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SUMMARY 

Pollution of natural water resources is one of the 

major problems facing the textile industry today. A large 

quantity of wastewater is generated in the dyeing process. 

For example, the wastewater produced in the dyeing of nylon 

carpets alone is approximately 3 9 million gallons per day 

in the United States. Water pollution control expenditures 

by the textile industry in 1973 amounted to $43.5 million. 

Since the sources of clean natural water are limited, alter

native methods must be found to reduce the amount of waste

water generated. 

Various alternatives have been investigated for 

solving this problem, namely, (i) clean-up and discharge 

of the spent dye liquor, (ii) clean-up and reuse of the 

spent dye liquor, and (iii) reconstitution and reuse of 

the spent dye liquor. The objective of this work was to 

investigate the possibility of obtaining a series of dyeings 

in a number of different colors, by reconstituting and reusing 

the spent dyebath after each dyeing. The system chosen for 

investigation was the beck dyeing of tufted nylon carpets. 

Batch processes are generally inefficient in their utiliza

tion of water, chemicals, and energy, and generate large 

quantities of wastewater which must be treated subsequently. 
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Dyeings were carried out on a Nylon 6 tufted carpet, 

using first a combination of three disperse dyes and then a 

combination of three acid dyes. The spent dyebath was 

analyzed to determine the concentrations of the residual 

dyes. The loss in auxilliary chemicals was estimated from 

the final volume of dye liquor, by assuming that all the 

chemicals are completely soluble and hence lost only in 

the water absorbed by the unloaded carpet. The dye liquor 

was reconstituted with the required amounts of dyes and 

chemicals for the next dyeing. A retarder was used to 

control the dye strike rate when entering the carpet into 

the hot dyebath. 

The results indicate that it is possible to carry 

out dyeings in a reconstituted dyebath which are comparable 

in uniformity to those carried out in fresh dyebaths. The 

reproducibility of these dyeings compares well with the 

standards accepted in the carpet industry. Considerable 

savings can be realized in water and chemical costs and the 

quantity of wastewater generated is drastically reduced. 

The use of an effective retarder and an accurate analytical 

technique are of great importance in improving the accuracy 

and increasing the versatility of this technique. 

The constantly changing processes and resulting 

wastewaters in the textile industry make environmental 
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protection through adequate wastewater treatment a continuous 

requirement for acceptable textile manufacturing. 



CHAPTER I 

INTRODUCTION 

Historical Notes 

The carpet industry has played a prominent role in 

the state of Georgia since the early forties. In 1972, the 

Georgia mills produced 60% of all the carpets and rugs 

produced in the United States. About 83% of the total 

Georgia production came from eight northwest Georgia counties 

(1). They are Whitfield, Gordon, Bartow, Murray, Catoosa, 

Chattooga, Floyd and Walker. The 197 2 industry shipments 

of tufted carpets and rugs in Georgia alone, amounted to 

$1,7 04 million compared to the total U.S. shipments of 

$2,783 million (2). 

In 1974, 90% of the carpets produced in the United 

States were manufactured by the tufting process, while nylon 

accounted for 7 0% of the fibers used for face yarn in the 

carpet industry (1). Hence a substantial quantity of nylon 

fibers are used in the production of tufted carpets and rugs. 

In 1975, shipments of tufted carpets and rugs alone amounted 

to 787 million square yards having a dollar value of $2,861 

million. This represents 92.4% of the total dollar value 

of all carpets and rugs shipped in the United States (3). 

The amount of nylon used for the manufacture of carpets in 

the United States in 1975, was 805 million pounds (3). 



The carpet industry in Georgia is a major water user. 

About 2 0 gallons of water are required for each pound of 

carpet (not including the latex and secondary backing) that 

is processed, 90% of the total water usage occurring in the 

dye house (1, 4). Assuming that about 1.2% on weight of 

fiber (owf) of dye was used on the average and about 5% of 

that amount was discharged with the wastewater, the amount 

of dye waste would be 4 8 3,000 pounds for the dyeing of nylon 

carpets alone. The wastewater produced in the dyeing of 

nylon carpets would be about 39 million gallons per day 

(8 05 million pounds/year x 20 gallons per pound x 0.9 0 7 

365 days/year), in the United States. Although most of 

this wastewater is now treated to some extent before being 

discharged into natural rivers or lakes, it still presents 

an environmental problem in many regions of the country. 

According to the Department of Commerce, in 1974, 

$1.9 billion in capital expenditures was spent for water 

pollution abatement. Water pollution control expenditures 

by the textile industry alone amounted to $43.5 million. 

The Council on Environmental Quality, estimates that com-

mulative incremental pollution control expenditures for the 

period 1973 to 1982 will amount to $194.8 billion in constant 

1973 dollars. Of this total, 8 0% will be spent by private 

industry (5). Table I compares the total new capital 
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expenditures to those allocated for pollution abatement by 

textile mills in 1973 (6). 

Since the sources of clean natural water are limited, 

alternative methods must be found to reduce the amount of 

wastewater generated. The Environmental Protection Agency-

has established limits on permissible effluent discharge 

with criminal penalties for violators (7, 8, 9, 10). The 

1972 amendment to the Federal Water Pollution Control Act 

(PC 92-500) is the most comprehensive measure taken so far 

by Congress to restore the nation's waters (11). It 

requires that industrial plants which are points of discharge 

to navigable streams; 

1) Meet the national goal of zero-discharge by 1985. 

2) Provide Level I treatment designated as Best Practical 

Control Technology Currently Available, by 1977. 

3) Provide Level II treatment designated as Best Available 

Technology Economically Achievable, by 1983. 

4) Operate under National Pollutant Discharge Elimination 

System Permits with designated monitoring and reporting 

procedures. 

For textile plants discharging to municipal sewers the Act 

requires; 

A) Pretreatment of noncompatible waste discharges, flow 

equilization and neutralization. 



B) Repayment of Federal Funds on basis of waste load in

cluding the volume discharged. 

The real impact will be felt by the industry in 

pretreatment and Level II rules and regulations, as the true 

economics of technology are yet to be evaluated. Current 

processes must be restudied along with new technology in 

an effort to reduce water usage. 

According to E. Fowler of Burlington Industries, the 

energy required to upgrade all wastewaters to 94% pollutant 

removal is equivalent to the total output of the TVA system. 

To raise this to 96% would require two TVA's. To reach 

1985's 'no-discharge' standard would require at least five 

TVA's (12, 13). 

Definition of the Problem 

Having recognized the need to reverse the trend to

ward further environmental degradation, recent and proposed 

legislation is focusing on cleaning up the water environment. 

Textile processing plants, in general, use a wide variety of 

dyes and auxiliary chemicals such as acids, bases, salts, 

wetting agents, retarders, detergents, stripping agents and 

finishes. Most of these are not retained in the final pro

duct but are discarded with the process wastewater after 

they have served their purpose. As many textile wet process

es are handled on a batch basis, the concentrations of the 



waste materials in the liquid effluent vary widely. The 

textile industry is composed of over 7,000 plants of which 

approximately 68 0 use wet processes or discharge wastewater 

(14), This wastewater may be treated on site or by municipal 

treatment plants, or discharged untreated. Some of the 

major factors in the consideration of pollution from textile 

wastewater are solids, biochemical oxygen demand (BOD), 

chemical oxygen demand (COD), temperature, toxic chemicals, 

pH, and color. 

Solids are present in the wastewater generated from 

the treatment of fibrous substrates. They affect the 

natural environment by hindering oxygen transfer and reducing 

light penetration. Solids settling on the bottom can cover 

the flora and fauna and result in an anaerobic sludge layer. 

The BOD, resulting from organic process chemicals, varies 

considerably. Chemicals such as starch are completely bio

degradable, while some dyes are essentially nonbiodegradable. 

Effluents with high BOD could deplete the dissolved oxygen 

in the receiving waters resulting in the death of fish and 

objectionable water quality. Biological wastewater treat

ment systems are sensitive to temperature changes beyond 

certain rather narrow limits. Wastewater pH can vary greatly 

over a period of time since some processes require highly 

acidic conditions and others, highly alkaline. Thus some 

form of neutralization or equalization is necessary. Most 

of the dyes used by the textile industry are not readily 



degradable by ordinary treatment processes and the treated 

effluent is often highly colored. The pollutants present 

make the water visually undesirable for domestic use. 

Various approaches have been taken to reduce the 

environmental problem caused by the polluants in textile 

wastewater. The most widely used methods are treatment 

systems which employ various processes singly or in combina

tion to remove pollutants from the effluent wastewater before 

it is discharged from the plant site. Basically these 

methods are the same as those used in municipal and other 

industrial waste treatment plants. They include sedimenta

tion, satbilization ponds, biological treatment (e.g. act

ivated sludge and trickling filters), chemical treatment 

(e.g. flocculation, reaction with peat, ion-exchange, and 

chlorination) and carbon adsorption. Some other processes 

that have been suggested but are not as yet in commercial 

use include hyperfiltration or reverse-osmosis, ozone oxida

tion and the use of ionizing radiation. 

Pilot scale attempts have also been made to reutilize 

the water discharged from the processing plant after it has 

been treated to remove pollutants and color. This would in

volve a series of steps such as filtration and ion-exchange 

or biological and chemical treatment followed by carbon 

adsorption. Essentially the same treatment methods as those 

listed above would be used to treat the discharged water 

before reusing it in the plant. 



In spite of the numerous methods available, problems 

still persist. Many of the auxiliary chemicals used in 

addition to the dyes are resistant to chemical and biological 

treatment. The wastes discharged from the various processing 

operations are different in each case, due to differences in 

the types of fibers processed and the different end uses. 

The large volume of effluent water to be processed and the 

necessity for multiple stages would require a large capital 

investment in land, construction and equipment and possibly 

a high treatment cost per unit of water processed. 

In addition to simply treating the wastewater, sug

gestions have been made to treat and reuse the wastewater 

for subsequent processing. This would be more effective 

and economical. Dyeing can be done successfully in used 

water as long as the impurities do not prevent the attain

ment of the desired color. The residual dye bath needs 

simply to be reconstituted to the desired dye and reagent 

concentration before being reused. This process obviously 

reduces chemical costs and in addition, considerable savings 

in energy costs can be realized. Since the dyebath is 

reutilized, the heat contained in the water is also reused. 

Finally, the volume of wastewater produced per unit weight 

of goods dyed is drastically reduced in comparison to pre

sently used procedures. This reduces the load on waste 

treatment facilities, their operating costs, and the capital 

required for this construction. 



Preliminary work done at the Georgia Institute of 

Technology, School of Textile Engineering indicates good 

prospects for the application of this method to commercial 

beck dyeing (15). In the initial research work dyeing 

tests were conducted on Nylon 6 carpet using a constant 

temperature dyeing technique, with a combination of acid 

dyes. In the first series of dyeings, five carpet sections 

were dyed to the same shade, with the last four dyeings 

being carried out in recycled dyebaths. The results showed 

that these dyeings were acceptable when compared to 'standard' 

dyeings done in fresh dyebaths. Attempts were then made to 

control the dye strike rate by varying the pH, but this 

approach was abandoned as it produced excessive turbidity 

in the dyebath, which hindered analysis of the residual 

dyebath. In the next series of dyeings one of the acid dyes 

was replaced with a disperse dye to make the test more repre

sentative of commercial dyeings which frequently use a mixture 

of acid and disperse dyes. This series produced uneven dye

ings, Attempts were made to remedy this by adding the dye 

solution after entering the carpet into the beck and by 

using a non-ionic retarder to reduce the strike rate of the 

dyes. But problems still persisted, hence further investiga

tion was left to subsequent workers. In these experiments 

the carpet was dyed to the same shade in each dyeing series. 

This did not give any indication of the possibility of dye

ing different colors before the spent dyebath is finally 
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discharged. 

Purpose of Research 

The objective of this work was to carry out three 

sets of dyeings; the first set using a combination of three 

disperse dyes; the second, using a combination of three 

acid dyes; and the third, using a mixture of acid and dis

perse dyes. In each part, a series of dyeing in a number 

of different colors, would be carried out by reconstituting 

the dyebath after each dyeing. These series would be 

repeated and individual shades would be dyed by current 

industrial methods, to obtain a basis for comparison of the 

reproducibility and uniformity that could be achieved by 

this technique. Samples would be examined both visually 

and instrumentally, to evaluate their acceptability in 

comparison with current industrial standards. 
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CHAPTER II 

LITERATURE REVIEW 

The EPA guidelines on wastewater discharge have led 

to the development of a number of innovative techniques to 

reduce the pollution of natural water resources. Many of 

these concentrate on the treatment of wastewater by various 

methods, both chemical and biological. 

In spite of the numerous claims regarding the low 

cost and high efficiencies of these methods, it must be 

remembered that these processes require a substantial out

lay of capital which does not in any way reduce production 

costs or increase profits. On the contrary, construction 

of waste treatment facilities will increase operating costs 

and the price of textile products. Treatment and reuse of 

wastewater in the plant has also been given some consider

ation, but this too requires the construction of waste 

treatment facilities. Other alternatives such as solvent 

dyeing have obvious limitations in their use with respect 

to availability, toxicity, flammability and economy. In 

contrast, the concept of a recycled dyebath has none of the 

drawbacks inherent in the above techniques. Reuse of a 

spent dyebath reduces waste, cuts chemical and dye costs 

and increases the overall profitability of the operation. 
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It can be adapted to suit existing equipment and does not 

require extensive additional capital outlay. 

A large amount of work has been done within the 

textile industry to develop techniques for treating waste

water. Studies are being made at North Carolina State Uni

versity and at the University of North Carolina on treat

ment methods for twenty typical dyebaths after exhaustion 

(12). Techniques being studied include biological oxida

tion, carbon adsorption, chemical coagulation and ozone 

treatment. At Clemson University, studies are being carried 

out on the use of hyperfiltration for renovation of composite 

wastewater from dyeing and finishing plants (12, 16). 

Hyperfiltration or reverse osmosis is a separation process 

involving the filtration of aqueous solutions by membranes 

capable of removing not only suspended particles but also 

substantial fractions of dissolved impurities, both organic 

and inorganic (4). Application of high pressure to the 

feed solution causes purified product water to pass through 

the membrane, leaving the remaining feed as a concentrated 

solution. Hyperfiltration reduces the amount of wastewater 

requiring biological treatment. 

Flocculation and ion-exchange processes are currently 

in common use. Inorganic coagulants have been found to be 

effective in removing dye color from textile wastewater. 

The chief disadvantage of this type of coagulant is the 
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poor dewatering characteristics of the resulting solids. 

At a pH below 7, common aluminium or iron coagulants begin 

to form a voluminous metal hydroxide floe. Many colloidal 

particles adsorb onto this floe, forming large fast-settling 

particles. The metal hydroxide floe thus aids in color 

removal (17). Polyelectrolytes are used in many different 

types of wastewater treatment systems to agglomerate parti

cles or to increase the filterability of coagulated solids. 

Another chemical method for decolorising dye wastes 

is a combined polymeric adsorption - ion exchange process 

(18, 19). This process involves adsorption on a synthetic 

polymer and claims several operating and performance advan

tages. The polymeric adsorbent can be regenerated in situ 

by a common solvent like methanol. These are no losses on 

regeneration and the solvent can be reclaimed. Adsorption 

on activated carbon has been extensively evaluated for 

treatment of textile wastes. Activated carbon adsorption 

has several limitations. The carbon must be periodically 

regenerated and regeneration losses frequently average 3% 

to 4% per cycle. Metallic residues can coat the carbon 

surface, when treating premetallized dye wastes, thus re

ducing the adsorption capacity. 

An integrated ozone oxidation - carbon adsorption 

process has also been used. Here the two phenomena are 

combined to produce a synergistic effect in addition to 
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their own individual effects (20, 21). It is claimed that 

this process is effective in decoloration and removal of 

organic substances and is simple and economical to operate. 

The majority of treatment facilities employ biologi

cal systems for treating wastewater (22, 14). Biological 

treatment of industrial wastewater involves contact between 

the wastewater and a mixed culture of micro-organisms under 

a favourable environment. The micro-organisms metabolize 

the wastewater components for energy and synthesis of cells. 

They use dissolved oxygen, produce carbon dioxide and syn

thesis new cells. These reactions are continually occurring 

in nature but the rate is limited owing to one or more con

trolling parameters such as dissolved oxygen, available 

nutrients and microbial concentrations. In biological 

wastewater treatment, the rate is greatly accelerated by 

providing high concentrations of micro-organisms to feed on 

nutrients in the wastewater, by substantial mixing or 

other arrangements to give adequate dissolved oxygen and 

by good agitation for frequent contact between the 'food' 

and the micro-organisms. There are two major methods of 

biological waste treatment, aerobic and anaerobic. In 

aerobic processes, degradation or organic matter takes place 

in the presence of and through combination with dissolved 

oxygen. The release of carbon dioxide serves to reduce 

alkalinity in textile wastes. Oxidation of organic matter 
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supplies energy to the microbial population for synthesis 

of new cells. Aerobic processes require temperatures below 

100°F and are characterized by nearly complete metabolism 

and high growth rates. Anaerobic micro-organisms exist 

where there is little or no oxygen. Since they require 

molecules other than hydrogen and oxygen acceptors, anaerobic 

processes are reductive in nature and can tolerate higher 

temperatures (125°F). Anaerobic processes exhibit lower 

growth rates and incomplete metabolism with resulting higher 

energy of the products. The products formed include hydro

gen sulfide and methane. 

Biological treatment is usually preceeded by sedimen

tation, but other forms of pretreatment such as screening, 

equilization, neutralization or coagulation may also be 

used. Following the biological treatment, sedimentation is 

required to remove the suspended micro-organisms that settle 

as sludge. The amount of sludge produced depends on the 

type of biological treatment, the organic loading, the tem

perature, and the efficiency of sedimentation. The biological 

treatment methods applicable to textile wastewater are, 

trickling filters, activated sludge, rotating biological 

disks, extended aeration and lagoons. 

The use of peat as a medium for treating dyehouse 

effluents has also been suggested (23). In this process, 

raw effluent is subjected to the scrubbing action of a 
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moving mat of common garden peat. The process does not 

involve filtration, but chemical adsorption and complexing. 

An insoluble complex salt is formed by the ionic and co

ordinate bonding peculiar to the molecular structure of the 

peat. The process requires carefully controlled conditions, 

but claims virtual elimination of color, phosphates, sus

pended solids, and heavy-metal pollutants. The pollutants 

are actually removed, not merely changed into less offensive 

form or replaced by nonpolluting compounds. 

Some work has also been done on the use of a combined 

radiation-oxidation process for decolorizing textile waste

water (24). Many organic molecules are strongly affected 

by ionizing radiation such as high energy gamma rays. These 

effects may be intensified in aqueous solution where the 

products of radiolysis of water, e.g. free radicals and 

peroxides, may also react with the organic molecule. Other 

organic species or dissolved oxygen, may alter the nature 

and rate of the reaction involved. Decolorization is 

inhibited by some materials such as thiourea and carbon 

dioxide. Organic molecules may also be degraded by chemical 

oxidation through the use of chlorine, hydrogen peroxide, 

and ozone. In the above mentioned study, aqueous solutions 

of several commercial dyestuffs and a textile dye waste of 

unknown composition were subjected to radiation from a 

cesium 137 gamma ray source in both the presence and absence 
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of chlorine. The results indicated that the synergistic 

effect of gamma radiation and chemical oxidation can be 

successfully used in decolorizing solutions of commercial 

textile dyestuffs. Chlorine acts as an effective and 

economical oxidant in this process. However, the decolor

izing effects are not uniform enough to enable prediction 

of the results for the treatment of specific types of dyes. 

There is a slight reduction in chemical and biological 

oxygen demand and the amount of chlorine and radiation 

required depends on the particular effluent to be treated. 

The dyes investigated included anthraquinone, azo, metallized 

azo, sulfur, and triphenylmethane dyes. The estimated cost 

for a 240,00 gallons per day facility is $0.31 per 1000 

gallons for a design treatment of 60 k rads and 7 5 ppm. 

chlorine. 

In some cases, shortage of water supply and variabi

lity in the chemical makeup and quality of municipal water 

supply have led some mills to reuse their wastewater after 

preliminary treatment at the plant (25, 14). Hollytex 

Carpet Mills has tv70 plants where 8 0% to 85% of the waste

water istreated and stored for later use. At their manu

facturing plant in Southampton, Pa. shortage of water supply 

and a lack of sufficient sewer facilities, forced the man

agement to consider the possibility of reusing wastewater. 

The management decided to use a granular carbon system and 

constructed a plant which began operating in 1969. The 
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company reclaimed and treated 80% of its wastewater. This 

was primarily rinse water and dye solutions from dyeing of 

light shades. The remaining 20% was discharged to the 

sewer. The treatment plant operates as follows. Waste

water from the dye becks flow into sumps through vibrating 

screens used to remove lint. From the sumps, the water is 

forced against gravity, through a moving bed carbon column 

containing 50,000 pounds of Calgon Filtrasorb 400 (12 x 

40 sieve size). The plant operates at a carbon-exhaustion 

rate of 0.55 pound per 1,000 gallons of waste water treated. 

The treated water, free of color and organic materials is 

then pumped through a cooling tower and stored for reuse. 

The exhausted carbon is withdrawn from the bottom of the 

column and transferred to a multiple-hearth, gas-fired 

reactivation furnace, where the organic materials are 

oxidized and the carbon is restored to near original activity, 

This plant, now owned by Stephen-Leedom Carpet Co., has 

been operating successfully since 1969. 

The other plant still owned by Hollytex Carpet Mills, 

is located in City of Industry, California. Their dye 

water reclamation process used, has been so successful that 

it is being marketed to other carpet mills throughout the 

country. However the company is reluctant to give infor

mation on how the system actually works. One and a half 

million gallons of water are recycled daily. This has 
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resulted in savings in water costs, and reduction in phos-

phate costs by $25,000 a month. In addition, fuel costs 

are reduced since the water reenters the mill already heated 

to 140°F. 

The techniques mentioned above emphasize treatment 

and discharge or treatment and reuse of wastewater. The 

use of organic solvents in the place of water in textile 

processing has also been considered (26). This has not been 

an acceptable solution to the pollution problem because 

organic solvents are not as readily available as water. 

They are much more expensive and in some cases, hazardous 

due to their inherent toxicity and/or flammability. 

Another alternative to the waste treatment processes, 

is the concept of reusing the spent dyebath. This technique 

makes no attempt to remove the remaining dyes and chemicals 

in the spent bath. On the contrary, it uses the water 

without treatment for subsequent dyeings. Not only does 

this method drastically reduce the volume of wastewater 

that would eventually require treatment, but it also makes 

effective use of residual dyes and chemicals instead of 

discarding them to become pollutants. 

The dyebath recycle technique has two important 

requirements which must be met if the technique is to be 

used successfully, (i) It must be possible to enter the 

carpet into the spent dyebath at a relatively high tempera

ture (about 7 0°C), without most of the residual dye 
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exhausting onto the leading end of the carpet. Cooling 

the bath would eliminate the savings to be gained from 

shorter dyeing cycles and the thermal energy stored in 

the water, (ii) It must be possible to control the dye 

strike rate as the temperature is being raised to the dye

ing temperature, so that dye exhaustion is uniform and a 

level dyeing is obtained. 

The two following examples illustrate the effective 

use of a retarding system to control the dye strike rate 

at high temperatures. This is a major problem that must be 

solved if the recycled dyebath technique is to be used 

effectively, and it becomes especially important when each 

successive dyeing is different in color from the proceeding 

one. 

Constant temperature dyeings at over 90°C have 

been carried out using cationic dyes on acrylic knit goods 

(27, 28), and acid dyes on nylon (29, 30). In both cases 

a retarding agent was used to control the dye strike rate 

at the high temperature involved and thus obtain a level 

dyeing. The major advantage of the constant temperature 

dyeing method is the time saved by the elimination of the 

slow temperature rise step. 

The FAL Constant Temperature Process for acrylic 

goods uses acetic acid and a salt, either sodium chloride 

or anhydrous sodium sulfate, as a retarding and leveling 
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system. By pretreating and dyeing in the same bath with 

sufficient acetic acid to obtain an initial pH of 3.0 to 

3,5 and a quantity of salt related to the depth of shade, 

an efficient retarding and leveling system is obtained 

which does not affect the saturation capabilities of the 

fiber. The bath is set at 60^0 (140°F) with salt and 

acetic acid and the temperature raised quickly to the pre

selected dyeing temperature and held for about ten minutes. 

The dye solution is then added and the dyeing continued 

until 90 - 95% exhaustion is obtained. The temperature 

is then quickly raised to 99°C (210°F) for 15 minutes to 

fully develop the shade. The bath is then cooled slowly 

to 60^C and the goods rinsed and finished as usual. The 

addition of the acetic acid (80%) reduces the ionization 

of the dye as well as the dissociation of the acidic groups 

in the fiber. Consequently, the affinity of the dye for 

the fiber is lowered considerably and the dyeing is more 

readily controlled. 

The constant temperature process as applied to 

nylon is basically as follows. The nylon is pretreated 

under acidic conditions with an anionic levelling agent. 

The dyebath is then raised to the boil as rapidly as the 

equipment will allow. After about 30 minutes, the acid dye 

mixed with cationic leveling agent is added. The dye ex

hausts rapidly but evenly across the fabric. Shading is 
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also possible at the boil. Simple theory suggests that the 

anionic agent, being substantive on nylon, retards dye up

take by competing for the dye sites on the fiber. The 

cationic agent complexes with the anionic dyes and the rate 

of release of free dye from this complex controls the rate 

of dyeing. Hughes et. al. (2 9) carried out a number of 

tests to determine these mechanisms more precisely. Lissapol 

D was used as the anionic agent, Dispersol CWL as the 

cationic agent and a number of different acid dyes were 

used in their investigation. The dyeings indicate that 

Lissapol D has a greater retarding effect on low affinity 

dyes. Hence high affinity dyes will show higher levels of 

exhaustion. The retarding effect of Dispersol CWL alone, 

reduces the final exhaustion by a considerable amount. 

This action is greater with dyes forming a more stable 

complex. The retardation obtained in the early stages of 

the dyeing, using a mixture of agents, is greater than that 

obtained using either of the components alone. This in

vestigation shows that retarding action is dependant on 

two factors; (i) the ability of the dye to be absorbed 

by nylon in the presence of Lissapol D, which in turn 

depends on the relative affinities of the dye and the agent; 

(ii) the stability of the complex formed between the dye 

and Dispersol CWL compared with that of the complex formed 

between Dispersol CWL and Lissapol D. 
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Blackburn and Dawson (30) conducted further studies, 

using this technique to investigate the utility of these 

agents in retardation, migration and coverage of barre. 

Their studies confirmed the results of Hughes et. al. and 

in addition indicated that, (i) the reduction in final ex

haustion was less with the mixture than with Dispersol 

CWL alone, and (ii) the mixture of agents has little effect 

on the compatability of dyes applied in the combination. 

Conventional migration tests showed that both Lissapol D 

and Dispersol CWL greatly improved migration. However, 

Dispersol CWL was slightly more advantageous on a weight 

for weight basis. For certain dyes, the levelling was 

less dependent on pH in the presence of Dispersol CWL than 

in the presence of Lissapol D. At higher pH values (pH 6), 

the mixture of agents was as effective as the individual 

agents. In testing for coverage of physical irregularities, 

Lissapol D showed better results than Dispersol CWL. 

These results show the applicability of constant 

temperature techniques to conventional dyeing methods. 

In addition, savings in processing time and energy can be 

realized. This technique has an advantage over the two-

stage process entailing application of an anionic agent at 

95°C and then dropping and recharging the bath for dyeing. 

In applying the technique used by Hughes, Dawson 

and their co-workers to recycled dyebaths, it should be 



24 

noted that subsequent dyeings in the series will contain 

both anionic and cationic agents, at the beginning of the 

dyeing. In this case the retarding action of the anionic 

agent will be reduced due to the presence of the cationic 

agent with which it will form a complex. The build up 

in concentration of the two agents in the dyebath will lead 

to their presence in excessive amounts which may be detri

mental to the dyeing system in terms of the final level of 

exhaustion. In such a case, the critical factor will 

probably be the relative stability of the complex formed 

between the dye and Dispersol CWL compared to the Dispersol 

CWL - Lissapol D complex. 

The present work involved the use of disperse dyes 

on nylon. As disperse dyes are insensitive to chemical 

irregularities, they can not be effectively controlled 

by the use of anionic and cationic agents. However, a 

similar retarding action can be obtained by pretreating the 

nylon with a non-ionic surfactant. The dye must displace 

the surfactant before being adsorbed by the fiber. The 

greater the energy required to displace the surfactant, 

the higher is the temperature at which the dye can be 

added to the recycled dyebath. Another approach to retard

ing initial dye exhaustion would be to use a retarder 

which formed a temperature dependent complex with the dyes. 

At lower temperatures, the retarder should complex the dyes 

and keep them from being adsorbed by the fibers. At higher 
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temperatures the dye would be released from the complex 

as the temperature was raised. This would facilitate the 

entry and removal of the goods at temperatures slightly 

below the dyeing temperature. This effect could probably 

be achieved by a two phase system where the dye was soluble 

in water at higher temperatures and in the other liquid 

phase at lower temperatures. 

The preliminary work, using the recycled-bath 

constant temperature dyeing technique, was carried out on 

nylon carpet using first a mixture of acid dyes and then a 

combination of acid and disperse dyes. In this study, all 

the dyeings in a particular series were made to the same 

shade. In the first series of dyeings, using acid dyes 

only, the recycled bath dyeings were not uniform, probably 

due to the rapid dye strike rate at the high entrance tem

perature. Hence in the next series, an attempt was made 

to use pH control to reduce the initial diffusion rate of 

the dyes and thus improve the overall levelness of the dye

ings. The change in pH seemed to aggravate the problem 

further rather than solve it. In addition, the residual 

dyebath was turbid and could not be used to give satisfac

tory values for the residual dye concentration. Therefore 

this series was discontinued after only two dyeings. At 

this point the dyeings with acid dyes were discontinued in 

favour of a combination of acid and disperse dyes, to 
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determine if this combination could improve the levelness 

of the dyeings. The next three series of dyeings used a 

combination of two acid dyes and one disperse dye. This 

improved the levelness slightly but not to a satisfactory 

extent. In the following series, the dye solution was 

added after entering the carpet into the bath. This was 

expected to improve the levelness since the procedure 

reduced the amount of dye that would be present initially 

before entering the carpet. However, this change did not 

improve the levelness significantly. In the final series 

of dyeings, a nonionic retarding agent was used to control 

the strike rate of the dyes. This produced the best results 

but in the last two dyeings in the series, some non-unifor

mity was apparant. 

The results of the foregoing work indicate two areas 

that need further study, (i) The possibility of having a 

series in which each carpet would be dyed a different color. 

(ii) Investigation of a retardation system for disperse 

dyes and acid dyes individually before combining them in 

the dyebath. 

At present, the textile mills that treat their waste 

generally use biological or chemical treatments, chlorina-

tion (31), reverse osmosis (32); combinations of filtration, 

adsorption and ion-exchange techniques have also been used 

(33), These systems either alone or in combination, will 

continue to be used in the future (34-38). On the other 
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hand, constant temperature dyeing methods, even though 

they increase the complexity of the dye-fiber system, 

should prove to be far more economical than waste treatment 

methods because they could not only reduce pollution but 

also produce savings in water, thermal energy and chemicals 

and reduce the dyeing time required. With technology 

tending towards the more resistant dyes, all alternatives 

should be considered in order to optimize treatment and 

attain the most economical and efficient solution possible. 
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CHAPTER III 

EXPERIMENTAL PROCEDURES 

Selection of Carpet and Dyes 

Initial development of the dyebath recycle process 

was aimed primarily at the open beck dyeing of nylon carpets. 

Batch processes are generally inefficient in the utiliza

tion of water, chemicals and energy and generate large 

quantities of waste which must be treated later on. However, 

their versatility, ease of control and short run capability 

make them an attractive method of coloration for many 

textile products. Beck dyeing is a major method of carpet 

coloration. In 1974, 35% by weight of all the nylon carpet 

colored and 90% by weight of all the polyester carpet 

colored were dyed in becks (1). The shade matching re

quirements for dyed carpet are less stringent than those 

for other types of textile products. Hence, process 

changes in carpet dyeing could be accomodated that would 

not be tolerated in other dyeing operations. Finally, 

the range of dyes used in carpet coloration is narrow, so 

the residual dyebath analysis would not be complicated by 

the presence of a large number of dyes. 

There were a number of requirements to be considered 

in the selection of the sample carpet. A synthetic pri

mary backing rather than a jute primary backing was chosen 
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since this is reflective of the current trend. A plain 

level loop carpet was preferred as this would facilitate 

color measurements with the colorimeter and eliminate the 

variability due to sample presentation encountered in 

the previous work. The tufting yarn should contain mono

filaments with a uniform number of end groups. This would 

eliminate color variations due to the inherent variation 

in the fibers' chemical properties. This special require

ment could not be met because many industrial carpets are 

made from cotexturized yarn consisting of deep and regular 

dyeing filaments. These filaments differ in the number 

of amino end groups incorporated into the polymer. The 

difference in the number of end groups is insignificant 

when dyeing with disperse dyes, but it is an important 

factor when trying to obtain level dyeings with acid dyes. 

Regular and deep dye yarns dye to the same shade with 

disperse dyes but to different shades with acid dyes. 

Hence experiments involving acid dyes would probably require 

the yarns to be rejmoved from the carpet for color measure

ment. 

The sample finally obtained was a level loop 

tufted nylon carpet with polypropylene backing. The nylon 

6 yarns were cotexturized and consisted of regular and deep 

dyeing filaments. The sample had 20 ounces of face yarn 

per square yard, 
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The dyes were selected from a list of commonly used 

dyes in the carpet industry. The ones used in largest vol

ume were preferentially selected. The next criterion was 

the location of the absorption peak in the visible spectrum. 

To obtain an accurate analysis of the residual dye concentra

tion it was important that the overlap between the absorp

tion peaks be kept at a minimum. It would also be advantage

ous if the absorbance of each dye in the peak wavelength 

regions of the other dyes was as small as possible. The 

list of acid and disperse dyes finally selected and the 

manufacturers from whom they were obtained is given in 

Appendix A. Their absorbance spectra in the visible region 

of the spectrum are given in Appendix E. 

Disperse Dyes 

Praxitest Experiments. 

Having selected the dyes and the carpet, it was 

now necessary to choose a suitable retarder for the disperse 

dyes. For the recycled dyebath technique to be effective 

it is necessary to enter the carpet into the dyebath at a 

relatively high temperature. As indicated by the previous 

work, at these temperatures, the dye strike rate is high. 

A retarder is necessary to control the strike rate on enter

ing the goods and during the rest of the dyeing. The 

effects of the retarders on the selected dyes could be 

observed from the curves on the Praxitest strip chart 
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recorder. These would indicate which retarder had the 

greatest effect on the exhaustion rate and the final level 

of exhaustion, A retarder producing a low exhaustion rate 

but a relatively high final exhaustion would be preferred. 

The Praxitest (HCR) System Ellner - Original Hanau, 

manufactured by Quartzlampen Gesellschaft M.B.H., Hanau, is 

marketed by Brinkmann Instruments, Westbury, New York, This 

instrument makes it possible to observe wet processing pro

cedures under conditions which are very close to actual 

practice. It is possible to dye loose fiber, top, yarn, 

and piece goods at liquor ratios varying from 7 to 1, to 

80 to 1 and at temperatures from 10°C to 135°C. The heat

ing rate can be regulated by a built in thermostat. The 

instrument is fitted with a colorimeter and a recorder and 

the degree of exhaustion and temperature of the liquor can 

be recorded simultaneously. The clearing of the dye solution 

is determined by the colorimeter and the degree of exhaus

tion recorded directly as a percentage. A detailed descrip

tion and operating instructions can be found in the technical 

manual (39). 

GAF Corporation produces a number of non-ionic 

surfactants that can be used as retarders in the dyeing 

of nylon with disperse dyes. They vary in their hydro

phobic components (octyl phenol and nonyl phenol) and 

in the average number of ethylene oxide units in the 

hydrophilic portion of the molecule. 
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A study of their technical bulletins indicated that 

the samples chosen would probably have the same effect on 

the dyes. A 50 lb. bag of Igepal DM 97 0 was ordered to

gether with small samples of Igepals CA 620, CO 610, CO 630, 

CO 990, CO 710, DM 730, CO 880, DM 430, CA 897, and CO 210. 

The retardation action of each of these was observed in 

small scale dyeings done in the Praxitest. 

Samples of carpet weighing about 15 gms were used 

for the Praxitest dyeing. The dyebath consisted of 2% owf 

trisodium phosphate to serve as a buffer, 0.5% owf Plexene 

D which acts as a sequestering agent to complex metal in-

purities present in the water, 1% owf disperse yellow 3, 

and 1% owf of the retarder. The liquor ratio used was 

45 to 1. Before the dyeing, the recorder was adjusted to 

show 100% exhaustion with a blank dyebath (no dye present) 

in circulation and 0% exhaustion with the initial dye con

centration present in the dye liquor. Each carpet sample 

was initially scoured in a solution containing 2% owf 

Igepal DM 970. In carrying out the test, the scoured sample 

was first placed in the sample tube and the blank dyebath 

circulated for about 10 mins. at room temperature. The 

dye solution was then added into the expansion tank and the 

temperature was raised at 1'5°C per min. to 98°C. When 

the recorder showed that there was no further change in dye 

exhaustion, the heater was turned off, the dye liquor drain

ed, and the sample removed. A test dyeing was made with no 
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Igepal in the dye liquor and this was used as a basis for 

comparison. The maximum exhaustion could be read off the 

chart directly and the rate of exhaustion calculated from 

the slope of the exhaustion curve. 

The first dyeing on the Praxitest was made without 

any retarding agent so that it could be used as a basis for 

comparison. (Exhaustion values for the Praxitest indicate 

% of total dye added.) The dye was added at room tempera

ture and the heater switched on. The immediate exhaustion 

was approximately 10%. From 22°C to 40°C (18 mins.) the 

exhaustion rate was 1% per minute. From 42°C to 48^C 

(4.5 mins.) the exhaustion rate increased to 2.5% per minute 

From 48°C to 61°C (10.5 mins.) the exhaustion rate was 5% 

per minute. The exhaustion curve then leveled out to 94% 

at 74^C, It increased slightly during cooling to give a 

maximum exhaustion of 95%. The average heating rate from 

22*̂ 0 to 74°C was Ll^C per minute. 

In the dyeing with Igepal DM 970 present, the dyes 

were added at 45 C. The immediate exhaustion was about 

18%. The temperature was held between 42°C and 4 6°C for 

15 minutes to determine if the exhaustion rate would remain 

steady. It did not. The average exhaustion rate in this 

range was 2% per minute. From 46 C to 60^C (9.5 mins.) 

the exhaustion rate was 4% per minute. The exhaustion had 

leveled out to 90% at 75 C and on cooling increased to 91%. 
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This shows that Igepal DM 97 0 did have a slight 

retarding effect as exhibited by the decrease in exhaustion 

rates between 4 0°C and 60^C. The retardent did not have 

a significant effect above 60OC, hence this fact limited 

the temperature at which the carpet sections could be entered 

into the hot dyebath. 

These tests indicated that there was some difference 

between the retarding action of the various Igepals, the 

variation being in the dye strike rate or the final exhaus

tion level. However none of them had the optimum combination 

of the characteristics required. Hence, since a large 

quantity of DM 970 was readily available, this was used in 

the subsequent dyeings. 

Dye Shade Selection 

After selecting the dyes and the retarder, the next 

step was to select the shades to which the samples would 

be dyed. This was done by surveying samples of carpets 

displayed in department stores, to obtain an idea of the 

colors in which carpets are currently dyed. Having obtained 

a general idea of the required colors, it was necessary to 

arrange them in a sequence that would be theoretically 

feasible for dyeing consecutively. The colors initially 

selected were light blue, yellow, pink, brown, olive, and 

black. Approximate recipes were written for these colors 

using the three dyes. Disperse Yellow 3, Disperse Red 55, 
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and Disperse Blue 7. Samples were then dyed in an Atlas 

Launder-Ometer to determine if the approximate recipes 

produced the expected shades. This instrument was an AATCC 

Standard Launder-Ometer, Model B5, Type LHD-EF, manufactured 

by Atlas Electric Devices Co., of Chicago, 111. It has a 

rotating rod equipped with shelves to hold stainless steel 

containers with the samples inside. The Launder-Ometer can 

be filled with water and electrically heated. The dyeing 

procedure used was similar to that suggested by Du Pont for 

dyeing nylon carpet with disperse dyes, in "Dyes and 

Chemicals Technical Bulletin" (40). 

The dyebath consisted of 2% owf Igepal DM 970, 2% owf 

trisodium Phosphate, 0.5% owf Plexene D, disperse dyes ac

cording to the recipe and water. The liquor ratio was 30 

to 1 and the weight of each sample was 15 gms. Containers 

with the samples were placed in the Launder-Ometer and the 

system was heated from room temperature to 190°F over a 

period of 60 mins. The containers were rotated to facilitate 

mixing and uniform dyeing. The temperature was held at 

190°F for 60 mins. and then the heater was turned off and 

the system cooled by flushing with cold water. The dyed 

samples were removed from the container, rinsed and dried. 

After numerous adjustments through trial and error, a series 

of eight shades was selected. Colors in the series were 

light blue, yellow, orange, pink, brown, black, olive and 

dark blue. The first and last shades were selected so that 
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it would be possible to recycle through the series without 

draining off the bath, after dyeing the eight shades. 

Measurement of Absorbancy Constants of Dyes 

Absorbancy constants are required to calculate the 

concentrations of the dyes in the residual dyebath. 

The spectrophotometer used in these and subsequent 

measurements was a Bausch & Lomb Spectronic 70, (Catalog 

No. 33-30-74). This instrument was selected because of its 

low cost, and ease of operation, which would make it suit

able for use in a carpet dyehouse. The instrument was 

equipped with a tungsten lamp for measurements in the visible 

region of the spectrum. All measurements were made in the 

range of 300 nm to 7 00 nm. For each measurement, the 

instrument was calibrated to zero absorbance with the re

ference solution and then the absorbance reading of the 

sample solution was obtained. 

For each of the three disperse dyes a plot of absor

bance versus wavelength was made over the range of 350 nm 

to 700 nm. to find the wavelength at which maximum absor

bance occurs (See Appendix E). Next, at this wavelength 

of maximum absorbance, a plot of absorbance versus dye con

centration was made with the dye being dispersed as well 

as possible in water. The reference solution in each case 

was tap water. Theoretically, the reference solution ought 

to contain all the chemicals present in the sample solution, 
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except the dye. However, the actual quantities of these 

chemicals would not be known when using a recycled dyebath 

since their concentrations were not being measured. Hence 

tap water was used as a reference. Having obtained the 

above data, the Beer-Lambert law can be used to determine 

the concentrations of the residual dyes. The Beer-Lambert 

law can be expressed as, Absorbance = Absorbance index x 

Concentration x Cell Thickness. Since the concentration 

of the solution and the cell thickness are known and the 

absorbance is read from the instrument, the absorbance 

index of the dye can be calculated for the particular wave

length at which the absorbance was determined. The absor

bance index of a dye is a constant at a particular wave

length and the cell thickness is constant since the same 

cells are used for all the measurements. Hence these two 

values can be grouped together as a single constant K, 

called the absorbancy constant to give the modified equation, 

A = K X c at X max. 

The absorbancy constant can therefore be calculated for each 

dye from the slope of the absorbance versus dye concentra

tion plot, 

For a system containing a mixture of dyes, the total 

absorbance is the sura of the individual absorbances of each 

dye in the mixture. Hence at a particular wavelength, for 
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a mixture of three dyes, the relation is, 

Axj = K; Cj + K ; C^ + K ; C^ a t x, 

Since there are three unknown values in this equation, two 

more measurements must be made at two other wavelengths so 

as to obtain a system of three equations in three unknowns, 

^X2 = Kj Cj + K^ C^ + K3 C3 at A2 

^"<5 ^ x , = K ; " CJ + K ; " C^ + K ; " C 3 a t X3 

Here K , K and K^ are the absorbancy constants of the 

three dyes at the wavelengths A , X^ and X^ respectively. 

Values of the absorbancy constants for the disperse dyes 

and acid dyes at the maximum wavelengths are given in 

Table 2. A,, A^ and A^ are chosen to be the maximum 

absorbance wavelengths of each of the three dyes in the 

mixture, so as to obtain maximum sensitivity of the instru

ment while making the measurements. The Beer-Lambert law 

as expressed above is a linear relationship. Quite often, 

plots of absorbance versus concentration show nonlinearity 

at higher concentrations due to a decreasing activity coe

fficient of the solute with increasing concentration. Hence 

for measurements of the absorbancy index, the linear region 

of the plot should always be used. The three equations can 

then be solved to obtain the values of C^, C^ and C3, which 

will be the concentrations of the three dyes in the mixture. 



Table 2. Values of Absorbancy Constants 
(lit./gin.) 

39 

Disperse Dyes 

X n.m. Yellow 3 Red 55 Blue 7 

355 180.0 5.97 0.5 

515 10.0 46.45 3.5 

585 6.0 4.19 14.0 

Acid Dyes 

X n.m. Yellow 135 Red 337 Blue 25 

350 23.47 5.10 10.12 

495 1.80 14.70 5.13 

605 0.88 0.68 27.78 

Disperse Dyes 

Yellow 3 -13.9% 

Red 55 +15.4% 

Blue 7 -11.0% 

Acid Dyes 

Yellow 135 -5.0% 

Red 337 +2.0% 

Blue 25 +6.0% 
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Figure (1) shows the absorbance versus concentration 

plots, for the three disperse dyes used, from which the 

absorbancy constants were calculated. 

Dyebath Analysis and Reconstitution. 

Analysis of the residual dyebath was one of the most 

crucial steps in the implementation of the recycled dyebath 

technique. In order to be able to dye the next shade cor

rectly, it was necessary to know the residual amounts of 

each dye in the spent dyebath. Several different techni

ques for dyebath reconstitution were used during the course 

of this investigation. These different techniques are 

described below for each series of dyeings. 

Series I. In this set of dyeings a sample of the 

residual dyebath was taken, 10 ml. of methanol were added, 

and the absorbance of the solution measured in the spectro

photometer. The concentrations of the dyes were calculated 

as explained in the previous section. A graduated glass 

tube was used to estimate the volume of dye liquor in the 

beck. The required amounts of dyes for the next shade were 

calculated. The full complement of chemicals required for 

the next dyeing was added to the residual dye liquor. The 

next carpet was then entered, the calculated amount of dyes 

added and the dyeing carried out. 

Results of the spectrophotometric analysis often 

gave negative concentrations for the residual amount of 
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dye. It was assumed that this may be due to interference 

from the dispensing agent and diluents which are always 

present in commercial samples of disperse dyes. These 

materials make up about 80% by weight of the commercial 

dye samples. It is absorbed by the carpet in small amounts, 

hence its concentration builds up in the residual dye liquor 

and makes the analysis difficult. It is more soluble in 

water than the dye itself. Hence it was decided to extract 

the dyes from the dye liquor and thus prevent interference 

from the dispersing agent. This was rather simple since 

disperse dyes are relatively insoluble in water compared 

to the other constituents of the dyebath. Perchloroethylene 

was found to be a suitable solvent for this purpose since 

it is a good solvent for disperse dyes and has a high 

boiling point. 

The following procedure was involved to extract and 

analyze the dyes in the residual dyebath. Initially, for 

calibration purposes known amounts of each dye were used 

in making the absorbance versus wavelength and absorbance 

versus concentration plots. One liter of dye solution, 

consisting of a known amount of dye dispersed in water, was 

diluted with one liter of 2% Igepal DM 970. To this was 

added 70 ml. of perchloroethylene. The mixture was then 

heated to 190°F in a three liter metal can with occasional 

stirring. The can was fitted with an air condenser to 
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prevent excessive loss of perchloroethylene. The heated 

mixture was then poured into another container and allowed 

to cool to approximately 130°F. At this point it was pour

ed into a large bottle and shaken 150 times to extract as 

much dye as possible into the perchloroethylene layer. The 

mixture was allowed to stand for about five minutes to allow 

the perchloroethylene layer to separate. Forty mis. of 

saturated salt solution were added to hasten the separation. 

Most of the supernatant water layer was then decanted and 

the remaining mixture poured into a separatory funnel to 

facilitate removal of the perchloroethylene layer from 

below. The perchloroethylene layer was emulsified with the 

surfactant solution and had to be heated with about 60 ml. 

of saturated salt solution to break the emulsion. This was 

done in a 300 ml round bottom flask fitted with an air 

condenser. When the perchloroethylene layer became trans

parent, part of the supernatant water layer was carefully 

decanted and the remaining solution was poured into a clean, 

dry separatory funnel. After cooling to room temperature 

fifty ml. of the perchloroethylene layer was drained off 

from the bottom, filtered through filter paper (wetted 

with perchloroethylene) and collected in a measuring cylin

der. This 50 ml. was then poured into a 100 ml. volumetric 

flask and the solution brought up to volume with methanol. 

The mixture was shaken and methanol was added to compensate 

the volume reduction. This solution was then used for 
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spectrophotometric measurement. A solution of pure per-

chloroethylene and pure methanol, in a 1 to 1 volume ratio 

was used as the reference solution. After measuring the 

absorbance and solving three simultaneous equations, the 

values obtained for C-̂  , €„ and C3 are the number of grams 

of dye in the volume of dyebath taken for analysis. Knowing 

the total volume of dyebath, the total amount of residual 

dye was easily calculated. 

The values of the absorbancy indices for the three 

disperse dyes at three wavelengths were obtained using this 

procedure. They are shown in Table 4. This procedure was 

tested by taking a mixture of known composition and analys

ing it. The values obtained for the dye concentrations Cj, 

C^ and Co did not exactly match the actual acounts of dye 

known to be present in the mixture. The percentage dif

ferences from the actual values are shown in Table 4. At 

this time it was felt that these errors would not be signi

ficant, hence they were not taken into account in the experi

mental calculations, for determining residual dye concentra

tions. 

The values of the absorbancy indices, for the three 

disperse dyes, at three wavelengths were obtained using this 

procedure. They are shown in Table 2. This procedure was 

tested by taking a mixture of known composition and analys

ing it. The differences between the calculated and actual 

values are also shown in Table 2. At this time it was 
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felt that these errors would not be significant, hence no 

corrections were made. The results obtained from the 

analysis of the extracted dye mixture seemed to be more 

reasonable. 

Series II. In this set of dyeings, the full comple

ment of required chemicals and the calculated amount of dyes 

as determined after analysis by the above procedure were 

added. 

After this series of dyeings, some thought was given 

to the manner in which the auxiliary chemicals were to be 

replenished in the spent dyebath. There did not seem to be 

any necessity to add the full complement of chemicals for 

each dyeing. At the same time, analysis of the dyebath to 

determine the residual amounts of each chemical would be 

extremely time consuming. 

Series III. In this series of dyeings, the full 

complement of chemicals was added after every three dyeings. 

No chemicals were added inbetween. The dyebath was analyzed 

as in series II, and the required amount of dyes added. 

Series IV. In this series of dyeings, 40% of the 

required amount of chemicals for each dyeing was added. 

The dyebath was analyzed as in Series II, and the required 

amount of dyes added. 

At this point it was felt that since all the chemicals 

added are completely soluble in water, only the chemicals 
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in the water that was lost should be replaced. 

Series V & VI. In both these series, only the 

chemicals in the water that was lost were replaced. The 

dyebath was analysed as in series II, and the required 

amount of dyes added. 

Pilot Scale Dyeings. 

Having decided on the sequence of dyeings and the 

analytical procedure, pilot scale dyeings were attempted. 

It was first necessary to prepare carpet samples for 

dyeing by cutting out sections from the large carpet roll. 

To make the process representative of industrial dyeings, 

it was decided to make the samples as large as possible. 

The restrictions on the size of the sample were placed by 

the dimensions of the dyeing and scouring equipment. The 

scouring unit could not take samples wider than 12 inches. 

Hence the sample width was kept between 10 and 11 1/2 inches 

The maximum practicable liquor volume for the dye beck was 

determined to be 80 liters. This would leave sufficient 

volume for liquor expansion and foaming, thus eliminating 

the possibility of the dye liquor overflowing during the 

dyeing. Since the liquor ratio was fixed at 30 to 1 the 

sample weight required was about 2.67 kg. (5 lbs. 14 ozs). 

The original carpet roll was 15 ft. wide and 450 ft. long. 

Eight sections of carpet varying in length from 35 to 4 0 

ft, were cut out and labeled A through H. Each section was 
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then cut into strips about 10 to 11 1/2 inches wide, 35 to 

40 ft. long and weighing between 5 1/2 and 6 1/8 lbs. The 

strips from each section were numbered 1, 2, 3, etc. from 

the left side of the carpet roll to indicate their position 

in the section. The numbered strips were selected randomly 

for dyeing. Two tufted yarns along the edges of each strip 

were removed to expose a small section of the backing on 

each edge. This was singed with a butane torch so that the 

individual filaments fused together, and thus prevented the 

face yarn along the edges from unravelling while the carpet 

was being dyed. The selected carpet strip was then scoured 

on a Williams Unit. Scouring was necessary to remove the 

finish that is put on the nylon yarns when they are manu

factured. If the finish is not removed, the dye exhaustion 

is reduced and is non-uniform. The Williams unit, manu

factured by Morrison Machine Co., of Paterson, N. J., was 

also used to rinse the carpet after dyeing. The unit is 

approximately 50 inches long, 3 6 inches wide, and 4 5 inches 

high. It consists of four wells 24 inches deep with remove-

able baffles and suitable for 50 lbs steam pressure. It 

has 3 1/4 inch nip rolls suitable for 700 lbs. microset 

pressure and a three roll padder. Between the padder and 

the wells is a rack and pinion type compensator for main

taining uniform fabric tension. The carpet was scoured 

in a hot solution of 2% owf Igepal DM 97 0. The wet carpet 
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was squeezed between the nip rolls before it entered the 

dye beck. 

The dye beck used was manufactured by the Hunter 

Machine Co. The beck dimensions are 17 by 25 inches in the 

horizontal plane and it has a depth of 40 inches. The maxi

mum volume of the beck is 125 liters. The drive wheel which 

rotates the carpet in the beck has a diameter of 7 inches 

and a length of 14 inches. A smaller guide reel provides 

support for the carpet as it moves over the driving reel. 

The heating source is a closed steam coil, separated from 

the carpet by a perforated steel partition. The speed of 

the drive wheel was adjusted to turn over approximately 55 

ft. of carpet per minute. The dye beck has an inlet for a 

thermocouple. As the thermocouple was inoperative, it was 

replaced by a tap to facilitate withdrawal of samples of the 

spent dye liquor. The temperature of the dyebath was mea

sured by means of a mercury thermometer fixed into the side 

of the beck. The volume of the dye liquor was measured by 

means of a graduated glass tube. The beck was filled using 

a one liter measuring cylinder. Every ten liters the glass 

tube was inserted and the level marked off. To measure the 

volume of water in the beck, the glass tube was inserted, 

the top end was sealed by placing the thumb over it and the 

tube was withdrawn with a column of water in it. The volume 

was then estimated from the water level in the graduated 
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tube. (After completing the experiments with the disperse 

dyes, this system was modified. A simple measuring guage 

consisting of a narrow bore glass tube and a graduated scale 

was fixed into the side of the beck. The scale was calibrat

ed by filling the beck with a one liter measuring cylinder. 

The scale was marked off at two liter intervals. The volume 

of the dye liquor could be read from the scale by noting the 

corresponding level of the liquid in the glass tube. This 

procedure was more precise than the previous one.) A de

tailed description of the beck is given in references (15) 

and (41). 

Series I. The object of this series of dyeing was 

to verify if different shades could be dyed in succession 

without discarding the dyebath. It was necessary to deter

mine if the selected series of shades was appropriate for 

this purpose. The second objective of this series was to 

determine a suitable temperature at which the carpet could 

be entered into the beck without producing an unlevel 

dyeing. 

The dyebath was made up with 2% owf Igepal DM 97 0, 

2% owf trisodium Phosphate, and 0.5% owf Plexene D. The 

liquor ratio was 30 to 1. The scoured carpet section from 

the Williams unit was directly entered into the beck, and 

rotated in the solution for about 10 mins. The dyes, dis

persed in water, were then added over a period of five 
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minutes, and the temperature raised to 95°C at approximately 

1.5 C per minute. The liquor temperature was held at 95°C 

+ 1°C for one hour. The steam was then turned off and the 

system allowed to cool. All carpets were unloaded at 60°C 

from the beck, rinsed in the Williams Unit in a cold water 

solution of 1% owf Tanapal XNC and hung up to dry. A 

sample of the dyebath was then taken for spectrophotometric 

analysis to determine the concentration of the residual 

dyes. The volume of the dyebath was estimated by means of 

the glass tube. From the dye analysis the required amounts 

of dyes for the next shade were calculated. Five dyeings 

were made in this series. 

In Series I the dye analysis was carried out before 

starting the next dyeing. To reduce the total time taken 

by the dyeing and analysis procedure, this sequence was 

slightly modified for subsequent series. The dye analysis 

results of this set of dyeings had indicated that the ex

haustion for the dye forming the major component of the 

mixture was of the order of 9 0% or greater. Instead of 

waiting to carry out the dye analysis, an assumption could 

be made about the dye exhaustion in the dyeing of the 

preceding sample. A major portion of the dyes from the 

next formula could be added and the dyeing begun. Then, 

while the dyeing was in progress, the sample taken from 

the previous dyebath could be analysed. Thus, knowing 

the amounts of the residual dyes and the amounts added at 
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the beginning of the dyeing now in progress, a correction 

add could be made before the end of the dye cycle to bring 

the carpet to the proper shade. 

The results of this series of dyeings indicated 

that for light shades the carpet should be entered into 

the dyebath at 4 0°C and for dark shades at 60°C. 

Series II. Using the modified dyeing and analytical 

procedures another series of dyeings was attempted. In this 

series, for the light shades, the carpet section was entered 

into the beck at 40°C and for the dark shades at 60°C. The 

dyeings were carried out as a series I. At the end of this 

series an attempt was made to dye the light blue shade again 

This was not successful as the carpet section turned out to 

be greenish. 

At this point it was felt that a review of the dye 

recipes and the dyeing sequence was necessary. The total 

quantity of dye being used was reduced by making the dark 

shades 'lighter'. Their order of dyeing was also rearranged 

and intermediate shades were added where necessary so that 

it would be possible to dye the light blue shade again at 

the end of the series. The modified list of shades, 

recipes and order of dyeing is given in Table 3a. 

Series III. Once again an attempt was made in this 

series, to dye through the various shades and repeat the 

light blue shade at the end, before discarding the dyebath. 

Nine dyeings were made in this series. The dyeing and 
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Shade 

Table 3a. Modified Dye Recipies After 
Series II - Disperse Dyes. 

Amount of dye as % on wt. of carpet 
Dis. Yell. 3. Dis. Red 55. Dis. Blue 7 

Light Blue .005 .006 .12 

Light Green .16 .001 .05 

Yellow .5 .0005 .005 

Orange .13 .1 .005 

Pink .02 .19 .0005 

Black .9 1.8 1.26 

Brown 1.0 .6 .16 

Olive .52 .26 .26 

Dark Blue .03 .05 .85 

Table 3b. Modification After Series III 

Shade Dis. . Yell. _2- Dis . Red 55 Dis. Blue 7 

Olive .52 .26 .26 

Turquoise .037 .05 .85 

Dark Blue .01 .02 1.5 
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analysis procedure was the same as that in series II. 

A problem was encountered with the dark blue dyeing 

which required a slight modification of the list of shades 

as shown in Table 3b. 

Series IV. With the modified list of shades another 

attempt was made to dye all the shades and repeat the light 

blue at the end. The dyeing and analysis procedure follow

ed were as in series II. A total of eleven carpet sections 

were dyed and the light blue was sucessfully repeated at 

the end of the series. 

Series V. The dyeings in this series were carried 

out the same way as those in series IV. Eleven carpet 

sections were dyed with the light blue being repeated at 

the end of the series. 

Series VI. In the previous two series, the light 

blue shades dyed at the end looked 'dirty' and did not 

match the light blue sections dyed at the beginning of the 

series very closely. The object of this series was to 

determine whether this problem was due to a light shade 

being dyed after a dark shade or simply due to the large 

number of dyeing previously carried out in the same bath. 

Hence this series of dyeings consisted of only four shades: 

olive, turquoise, dark blue and light blue. 

Series VII. This was the 'standard' series in 

which each shade was dyed in a fresh bath as is done in 

conventional dyeing operations. For light shades the 
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carpet section was entered into the beck at 4 0°C and for 

dark shades at 60°C. The dyeing procedure followed was 

the same as described previously. This series consisted 

of eight dyeings since samples of light blue and olive, 

that had been dyed in a fresh bath, were available from the 

other series. This series was used as a basis for evaluat

ing the reproducibility and uniformity of the experimental 

dyeings. 

Entering Carpet at High Temperature. 

After the dyeings with disperse dyes had been com

pleted, another retarder was received which was expected to 

be a good retarder for disperse dyes on nylon. This redar-

der was Tanapal CAL manufactured by Tanatex. As determined 

from the previous series of dyeings, for the light shades, 

the carpet section could not be entered into the beck at a 

temperature higher than 4 0°C. This is a great disadvantage 

in a recycled dyebath procedure since it requires cooling 

of the bath and thus reduces the savings in energy which 

could have been achieved. Cooling the bath also increases 

the time lag between successive dyeings, and increases the 

time required to reheat the bath to the dyeing temperature. 

By having an effective retarder which could reduce the 

dye strike rate at higher temperatures, a uniform dyeing 

could still be obtained and the loss of time and energy 

eliminated. 
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Trial dyeings were made, using Tanapal CAL, to 

determine if the carpet could be entered at a higher 

temperature into the beck when dyeing light shades. The 

first sample dyed was Pink. It was dyed in a fresh bath 

containing Tanapal Cal (1.2% owf) instead of Igepal DM 970. 

The dyeing procedure followed was the same as before, ex

cept that after the prescour with Igepal DM 97 0, the carpet 

was entered into the beck with the dye liquor at 60°C. 

The dyed sample was evaluated visually and judged to be 

of good uniformity. Since this dyeing was successful 

another dyeing was attempted. This time the sample was 

dyed orange and the carpet section was entered into the 

beck with the dye liquor at 7 0°C. The uniformity of the 

orange sample was judged to be almost as good as that of 

the pink sample (See Table 16, 17). 

Having established a higher entrance temperature 

for dyeing the light shades, a slight modification was 

made. In the next dyeing, both Tanapal CAL (1.2% owf) 

and Igepal DM 97 0 (0.2% owf) were added to the dye liquor 

to determine if the retarding action could be enhanced by 

the use of both agents simultaneously. The carpet entry 

temperature was 7 0OC and the shade chosen to be dyed was 

light blue. The dyeing was unacceptable because the 

sample showed pronounced streaks. 

This concluded the test dyeings with the disperse 

dyes. 
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Acid Dyes 

Having completed the experiments with disperse 

dyes, an attempt was made to adapt this technique for dyeings 

using a mixture of acid dyes only. The dyeing procedure 

was kept as similar as possible to that used with disperse 

dyes. The reason for this was that if the series with 

acid dyes were successful, a third set of dyeings using a 

mixture of acid and disperse dyes would be attempted. The 

general approach for this set of dyeings was to be the 

same as with the disperse dyes. A suitable retarder would 

have to be selected. This would be followed by formulation 

of dye recipes and determination of dyeing sequence. No 

problems were anticipated in the dyebath analysis since 

acid dyes are readily soluble in water. Also, no other 

colored material is present in the commercial dye samples 

which would interfere with the spectrophotometric analysis. 

However, acid dyes exhaust more readily than disperse dyes. 

Hence the crucial step was excepted to be the control of 

the initial strike rate when the carpet first entered the 

hot dye liquor. 

Selection of Dyes and Retarder. 

For the selection of the acid dyes, the same criteria 

were applied as in the case of the disperse dyes. The dyes 

selected were Acid Yellow 135, Acid Red 151 and Acid Blue 

25. The retarder was selected by experiments on the 
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Praxitest. Samples of carpet weighing 15 gms. each were 

prescoured in 2% owf Igepal DM 970, before dyeing in the 

Praxitest. The dye liquor contained 0.25% owf Plexene D, 

0.5% owf trisodium Phosphate, 2% owf Igepal DM 970, 2% owf 

monosodium Phosphate, 1% owf Acid Yellow 135, and acetic 

acid to adjust the pH to 6.1 4̂  0.2. The liquor ratio used 

was 30 to 1. The same dyeing procedure was followed as with 

the disperse dyes on the Praxitest. For the trial with 

Igepal DM 970 the dyebath turned turbid about halfway 

through the dyeing. The final exhaustion was almost as 

high as in the dyeing without the Igepal. The next trial 

was made with Gaftex PFB, manufactured by G.A.F., being 

substituted in the dye liquor for Igepal DM 970. In this 

case too there was some turbidity but the final exhaustion 

of the dye was lower than with Igepal DM 970. Because of 

the turbidity during the dyeings no conclusion could be 

drawn regarding the retarding action on the initial strike 

rate. Hence Gaftex PFB was chosen because it gave a lower 

final exhaustion. 

Dye Recipes and Dyeing Sequence. 

Sample dyeings were done in the Launder-Ometer to 

compare the actual shades with the dye recipes initially 

formulated. The same dyeing procedure was used as with 

the disperse dyes. The samples were prescoured in 1% owf 

Igepal DM 970. The dye liquor contained 0.25% owf Plexene 
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D, 0.5% owf trisodiioni Phosphate, 2.0% owf monosodium 

Phosphate, 2.0% owf Gaftex PFB and acetic acid to adjust 

the pH to 6.1 +_ 0.2 units. The liquor ratio was 30 to 1. 

The carpet samples weighed 15 gms. Through trial and 

error a list of dye recipes and a dyeing sequence were ob

tained for the initial series of dyeings. This list is 

shown in Table 4. 

Analysis of the Residual Dyebath. 

For each of the three acid dyes a plot of absorbance 

versus wavelength was made over the range of 350 to 7 00 nm. 

to determine the wavelength at which maximum absorbance 

occurred (Appendix E). At the maximum absorbance wave

length, a plot of absorbance versus concentration was 

prepared (Figure 2). The analysis and calculations were 

then carried out as with the disperse dyes. No extraction 

of the dyes from the dyebath was required as the acid dyes 

did not contain the dispersing agent present in the disperse 

dyes. The residual dyebath was simply filtered and used 

for absorbance readings in the spectrophotometer. The 

reference cell contained clear tap water. The absorbancy 

constants used to calculate the residual dye concentrations 

are given in Table 2. As the analysis took less than 15 

minutes the correct amount of dye required for the next 

dyeing could be calculated and added at the beginning of 

the dyeing. 
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Table 4. List of Dye Recipes and Dyeing 
Sequence for Acid Dyes. 

Amount of dye as % on wt. of carpet 
Shade Acid Yell. 135 Acid Red 151 Acid Blue 25 

Light Blue .008 .005 .08 

Light Green .16 .001 .05 

Yellow .8 .0005 .005 

Orange .5 .085 .005 

Pink .02 .19 .0005 

Brown 1 .65 .23 .19 

Olive 1 .76 .055 .154 

Turquoise .3 .07 .7 

Black 1 .25 1.55 1.1 

Dark Blue .1 .1 .85 

N.B. Though the names used for the dye shades are the 

same as those used with the disperse dyes, the actual 

shades were obviously slightly different. 
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Pilot Scale Dyeings. 

Series I. As with the disperse dyes, the object of 

this series was to determine if the various shades could 

be dyed in succession and the light blue repeated at the 

end before discarding the dyebath. The dyeing procedure 

was similar to the one used for disperse dyes. The carpet 

section was prescoured in the Williams unit using a hot 

solution of 1% owf Igepal DM 97 0. The scoured samples 

were entered into the beck at 4 0^C. The dyebath contained 

0.25% owf Plexene D, 0.5% owf trisodium Phosphate, 2.0% 

owf monosodium Phosphate and 2.0% owf Gaftex PFB. The pH 

was 6.25. After entering the carpet the temperature was 

slowly raised and the dyes were added at 45^C. Acetic 

acid was then added to adjust the pH at about 6.0 units. 

The dyeing was then continued as previously described. 

Samples in this series were unlevel. It was felt that 

this might be due to the addition of the dyes into an 

acidic dyebath, thus increasing the initial strike rate. 

In the next dyeing Ammonium Hydroxide was added to raise 

the pH to 8.4 units, before entering the carpet. The 

dyes were added at 50°C and after 30 minutes the pH was 

dropped to 5.3 units with acetic acid. Once again the 

dyeings were unlevel. This series was aborted and an attempt 

was made to find a leveling agent to reduce the non-uni

formity of the dyeings. 
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Trial dyeings were made in the Launder-Ometer. Five 

samples were dyed using a different leveling agent for each 

sample. The samples were dyed light green. The leveling 

agents tried were Alkanol ND (Du Pont), Migrassist NYL (Tan-

atex) and Gaftex PFB (G.A.F.), all at a concentration of 

2.0% owf. The results showed that Alkanol ND was by far 

the best leveling agent. Hence it was used as a substitute 

for Gaftex PFB in all subsequent dyeings. The next problem 

was to estimate the maximum amount of Alkanol ND that would 

be exhausted in each dyeing. This was found to be approxi

mately 4 0% of the amount present at the beginning of the 

dyeing. The procedure and calculations are shown in Appen

dix B. 

Series II. Another set of dyeings was attempted 

using Alkanol ND as the leveling agent. The same dyeing 

procedure was used as in series I. The chemicals were 

replenished according to the quantity of water lost, as 

was done with the disperse dyes. No problems were en

countered until the dyeing of the pink shade. This sample 

was extremely non-uniform. It was also observed that much 

of the red dye added did not dissolve and settled to the 

botton of the dye beck. Therefore it was decided to sub

stitute Acid Red 337 for the red dye. A trial dyeing was 

made using Acid Red 337 instead of Acid Red 151, but this 

did not improve the uniformity substantially. Hence the 

attempt to dye a series of different shades was abandoned. 
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It was then decided to dye a series of five carpets 

to the same shade using the recycled dyebath technique. 

The shade chosen was light blue and the dye recipe was: 

Amount of dye as % on wt. of carpet 
Shade Acid Yell. 135 Acid Red 337 Acid Blue 25 

Light Blue .008 .005 .08 

Series III. The object of this series was to dye 

five carpet sections to the same shade. The carpet was 

prescoured in the Williams Unit using a hot solution of 1% 

owf Igepal DM 970. Excess solution was squeezed out as the 

carpet entered the beck. The chemicals in the beck were, 

Plexene D 0.4% owf, trisodium Phosphate 0.5% owf, monosodium 

Phosphate 2% owf and Alkanol ND 3% owf. The liquor ratio 

used was 30 to 1. The pH of the dyebath on entering the 

carpet was slightly acidic to neutral and the temperature 

was 7 0°C. The dye solution was then added at 70°C, and 

the carpet rotated for about 10 to 15 minutes to allow the 

dyes to level out on the carpet. Acetic acid was then 

added to lower the pH to 6.2 + 0.2, and at the same time 

the steam was turned up to heat the dyebath from 40°C 

to 95°C at a rate of 1.5°C per minute. The temperature was 

held at 95°C + 1°C for an hour and then the steam was 

turned off and the dyebath allowed to cool to 80°C. All 

carpets were unloaded from the beck at 80°C, rinsed in 

the Williams Unit in a cold water solution of 1% owf Tanapal 
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XNC and hung up to dry. A sample of the dyebath was taken 

for spectrophotometric analysis to determine the concentra

tions of the residual dyes. The next carpet sample was 

then prepared for dyeing. The required amount of auxilliary 

chemicals were calculated from the amount of water lost and 

added into the spent dye liquor before entering the- next 

carpet. The first dyeing was done in fresh water with the 

carpet being entered into the cold dyebath and was considered 

a 'standard' dyeing. 

The dyed samples were evaluated for end-to-end and 

between sample color variations by the same procedure as 

used for the disperse dyes. 

Color Measurement 

On completing the dyeings, the dyed samples were 

evaluated for levelness and reproducibility. The samples 

had to be examined for end-to-end color variations to determine 

whether the dyeing technique produced uniformly dyed samples. 

Each dyeing in the experimental series was compared to the 

respective dyeing of that shade in the standard series, to 

determine whether the recycled bath dyeing technique could 

accurately reproduce colors dyed according to current in

dustrial techniques. In addition, the samples were visually 

examined to detect streaks, spots, bands or barre problems. 

It was expected that the experimental samples would 

not exactly match the 'standard' dyed samples. Therefore, 
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it was necessary to know what is considered an acceptable 

color match in the carpet industry, so that the same criteria 

could be applied in this case. However, color differences 

are not usually determined for commercially dyed carpet 

samples. Some work had previously been done at the Georgia 

Tech, School of Textile Engineering, in which arrangements 

were made with a quality carpet manufacturer to collect 

samples of carpet dyed over a one week period that the 

shift dyers had considered acceptable matches to the color 

standard. Color measurements were made to determine the 

color difference between the industrial samples and stan

dards. The samples taken were from carpets that had already 

been shipped. Hence the color differences determined can 

be taken as industrially acceptable values. These values are 

shown in Table 22. The color difference values obtained 

for carpets dyed by the recycled bath technique are shown 

in Table 18. The data from industrial samples indicates 

that color differences as large as 10 MacAdam units are con

sidered acceptable in commercial carpet dyeing. 

A Diano/LSCE automated system, manufactured by 

Diano Corporation of Mansfield, Mass. (42) was used for 

the color measurements. The usual procedure is to cut out 

small pieces from the carpet and use these for measurements. 

In this case, the samples were left intact and the whole 

section was placed against the instrument window when the 

measurements were made. They were made at random points 
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approximately three feet apart along the length of the 

sample. In this way, the complete sample was always 

available for visual evaluation. The light source used 

in the instrument was CIE Illuminant C. The instrument 

was used to measure the X, x', Y and Z tristimulus values 

which were subsequently converted to the C L E . X, Y and 

Z values, and these were used to calculate color differences 

in MacAdam Units (43). About ten to fifteen measurements 

were made along each carpet section. In evaluating the 

dyeing uniformity, the color difference was taken as the 

value at any point along the sample minus the mean value 

for that sample. This gave some indication of the end-to-

end color variation along each sample. The color difference 

for reproducibility was taken as the mean value of the 

sample dyeing minus the mean value of the standard dyeing. 

The color difference calculations were done by use of the 

FMC II Color Difference Program (44) , which gave the color 

differences in MacAdam Units. A MacAdam unit is defined 

as the least perceptable color difference seen by a trained 

observer. It is the most commonly used unit of color 

difference in the textile industry. The program was re

corded on magnetic cards for use with a Hewlett Packard 

Model 9100 B programable calculator. The input data re

quired for the Galculations were the X, x', Y and Z tristi

mulus values recorded from the color eye measurements. 

The peripheral equipment required with the calculator were 



67 

a teletype for printing the results, a Hewlett Packard 

Model 9101 A extended memory to store the program and a 

coupler/controller for interconnecting the various compo

nents. 

To determine the effect of instrument repeatability, 

repeated readings were made at a single spot on a carpet. 

The variance in these readings would provide some measure 

of the instrximent variability during the color measure

ments. This variance in tristimulus values is shown in 

Table 21. 



68 

CHAPTER IV 

RESULTS 

In the evaluation of dyed carpets, color difference 

measurements are of great importance in assessing the uni

formity and reproducibility of the sample. End-to-end and 

side-to-side color variations give a good indication of the 

dyeing uniformity, while between sample color differences 

indicate the reproducibility of the process, from sample 

to sample. These criteria are used in the carpet industry 

in assessing the quality of the dyed carpet and hence color 

difference measurements have been made on the dyed samples 

to evaluate their uniformity and reproducibility. 

The following set of tables (5-16) give the color 

difference values measured along the length of each carpet. 

These values, in MacAdam units, were calculated by the use 

of the equations in Appendix C. They were calculated ac

cording to the formula: 

Color Difference = [CIE XYZ value at a point along the 

sample] - [Mean CIE XYZ value for that 

sample]. 

Tables 5-14 show the values for the Disperse dyes 

series. For the light blue shade in series IV and V, (a) 
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indicates the light blue dyeing at the beginning of the 

series, and (b) indicates the light blue dyeing at the end 

of the series. 

Table 15 shows the color difference values for the 

acid dyes in the light blue shade. 

Table 16 shows the color difference values for the 

trial dyeings with disperse dyes, in which the carpets 

were entered into the bath at a higher temperature than 

that used in the other dyeings. 

Visual examination of the dyed samples confirmed 

the results obtained from the color difference measure

ments. 
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Table 17 shows the variance in the color difference 

values along each sample for the disperse dyes series and 

the acid dyes series. A comparison of the variance along 

the 'standard' carpets and the experimental samples gives 

some indication of the uniformity (end-to-end color varia

tion) obtained in the standing bath dyeing technique. 

The formula used for the calculation of variance 

is; 

Variance = I (x^)^ - {Ix^)^ 

n 

n - 1 

where; 

n = the number of measurements made along a carpet 

sample. 

Xĵ  = the color difference between each measurement 

and the mean value for that carpet sample, (i.e. 

the values shown in Tables 5 - 16). 

Table 18 shows the color differences calculated 

for reproducibility only, between the experimental and 

the standard carpets, in this work. 
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Table 19 shows the mean value of the color difference 

between the experimental carpets and the standard carpet of 

that color. These are calculated from the values in Table 

18. Due to the variations in dyebath reconstitution proce

dure in the disperse dyes series, all the series cannot be 

used for the evaluation of reproducibility between standard 

and experimental carpets. Series IV and V were selected 

because they were expected to give better results, due to 

the improved dyebath reconstitution procedure. 

The variance between the color difference values of 

each experimental carpet from the standard of that color is 

also given in Table 19. The variance was calculated as in 

Table 17, except that in this case, Xĵ  was the color dif

ference obtained by the formula, 

Color Diff. = [Mean CIE XYZ value of sample] - [Mean 

CIE XYZ value of standard] 

The variance in color difference values gives an indication 

of the reproducibility between the experimental series them

selves. 

Table 2 0 shows the analysis of variance between 

series V and the standard series VII. 

The results obtained from the calculations following 

Table 2 0 indicate that the procedural differences between 

the two series were almost negligable. 
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Calculations for Analysis of Variance, based on 
Table 20. 

Total Variance S^ = ^ (x^j - x)^ 

N-i 

xij = each i value of x in colume j 

X = grand mean 

N = total number of x observations 

Sl = 2.056 0.098 
21 
c h „ 

Column Variance sj = E E ( x. - x)^ 

c - 1 

X- = mean of each column 

c = number of columns 

n = number of observations in each column 

S^ = 0.0022 = 0.002 
"" 1 

Residual Variance S^ = E ( x.. - xj) 
___ 

S | = 2 .118 = 0 .235 
^ ~ " 9 ~ ~ 

F, _ r a t i o ( c a l c . ) = Sg = 0 .009 

^1,9 C99% confidence) = 10.56 
(.from tables) 

Since the F ratio calculated is much smaller than that 

obtained from the tables, the two series are similar. 
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Table 21 shows the repeatability of the color eye 

used for the laeasurement of the tristimulus values. The 

numbers shown are the variance between fifteen readings 

taken at the same point on a carpet sample. 

One of the major factors leading to variability in 

color difference values is the variability in the instrument 

used for the measurements. When this variability is large, 

it can cause errors in the assessment of the uniformity and 

reproducibility of the dyed sample. In this case the vari

ability in the instrument was negligible. 

Table 22 shows typical color difference values for 

five nylon and polyester carpets shipped from a commercial 

dyehouse as first quality merchandise. These values in

clude the effect of uniformity and reproducibility on the 

color difference measurements. 
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CHAPTER V 

DISCUSSION 

Pilot Scale Dyeings 

Disperse Dyes: 

Series I. Various problems were encountered in 

this series. When the carpet sections were entered at 60°C 

for dyeing light shades, the dyeings turned out to be un-

level. The levelness of the dark shades was acceptable. 

Therefore it was decided to reduce the entrance tempera

ture to 4 0°C for the light shades. Another problem en

countered was in the dye analysis. In this series the 

dyebath samples were analysed spectrophotometrically after 

the addition of 10 ml. of methanol to dissolve the dyes. 

The results of this analysis often gave negative concen

trations for the dyes. Hence the dye analysis procedure 

was modidifed. (See Dyebath Analysis and Reconstitution 

section.) The new analysis procedure required a much 

longer period of time hence the "shading" procedure, as 

described in Chapter III was instituted. 

Series II. The dyeings in this series incor

porated the modifications in entrance temperature, analy

tical and dyeing procedures. However, after dyeing the 

dark blue shade at the end of the series, an attempt was 
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made to dye the light blue shade again before discarding 

the dyebath. This was unsuccessful as the sample was 

greenish in color. This indicated that the exhaustion of 

the yellow dye was not as high as expected. Therefore, 

the total quantity of dye being used was decreased so that 

the residual amounts of dye would be smaller. The dark 

shades were also rearranged so that they used decreasing 

amounts of Yellow 3 dye. The modified series of shades 

is given in Table 3 a. 

Series III. In this set of dyeings all the shades 

except the last one turned out as expected. The dark blue 

shade was slightly greenish. Instead of changing the 

recipes this greenish-blude shade was added to the series 

and called turquoise. An additional shade, dark blue, v/as 

added to the series. (Table 3b). 

Series IV & V. In both these series, eleven dyeings 

were made and the light blue was successfully repeated at 

the end of the series. The modified chemical reconstitu-

tion procedure helped to reduce foaming by reducing the 

total amount of chemicals in the bath. With the modified 

procedure, a smaller amount of steam was required to heat 

the dyebath to the dyeing temperature. The dyeings were 

visually judged to be of good uniformity. The eleventh 

dyeing in each series, light blue, was observed to have 

a "dirty" appearance. This may be due to the fact that 

the residual material in the dyebath at this point, far 
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exceeded the quantity of dye in the dyebath, and may have 

been partially adsorbed onto the surface of the carpet, 

thus competing with the dye and leading to an off-shade 

dyeing. 

Series VI. This series contained only four dyeings, 

olive, turquoise, dark blue and light blue and showed that 

a light shade could be successfully dyed after three dark 

shades. This light blue shade was judged to be of good 

uniformity and almost indistinguishable in color from the 

standard fresh bath dyeing. It did not have the dirty 

appearance encountered in the two previous series. 

High Temperature Trials 

Three dyeings were carried out with the light 

shades, where the carpet section was entered into the beck 

with the dyebath at 60°C and 70°C. The first dyeing with 

the carpet being entered at 60°C, was judged to be o£ good 

uniformity. The second dyeing, with the carpet being 

entered at 70 C was almost as good. To determine whether 

the unfiormity could be improved before going to a higher 

entrance temperature, Igepal DM 970 was included in the 

dyebath in addition to Tanapal GAL. However this pro

duced an extremely streaky (See Tables 16 & 17) dyeing 

so it was assumed that this may be due to an incompati

bility between the Tanapal CAL and the Igepal DM 970. No 

further dyeings were made with the disperse dyes. The 
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carpet samples dyed with disperse dyes using Tanapal CAL 

as the retarder, can not truly be compared with the dyeings 

using Igepal DM 970. But, it should be noted that the use 

of Tanapal CAL makes it possible to enter carpets into the 

dyebath at 70°C, even when dyeing light shades. 

General Observations Regarding the Disperse Dye Series 

The disperse dyes chosen were the ones most commonly 

used for dyeing in the carpet industry. Blue 7 was read

ily soluble in water while Red 55 was sparingly soluble. 

Yellow 3 was of intermediate solubility. The affinity of 

these dyes for nylon was observed to be roughly in the 

same order as their solubilities. The solubility of the 

dyes affected the results of the dyebath analysis, since 

Red 55 was most easily extracted by percholoroethylene, 

but Blue 7 was difficult to extract. The partitioning 

effect was found to be temperature dependant, hence a 

fixed procedure was followed every time for the analysis. 

At higher temperatures the dyes were more readily soluble 

in perchloroethylene than in water, but the perchloro-

ethylene - dyebath mixture had to be cooled to 130°F to 

avoid cracking the bottle in which the hot liquid mixture 

was shaken. Consequently, when Blue 7 was present in very 

small amounts, it could not be detected in the perchloro

ethylene layer, and the exhaustion had to be assumed as 

100%. 
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Errors in the analysis were also present due to the 

fact that the solution of the three linear simultaneous 

equations did not give the exact amounts of the dyes pre

sent. (See Table 4). The volume of the residual dyebath 

in the beck was not known exactly, but only estimated , 

since the volume expansion of the dye beck and the dye 

liquor at higher temperatures were not taken into account. 

This volume error was later observed to be of the order 

of five liters. 

The surfactant and leveling agent chosen, Igepal 

DM 970, was known to have a significant effect on the ex

haustion of Yellow 3, but did not seem to effect the ex

haustion of the other two dyes. Red 55 was controlled by 

the presence of the other two dyes and by its lower affi

nity for the nylon fiber. Blue 7 showed the highest 

exhaustion levels. This may be one of the reasons for the 

large variance and color difference values obtained for 

shades which contain substantial amounts of Yellow 3 and 

relatively small amounts of Blue 7, for example. Yellow, 

Orange and Brown. (Table 19). 

The variation in the chemicals replenishment pro

cedure among the series, probably had some effect on the 

reproducibility of the dyeings. Disperse dyes generally 

contain about 30% to 80% dispersing agent (by weight). 

The dispersing agent acts as a surfactant. But as its 

concentration in the dyebath increased, it competed with 
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the dyes for exhaustion onto the nylon. This may have led 

to the poor reproducibility of the light blue shade dyed 

at the end of Series IV and V. The procedure finally se

lected for replenishing the chemicals assumed that they 

were completely soluble in water, and the required amounts 

were calculated by determining the difference in the volume 

of water present in the beck at the beginning and end of 

each dyeing. This is not entirely correct since all the 

water lost is not due to absorption onto the unloaded 

carpet. Part of the water is lost by evarporation and no 

chemicals are removed in this process. The results of 

Table 20 reflect the procedural differences between the 

standard and experimental series. 

The uniformity of the experimental dyeings was in 

most cases as good as or better than that of the standard 

dyeings. (See Table 17). This may be due to the leveling 

action of increasing amounts of dispersing agent left over 

after each dyeing. In the case of the black shade, where 

the end-to-end color variation is relatively large com

pared to other dyeings, (Table 17), the reason for non-

uniformity may be that the dyes were not thoroughly mixed 

when they were added into the beck. The black shade 

requires about 3% owf of total dye stuff and this large 

amount of dye is quite difficult to disperse thoroughly 

with water in the three liter container which was being 

used for that purpose. 
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Acid Dyes 

Series I. No effective retarder had been obtained 

for the acid dyes system. Owing to the turbidity in the 

Praxitest dyeings with Igepal DM 970 and Gaftex PFB no in-

foration was available on the retardation capabilities of 

these chemicals, with regard to acid dyes. Since Gaftex 

PFB caused a decrease in exhaustion of the yellow dye, it 

was assumed that it may decrease the strike rate also. A 

limited amount of pH control was also used to control the 

strike rate. The main problem encountered in these dyeings 

was the composition of the nylon yarns in the carpet. 

The yarn was made up of deep and regular dyeing fibers, 

which differ in their amine end group content. Hence it 

was impossible to get a "solid shade" using acid dyes only, 

when dyeing light shades like light blue. This set of 

dyeings was very streaky, so after further tests in the 

Launder-Ometer, Alkanol ND was selected since it was a 

better levelling agent. 

Series II. In this series, problems were encoun

tered with the red dye chosen. It was not readily soluble 

in water and settled to the bottom of the dye beck. The 

pink dyeing was noticeably non-uniform. Therefore Red 151 

was substituted by Red 337 which was more soluble in wa

ter. But this did not improve the uniformity. It may be 

possible that Alkanol ND did not have the same leveling 

action on the red dyes as it did on the yellow and blue 
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dyes. (The Launder-Ometer trials with Alkanol ND had been 

done for a light green shade using yellow and blue dyes 

only). At this point, attempts to dye ten different shades 

were abandoned and it was decided to dye the same shade 

five times. 

Series III. This series contained five dyeings, 

all light blue in color. Variation in pH was used to 

control the strike rate. A major problem in this set of 

dyeings was the fact that when the dye solution was added 

into the beck, it did not diffuse quickly throughout the 

dye liquor. The dye solution had a tendancy to remain in 

one section of the dye liquor and thus become adsorbed in 

large quantities on that part of the carpet which happened 

to be nearest to the dyes. This resulted in some non-

uniformity (Table 17). 

The large color difference between the experimental 

and standard dyeings (Table 18) was due to an inherent 

error in the spectrophotometric analysis. Consecutive 

analysis of the residual dyebaths during the series showed 

increasing residual amounts of Yellow 135, even beyond the 

amounts actually added. Measurements of the dyed carpet 

on the color-eye showed that the experimental samples were 

much bluer than the standard sample, indicating an addi

tion of excess amounts of Blue 25 during the dyeings. No 

reasonable explanation could be found for this strange 

phenomenon. Hughes et.al. (29) have mentioned the possi-
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bility of complex formation between acid dyes and non-ionic 

or cationic agents, which changed the \„-^ and absorption 

spectra. However, in their case the shift in the maximum 

absorbance peak was of the order of 50 nm. only. 

The color difference values shown in Tables 5 - 1 6 

and the variance in these values, shown in Table 17, indi

cate that in most of the dyeings with disperse dyes, the 

uniforroity of the sample dyeing was as good as or better 

than that of the standard dyeing. Though the dyeings 

with acid dyes were generally non uniform, at least one 

dyeing was comparable in uniformity to that of the stan

dard. There were no standards for numerical comparison in 

the case of the high temperature dyeing with disperse dyes. 

These were evaluated visually and the Pink and Orange 

shades were found to be of good uniformity. 

The reproducibility of the dyeings (Table 18) was 

comparable to that accepted in commercial carpet dyeing. 

However, the reproducibility between the two experimental 

series IV and V was much better than between the experi

mental and standard series. The large color differences 

observed for the Brown and Turquoise shades, may have 

resulted from an incorrect choice of dye shade sequence. 

The poor uniformity and reproducibility of the acid 

dyes series could be due to the difficulties encountered 

in controlling the dye strike rate. 
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Economics of Dyebath Recycle 

Tables 23 and 24 show the comparative chemical costs 

between currently used industrial beck dyeing techqniues 

and the recycled dyebath technique. The acid dyes series 

of five dyeings shows an overall savings for the series of 

about 40% in chemicals, dyes and water expenses combined. 

The deisperse dyes series of ten dyes has a comparative 

savings of 19% in expenses. The chemical and dye prices 

used in evaluating dyeing costs are shown in Appendix A, 

and were obtained directly from the manufacturers quoted. 

The figures in Table 23 show that the savings in dye costs 

alone are negligible but substantial savings can be real

ized in chemical and water costs. Table 25 shows com

parative costs for dyeing industrial sized loads by the 

conventional and recycled bath techniques. Table 2 8 shows 

the relative cost savings for each individual dyeing and 

the overall savings for the dyeings taken as a series. 

Tables 26 and 27 shows individual and cummulative costs 

respectively for experimental and standard series. The 

figures in Table 28 were obtained from Tables 26 and 27. 

Table 26 shows the change in costs as each additional dye

ing is carried out in the series. Table 28 was formulated 

as an attempt to determine the optimum number of dyeings 

in a series to obtain maximum savings. Table 28 shows 

that the savings increase to about 44% for the first five 

dyeings in the series, then drop and remain constant at 
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about 19% for the next five dyeings. The first five dyeings 

are light shades and the next five are dark shades. Hence 

it may be deduced that if a series consists of light shades 

only, the savings will be maximum for a series of five dye

ings. The increase in savings between the fourth and fifth 

dyeing is only 2%, so any savings obtained by dyeing a 

sixth light shade will probably be insignificant. The 

drop in savings when the series goes from light to dark 

shades is due to the increase in dyes costs. However, as 

the series continues, increased dye costs are offset by 

decreasing chemical costs, which together average out to 

give an overall cost savings of 19%. 

It can be seen from Table 27 that although the 

reduction in dye usage is not very great, the reduction 

in water and auxiliary chemicals used is almost 70%. 

Due to the sequence followed for the dyeings in 

this set of experiments, the results seem to indicate 

that greater savings can be attained for light shades than 

for dark shades. Simple theory suggests that the reverse 

case should be true. Dye costs make up a major protion of 

the dyeing expenses. In dyeing dark shades, a greater 

quantity of dyes should be left over in the residual 

liquor for reuse. Hence savings should be greater. 

The fact is that the major portion of the savings 

in dye costs would be realized in the second dyeing. 

Further increasesin savings get smaller for subsequent 
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dyeings. For dark shades chemical costs are a small frac

tion of the dyeing expenses. Since a major portion of the 

savings come from reduced water and chemical usage the per

centage savings seem to be greater for light shades than 

for dark shades. 

In the current industrial methods, fresh water has 

to be heated up from room temperature to the dyeing temper

ature for each batch of goods. This requires a consider

able amount of heat energy. In the recycled bath tech

nique, the next batch of goods can be loaded into the beck 

when the spent dye liquor has cooled to 70 C. Thus the 

energy required to heat the water from room temperature to 

70^C is saved, and so is the time that would be spent in 

heating the water. Hence the potential overall savings 

can be far greater than those realized from reduced chem

ical costs alone. 
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Hence, the overall results indicate that beck dye

ing in a reconstituted dyebath is technically and economi

cally feasible. Though improvement of the reproducibility 

is desireable, this can be achieved by better analytical 

and dyebath reconstitution techniques. The savings possi

ble in time, energy and chemical costs would improve the 

profitability of most beck dyeing operations and the 

limited wastewater discharged would reduce the necessity 

of requiring on-site waste treatment facilities. 
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CHAPTER VI 

CONCLUSIONS 

Based on the foregoing results, the following con

clusions can be drawn regrading the recycled bath dyeing 

technique. 

Dyeings carried out in a reconstituted dyebath are 

comparable in uniformity to those carried out in fresh dye-

baths. (Tables 5-17). 

The variance in color difference values, between 

dyeings in Series IV and V (of the disperse dyes) is small 

for most shades. (Table 19). Thus, in accordance with 

industrially acceptable standards (Table 22) the reconstituted 

bath dyeings show good reproducibility compared to the standard 

dyeings. 

The recycled dyebath technique is more economical in 

its use of water and chemicals than the current industrial 

techniques. (Tables 23, 24, 26, 27). It must be noted here 

that the figures obtained in these tables relate to this 

particular set of dyeings only. In general they will be 

dependent on the dye recipes and dyeing sequence actually 

used. When the additional savings in time and energy for 

heating the dyebath are taken into account, the total savings 

will be far greater. 

The results of Series VI indicate that it is possible 
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to dye a light shade after a small number of dark shades, 

without discarding the dye liquor. 

The use of Tanapal CAL shows promise in facilitating 

the entry of carpets into the hot dyebath at temperatures 

around 60*̂ C. 

This technique can be used on currently installed 

becks with a few minor modifications to the equipment. One 

of them would be a device to measure the volume of the 

residual dye liquor accurately. All the chemicals used are 

readily available to the textile industry. In addition to 

the economic advantages offered by this technique, this 

process is desirable from the environmental point of view. 

The chemicals that are reused, would otherwise have been 

discarded to pollute the environment. The reduction in water 

usage reduces the burden on natural sources of supply. The 

quantities of chemicals discarded in this process are small 

enough to be easily handled by existing waste treatment 

plants. 



115 

CHAPTER VII 

RECOMMENDATIONS 

Significant improvements or modifications in the 

analytical techniques used would be required to reduce 

errors and improve the reproducibility of the dyeings. 

The possibility of entering the carpet into the 

spent bath at temperatures above 60°C would increase the 

savings in energy costs. The trials in this work showed 

good promise and further work in this area is recommended. 

Further study with larger samples is recommended 

since the samples used were not of sufficient width to give 

a good indication of side-to-side color variation. 

Further work in developing dye-retarder systems is 

also important. A two phase system with the dye carrying 

phase becoming soluble in water only at higher temperatures 

would be desirable. A retarder whose action on the dyes 

is temperature dependent would probably be ideal. 
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APPENDIX A 

Price List Used in Computing Dyeing Costs. 
Price Obtained From the Manufacturers Listed. 

Prices as of June 1976 

Item 
Supplied 

By  

Acetamine Yellow CG (Disp. Yell. 3) Du Pont 

Celanthrene Fast Blue 2G (Disp.Blue 7) Du Pont 

Latyl Cerise YLN (Disp. Red 55) 

Merpacyl Red G (Acid Red 337) 

Nylomine Blue A^G (Acid Blue 25) 

Alkanol ND 

Mono Sodium Phosphate 

Trisodium Phosphate 

Plexene D 

Tanapal XNC 

Nofoam J 

Igepal DM 97 0 

Acetic Acid, 

Water 

Du Pont 

Du Pont 

Nylomine Yellow A-G (Acid Yell. 135) I.C.I. 

I.C.I. 

Unit Price 

$2.29 / lb. 

$7.50 / lb. 

$7.25 / lb. 

$5.70 / lb. 

$4.25 / lb. 

$10.00 / lb. 

Du Pont $0,585 / lb. 

Farm 
Ind. 

Farm 
Ind. 

$0,179 / lb. 

$0,188 / lb. 

Tanatex $0,455 / lb. 

Tanatex $0,445 / lb. 

Tanatex $0,485 / lb. 

G.A.F. $0.70 / lb. 

Farm 
Ind. 

$0.07 / lb. 

Ga. B u r e a u $ 0 . 4 4 / lO^^ga l 
W a t e r Supp. o r 

$0.12 /lO^lit, 

Antisil Blue Green (Disp.Blue 7) Sandoz $13.40 / lb. 
(Manufacture of Disp. Blue 7 has been discontinued 
by Du Pont), 
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APPENDIX B 

Estimation of Maximum Exhaustion of Alkanol ND 

Two blank dyebaths were prepared containing all the 

auxilliary chemicals, but no dyes. In addition, one of 

the dyebaths had no Alkanol ND in it. Samples of the two 

dyebaths were scanned on a Beckman Model DB-G Grating 

Spectrophotometer to detect a characteristic peak for Alkanol 

ND that would be suitable for measuring its concentration 

in the dyebath. The solution containing no Alkanol ND was 

used as the reference solution in this measurement. Alkanol 

ND was found to have a characteristic absorbance at 238 nm 

in the UV region of the spectrum. The absorbance of the 

solution at 238 nm was noted. Carpet samples were then 

introduced into each solution and the blank dyebaths were 

put through a typical dye cycle in the Launder-Ometer. After 

the dye cycle, the absorbance was once again measured and 

the difference in absorbance used to calculate the percent

age exhaustion of Alkanol ND. 

Determination of the Maximum Exhaustion of Alkanol ND 

Composition of the blank dyebaths. 

Plexene D 0.25% owf. 

Trisodium Phosphate 0,5% owf 

Mono Sodiiom Phosphate 2,0% owf. 

Acetic Acid to adjust pH at 6.1 
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Alkanol ND 2,5% Qwf. ̂  in the sample solution only. 

Liquor ratio 30:1, Total Volume 4 50 ml. 

2 ml of dyebath with Alkanol ND was diluted to 100 ml 

with water for spectrophotometric measurements. 

Absorbance at % - 238 nm before dyeing = 0.58 

Absorbance at X = 238 nm after dyeing = 0.325 

% Exhaustion = 0.58 - 0.325 x 100 
0.58 

= 43.96% 

An exhaustion of 40% was assumed when reconstituting the 

dyebath. 
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APPENDIX C 

The FjyiC '̂  II Color Difference Formula used for calculating 

color difference values. 

AE = I (AC)2 + (AL)2 ]h 

AC = Kj ACj AL = K^ AL^ 

AC^ = 

AL^ = 

AC^g = 

AC ,2 
rg + rAC yb 

i2,i 

AC 
yg 

AL2 = 

PAP + QAQ 
(P2 + Q2)h 

QAP - PAQ 

(P2 + Q^)^^ 

SALi 

(P2 + Q^)^^ 

0.279 AL^ 

- AS 

K. 0.55669 + 0.049434Y - 0.82575 x 10"^ y^ 

+ 0,79172 X 10"5 Y 3 - 0.30087 x 10"^ Ŷ * 

K. 0,17548 + 0.027556Y - 0.57262 x 10"^ Y^ 

+ 0,63893 X 10^5 y3^ 0.26731 x 10"^ Y^ 

2 = ;= 17.3 X 10""̂  (P^ + Q^) 

1 + 2,73 P2 Q2 

P^ + Q' 

= 3,098 X 10"^ (S2 + 0.2015 Y^) 
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P - 0,724 X + 0.382 Y - 0.098 Z 

Q =̂  -0.48 X + 1,37 Y + 0,1276 Z 

S = 0,686 Z 

A =̂  Sample - standard 
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APPENDIX E 
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