit-transiirLssion df l i g h t ' t h r o ujgh vai^iotis 'f i l ters for dye b&th samples 
l i s t e d i n Table 5 l . 

Monochromatic Dye Bath Sample Ntimber 
F i l t e r 1 8 
Number Per Cent Transmission a t 'fave 
(millimicrons) Length Indicated 

390 
I420 
UUO 
I465 
1x90 
515 
550 
Sl$ 
595 
620 
6J4O 
660 

55.0 ShS 70.0 
55.0 5U.7 71.8 
59.2 58.6 75.2 
70.8 70.1 83.0 
82.1 81.3 89.i4 
86.6 86.0 92 .1^ 
91.h 91.h 98.7 
99.k 99.1 99*2 
99.S 99.9 99.6 
99.9 99.9 99.9 
99.9 99.9 99.9 
99.9 99.9 99.9 
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Table 53 • Dyeing Cycle Data for Pont amine 
Fast Orange EGL - High Temperature 

Run 10 Tarn Sample 3 10 i 

Weight of Yam ij.07.0 grams 
Weight of Dye S.lU grams 
Yfeight of Sodium Chlor ide 61 .0^ grams 
VolTime of Dye Bath 15 l i t e r s 

Dyebatl" I Time Temp. pH Per Cent Cone. 
Sample i n Degrees of Transmission Op t i ca l of Dyebath 
N-umber Minutes F , Remarks Bath F i l t e r 1̂ 20 Dens i ty ( g r a m s / l i t e r ) 

(T) (D) (c) 

0 0 90 X n i t i a l cone . 0.5ii2 
1 5 160 Dye only 8.8 5 8 . 0 0.237 0.530 
2 10 200 8.9 58 ,0 0.237 0.530 
3 20 220 8.95 58 .7 0.230 0.515 
h 30 230 8.95 5 8 . 1 0.236 0.528 
5 33 2ii0 8.7 57 .8 0.238 O.53I1 
6 h3 250 8.8 57.8 0,238 o.53ii 
7 58 250 9.0 57 .8 0.238 o.53ii 
8 73 250 9 . 1 5 8 . 1 0.236 0.528 
9 75 190 9 . 1 60 .0 0.232 0.1498 

10 90 200 S a l t added 9.0 71.9 0.11i3 0.315 
11 105 200 9,0 72.8 0.138 0.309 

Total Dyebath Exhaustion h6.Q^ 
pH Tap-water 8.85 
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Table ^k» Test for Heat Stability for Pontamine 
Fast Oraage EGL - High Temperature 

Per cent transmission of light through various filters for dye bath samples 
listed in Table 53• 

Monochromatic 
Filter 
Number 
(milliniicrons ) 

390 
U20 
UUO 
h6^ 
h90 
515 
550 
575 
^9^ 
620 
6hO 
660 

Bye Bath Sample Number 
1 8 11 

Per Cent Transmission at Wave 
Length Indicated 

58.5 57.8 72.8 
58.0 58.1 71̂ .8 
62.3 62.2 78.0 
72.8 73.0 85.1 
83.1; 83.6 92.0 
88.0 88.1 93.2 
97.8 98*0 98.7 
99.^ 99.7 99.S 
99.9 99.9 99.9 
99.9 99.9 99.9 
99.9 99.9 99.9 
99.9 99*9 99.9 
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Table 55 • Dyeing Cycle Data f o r Pontamlne 
Blue AX Cone. - High Temperature 

Run 12 Yarn Sample 12 

Weight of Yarn UlO.O grams 
Weight of Dye 8.22 grams 
Weight of Sodiiffii Chlor ide 61.5 grams 
Volume of Dye Bath 15 l i t e r s 

Dyebatt I Time Tenp • pH Per Cent Cone • 
Sample i n Degrees of Transmission Op t i ca l of Dyebath 
Number Iifi.nutes F , Remarks Bath F i l t e r 550 Dens i ty ( g r a m s / l i t e r ) 

(T) (D) (c) 

0 0 90 I n i t i a l c o n e . 0 .5W 
1 5 160 9.6 39.ii O.I4O5 0.ii87 
2 10 190 9 .7 Uo.5 0.393 O.U73 
3 15 210 9.7 Ul.8 0.379 0.1;55 
I* 22 222 9 .8 ii2.2 0.375 0.1i5l 
5 25 235 9.7 k'^.^ 0.372 O.khl 
6 30 250 9.7 h3.2 0.365 0.)438 
7 U5 250 9.1 l i l i . l 0.356 0.[i27 
8 50 190 9.7 Ii6.7 0.331 0.398 
9 6^ 200 S a l t added 9.h 71.3 0.li^7 0.171 

10 75 200 9.U 7I4.5 0.128 O.llj.8 

T o t a l Dyebath Exhaust ion 73.0^ 
pH Tap-water 8.75 
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Table $6, Test f o r Heat G t a b i l i t y of Pontamine 
Blue AX Cone, - High Temperature 

Per c e n t / t r a i i s m s s i o n of fl ight; , through variQiAS,.fil ters for dye b a t h samples 
l i s t e d i n Table $$.. 

Monochromatic 
F i l t e r 
Number 
(mi l l imi c rons) 

Dye Bath Sample Number 
7 9 

Per Cent, Transmission a t Wave 
Length I n d i c a t e d 

390 
U20 
Uî O 
ii65 
h90 
515 
550 
575 
S9S 
620 
6kO 
660 

86.0 87.2 92.8 
85.0 87.0 93.0 
8i;-5 86.1; 93.0 
83*0 8U.6 92.3 
61.16 70.9 85.8 
58.5 62.9 81.9 
39.lt 14i.l 71.3 
ii6.0 51.0 75.6 
50.7 55.0 78.1 
60.0 63.7 83 .li 
71.5 75.1 88.7 
75.7 78.8 90 .ii 

39.lt
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Table 5 7 . Dyeing Cycle Data for Pontamine 
Blue AX Cone. - High Temperature 

Run 13 Yam Sample 13 

Weight of Yarn 1459. U grams 
Weight of Dye 9.188 grams 
Weight of Sodium Chloride 68.9 grams 
Volume of Dye ] 3ath 15 l i t e r s 

Dyebatt I Tiias Temp. pH Per Cent Cone. 
Sample i n Degrees of Transmission Op t i ca l of Dyebath 
Number Minutes F» Remarks Bath F i l t e r 550 Dens i ty ( g r a m s / l i t e r ) 

(T) (D) (c) 

0 0 90 I n i t i a l conc» 0.612 
1 5 160 9S 32 .5 0.i |88 0.583 
2 8 190 9o6 3 3 . 1 0.i|80 0.576 
3 12 210 9.6 3U.7 O.U6O 0.552 
k 25 210 9.6 35 .8 O.UI16 0.535 
$ 32 220 9.7 36 .5 0.1^38 0.526 
6 37 230 9.6 36 S O.U38 0.526 
7 ho 2iiO 9.6 36 .5 0.ii38 0.526 
8 U5 250 9.6 3 6 . 1 0.iiU3 0.532 
9 60 252 8.8 37 .7 0.ii2J4 0.507 

10 80 195 9 .1 37 .0 0„ii32 0.518 
11 95 200 S a l t added 8.8 71.8 O.lliii 0,167 
12 110 200 9.0 75.5 0.122 0.11^2 

To ta l Dyebath Exhaust ion 76.8^ 
pH Tap-water 9 .0 
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Table 58 . Test for Heat S t a b i l i t y of Pontamine 
Blue AX Cone. - High Temperature 

Per cent transmission of l i gh t through.variotis f i l t e r s for dye bath samples 
l i s t e d i n Table 57. 

Monochr omati c 
F i l t e r 
Number 
(millimic rons) 

Dye Bath Sample Number 
9 12 

Per Gent Transmission a t Wave 
length Indicated 

390 
U20 
UUO 
U65 
U90 
515 
550 
575 
^9S 
620 
6ho 
660 

83.0 8i|.6 93.3 
82.1 8U.0 93.2 
81.7 83.5 93 S 
79.5 81J4 91.9 
62.5 65.2 85.0 
53.7 56.8 82.2 
32.5 37.7 71.8 
39.5 liii.3 76.h 
ijii.O U8.8 19 S 
53.7 57.7 8I4.O 
67.1 70.0 89.3 
71.5 75.0 90.8 



loU 

Table 5 9 . Dyeing Cycle Data fo r Pontamine 
F a s t Yellow RL - High Temperature 

Neu t ra l pH 

Run lU Yarn Sample II4. 

Weight of Yarn U32.2 grams 
Weight of Dye 8,614 grams 
Weight of Sodium Chlor ide 6U.8 grams 
Weight of Ammonium Sulphate 15 grams 
Volume of Dye Bath 15 l i t e r s 

Dyebath Time Temp. pH Per Cent Gone. 
Sanple Ln Degrees of Transmission Opt i ca l of Dyebath 
Number Minutes F . Remarks Bath F i l t e r 390 Dens i ty ( g r a m s / l i t e r ) 

(T) (D) (c) 

0 0 90 I n i t i a l cone . 0,575 
1 10 110 Dye & Buffer 7.6 72.2 0.l l t2 0 .371 
2 20 190 7.9 67 .0 0.17U 0,1;56 
3 30 200 7.9 70.7 0 .151 0.395 
h 35 220 8.0 65 .0 0.187 0,1490 
$ 37 230 8 .1 66.3 0,179 0,1468 
6 k3 2liO 8 .1 63.7 O . l ^ 0.5li4 
7 U9 250 8 .1 66 .8 0.175 0,l458 
8 56 252 8.0 6h.6 0,190 0.i497 
9 60 252 8.0 63 .0 0,201 0,525 

10 70 190 8.0 63 .6 0,197 0.515 
11 80 200 S a l t added 8 .1 66 ,2 0,179 O.50I4 
12 85 200 8.1 666 0,177 0,l498 

T o t a l Dyebath Exhaust ion 1 3 . ' 
pH Tap-water 8»9 
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Table 6 0 . Test fo r Heat S t a b i l i t y of Pontamine 
Fas t Yelloi¥ RL - High Temperatiire 

Neutra l pH 

Per c e n t - t r a n s m s s i o n ' 6 f t l i g h t thro t ighvar iouis f i l t e r s f o r dye bath- samples 
l i s t e d i n Table 3'9' 

Monochromatic 
F i l t e r 
W-umber 
(mi l l imic rons ) 

Dye Bath Sample Number 
9 12 

Per-Cent Transmission a t Wave 
Length I n d i c a t e d 

390 
U20 
hko 
li65 
h90 
515 
550 
575 
590 
620 
6U0 
660 

72.2 63.0 66 S 
77.3 67.0 68.5 
82.0 69.8 72.1; 
88.2 79.3 78.5 
9ii.6 89.0 89 .U 
96.8 93.0 93.2 
99*9 99.9 99.9 
99.9 99.9 99.9 
99.9 99.9 99.9 
99.9 99.9 99.9 
99.9 99.9 99.9 
99.9 99.9 99.9 
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Table 6 l . Dyeing Cycle Data fo r Pontamine 
Fas t l e l l o w RL - High Temperature 

Acid pH 

Run 17 Yam Sample 1? 

Weight of Yam 
Weight of Dye 
Weight of Sodium Chloride 
Weight of Ammoniiim Phosphate 
7ol\mie of Dye Bath 

khO»9 grams 
8,81 grams 

66.13 grams 
15 grams 
1^ l i t e r s 

Dyebath Time Temp, pH Per Cent Cone. 
Sample i n Degrees of Transmission Op t i ca l of Dyebath 
Number Minutes F • Remarks Bath F i l t e r 390 Dens i ty ( g r a m s / l i t e r ) 

(T) (D) (C) 

0 0 90 I n i t i a l cone• 0.587 
1 2 100 Dye only 8.5 63.Q 0.195 0.523 
2 5 120 Buffer added 6.2 6U.2 0.193 0.519 
3 8 180 6.15 58 .8 0.230 O0618 

k 11 195 6.2 6ii.O 0.19U 0,522 

5 17 220 6.15 55.0 0.260 0,700 
6 23 2UO 6.2 55.7 Oo25U 0.683 
7 25 250 6 . 1 56 .0 0.252 0,687 
8 33 252 6 .0 5 6 . 1 0.251 0.676 
9 38 190 6.05 61 ,0 0.215 0,578 

10 ii5 200 S a l t added 5.9 67.it 0.171 0.ii25 

T o t a l Dyebath Exhaust ion 27 .5^ 
pH Tap~water 8,9 

67.it
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Table 62. Test for Stability of Pontamine 
Fast Yellow RL - High Temperature 

Acid pH 

Per cent transfflission of l igh t through varioiis f i l t e r s for dye bath samples 
l i s t e d in Table 6 l , 

Monochromatic 
F i l t e r 
Number 
(mi l l imi c rons ) 

Dye Bath Sample Number 
8 10 

Per Cent Transmission a t Wave 
Lenprth Indicated 

390 
I420 
hho 
i|65 
h90 
51^ 
^^0 
575 
595 
620 
6U0 
660 

62.0 56.1 67.h 
70.U 61.8 68o9 
78.6 . 69.1 73.2 
86.1 79.3 8 1 o l 
9h.3 89.U 91.5 
96.^ 9U.0 93.$ 
99.9 99.9 99.9 
99.9 99.9 99.9 
99.9 99.9 99.9 
99.9 99.9 99.9 
99.9 99.9 99.9 
99.9 99.9 99.9 
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Table 63, Dyeing Cycle Data for Pontamine 
Fast Yellow RL - High Temperature 

Alkaline pH 

Run 18 Yam Sample 18 

Weight of Yarn UU9*2 grams 
Weight of Dye 8.98ii grams 
Wei ght of Sodium Chloride 67•38 grams 
Weight of Sodium Aceta te 1$ grams 
¥olume of Dye Bath 15 l i t e r s 

Dyebath L Time Ternp^ pH Per Cent Cone. 
Sample i n Degrees of Transmission Op t i ca l of Dyebath 
Number Ifinutes F . Remarks Bath F i l t e r 39U 

(T) 
Dens i ty 

(D) 
( g r a m s / l i t e r ) 

(C) 

0 0 90 I n i t i a l c o n e . 0.598 
1 2 128 Dye only 8,14. 62.0 0.208 0.560 
2 ^ 170 Buffer added 8.8 61.5 0 .211 0.566 
3 10 190 8.8 60 ,0 0.222 0.596 
k 20 220 9.0 60.0 0.222 0.596 
$ 26 290 8.8 58.5 0.233 0.628 
6 32 250 8.5 58,Ii O.23U 0.629 
7 ko 2^0 8.5 59-8 0.226 0 .611 
8 W 190 S.ii 59-8 0.223 0.600 
9 $S 200 S a l t added 8.U 63 ok 0,198 0.523 

10 60 190 8.U 6S.k O.lSIi O.I186 

Total Dyebath Exhaustion 19oO^ 
pH Tap-water 9«0 
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Table 6k • Test for S t a b i l i t y of Pont amine 
Fast Yellow RL - High Temperature 

Alkaline pH 

Per :ceht-transmission of l igh t through'various f i l te ' r s for dyeba th samples 
l i s t e d i n Table 63m 

Monoc hromati c 
F i l t e r 
Number 
(mi l l imi c rons ) 

Dye Bath Sample Number 
7 10 

Per Cent Transmission at Wave 
ijength Indicated 

390 
U20 
hho 
U65 
i;90 
515 
^^0 
575 
^9^ 
620 
6hO 
660 

62.0 59-8 
70.3 61,9 
78.6 67 oO 
86.2 75.9 
9h.k 86.1 
96.$ 90.6 
99.9 98.2 
99.9 99.2 
99.9 • 99.6 
99.9 99.1 
99.9 99.1 
99.9 99.1 

6$.h 
66.6 
70 o2 
78.2 
87ol4 
91-6 
99^0 
99.$ 
99.1 
99.1 
99.1 
99.1 
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Table 6^, Dyeing Cycle Data for Pontaniine 
Fast Orange EGL - High Temperature 

Neutral pH 

Run 19 Yarn Sample 19 

Weight of Yarn h3^»9 grams 
Weight of Dye 8.778 grams 
Weight of Sodium Chloi lde 65»58 grams 
Weight of Ammonium Sulphate 15 grams 
Volume of Dye Bath 15 l i t e r s 

Dyebatt 1 Time Temp* pH Per Cent 1 Cone. 
Sample i n Degrees of Transmission O p t i c a l of Dyebath 
Number Minutes F» Remarks Bath F i l t e r 1̂ 20 Dens i ty ( g r a m s / l i t e r ) 

(T) (D) (c) 

0 0 90 0.585 
1 2 120 Dye only 8.7 55.0 0.260 0.58U 
2 h 1U5 Buffer added 7 .9 5 8 . 1 0.236 0„52ii 
3 6 190 80O 59.0 0,229 o.5iIi 
h 10 208 7.9 60.5 0.218 o.Ii89 
5 16 220 8.1 60.U 0.219 0„l491 
6 20 230 8.2 59.2 0.228 0.511 
7 23 2U0 8.2 58 .9 0.230 0.515 
8 26 250 8.2 5 8 , 1 0.236 0.528 
9 36 250 7 .9 58 .0 0.236 0.528 

10 Uo 190 8,1 6It,0 0.19ii O.Ii35 
11 50 195 Sa l t , added 8.0 79.h 0.100 0.212 
12 55 195 7.95 iQoh 0.106 0.225 

Total Dyebath Exhaustion 61.5^ 
pH Tap--water 9.0 
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Table 66m Test for S t a b i l i t y of Pontandne 
Fast Orange EGL -- High Temperature 

Neutral pH 

Per cent transtnission of l i gh t through various f i l t e r s for dye bath samples 
l i s t e d i n Table 65. 

Monochromatic Dye Bath Sample Number 
F i l t e r 1 9 12 
Number Per Cent Transmission a t Wave 
(millimicrons) Length Indicated 

390 
U20 
UxO 
li65 
h90 
515 
S^O 
575 
S9^ 
620 
6i|0 
660 

^SS 58.0 76,0 
55.0 58 oO 78al; 
59*0 62,3 81 o6 
70.7 73.5 88<,0 
81.7 83.3 93.0 
86o7 87.7 95.1 
97.1 97.6 99 «0 
99.$ 99.7 99.$ 
99.9 99.9 99.9 
99.9 99.9 99.9 
99.9 99.9 99.9 
99.9 99.9 99.9 



Table 6 ? . Dyeing Cycle Data f o r Pontamine 
Fas t Orange EGL - High Temperature 

Alka l ine pH 

112 

Run 20 Yarn Sample 20 

Weight of Yam U3O.5 grams 
Weight of Dye 8.61 grams 
Weight of Sodium Chlor ide 614,57 grams 
Weight of Sodium Aceta te 15 grams 
Volume of Dye Bath 15 l i t e r s 

' 

Dyebatjb L ' Pime Temp. pH Per Cent Cone. 
Sample : In Degrees of Transmission O p t i c a l of Dyebath 
Number Minutes F , Remarte Bath F i l t e r h2.0 Dens i ty ( g r a m s / l i t e r ) 

(T) (D) (c) 

0 0 90 I n i t i a l cone . 0.575 
1 2 130 Dye only 8.6 ^^.3 0.257 0,576 
2 I* lUii Buffer added 8.3 57 .1 0,2ib3 0.557 
3 8 180 8,2 57o8 0,238 0,51^5 
k 11 195 8,8 58,0 0.237 o,5Ii.i-i 
5 17 220 8.6 58 a • 0,236 0.5I1I 
6 20 230 9 .1 57.8 0.238 o.5Ii5 
7 23 2iiO 9 .1 56 ,8 0.2ii6 0.56I1 
8 27 250 8,6 56 ,8 0,2l;6 Oo56i; 
9 37 252 8,5 56,0 0,252 0.578 

10 U2 190 8.7 60 ,6 0,218 0.500 
11 52 190 S a l t added 8*8 7U.0 0,131 0.277 
12 57 190 8.8 73.6 0,133 0,282 

To ta l Dyebath Exhaust ion 50.i 
pH Tap'-water 9 .0 
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Table 68. Test for Stability of Pontamine 
Fast Orange EGL - High Temperat-ure 

Alkaline pH 

Per cent transniission of l i g h t throiigh various f i l t e r s for dye bath samples 
l i s t e d i n Table 67. 

Monochr omati c 
F i l t e r 
Number 
(millimicrons) 

Dye Bath Sample Number 
9 12 

Per Cent Transmission a t Wave 
jbength Indicated 

390 
ii20 
hho 
U65 
k90 
51^ 
550 
575 
^9^ 
620 
6ko 
660 

^^.^ 56.3 72.1 
^$.3 56.0 73.6 
59.0 60.0 77.3 
70.6 71.3 8I1.6 
81.7 82.1 90.7 
86.7 87.0 93.3 
97.0 97.2 98.7 
99.6 99.S 99.6 
99.9 99.$ 99.2 
99.9 99.9 99.9 
99.9 99.3 99.9 
99.9 99.6 99.1 
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Table S9^ Dyeing Cycle Data for Pontamine 
Fast Orange EGL - High Temperat-ure 

Acid pH 

Run 21 Tarn Sample 21 

Weight of. Yam 
Weight of Dye 
Weight of Sodiim Chloride 
Weight of Ammonium Phosphate 
Vol-ume of Dye Bath 

)jh^.2 grams 
8.92 grams 

66.93 grams 
15.0 grams 
15 l i t e r s 

Dyebath Time Tei^). oH P e r Gent Cone. 
Sample i n Degrees of Transmission O p t i c a l of Dyebath 
Nijmber Minutes F . Remarks Bath F i l t e r !;20 Dens i ty ( g r a m s / l i t e r ) 

(T) (D) (c) 

0 0 90 I n i t i a l cone* 0.596 
1 2 130 Dye only 8.7 5U.2 0.266 0.596 
2 5 170 Buffer added 6 . 1 '!>^6 O.2U8 0.539 
3 9 190 6 . 1 57.6 O.2UO 0.522 
\ 12 200 6 . 1 58.1^ O.23I1 0.508 
5 17 220 6 . 1 5 8 . 1 0.236 0.513 
6 22 230 6 . 1 57.7 0.239 0.519 
7 25 2iiO 6.05 57 .0 0.2UU 0.530 
8 28 250 6 . 1 57.0 0.2ltii 0.530 
9 38 25I4 6 .0 56 .7 0.2i|.6 0 .535 

10 U3 180 ^.0 60 .5 0.218 0.U7I1 
11 53 195 S a l t added 5 .8 72 .1 O.liiO 0 .291 
12 58 195 SM 73.5 0.13ii 0 .275 

Total Dyebath Exhaustion 53 
pH Tap-water 8.9 
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Table 70. Test for S t a b i l i t y of Pontamine 
Fast Orange EGL - High Teniperature 

Acid pH 

Per cent transmission of l i g h t through various f i l t e r s for dye bath samples 
l i s t e d i n Table 69, 

Monochromatic 
F i l t e r 
Number 
(millimicrons) 

Dye Bath Sample Number 
9 12 

Pfiir Cent Transmission a t Wave 
Length Indicated 

390 
ii20 
hho 
U65 
li90 
515 
550 
575 
^9^ 
620 
6hO 
660 

$h.9 56.0 71.6 
5it.2 56.2 13.$ 
58,8 60.6 17.3 
70.5 71.8 8I4.9 
81.8 82.7 91.0 
86.8 87 .l i 93.5 
97.2 97.6 98.5 
99.7 99.2 99.1 
99.9 99.1 99.9 
99<,9 99.^ 99.$ 
99.9 99.7 99.3 
99.7 99.6 99.6 
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Table 7 1 . Dyeing Cycle Data for Pontamine 
Bli3e AX Cone. - High Temperature 

Neutral pH 

Run 22 Yarn Sample 22 

Weight of Yarn 
Weight of Dye 
Weight of SodiiM Chloride 
Weight of Ammonium Sulphate 
Volume of Dye Bath 

I428.3 grams 
8.56 grams 

6k•2k grams 
20 grams 
15 l i t e r s 

Dyebath Time Temp. pH Per Cent Conc# 
Sample i n Degrees of Transmission Op t i ca l of Djnebath 
Ntimber M n u t e s F . Remarks Bath F i l t e r 550 

(T) 
Dens i ty 

(D) 
( g r a m s / H t e r ) 

(c) 

0 0 90 I n i t i a l c o n e . 0 .571 
1 3 130 Dye only 9.8 35.1; O.I45I 0 . 5 U 
2 ^ 160 Buffer added 7 .8 37 .0 0.1^32 0.537 
3 10 180 7.9 k2nk 0.373 0.ii56 
k 15 198 7.9 U3.0 0.367 O.kkl 
5 21 215 7.9 U5.0 0.3U7 0.I123 
6 25 230 7 .9 l i7 .1 0.327 0.399 
7 28 2l;0 8.0 U8.2 0.317 0.387 
8 31 250 8.0 U8.1 0.318 0.388 
9 la 252 7.95 5 0 . 1 0.300 0.367 

10 k^ 190 8.1 5 9 . 1 0.228 0.278 
11 55 195 S a l t added 8.1 75.9 0.120 0.159 
12 60 200 8.1 79.0 0.102 0.135 

Total Dyebath Exhaustion 76.3^ 
pH Tap-water 
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Table 72« Test for S t a b i l i t y of Pontamine 
Blue Ax Cone. - High Temperature 

Neutral pH 

Per cent transiTiission of li,ght through various f i l t e r s for dy6 bath samples 
l i s t e d i n Table 71* 

Monochromatic 
F i l t e r 
Number 
(millimicrons) 

Dye Bath Sample Nuniber 
9 12 

Per Cent Transmission at Wave 
Length Indicated 

390 
i|20 
kho 
1̂ 65 
h90 
515 
550 
575 
^9^ 
620 
6hO 
660 

8U.1 88.2 95*0 
83.2 88.0 9h.7 
82.6 87.8 95.0 
80.8 86.2 9k^h 
6i4-5 7it.0 89.5 
56.1 67.it 86.7 
35.lt 50.1 79.0 
i|2.5 $6.6 82.2 
ii7.0 60.8 8I1.7 
56.0 68,2 87.8 
68.0 78.1 92.6 
72.8 81.7 93.5 

67.it
35.lt
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Table 73• Dyeing Cycle Data for Pontamine 
Blue M. Cone. - High Temperature 

Alkaline pH 

Run 23 l a m Sample 23 

Weight of Yarn 
Weight of Dye 
Weight of Sodium Chloride 
Weight of Sodium Acetate 
Yolume of Dye Bath 

1435.5 grams 
8.710 grams 

65.28 grams 
20 grams 
15 l i t e r s 

Dyebath Time Temp. pH Per Cent Conc» 
Sample i n Degrees of Transmission Optical of Dyebath 
Ntmiber Minutes F» Remarks Bath F i l t e r 550 Density (grams/ l i te r ) 

(T) (D) (C) 

0 0 90 I n i t i a l cone .9.8 0.580 
1 3 120 Dye only 9.8 35.2 0.ii5i; 0.5it6 
2 5 150 Buffer added 9.8 3\x6 O.U66 0.562 
3 7 170 9.8 366 0.1^38 0.529 
h 12 200 9."^ 39.1 0.i;08 0.ii72 
5 20 220 9.85 ii0.3 0.395 0.1^77 
6 25 2U0 9.85 i i l .5 0.382 0.U62 
7 28 250 9.8 I4I.5 0.382 0.1i62 
8 38 256 9.7 i i l . l 0.386 0.i;66 
9 kk 190 9.(^ k66 0.333 O.iiOl 

XO 9x 190 Sa l t added 96 65.7 0.182 0.227 

^ 
(6 200 9.S 70.2 0.l51i 0.192 

Total Dyebath Exhaustion 66.% 
pH Tap-water 8.9 



119 

Table 7k* Test for Stability of Pontamine 
Blue AX Cone, - High Temperature 

Alkaline pH 

Per cent transmission of 
l i s t e d i n Table 73 • 

l i gh t through various f i l t e r s for dy^ bath saur ies 

Monochrcanatic 
F i l t e r 
Number 
(millimicrons) 

Dye Bath Sample Number 
8 11 

Per Cent Transmission a t Wave 
length Indicated 

390 
I42O 
iiiiO 
h6^ 
k90 
$1$ 
$S0 
575 
595 
620 
6ho 
660 

83.8 86.0 9li.l 
83.2 85.8 93.2 
82.5 85.5 93.5 
80.7 83.5 92.3 
6k.$ 69.1 85.3 
56.0 60.8 81.5 
35.2 i i l . l 70.2 
I4I.6 ii7.8 7ii.8 
he.s 52.5 78.2 
55.7 61.8 83.3 
67.5 73.0 88.0 
73.0 77 .ii 90.6 
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Table 75• Dyeing Cycle Data for Pontamine 
Bliae AX Cone, - H i g h Temperature 

Acid pH 

Run 2k 

Weight of Tarn 
Weight of Dye 
W e i ^ t of Sodinm Chloride 
Weight of AinmoniTjm Phosphate 
Volume of Dye Bath 

l a m Sample 2I4 

hl7»l grams 
8•38 grams 

62.86 grsuns 
30 grams 
15 l i t e r s 

Dyebath Time Temp. pH Pfer Cent Cone. 
Sample i n Degrees of Transmission Optical of Dyebath 
Nmber Minutes F . Remarks Bath F i l t e r ^^0 

(T) 
Density 

(D) 
(grams/ l i ter ) 

(c) 

0 0 90 I n i t i a l cone. 0.557 
1 3 120 Dye only 9*9 39.2 0.1^07 0.it87 
2 5 160 Buffer added 6.2 36.7 O.U35 0.521 1 
3 18 185 6.2 h3.6 0.361 0.ii3li 1 
k 22 195 6.0 U5.0 0.31+7 0.itl8 1 
5 27 220 6.0 ii6.5 0.333 0.1+00 i 
6 32 21̂ 0 6.0 U9.0 0.310 0.372 ! 
7 37 250 6.0 50.0 0.301 0.362 
8 i;7 258 5.8 h9.^ 0.305 0.366 
9 52 180 5.85 57.2 0.2i43 0.292 

10 62 200 Salt added 5.75 75.0 0.125 .0.159 

^ 
67 190 5.9 78.6 0.105 0.13k 

Total Dyebath Exhaustion 76.1^ 
pH Tap-water 8.85 
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Table 76. Test for S t ab i l i t y of Pontamine 
Bltie AX Cone* - High Temper a t lire 

Acid pH 

Per cent transmission of l i g h t through varioiis f i l t e r s for dye bath, samples 
l i s t e d i n Table 75. 

Monochromatic 
F i l t e r 
Number 
(millimicrons) 

Dye Bath Sample Number 
8 11 

Per Cent Transmission at Wave 
iiength Indicated 

390 
i;20 
i|i;0 
h6^ 
h90 
515 
^$0 
575 
^9^ 
620 
6hO 
660 

85.0 88.6 96.1 
81i*3 88.5 95.0 
81.1 88.1 95.0 
82 ,5 86.8 9h*^ 
67.6 7I4.O 89.8 
59.7 67.2 86.7 
39.2 h9.S 78.6 
Ii5.2 56.0 82.1 
U9.8 60.1 8ii.O 
58.8 68.2 87.7 
70.5 78.1; 92.2 
75.1 81.7 93.k 
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