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The purpose of this study was to quantify the amounts of individual carrier components left in the dyebath 
after a single dyeing in order to develop an insight into the mechanism of carrier action and, ultimately, to 
assess reusability and environmental impact of expended baths. Four different carriers were used on 
woven polyester fabric. In most cases results appeared to indicate a near total absorption of carrier active 
components by the polyester fibre. The conclusion consequently derived was that the bath required 
complete carrier renovation in order to be ~eusable. Environmental impact would result primarily from 
surfactants. To reconstitute or replenish the carrier active materials in the dyebath for reuse, a carrier 
product with minimum surfactant content would be preferable. 

Die doel van hierdie studie was om die hoeveelhede van individuele draer komponente wat in die 
meganisme van draeraksie, en die hergebruik en omgewingsimpak van verbruikte baddens te bepaal. 
Vier verskillende draers is gebruik op geweefde poliester doek. In meeste gevalle dui die resultate op 
feitlik algehele absorpsie van die aktiewe draer komponente deur die poliester vesel. Die gevolgtrekking is 
dat volledige vernuwing van die draers 'n vereiste is vir suksesvolle hergebruik. Die omgewingsimpak 
resulteer hoofsaaklik van surfaktante. Vir die hersamestelling of aanvulling van die kleurbad word 'n draer 
met 'n minimale surfaktantinhoud verkies. 

Owing to the compact arrangements of polymer chains 
within synthetic fibres such as polyester and acrylics, it 
is fairly difficult to dye these below their glass transition 
temperatures (Tg), typically 60-80°C. Con~equently, 

either higher temperatures are used or low molecular 
weight compounds called carriers are added to acceler
ate the rate of dyeing. The fibres that are dyed using car
riers include cellulose triacetate and acrylics, but those 
fibres that are dyed most often in this manner are poly
ethylene terephthalates, generically known as polyes
ters. The most frequently used carrier substances in 
polyester dyeing are: o-phenylphenol, methylnaphtha
lene, biphenyl and the chlorinated benzenes.' 

A short listing of the properties which need to be con
sidered before selecting a particular carrier include: 
ready availability, price, effectiveness at low concentra
tion, low toxicity and odour, ease of removal after dye
ing, volatility, biodegradability and compatibility with 
the dyebath. No single carrier possesses all these desira
ble characteristics. Usually, the most efficient carriers 
are relatively insoluble in water and are supplied as self
emulsifiable liquid rnixtures.2.3 Uniform distribution of 
the carrier in the dyebath depends to a great extent on 
the nature and quantity of emulsifier or dispersant used. 
Non-ionic and anionic surfactants generally perform 
much better than cationic surfactants at dispersing both 
the carrier and the dye in the dyebath. In addition, 
the anionic emulsifiers appear to increase dye uptake 
more than the non-ionic ones but, if quantities of either 
type of emulsifier are too large, dye uptake drops 
sharply.4 

The mechanism of carrier action can be explained in 

terms of plasticisation.5•6 The concept of the glass transi
tion temperature, that is, that temperature range in 
which the polymer changes from a flexible state to a 
glass, becomes singularly important in explaining plas
ticisation.7 A plasticiser is a material, liquid or solid, 
that increases the flexibility or flow of the polymer with 
which it is mixed.8 The plasticiser achieves this effect 
by lowering the glass transition temperature so that the 
properties of the polymer change from hard, brittle, 
glass-like solid to a softer, flexible and tough materiaJ.9 
The progressive reduction in the glass transition temper
ature of the mixture with continued addition of plasti
ciser, suggests that the plasticiser acts in a way that 
promotes the relative movement of the polymer chains.8 

One of the major prerequisites for a material to be a 
plasticiser is compatibility with the polymer, implying a 
similarity in the intermolecular forces active in the two 
components.9 

As far as carrier dyeing is concerned, it has been 
observed that carriers lower the temperature at which 
fibres become plastic. It could be surmised that the 
effect of the carrier on the segmental mobility in the 
fibre is equivalent to an increase in the temperature. 10 

Although the presence of a carrier in the medium 
imparts increased chain flexibility, this same feature 
might be deleterious during extended periods of heating 
due to the formation of crystallites which tend to slow 
down dye migration and levelling." 

The study aimed at quantifying the amounts of indi
vidual carrier components left in the dyebath after a sin
gle dyeing of polyester fabric, with the ultimate 
objective of assessing reusability of the expended baths. 
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Experimental 
Materials 
The polyester fabric used in this study was obtained 
from Testfabrics Inc., Middlesex, N.J., and was already 
scoured and prepared for dyeing. Its specifications were 
style no. 755, 100% Dacron, type 54 and it had a width 
of 45 inches. 

The carriers used were supplied by Chemmark Inc., 
Bound Brook, N.J. and they were; Markarry 76, 
Markarry BI, Markarry LO, and Markarry TD. The 
chemicals used to identify the components of the carri
ers are listed, together with their parameters, in Table 1. 

Equipment 

Gas chromatographic analyses were performed on a 
Perkin-Elmer Gas Chromatograph model 990 attached 
to a Perkin-Elmer Recorder model 56. Data reported 
were collected on a 12-ft steel column (1/8 inch o.d., 
0.085 inch i.d.) packed with 10% OV-17 (upper limit = 
350°C) on Gas Chrom QII (1001120 mesh). For injec
tions, a 1 O-~l syringe was used. GCIMS analyses were 
performed on a 30-m fused silica capillary column 
coated with DB 1701. 

Mock dyeing operations were carried out in an Ahiba 
polymat equipped with 300-ml metal canisters. 

The mock-dyeing process 

Mock dyeing, in this context, refers to dyeing with a 
dyebath containing all the usual additives except for the 
dyes. Four fabric samples were mock-dyed, each using 
one of the Chemmark carriers listed at a 30: 1 liquor 
ratio. Two solutions of equal concentration were pre
pared from each carrier by weighing approximately 1 g 
of the carrier, dissolving it in 3<;>0 ml of distilled water 
and splitting the resulting solution in half. Of the two 
prepared solutions, each 150 ml, one was set aside as 
the control while the other became the actual dyebath 
and was added to the canister, which was hermetically 
sealed and placed inside the poly mat. Mock-dyeing was 
carried out with the polymat programmed to reach the 
desired temperature at 100% rise (c. 6° min-I) and then 
held at that temperature, 118°C, for 40 min after which 
it was cooled to 30°C. Canisters were removed from the 
polymat and further cooled in cold running water for 10 
min. A sample of the fabric was removed and the 
expended mock dyebath was extracted with diethyl 
ether. A total of eight extractions was performed, four 
from the expended mock dyebaths and four from the 
controls. 

Methods of analysis 
Volatile components. Initially, all four carriers were 
qualitatively analysed by GLC. Injection volume was 
1 ~l and the attenuation 4x. The 10 extractions and the 
diethyl ether solutions of the known carrier components 
listed in Table 1 were analysed quantitatively. In all 

these instances 1.0 cm3 of sample was mixed with 1.0 
cm3 of a p-cymene, diethyl ether solution (35.26 mg 
cm-3). p-Cymene was the internal standard for quantita
tive determination of concentrations of carrier compo
nents in the distilled extracts. Retention times and peak 
heights for each peak were measured manually to the 
nearest 0.1 mm. To identify carrier components, reten
tion times were compared with retention times of 
known components in Table 1. The injection volume 
was 5 I . .tl. Column temperature was programmed to rise 
from 120°C at 24°C min-I to 325°C for each run. Atten
uation was 1 x. For the hot wire detector temperature 
was 250°C and current 225 rna. Flow rate of helium, the 
mobile phase, was 26 cm3 min-I. The carriers were fur
ther subjected to GCIMS analysis for identification of 
components. 

Non-volatile components. Approximately 10 g of each 
carrier was weighed into a 250-cm3 beaker and heated 
on a hot plate to drive off as much of the volatile com
ponent as possible (Table 9). To attain a constant weight 
of residue, the samples were subsequently dried in a 
vacuum oven for 24 h. Vacuum oven pressure was 30 
inches and temperature 85°C. 

Results and Discussion 
Peak heights and retention times were measured for 
components in the 26 chromatograms (8 from the dis-
tilled extracts of the expended mock dyebaths and con-
trols, and 18 from the known components in Table 1). 
Retention times of known components (Table 1) were 

Table 1 Known carrier components and their parameters 
CA Ret. time Peak height Peak height 

Compound (mgcm-3) (min) (IA - mm) (lIS - mm) 

Biphenyl 30.39 7.5 213 102 

1,2-DCB 21.69 4.5 119 117 

Naphthalene 26.08 6.0 177 111 

1,2,4-TCB 25.58 5.8 166 114 

2-Me-naphthalene 29.07 6.8 207 116 

Perchloroethylene 26.44 2.2 125 113 

4-Chlorotoluene 26.11 3.7 156 114 

Ethyl benzene 27.27 2.4 181 106 

Me-benzoate 27.41 5.2 189 112 

Methyl p-toluate 25.89 6.1 187 115 

1 ,4-Dimethy Inaphthalene 25.67 7.9 184 111 

p-Xylene 26.13 2.6 191 III 

m-Xylene 25.54 2.7 185 116 

Butyl benzoate 25.77 6.8 20 97 

Dimethyl phthalate 26.37 7.9 164 99 

o-Phenyl phenol 26.25 8.4 179 101 

Phenylether 26.52 7.4 186 102 

Benzyl benzoate 27.22 10.3 198 97 
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Table 2 Determination of minimum detectable concentrations 

XI YI X2 

Compound (mgcm-3) (mm) (mg cm-3) 

Biphenyl 11.35 84 5.68 

1,2,4-TCB 10.30 63 5.15 

Me-benzoate 10.17 68 5.09 

Phenylether 1l.l5 84 5.58 

Perchloroethylene 10.81 51 5.41 

used to identify the various peaks appearing in the chro
matograms of carrier extracts. Identification of compo
nents in the carriers was based on GCIMS data. The 
next step was determination of concentrations of indi
vidual carrier components in extracts of the mock dye
baths. The internal standard method for calculation of 
actual concentrations of components was employed. 12 

Detection limits were determined for five representative 
components, namely, diphenyl ether, methyl benzoate, 
perchloroethylene, 1,2,4-trichlorobenzene and biphenyl. 

The internal standard method is based on three fac
tors: known solution A, unknown solution X and known 
internal standard solution, IS. lIs, IA and Ix were peak 
heights of the internal standard component, the known 
and the unknown components, respectively. In an analo
gous manner, CA and Cx are the concentrations of the 
known and unknown components. RA is the ratio of 
IA:IIs and similarly, Rx is the ratio of Ix:lls. Central to 
this method is the calculation of the calibration constant, 
K. It can be obtained by solving the equation: 

(1) 

All other terms in the equation are known. If the sub
script X is substituted for A in the same equation, it 
would then be: 

(2) 

Since K has already been calculated, only Cx remains 
unknown. Rearranging the equation slightly gives the 
solution to the desired unknown component concentra
tion as: 

Cx = Rx/K.12 (3) 

Table 3 Markarry 76 

Ret. time (min) 

Expended 

Y2 X3 Y3 x:y=lmm 

(mm) (mgcm-3) (mm) m (mg cm-3) 

46 2.27 19 7.9694 0.126 

32 2.06 13 6.2141 0.161 

36 2.03 14 6.8849 0.145 

43 2.23 16 7.4772 0.134 

24 2.16 9 4.4461 0.225 

Tables 3-6 show the results of the Cx tabulation. 
Three solutions were made from each of the five 

compounds selected for the establishment of minimum 
detectable concentration levels at concentrations of 
approximately 2, 5, and 10 mg cm-3. The exact amounts 
are shown in Table 2 and from each of these solutions a 
5-J..lI aliquot was analysed by GLC. The resulting peak 
heights were fitted into the formula: y = mx, where y is 
the peak height, x is the concentration relating to that 
peak and m = L(y/X)2/3)!h. Having calculated m, and 
assuming y = I mm, the minimum detectable peak 
height, then x, the minimum detectable concentration, 
can be found by rearranging the y = mx equation 
(Table 2). 

Quantification of non-yolatile components 

After drying in a vacuum oven for 24 h, the residue of 
the four carriers was weighed and the final weight cal
culated as a per cent of initial weight (Table 7). 

The residue of the carrier with the highest concentra
tion of biphenyl, Markarry 76, was diluted in diethyl 
ether and a GLC analysis performed. The results 
showed that over 95% of biphenyl, and 99% of all other 
volatile components had been removed from the resi
due. The steel column of the GLC tended to display 
considerable baseline drift at high temperatures, how
ever, that drift was well outside the range at which most 
of the substances eluted. As for its resolution, although 
better than most columns, its performance was by no 
means excellent. The GCIMS would have been, without 
doubt, the best option for accuracy and reliability of 
analysis. The analyses were performed quickly and 

Peak height (mm) 

Expended 

Cx(mg cm-3) 

Expended 

Compound Control bath Control bath K (cm3 mg- I) Control bath 

Naphthalene 

2-Me-naphthalene 

Methylnaphthalene 

Biphenyl 

1,4-Dimethylnaphthalene 

6.2 

6.9 

7.1 

7.5 

7.7 

2 <I 

II 

5 

22 

4 

<I 

<I 

<I 

<I 

p-Cymene 4.1 4.1 124 124 

Bath conc. = 533mg 150 cm-3; fabric weight = 5.036 g 

0.06114 0.264 <0.145 

0.06139 1.445 <0.145 

0.06139 0.657 <0.145 

0.06872 2.582 <0.126 

0.06459 0.499 <0.145 
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Table 4 Markarry BI 

Ret. time (min) Peak Height (mm) Cx (mg cm-3) 

Expended Expended K Expended 
Compound Control bath Control bath (cm3 mg- I) Control bath 

Naphthalene 6.0 3 <1 0.06114 0.454 <0.145 

Methylnaphthalene 6.2 <1 0.06139 0.151 <0.145 

2-Me-naphthalene 6.8 17 <1 0.06139 2.564 <0.145 

Methylnaphthalene 7.0 9 <1 0.06139 1.357 <0.145 

Biphenyl 7.4 37 <1 0.06872 4.985 <0.126 

Dimethy Inaphthalene 7.7 8 <1 0.06459 1.147 <0.145 

p-Cymene 3.9 3.9 108 108 

Bath cone. = 529mg 150 cm-3; fabric weight = 5.044 g 

Table 5 Markarry LO 

Ret. time (min) Peak height (mm) 

Expended Expended K Expended 
Compound Control bath Control bath (cm3 mg- I) Control bath 

4-Chlorotoluene 

2-Me-naphthalene 

Biphenyl 

3.6 

6.8 

7.4 

42 

2 

27 

p-Cymene 3.9 3.9 99 

Bath cone. = 511 mg 150 cm-3; fabric weight = 5.110 g 

Table 6 Markarry TD 

<1 

<1 

<1 

99 

0.05241 

0.06139 

0.06872 

8.095 

0.329 

3.969 

<0.161 

<0.145 

<0.126 

Ret. time (min) Peak height (mm) Cx(mg cm-3) 

Expended 
Compound Control bath Control 

1,2-DCB 4.3 2 

1,2,4-TCB 5.7 5.7 36 

Trichlorobenzene 6.1 7 

Biphenyl 7.4 19 

p-Cymene 3.8 3.9 95 

Bath cone. = 504 mg 150 cm-3; fabric weight = 5.098 g 

there was no need to purify samples or isolate compo
nents. However, at US$25 per sample, it proved prohib
itively expensive. 

In the non-volatile components of a carrier there is 
usually a preponderance of emulsifiers, dispersants and 
surfactants. With regards to the carriers analysed, the 
responses obtained from the expended baths tended to 
corroborate the observation that carriers are strongly 
absorbed during dyeing.13 This does not necessarily 
mean they are retained throughout by the fibre and end 
up in the finished product, rather, it is an indication that 
carriers are absorbed at this stage just sufficiently to 
promote dyestuff exhaustion. What happens to them 
after that is not really the subject of this study but it may 
be postulated that they are vaporised from the fibre dur
ing the drying stage. This project only endeavoured to 
assess the levels of concentration of carrier components 

Expended K Expended 
bath (cm3 mg-l ) Control bath 

<1 0.04689 0.449 <0.161 

2 0.05693 6.657 0.328 

<1 0.05693 1.294 <0.161 

<1 0.06872 2.910 <0.126 

107 

left over in the bath after mock dyeing. 
To evaluate the information presented in Tables 3-6, 

one salient feature that can be identified is that biphenyl 
is the major component of these carriers. This might be 
due to nothing more than the ready availability of biphe
nyl to the Chemmark company. A second characteristic 
feature of the carriers is the manner by which they were 
absorbed. Absorption by the fabric sample, as measured 
by the extent of depletion of the mock dyebath, was 
nearly complete in all cases except for Markarty TD 
(Table 6). The component not absorbed completely was 
1,2,4-trichlorobenzene. However, this exception does 
little to alter the prevailing picture of almost total 
absorption. Furthermore, it seems there are, in addition, 
some form of additives undetected by the GLC, which 
enhance the absorptivity of the Chemmark carriers. It is 
a well-documented fact that emulsifiers increase the 
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Table 7 Tabulation of non-volatile components 

Initial weight Final weight 
Carrier (g) (g) % 

Markarry 76 10.0579 1.4308 14.2 

Markarry BI 10.4203 0.8941 8.6 

Markarry LO 10.0076 0.7855 7.9 

Markarry TD 10.5121 1.3057 12.4 

water solubility of carriers 14 but, as to whether they also 
facilitate the exhaustion of the carriers on to the fibres, 
this has never been patently clear. From Table 7, it is 
evident that the carriers consist of significant quantities 
of non-volatile components. What remains unknown is 
the breakdown of the non-volatiles, that is, the exact 
fractions that make up the emulsifiers, dispersants and 
other surfactants. Surfactants have the ability to limit 
dyebath re-use and can cause aquatic toxicity in waste 
water. 

The fact that overall absorptions were strong should 
not necessarily be viewed as unusual. The nature of the 
concentrations used, about 500 mg 150 cm-3, is quite 
low, making the likelihood of complete absorption very 
plausible. 
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