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 In this work a number of organic acid chlorides such as sebacoyl chloride, adipoyl 
chloride and other compounds such as ammonium sulphate (NH4)2SO4and acrylonitrile 
were used as modifying agents on nylon fabric. The effects of the solutions of these 
compounds as modifying agent on the equilibrium exhaustion of nylon fabric were 
studied. All these modifying agents caused the exhaustion to increase significantly and 
also with increase in concentration of the modifying agents on nylon except that of 
acrylonitrile. One spectacular thing observed from the studied samples was the gradual 
sliding increase in the pH of the dye bath when ammonium sulphate solution was used. 
One opined a reason for the observed values which was the hydrolysis undergone in 
aqueous solution by ammonium sulphate. So, ammonium sulphate is a very good, and 
efficient accelerant than most compound used. 
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INTRODUCTION 

 
Dyeing of nylon fabric with acid dyes has been studied extensively in recent years, and has become of 

interest mainly because of the hue and fastness they have on the fabric (Bello et al., 2009). However, work is 
still in progress on how to improve upon the exhaustion of the dye on fabric. Nylon is a polyamide fibre 
containing a substantial amount of amino end group. A number of modifying agents could be applied on nylon 
which will enhance the dye uptake. 

In the early days of dyeing, with the relatively poor colouring matters of vegetable origin then available, 
dye baths often did not exhaust as completely and to obtain full depths of how fast to washing, metal salts or 
‘mordants’ had to be used. Each dye also had its own peculiarities, and it was a mystery even to the experts why 
they differed so widely from one another in their colours and in their fastness properties. 

The degree of exhaustion at a given ratio of material to liquor is an obvious measure of the affinity which a 
dye has for the material concerned (Alexander and Stacey, 1952). So, modification of the fabric either 
physically or chemically to enhance its exhaustion, will affect the affinity. In this work, we set out to investigate 
the effect of some compounds as modifying agents on nylon with respect to its dye uptake.  
 
Experimental: 

The fabrics samples o.1g in each case was treated in with aqueous solution of modifying agentsfor a period 
of 60 minutes (Bello et al., 2002). The modifying agents used were urea, thiourea, diethylamine, ammonium 
sulphate, adipoyl chloride, sebacoyl chloride and propionyl chloride. Various concentrations of modifying 
agents were used .However, the work reported here is at 1% concentration of modifying agents. 

 
Dyeing of nylon fabric: 

The treated fabric were dyed using the technique reported by Bhattacharya et al. (1995) and adopted by 
Bello et al (2002). This involved using twelve identical dyeing tubes in each case. The dye bath was prepared 
using a liquid ratio of 150:1 and 1% stock solution of the dye was prepared, and in each case, 0.1cm3 was added 
to the dyeing tube to give a 1% shade (o.w.f). The dyeing tube was made up to 15cm3 with distilled water. The 
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pH of the bath was determined before dyeing. Dyeing was carried out at 95oC for a period of two and half hours 
for equilibrium exhaustion to be established. This was after the fabric sample 0.10g was wetted out in aqueous 
solution of the modifying agents for 60 minutes and the sample introduced into the dye baths. The dyeing tube 
(dye baths) were sealed with polythene and put in a thermostatically controlled water bath at 95oC. This 
temperature 95oC, was obtained over a period of 15 minutes and maintained before the dye tubes were 
introduced. 
 
Degree of Exhaustion (%E): 

This was done by removing the dyeing tubes (dye-baths) away from the water bath and the fabrics also 
withdrawn from the dye baths.The dye tube were cooled, and the residual dye solution was filtered after dyeing 
and the optical density measured maximum wavelength of absorption (λmax 482). 

The optical density of the original dye bath (dye-tubes) solution before dyeing was also measured.From 
these two measurements, the amount of dye absorbed by the fabric in each case was calculated using the 
formula; (equation 1) 
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Infrared Spectra (Asquith and Booth, 1971, Bajaj and SubvyaKumavi, 1988) : Infrared spectra were 

recorded on an FT-IR Nicolet 5 DX spectrophotometer. The samples were examined as 1.5% KBr pellets. 
Carboxylic content (Bhattacharya and Patel, 1995, Gilchrist and Ratlec, 1971, VinHippel and Wong, 2002, 

Koh et al. 2001) 
The carboxylic content was determined according to the reported method (5-9), the technique being as 

follows. The sample was first soaked in 2% Hydrochloric acid for 3-4 hours with occasional shaking. It was 
then removed by filtration and washed with ethanol-water (60:40) until chloride-free and finally dried. A dry 
sample (0.10g) was then accurately weighed and introduced into a 250cm3Erlenmeyer flask followed by 
50cm3of 0.1 mole dm-3 sodium hydroxide solution containing 5% w/v sodium chloride. The flask was stoppered 
and allowed to stand overnight with occasional shaking. The content of the flask was back titrated with 0.05 
molar hydrochloric acid using phenolphthalein as indicator. 

A blank titration was carried out on an untreated sample, and the carboxylic content (millimole / kg fabric) 
determined as follows (Greenstein, 1938): (equation 2) 

Carboxylic content = )2(1000
)(

−−−−−−−×
×−

W
YX M A  

Where X and Y an the volumes of hydrochloric acid used in the blank and back titrations, respectively, MA 
is the concentration of the hydrochloric acid and W is the mass (g) of the sample. 
 
Determination of reactive sites using Langmuir Isotherms(11-14): 
Principle: 

This method was based on the adsorption of dye molecules by textile fabric. If the total number of available 
sites that dye molecules can adsorb is [S]f on fabric, when the dye concentration is very high, and the number of 
occupied sites by dye is [D]f, then the number of unoccupied site in [S]f – [D]f, and if the number of dye 
molecule in the bath is [D]s. The total reactive sites are the same as saturation value [S]f.  

Although, Langmuir originally derived his equation to account for the adsorption of gases on metal surface, 
it in admirably fitted to explain dye option by textile fabrics. 

So equilibrium dyeings, of nylon   with dye D1, were carried out as described earlier on, and the partitioning 
concentrations of the dye between the fabric ([D]f) and the dye bath ([D]s) at the equilibrium were obtained. The 

reciprocal of the plot [ ]sD
1

against [ ] fD
1

of the dye, D1 on nylon are shown in Table 3 (2-5) and the IR 

represented on page 13 -15 in figures 1-4, for urea, thiourea, (NH4)2SO4diethylamine and triethylamine. 

A plot of [ ]sD
1

against [ ] fD
1

which was measured at constant pH of 4.5 gave a straight line and an 

intercept on the [ ] fD
1

axis. The value on the intercept corresponds to [ ] fS
1

 in the equation (1) below: 
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where [S]f is the saturation value and K1 is are adsorption constant. 
 

RESULTS AND DISCUSSION 
 

(Modification of Nylon fabrics. Amino Acid End Group Analysis): 
In a neutral aqueous solution nylon which is a polyamide exists as a zwitter ions structure (+NH3-nylon-

CO −
2 ). Under acidic conditions the carboxylate anions areprotonated and the dye anions associate with the 

amino groups in a manner similar to the adsorption of a dye by wool. 
The results of Amino acid end group analysis of nylon obtained are shown in Table (1). From the table, it is 

observed that the amino end group of the nylon fibre was averagely 13.5 millimolekg-1fabric (column2). 
However, for 1% urea solution on nylon fabric, the amino end group increased from 13.5 to 16.2 millimolekg-

1fabric, just before dyeing. This increase in value dearly demonstrated that the amino acid end group has 
condensed with the nylon. The amino acid end group was elongated. In other words, the modification occurred 
at the amino acid end groups. The amino end group is increased further by increasing the concentration of urea 
solution from 1% to 2% w/v. The value of amino acid end group obtained was 18.9 millimole  kg-1fabric. This 
was further increased to 19.1 millimolekg-1of fabric when the concentration of the urea was increased to 3% 
w/v.  

The same trend was obtained for thiourea. The amino acid end group increased to 14.5 millmolekg-1fabric 
when treated with 0.5% thiourea from 13.5 millimole kg-1of fabric this further increased to 17.2 millimole kg-1 
when the thiourea concentration was 1.0%. There were marginal increase in amino end group when the thiourea 
concentration was increased to1.5%. 

Marginal increase in amino end group were also recorded by diethylamine (14.1) and triethylamime (14.0) 
as shown in Table (1) 

On the other hand, the acid chlorides (propionyl chloride, adipoyl chloride and sebacoyl chloride) showed 
no increase in the amino acid end groups of the nylon fabric used. This was demonstrated from the results 
obtained.The values ofamino acid end group remain 13.5 millimolekg-1fabric before and after modification. 
(Table1). 

The results obtained however demonstrated clearly that dyeing process of nylon fabric involved the attack 
of the amino end group by the dye molecules. This is because there were reductions in the amount of amino acid 
end group remaining on the fabric after dyeing processes and yet there is an increase in dye uptake by the fabric.  

 
Table 1: 

Modifying Agent     % w/v 
 

Amino end group present millimole kg-1 fabric 
 
Before            After                  After         Amount      Equilibrium   
Modification  modification  dyeing      consumed   Percentage 
                                                                                  Exhaustion 
 

Urea                       1 
                                2 
                                3 
 

13.5                16.2              9.45            6.75                 75 
13.48              18.0              8.72            10.18                86 
13.5                19.1              8.58            10.52                86 
 

Thiourea            0.5 
                             1.0 
                             1.5 
 

13.5                14.5              6.3               8.2                   78 
13.5                17.2              6.17            11.03                 70 
13.5                17.3              6.18            11.12                 75 
 

Diethylamine      1 
                                2 
                                3 
 

13.5                 14                4.4               9.6                   65 
13.5                14.1              4.7               9.4                   68 
13.5                14.1                -                  -                      - 
 

Triethylamine     1 
                                2 
                                3 
 

13.5                13.9              4.7               0.2                    62 
13.5                13.9              4.9                0                      68 
13.5                 14                 -                   -                         - 
 

Propionyl chloride1 
(v/v)                         2 
                                3 
 

13.5                13.5             5.4               8.1                      60 
13.5                13.5             5.3               8.2                      62 
13.5                13.5             4.7               8.8                      64 
 

Adipoyl chloride      1 
(v/v)                           2 
                                     3 
 

13.5                13.5             2.12             11.38                   91 
13.5                13.5             2.08             11.42                   93 
13.5                13.5             1.95             11.51                   95 
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Sebacoyl chloride     1 
(v/v)                            2    
                                      3 
 

13.5                13.5              2.1              11.4                     91 
13.5                13.5              1.94            11.52                   95 
13.5                13.5              1.87            11.63                   96 
 

Acrylonitrile            1 
                                    2   
                                    3 
                                    4 
 

13.5                 12.5              6.75               5.75                 65 
13.5                 12.5              7.7                 4.8                   45 
13.5                 11.8              7.8                  4                     42 
13.5                 11.7              7.9                 3.8                    - 
 

Untreated nylon      - 
 

13.5                    -                6.85               6.65                 57 
 

(NH4)2SO4                 - 
treated 
 

13.5                 13.5              4.35                 9                     - 
 

 
It must be reported that only compounds that showed evidence of increased in amino acid end groups were 

documented in this work, there were also a host of other compounds that exhibited negative results from which 
that of acrylonitrile is presented.  

The values obtained for acrylonitrile (Table1) showed that immersing the nylon fabric in solution of 
acrylonitrile reduces the amino end group from 13.5 millimolekg-1to 12.5 millimolekg-1, and this in turn reduces 
the amount of amino acid that would be reacted with by the dye molecules to 5.75 millmolekg-1 at 1% 
acrylonitrile from 13.5 millimole. The reduction in amino acid end group increase as the concentration of 
acrylonitrile used increases (Table 1). The result obtained when ammonium sulphate (NH4)2SO4 in aqueous 
solution was used present an interesting figures. There was no increase in amino end group, yet the amount 
consumed is high (9.0), very comparable to those reacted in urea, thiourea, diethylamine etc. 

It is presumed that the adsorption of acid dye is limited by the number of basic amino groups in the 
modified substrates. The linearity of the reciprocal plots suggest that the modification / dyeing mechanisms can 
be adequately described by Langmuir relation. 

The saturation values obtained before modifications for all the nylon samples averaged 13.50 millimole kg-1 
as shown in Table1 column 6. The values obtained from conductivity experiments (Table 1) agreed closely with 
that obtained using Langmuir isotherms (Tables 2-5). 

From the results in Table 1, it has been demonstrated that nylon 6 fabric treated with urea, thiourea, 
diethylamine and triethylamine have their amino groups increased, whereas the fabric treated with acid chlorides 
– propionylchloride, adipoylchlorideand sebacoylchloride, acrylonitrile and ammonium sulphate solutions 
showed no evidence of its amino acid groups being affected by the modification. i.e. they have no effect on the 
amino end group. 

On the whole, looking at the amount of amino end groups consumed during dyeing, it is observed that for 
urea, the amount consumed during dyeing progressively increased from 6.75 milliomole kg-1 urea (Table 1). 

Despite this, it seemed, the % amino end group consumed at 2% and 3% urea is almost the same, 
suggesting that very little urea is needed to effect the necessary modifications that can enhance dyeing. The 
same trend was observed for thiourea. In other words, there was a reduction in amino end group (as shown in 
Table 1) after each dyeing operation. This strongly supports the fact that dyeing of nylon fabrics occurs by the 
attack of the amino end group by the acid dyes. 

Ammonium sulphate, (NH4)2SO4, has no effect on the amino end group because amount of the amino end 
group remains the same before modification and after modification or the fabric (13.5 millimole kg-1fibre; Table 
1). Yet the amount of amino group consumed is exceedingly high, i.e. 9.00 milliomole kg-1 (from 13.5 to 4.50). 
This suggests that (NH4)2SO4modified the fabric not by interaction with the amino acid end group. It also shows 
that there is a maximum amount of amino end group that can react during dyeing processes. 
 
The IR Spectra of Modified Nylon 6 (Bello, 1984): 

The results of the IR spectra of nylon treated with urea and thiourea in water at 30oC are shown in Fig. 1-7. 
The treated samples were subjected to IR analysis and the spectra compared with that of the untreated nylon 

sample in phenol solution. 
The samples showed no major changes in the intensity of the absorption peaks except for the fingerprint 

region due to the OH-stretching at 3351 wave number. 
For untreated fabrics, the OH stretching band was very narrow Fig 5 but which becomes broader Fig 6, 7 

and 8 progressively in that order. Apart from the – OH group from the phenol solution which is common to all 
of them the band getting broader is due to the increase in – NH2 whichalso absorb at around 3500-3400cm. This 
further supported the suggestion that the – NH2 is attached to the peptide linkage in the polyamide. The same 
trend was obtained when the samples were treated with thiourea, as shown in Figs. 9, 10 and 11. In summary, 
one can suggest that urea and related compounds modified nylon and wool fabrics by elongating the – NH2 
group.  

 



556                                                                    Isah A. Bello et al, 2014 
Australian Journal of Basic and Applied Sciences, 8(1) January 2014, Pages: 552-559 

 
 
 
 
 

 
 

Fig. 1: IR spectra of unmodified nylon 
 

 
 
Fig. 2: IR spectra of 0.1 molar solution of urea on nylon 
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Fig. 3: IR spectra of 0.2 molar solution of urea on nylon 
 

 
 
Fig. 4: IR spectra of 0.3 molar solution of urea on nylon 
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Fig. 5: IR spectra of 0.1 molar solution of thiourea on nylon 
 

 
 
Fig. 6: IR spectra of 0.2 molar solution of thiourea on nylon 
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Fig. 7: IR spectra of 0.3 molar solution of thiourea on nylon 
 

Conclusion: 
Results obtained in this work has demonstrated that nylon fabric can be modified to enhance increase in 

percentage dye exhaustions. It further demonstrated that amino related compounds are more probable to enhance 
the modification, because they can condense with the fabric. On the other hand, there are some other compounds 
that can cause modification of nylon fabric to enhance dye uptake without condensing with the amino end group 
of the fibre, but by mere hydrolysis as shown in this work using ammonium sulphate (NH4)2SO4. 
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