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Abstract 
In the research, the HPLC technique was applied in order to monitor the hydrolysis and dye-fibre 
bond-forming during the dyeing process. The results show that using a proper execution of cali-
bration curves of the active and hydrolyzed form of the dye and defined equations, HPLC tech-
nique enable determining the exact amount of both dye forms anytime during dyeing. Dyeing 
process was performed in dyeing machine with use of combination of both alkalis—Na2CO3 and 
NaOH—and with use of one alkali—Na2CO3. It was established that NaOH causes additional hy-
drolysis of the dye and that the use of Na2CO3 is more appropriate for Novacron Scarlet F-3G dye. 
The temperature of adsorption has no influence on dye fixation; an amount of fixed dye on fibre is 
up to 83.0%. 
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1. Introduction 
Reactive dyeing of cellulose materials represents a large progress in dyeing, due to the ability of dyes to form 
covalent bonds with nucleophilic groups of fibre. Reactive dyes have an equally complete pallet of colour 
shades as substantive dyes, yet their wet-fastness is far better. Therefore, reactive dyes are commonly used in 
their improved form with more reactive systems and massive chromogens [1]-[5]. For all that, during the dyeing 
process the hydrolysis of dyes in the dyebaths still occurs in a considerable extent. More than 50% of cost at re-
active dyeing is intended for rinsing of the dyed material [6]. The experiments show that hydrolyzed reactive 
dyes cause problems in wastewaters, e.g. during the flocculation and coagulation, despite the agents being used 
for this purpose [7]. In spite of numerous hydrolysis studies of various reactive dyes with different reactive sys- 
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tems in various media and different dyeing conditions [8]-[14], it seems that a theoretical analysis of impacts 
contributing to a positive fixation course of reactive dyes on a cellulose substrate should be performed. The cel-
lulose substrate represents a large problem, since it prevents an easy passage of anionic dyes to the fibre surface 
due to the formation of the zeta potential on the fibre surface in an alkaline medium [15]. This problem is partly 
solved by masking the fibre charge with the addition of electrolyte, and with big planar chromogens of new re-
active dyes [3]. Halogeno heterocyclic systems of dyes form bonds with cellulose fibres following the nucleo-
philic bimolecular heteroaromatic substitution mechanism [16]-[18]. The reaction is described as a base-cata- 
lyzed addition of the nucleophilic functional group of textile fibres to the electrophilic centre of the reactive 
group and the elimination of the leaving group. 

Various factors influence the reaction mechanism, i.e. the chromogen structure, esp. the groups in the chro-
mogen that are closer to the reactive system, the leaving group, solvent etc. The fixation of the reactive dye to 
cellulose fibres is the key phase in the dyeing process and is accomplished as a part of the dyeing process. It de-
pends on the fibre structure, fibre porousness, dye substantivity according to the dye structure, dye diffusion, 
dye reactivity, degree of fibre preparation, dyeing liquor, alkali concentration, use of crosslinking agents, intro-
duction of various chemical groups into fibre, chemical modification, aftertreatments etc. The degree of fixation 
and consequently the colour yield can be increased with the use of fixation accelerators and shorter liquid ratio, 
dyeing at low temperature, modification of chromophore and reactive group, use of dyes with high substantivity 
and high reactivity treating cellulose fibres with swelling agents [19], and changing the morphology of fibres 
with a chemical modification [20]. It is known that a uniform rise in the fixation rate can be obtained by control-
ling the temperature of the dyeing process, adding alkali in stages, progressive metering of alkali, adding salt in 
stages etc. A basic problem that appears at dyeing of cellulose with reactive dyes is the reaction between the dye 
and water, i.e. hydrolysis, which is competitive with the reaction of the bond formation between the dye and tex-
tile substrate, i.e. fixation to fibres [21]. 

The analysis of the model of the monofluoro-s-triazine dye in a dyebath at real fixation conditions with a high 
performance liquid chromatography (HPLC) can show a realistic occurrence during the dyeing process. Our 
previous research has already represented the kinetics of hydrolysis of the commercial and purified mon-
ofluoro-s-striazine dye [22]. So the chosen model of the reactive dye used in the research was not selected ran-
domly. It represents a simple model for the reactive dye with a halogen heterocyclic reactive system. The be-
haviour of the dye in dyebath was investigated at different adsorption temperatures (50˚C, 60˚C, 70˚C and 80˚C) 
and two fixation temperatures (50˚C and 60˚C). 

2. Experimental 
2.1. Materials 
A bleached cotton fabric (plain weave, 156 g/m2) produced by Tekstina d.d., Ajdovščina, Slovenia, was pre-
pared for dyeing with reactive dyes: the treatment in distilled water, the neutralization in an acidic bath at 95˚C, 
boiling in distilled water, and two times rinsing in distilled water. The monofluoro-s-triazine dye (Novacron 
Scarlet F-3G, Mw = 713.6 g/mol) used in this research was supplied by Huntsman. 

2.2. Methods 
2.2.1. HPLC Analysis 
The dye solutions were analysed on a high performance liquid chromatograph—HPLC (Thermo Separation 
Products). For the HPLC analysis, the ion-pair reversed-phase system and octadecil silane stationary phase in a 
250 mm × 4 mm column (Hypersil ODS 5 µm) were used. The mobile phase comprised two solvents composed 
of A and B. The solvent A was 100% acetonitrile (Riedel-de Haën) with the addition of 0.025 M tetra-n-butyl 
ammonium bromide (Fluka Chemika) as the ion-pairing reagent. The solvent B was a mixture of 30% of the 
solvent A and 70% of W (bidistilled water with the addition of 0.05 M ammonium dihydrogenphosphate 
(Fluka)). The isocratic method with the mobile phase of solvent proportion 40A:60B was used [23]. The ana-
lysed sample quantity was always 20 µl. 

All solutions and samples of the dyebath were filtered through a 0.45 µm PTFE filter prior to the HPLC 
analysis. The flow rate of the mobile phase through the column was 1.0 ml/min. 
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2.2.2. Execution of Calibration Curves on HPLC 
The commercial dye was purified. It was two times recrystallised according to the method by Chavan [24]. Di-
methylformamide (99%, Fluka Chemie AG)—tetrachloroethylene (99%, Fluka Chemie AG), a solvent-non- 
solvent mixture was used to remove the inorganic salts. The purified active and hydrolyzed forms of the dye 
were used for the execution of calibration curves. The hydrolyzed form of the dye was produced by hydrolysis 
for 4 hours at 80˚C in a pH 12 buffer. Afterwards, the solution was neutralized with the diluted hydrochloric 
acid up to the pH value 7. For the execution of calibration curve for the active form of the dye, the purified dye 
was dissolved in a pH 7 buffer. Different concentrations of the solutions (from 0.002 g/l to 0.100 g/l) of purified 
and hydrolyzed dye were prepared. The filtered dye solutions were injected into the HPLC column and the area 
below the curve peak of the active and hydrolyzed form of the dye was determined. The dye, which was dis-
solved in the pH 7 buffer, contained the active and hydrolyzed form. 

Therefore, it was necessary to subtract the area of the hydrolyzed dye and consider only the area below the 
curve peak of the active form of the dye at the execution of the calibration curve for the active form of the dye.  

Those calibration curves of the active and hydrolyzed dye were used for the exact determination of both dye 
forms during the dyeing procedure. 

2.2.3. Dyeing Procedure 
The dyeing procedures were performed in dyeing machine (Werner Mathis AG) at adsorption temperatures 
(50˚C, 60˚C, 70˚C and 80˚C) and fixation temperatures (50˚C and 60˚C). Procedures are outlined in Table 1 and 
Figure 1. Dyebath have consisted of: A—cotton fabric, B—3% dye, C—50 g/l Na2SO4, D—5 g/l Na2CO3, E— 
1.9 ml/l NaOH 32.5%. Liquor ratio was 1:20. 

After the addition of Na2CO3 and NaOH pH value of dye solutions was measured. After addition of Na2CO3, 
pH value was 11.1 and after addition of NaOH, pH value was 12.1. 

The state of the dye in dyebath was determined with HPLC by defining the quantity of the active and hydro-
lyzed form of the dye after 30 minutes (before the addition of alkalis), after 55 minutes (after the addition of 
NaOH), after 65 minutes (10 minutes after the addition of NaOH) and after 90 minutes (at the and of dyeing 
process). These quantities were used for determining the quantity of the adsorbed dye and dye bonded to the 
fabric. Therefore, 10 ml of the dyebath was withdrawn from dyebath process in different intervals into a 25 ml 
flask. 10 ml of solution was neutralized to pH 7 with 0.1 M HCl (Kemika) and diluted with up to 25 ml of bidis-
tilled water.  

At the end of dyeing procedure, the fabric was rinsed and soaped according to the dye producer's recommen-
dations: 10 min of cold rinsing, 10 min of neutralization at 60˚C with the solution of 1 ml/l CH3COOH 30% 
(Riedel-de Haën), 15 min of soaping at 90˚C with the addition of 2 g/l Cibapon R (Huntsman), 10 min of rinsing 
at 80˚C, 10 min of rinsing at 60˚C and 10 min of cold rinsing. All phases were performed at 1:40 liquor ratio. 
The quantities of the active and hydrolyzed form of the dye in the rinsing baths were determined with HPLC as 
well.  

2.2.4. Calculation of Quantities of the Active and Hydrolyzed Dye 
In this research, the proportion of the active and hydrolyzed dye was determined on the basis of previously 
formed calibration curves with HPLC (Y = 39279 + 8.2 × 1010X for the active dye and Y = 11517 + 7.8 × 1010X 
for the hydrolyzed dye).  

The quantity of the active form of the dye adsorbed on the fabric was calculated by using Equation (1): 

_ _ _a ads a b a eC C C= −                                    (1) 

where  
_a bC : is quantity of active form of dye in dyebath at the beginning of dyeing, 

_a eC : is quantity of active form of dye in dyebath at the end of dyeing, 

_a adsC : is quantity of active form of dye adsorbed on fabric. 
The quantity of the active form of the dye bonded on the fabric was calculated by using Equation (2): 

_ _ _ _ .( )a fix a b a e a rin bathC C C C= − +∑                             (2) 

where 
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Table 1. Dyebath procedure (A—cotton fabric, B—3% dye, C—50 g/l Na2SO4, D—5 g/l Na2CO3, E—1.9 ml/l NaOH 32.5%).   

Procedure 
A, B added at the beginning C added after 10 minutes D added after 45 minutes E added after 55 minutes 

T (˚C) 
a 80 80 60 60 
b 70 70 60 60 
c 60 60 60 60 
d 50 50 60 60 
e 80 80 50 50 

 

  
(a)                                                      (b) 

  
(c)                                                      (d) 

 
(e) 

Figure 1. Dyeing procedures from (a) to (e).                                                                     
 

_a fixC  is quantity of active form of dye bonded on fabric, 

_ .a rin bathC∑ is sum of quantities of active form of dye in rinsing baths. 
The quantity of the hydrolyzed form of the dye adsorbed on the fabric was calculated by using Equation (3): 

_ _ _h ads h b h eC C C= −                                  (3) 

where 
_h bC  is quantity of hydrolyzed form of dye in dyebath at the beginning of dyeing, 

_h eC  is quantity of hydrolyzed form of dye in dyebath at the end of dyeing, 

_h adsC  is quantity of hydrolyzed form of dye adsorbed on fabric. 
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The quantity of the hydrolyzed form of the dye bonded on the fabric was calculated using Equation (4): 

( )_ _ _ _ .h fix h b h e h rin bathC C C C= − +∑                          (4) 

where 
_h fixC  is quantity of hydrolyzed form of dye that is fixated on fabric, 

_ .h rin bathC∑  is sum of quantities of hydrolyzed form of dye in rinsing baths. 

2.2.5. The Dye Bath Exhaustion Percentage and the Total Dye Utilization Percentage 
The reflectance responses at all wavelengths were measured by using Spectrophotometer Datacolor Spectraflash, 
SF600. The reflectance value (R) of dyed fabric at the maximum wavelength was taken and the K/S values were 
calculated. The calculation of Kubelka Munk values are given in Equation (5): 

( )21 2K S R R= −                                   (5) 

With HPLC analysis and remission spectrophotometer (Varian Cary 1E), the dye bath exhaustion percentage 
(%E) was calculated using Equation (6) and the total dye utilization percentage (%T) was calculated using 
Equation (7).  

% 100%b e

b

C C
E

C
−

= ⋅                                   (6) 

Values bC  and eC  represented quantity of dye in dyebath at the beginning of dyeing and at the end of 
dyeing. 1K S  and 2K S  is the color yield with the values before and after rinsing and soaping procedure.  

2

1

% %
K ST E
K S

= ⋅                                     (7) 

3. Results 
3.1. Analysis of Dye Forms in Dyebath 
Dyeing procedure was performed at different adsorption temperatures (50˚C, 60˚C, 70˚C and 80˚C) and fixation 
temperatures (50˚C and 60˚C). The state of the dye in dyebath was determined at the beginning, after 30 minutes 
(before the addition of alkali), after 55 minutes (after the addition of NaOH), after 65 minutes (10 minutes after 
the addition of NaOH) and after 90 minutes (at the and of dyeing process). For defining the exact amount of an 
active and hydrolyzed form of the dye an extremely important method with execution of calibration curves was 
used. 

Figures 2-6 show the results of dye analysis during the dyeing procedure (Figure 1). Ch is quantity of hydro-
lyzed form of dye in dyebath [mol/l], Ca is quantity of active form of dye in dyebath [mol/l] and Cf is quantity of 
dye adsorbed on fabric [g/g]. 

From the research results, it could be concluded that after the addition of both alkalis (after 55 minutes), in 
dyebath remained 4% - 7% of active dye form at fixation temperature 60˚C and 15.2% of active dye form at 
fixation temperature 50˚C. At both temperatures an active dye form completely disappeared from dyebath after 
65 minutes in a case when both alkalis (Na2CO3 and NaOH, pH 12.1) were used. 

At procedures when only one alkali (Na2CO3) was used, pH of dyebath achieved values 11.1, which means 
that dye hydrolysed slower than in case when both alkalis were used. In that case in dyebath remained 10% - 14% 
of active dye form after 55 minutes and approximately 3% of active dye form after 65 minutes. 

After 90 minutes at fixation temperature 60˚C in dyebath remained approximately 15% - 18% of hydrolyzed 
dye form when both alkalis were used and 12% - 16% of hydrolyzed dye form when only Na2CO3 was used.  

Results of Cf value show that after 90 minutes quantity of dye adsorbed on fabric is slightly smaller in case 
when both alkalis were used than in case when only Na2CO3 was used.  

3.2. Analysis of Dye on Fabric 
With HPLC analysis and remission spectroscopy, the dye bath exhaustion percentage (%E) and the total dye uti- 
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lization percentage (%T), was determined. Results are represented in Figure 7. 
From Figure 7 it is evident that adsorption temperature had no influence on reaction between dye and fibres, 

however up to 83.0% of dye adsorbed on fibres. In a case of dyeing procedures when both alkalis were used, the 
dye bath exhaustion percentage (%E) was slightly lower than in case when only Na2CO3 was used. 

The dyeing procedures when adsorption temperatures 80˚C, 70˚C and 60˚C in combination with fixation 
temperature 60˚C and addition of both alkalis, were performed, the total dye utilization percentage (%T) was up 
to 66%. The same procedures without addition of NaOH showed better results, which mean that higher value 
of %T was achieved, approximately 80%. The difference in %T value between procedure d (Figure 1(d)) (ad-
sorption temperature 50˚C and fixation temperature 60˚C) with addition of NaOH and the same procedure 
without addition of NaOH, was small, 5%. Procedure e (Figure 1(e)) (adsorption temperature 80˚C and fixation 
temperature 50˚C) with and without NaOH also gives good results of %T, approximately 78%, which is only 5% 
lower than %T value at procedure d (Figure 1(d)). 

However, from the results it could be concluded that addition of NaOH caused extra hydrolysis and that the 
use of only Na2CO3 was more appropriate for dye used in our research.  

According to standard ISO 105 C03 test for colourfastness at 60˚C was performed. The change in colour of 
the specimen and the staining of the adjacent fabric were assessed with the grey scales and all samples got value 
4 whether only Na2CO3 or both alkalis were used. 

 

 
Figure 2. The quantity of hydrolyzed and active dye forms in dyebath and quantity of dye adsorbed 
on fabric during procedure a, left—with Na2CO3 and NaOH, right—with Na2CO3.                 

 

 
Figure 3. The quantity of hydrolyzed and active dye forms in dyebath and quantity of dye adsorbed on fabric 
during procedure b, left—with Na2CO3 and NaOH, right—with Na2CO3.                                 
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Figure 4. The quantity of hydrolyzed and active dye forms in dyebath and quantity of dye adsorbed on fabric 
during procedure c, left—with Na2CO3 and NaOH, right—with Na2CO3.                                 

 

 
Figure 5. The quantity of hydrolyzed and active dye forms in dyebath and quantity of dye adsorbed on fabric 
during procedure d, left—with Na2CO3 and NaOH, right—with Na2CO3.                                 

 

 
Figure 6. The quantity of hydrolyzed and active dye forms in dyebath and quantity of dye adsorbed on fabric 
during procedure e, left—with Na2CO3 and NaOH, right—with Na2CO3.                                 
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Figure 7. The dye bath exhaustion percentage (%E) and the total dye utilization percentage (%T) of 
dyed samples.                                                                       

 

 
(a) 

 
(b)                                (c)                                     (d) 

Figure 8. HPLC chromatograms of active and hydrolyzed form of dye in dyebath at procedure d: (a) At the beginning; (b) 
After 30 minutes; (c) After 55 minutes; (d) After 65 minutes.                                                       
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Figure 8 shows HPLC chromatograms at procedure d (Figure 1(d)). Active dye form decreased in dyebath, 
adsorbed on the fibres and it is partly hydrolyzed what is evident from peak of hydrolyzed dye. 

4. Conclusions 
Although the complete process of dye purification and execution of calibration curves is pretty pretentious, it 
enables complete control under dyeing procedure, since we were able to define the exact amount of the hydro-
lyzed and active form of the dye that was adsorbed and bonded with fibres according to calibration curves made 
for active and hydrolyzed form of the dye and Equations (1)-(4). 

Results showed that in a case of dyeing procedures when both alkalis were used, the dye bath exhaustion per-
centage (%E) was slightly lower than that in case when only Na2CO3 was used. However, addition of NaOH 
also caused an extra hydrolysis of dye in dyebath so from our results it could be concluded that the use of only 
Na2CO3 is more appropriate for dye used in our research. 

It was also established that adsorption temperature had no influence on reaction between dye and fibres, 
however, up to 83.0% of dye reacted with fibres. 
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