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Abstract 

In this study, 8 novel pyrazole disperse dyes were applied to polyethylene terephthalate (PET), poly (lactic 

acid) (PLA) and polyamide 6.6 (PA 6.6) fiber fabrics and their colorimetric and fastness properties were 

evaluated. The measured a*, b* and hue angle (ho) values of all dyed fabrics exhibited yellow, orange and 

red color shades. Quite high color strength values (K/S) were measured particularly for dyes containing 

substitute groups; p-OCH3 and o-OCH3. Shade changes of all fabrics after standard washing and sublimation 

tests were in the commercially adequate range. All dyed PET, PLA and PA 6.6 fabrics exhibited commercially 

acceptable fastness staining performances with very good to excellent levels. Synthesized novel disperse 

dyestuffs led to moderate to high light fastness levels particularly in the case of PLA and PET fabrics. 

Keywords: Poly (lactic acid), Polyethylene terephthalate, Polyamide, Color, fastness. 

©2022 Usak University all rights reserved. 

1. Introduction

Azo dyestuffs are one of the most widely used groups among dyestuff classes. In particular, 
disperse azo groups are among the most commonly used groups in the dyeing of synthetic 
textile materials in the industry. Especially when they are applied to polyamide and 
polyester group textile materials, its preferability levels are high along with their good to 
excellent fastness degrees [1-4].   
Pyrazole derivative groups, among the dispersed azo dyestuffs, which are the most 
commonly used group in the dyeing of hydrophobic fibers, have recently become very 
popular [5-11]. Pyrazole group is characterized by being the most frequently used 
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heterocyclic compound in many application fields. Especially because of its chemical 
structure, it could be used for many different purposes such as pharmacological, 
antibacterial, antimicrobial, anticancer, antifungal, antiviral, antitubercular, 
antitumor…etc. in the medical field [12-21]. Besides, it is widely used for dyeing synthetic 
based fabrics for textile industry due to their wide and different color choices [22-25]. 
Color and color fastness characteristics of synthetic fibers dyed with these dyes displayed 
satisfying results [26-31]. 
In this work, 8 novel pyrazole disperse dyes (A1, B1, C1, A2, C2, A3, B3 and C3) which have 
been synthesized previously were applied to synthetic fibers [32]. These novel eight 
disperse dyestuffs were applied at % 2 owf to various synthetic fabrics. Since the yield 
percentage in obtaining the dyestuff B2 (4-(4′-(m-methoxyphenylazo)-3′-methyl-1′-
phenylpyrazole-5′-ylazo)-5-hydroxy-3-methyl-1phenylpyrazole) is very low, could not be 
synthesized in sufficient quantity to dye all fabrics and for this reason couldn’t applied to 
fabrics. Herein we report the dyeing of PET, PLA and PA 6.6 fiber fabrics with these eight 
novel pyrazole disperse dyes and the examination of colorimetric and color fastness 
characteristics of these dyed fabrics after scouring, dyeing and reduction clearing 
operations. The CIE L*, a*, b*, C*, and ho co-ordinates were measured and also K/S values 
were determined. Moreover, wash, alkaline and acid perspiration, dry and wet rub 
fastness, sublimation fastness (shade change and staining), water fastness, sea-water 
fastness and light fastness performances were also explored and reported. 

2. Materials and Method

Synthesized 5-amino-4-arylazo-3-methyl-1-phenylpyrazoles (A1, B1, C1, A2, C2, A3, B3 
and C3), shown at Table 1 [32], were applied to 100% PET, PLA and PA 6.6 fiber fabrics. 
The characteristics of the dyed fabrics are as follows, respectively; PET fabric: 30/1 Ne 
staple yarns, single jersey, 100% polyethylene terephthalate (PET) fiber fabric, PLA fabric: 
30/1 Ne staple yarns, single jersey, 100% poly (lactic acid) (PLA) fiber fabric, Polyamide 
6.6 fabric (PA 6.6): 78 dtex/68 filament yarn/two folded, single jersey, 100% Polyamide 
6.6 fiber fabric.   All chemicals used in scouring, dyeing and reduction-clearing operations 
are provided from BASF company and these chemicals are as follows, respectively; 
kieralon Jet B conc. (non-ionic surfactant), Setamol BL (anionic dispersing agent for dyes), 
sodium dithionite, sodium hydroxide and sodium carbonate.   

2.1 Solubility Parameter Determination 

The dye uptake of fibers during dyeing process in the textile industry is related to solubility 
parameters. Karst and Yang [33] worked on this parameter in their study and developed a 
formula. According to this formula they developed, dye uptake capacities of synthetic 
fibers dyed with disperse dyestuffs can be calculated (Eq.uation 1) [33]. 

δ = √
∑𝐸coh𝑖

∑𝑉m𝑖
 (1) 

In here; δ is the ”solubility parameter of a molecule ( (J/cm3)0.5)”, ΣEcohi  is the  “cohesive 

energy for the i functional group on the molecule (J/mol)” and ΣVmi is the “molar Volume 

(cm3/mol)” 

In this study, the effect of fabrics on dye uptake was investigated by calculating the 

solubility parameters. 
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Table 1 Dyestuffs used in dyeing [32] 
Code Generic Name Molecular structure Code Generic Name Molecular structure 

A1 

“4-(4′-(p-nitrophenylazo)-3′-

methyl-1′-phenylpyrazole-5′-

ylazo)-5-hydroxy-3-methyl-

1phenylpyrazole” 
C2 

“4-(4′-(m-chlorinephenylazo)-3′-

methyl-1′-phenylpyrazole-5′-

ylazo)-5-hydroxy-3-methyl-

1phenylpyrazole” 

B1 

“4-(4′-(p-methoxyphenylazo)-3′-

methyl-1′-phenylpyrazole-5′-

ylazo)-5-hydroxy-3-methyl-

1phenylpyrazole” 
A3 

“4-(4′-(o-nitrophenylazo)-3′-

methyl-1′-phenylpyrazole-5′-

ylazo)-5-hydroxy-3-methyl-

1phenylpyrazole” 

C1 

“4-(4′-(p-chlorinephenylazo)-3′-

methyl-1′-phenylpyrazole-5′-

ylazo)-5-hydroxy-3-methyl-

1phenylpyrazole” 
B3 

“4-(4′-(o-methoxyphenylazo)-3′-

methyl-1′-phenylpyrazole-5′-

ylazo)-5-hydroxy-3-methyl-

1phenylpyrazole” 

A2 

“4-(4′-(m-nitrophenylazo)-3′-

methyl-1′-phenylpyrazole-5′-

ylazo)-5-hydroxy-3-methyl-

1phenylpyrazole” C3 

“4-(4′-(o-chlorinephenylazo)-3′-

methyl-1′-phenylpyrazole-5′-

ylazo)-5-hydroxy-3-methyl-

1phenylpyrazole” 
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2.2 Scouring, Dyeing and Reduction-Clearing Operations 
 
All raw fabrics were scoured in a bath comprising 1 g/l Kieralon Jet B conc. (non-ionic 
surfactant from BASF) and 1 g/l sodium carbonate at 60oC for 15 min. After scouring, the 
fabrics were rinsed with cold water for 10 minutes and dried at ambient conditions.  
Dyeing of fabrics was carried out in ATAC lab-dye HT dyeing machine at a liquor ratio of 
30:1 and 2% owf. Dyeing profiles of each fiber are given in Figure 1. Herein Setamol BL is 
the anionic dispersing agent for dyes from BASF. These conditions are taken from the 
related literatures, commercial scale applications from industry and DyStar [34-38].  
After the dyeing process, all fabrics were rinsed with 5 minutes warm and 5 minutes cold 
water. Afterwards, the fabrics were left to air-flat-dry at room temperature.  
After dyeing processes, reduction clearing is applied to all fabrics according to the below 
conditions respectively; PET fiber: “3g/l sodium dithionite and 3g/l sodium hydroxide at 
70C for 15 minutes”, PLA fiber: “3g/l sodium dithionite and 3g/l sodium carbonate at 
60C for 15 minutes”, Polyamide 6.6 fiber: “3g/l sodium dithionite and 3g/l sodium 
carbonate at 40C for 15 minutes”. 
All reduction clearing temperatures were selected corresponding with the glass transition 
temperature (Tg) of the fibers. Since it is known that the cleaning temperature of the fibers 
should be lower than the glass transition temperatures and the glass transition 
temperature of each fiber is different, different cleaning temperatures were applied to the 
fabric in each fiber [39-42].  
After reduction clearing, all fabrics were rinsed with 5 minutes warm and 5 minutes cold 
water. Cleared fabrics were then left to air-flat-dry at ambient conditions.  

 

Fig. 1 Dyeing procedures of synthetic fiber fabrics 
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2.3 Color Properties Determination 
 
After scouring, dyeing and reduction-clearing operations, color properties of each fabric 
were explored. The CIE L*, a*, b*, C*, and ho co-ordinates were acquired and K/S values 
were found out  from the reflectance values at the precise wavelength of maximum 
absorbance (max) for every dyed sample fabric using a Data Color Spectra Flash 600 
spectrophotometer (Datacolor International, Lawrenceville, NJ, USA), below illuminant D65 
through 10º standard observer. The measurements were finished for every fabric in 4 
exclusive regions and two times on every side. The common value become acquired and 
reported. 
 
2.4 Assessment of Color Fastness Properties 
 
The alkaline and acidic perspiration, dry and wet rub, wash, sublimation, water and sea 
water, light fastness levels of PET, PLA and PA 6.6 samples dyed with 8 novel dyes were 
investigated. The utilized test standards are given below. 

 Wash-fastness to home laundering (C06) become implemented in line with the ISO 
105:C06 Test Standard in a Rotawash machine (SDL ATLAS, UK). This washing test 
was applied at 50oC with sodium perborate (C06/B2S) for PLA and PET fabrics while, 
similar test was become accomplished at 40oC with sodium perborate (C06/A2S) for 
PA 6.6 fabric due to low glass transition temperatures of polyamide fibers (Tg: 40-
55oC) [43]. 

 Both alkaline and acid perspiration fastness become received in keeping with the ISO 
105-E04 (Color Fastness to Perspiration) standard.  

 Both dry and wet rub fastness tests were done consistent with the ISO 105: X12 
standard. 

 Sublimation fastness (shade change and staining) were done following ISO 105: P01 
protocol using SDL Scorch Tester M247B at 180oC for 30 seconds for PET and PA 6.6 
fiber fabrics (for fair comparison) and lower temperature of 130oC for 30 seconds 
withinside the case of PLA fiber fabrics [44-46]. 

 The evaluation of water fastness become done in regards to the ISO 105-E01. 

 Sea water fastness was received in line with according to the ISO 105-E02.  

 Light fastness tests were carried out corresponding with ISO 105-B02: color fastness 
to artificial light (Xenon arc lamp).  

 Color fastness to light was obtained utilizing the blue wool scale control. All other 
evaluations of the tests were implemented with the utilization of ISO grey scales. 

 
                                                   

3. Results and discussion 
 

3.1 Colorimetric Properties 
 

The colorimetric data of PLA, PET and PA 6.6 fiber fabrics dyed with 8 different synthesized 

disazo disperse dyes (A1, B1, C1, A2, C2, A3, B3 and C3) at 2 % dye concentration are 

displayed in Table 2, and their related a*-b*, L*-C* and K/S-C* graphics are shown in Figure 

2(a-c). 
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a) a*- b*                                                                           b) L*- C*  

 

 
c) K/S- C* 

Fig. 2 Colorimetric properties of dyed synthetic fiber fabrics a) a*- b*  b) L*- C* c) K/S- C* 

As is known, colorants are defined according to their ability to absorb light in the visible 
region (400nm-700nm). As A1, B1, C1, A2, C2, A3, B3 and C3 dyestuffs dye PET, PLA and 
PA 6.6 fabrics, the color tones of the fabrics are between +a and +b values, that is, the color 
tones of the fabrics are yellow and red. There was only one exception, the value of C1 
dyestuff dyeing PLA fabric was found at -a. This shows that there is a slight shift to green 
tone in the color imparted by the dyestuff to the fabric. When the K/S values of the dyed 
fabrics are examined, the lowest value is 1.42 with C1 dyestuff for PLA and highest is 31.2 
WİTH B1 dyestuff for PLA.  As it can be understood from here, the λmax (nm) value is 
between 550 nm and 700 nm for the yellow and red color tone range of dyed fabrics. 
As it can be clearly seen from Table 2 and Figure 2, the color properties of dyed fabrics 
vary according to the type and location of the substituent group. As it is known, a and b 
indicate the color directions, +a* indicates the red direction, and +b* indicates the yellow 
direction. As can be seen from Table 2 and Figure 2(a), all of these synthetic fibers dyed 
with 8 different disperse dyestuffs gave results in yellow, orange and red color tones. This 
determination can also be seen in Table 2 that hue angle (ho) values are below 90 degrees.  
Figure 2(a) shows that dyed PET fibers displayed significantly more reddish appearance 
with higher a* values than PLA and PA 6.6 fiber fabrics.   In addition, as it is clearly seen 
from Figure 2a, C1 dyestuffs containing p-Cl substituent group gave the palest color tones 
for all three synthetic fiber fabrics.
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Table 2 Colorimetric properties of synthetic fiber fabrics dyed with disperse dyes 

Fabrics dyed at 2% dye concentration [Fiber type, synthesized dye type (Auxochromes position and substituent group type)] 
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L* 76,3 68,1 81,5 75,7 76,4 73,7 62,8 78,1 82,5 70,4 87,3 79,6 79,7 74,7 69,7 79,9 80,5 65,3 84,4 74,4 74,6 65,2 68,6 76,5 

a* 14,1 16,3 1,18 7,44 8,15 12,9 24,8 4,66 4,52 20,5 - 1,94 9,05 8,45 20,4 19,2 5,54 12,6 28,0 4,88 11,9 16,5 38,4 23,5 16,3 

b* 49,7 70,2 40,8 61,2 54,8 53,4 58,1 51,6 56,1 89,7 41,4 68,2 64,1 87,0 75,8 57,5 55,8 83,5 42,2 73,4 70,0 80,7 78,1 67,1 

C* 51,7 72,0 40,8 61,6 55,4 54,9 63,2 51,8 56,3 92,0 41,4 68,8 64,6 89,4 78,2 57,8 57,2 88,1 42,5 74,3 72,0 89,4 81,6 69,1 

ho 74,2 76,9 88,3 83,1 81,6 76,4 66,9 84,8 85,4 77,1 92,7 82,4 82,5 76,8 75,8 84,5 77,3 71,5 83,4 80,8 76,7 64,5 73,2 76,3 

K/S 2,79 12,6 1,81 8,09 4,14 3,99 12,9 3,42 2,62 31,2 1,42 12,4 7,06 20,4 21,7 4,01 2,42 25,7 1,81 15,9 10,7 21,7 19,8 8,44 
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As can be seen from Figure 2, p-OCH3 substituent group (B1) resulted mostly the highest 
C* levels as compared the other fabrics. In fact, overall, -OCH3 substituent groups generally 
led to better results than -NO2 and -Cl substituent groups. However, it is worth noting that 
pyrazole disperse dye with an o-NO2 substituent group (dye A3) also resulted high chroma 
levels in PLA  and PET fabrics (Figure 2b).  PA 6.6 fiber fabrics dyed with all 8 dyestuffs 
showed the lowest color chroma values when compared with dyed PET and dyed PLA fiber 
fabrics (Figure 2 (b)). 
L* value is the lightness level of the fabric. If the L* value approaches to zero, the color of 
the fabric becomes black (darkness increases). On the other hand, if L* value approaches 
to 100, this means that the color of the fabric becomes lighter (lightness increases). Table 
2 shows that electron accepting -NO2 and -Cl groups displayed higher lightness values. 
There is an interesting fact that pyrazole disperse dye having p-Cl substituent group (C1) 
displayed the lightest color in all fiber groups, respectively 81.5 for PA 6.6, 87.3 for PLA, 
84.4 for PET.  The lowest lightness degree of 62.8 was measured for PA 6.6 fabric dyed with 
pyrazole disperse dye having o-OCH3 substituent group (B3) (Figure 2(b) and Table 2) 
As can be seen from Figure 2c, like Chroma levels, color strength values (K/S) of PA 6.6 
fabrics dyed with all 8 disazo disperse dyes exhibited again lower values when compared 
to PET and PLA fabrics. In the color strength evaluation, the examination of the dyed 
fabrics’ color strengths according to the auxochrome types and auxochrome positions in 
the synthesized pyrazole disperse dyes would be appropriate. Figure 3 shows the effects 
of auxochrome types and auxochrome placements on the color strength values of fabrics 
dyed with disazo dispersion dyes. The color strength levels of PLA, PET, PA 6.6 fabrics 
varied significantly depending on the type (-OCH3, -NO2, -Cl) and location (ortho, para, 
meta) of substituent groups in the synthesized pyrazole disazo disperse dye (Table 2 and 
Figure 3). On PLA, PET, and PA 6.6 fiber fabrics, rather high color strength values (K/S) 
were determined, particularly for pyrazole dispersion dyes including p-OCH3 (B1) and o-
OCH3 (B3) colors. Indeed, pyrazole disazo dispersion dyes synthesized with electron 
donor -OCH3 substituent groups at para and ortho locations often exhibited better color 
intensities when compared to pyrazole disazo disperse dyes synthesized with electron 
receiver -NO2 and -Cl groups at the same position. The methoxy group (-OCH3) connected 
to the aromatic ring in the para and ortho positions increased the aromatic ring's electron 
density, which normally results in a rise on the color level and improved color strength 
performance. As an illustration, the highest color strength value of 31.2 (K/S) was 
measured for poly(lactic) acid fabric dyed with pyrazole disperse dyes containing p-OCH3 
substituent group (B1) (Table 2). The same dye type (B1) also led to the highest color 
strength value with 25.7 (K/S) in the case of PET fiber fabric (Table 2). Moreover, also high 
color strength values were obtained from pyrazole disperse dyes having m-NO2 (A2) and 
o-NO2 (A3) substituent groups on all fibers (Table 2 and Figure 2(c)). In contrast, C1 (p-Cl), 
C2 (m-Cl), and C3 (o-Cl) disazo dispersion dyes with a weak electron receiver -Cl group as 
an auxochrome produced the lowest color strength levels for PLA, PET, and PA 6.6 fiber 
fabrics, as predicted (Table 2). When compared to the -OCH3 substituent group, -Cl and -
NO2 groups connected to the aromatic ring resulted in a decrease in electron density of the 
aromatic ring, resulting in typically lesser color intensity. For example, the color intensity 
of the weak electron receiver -Cl group were low in all locations (para, meta, and ortho) 
(Figure 3). 
Overall, as earlier mentioned, p-OCH3/o-OCH3 substituents and m-NO2 /o-NO2 substituents 
resulted in high color strength (K/S) for all studied fiber types. Indeed, B1 (p-OCH3),  A2 
(m-NO2), A3 (o-NO2) and B3 (o-OCH3) disazo disperse dyes resulted in medium to heavy 
depth of shades for both PET and PLA fiber fabrics, and therefore these 4 dyes could be 
advised for PET and PLA dyeing operations with regard to the colorimetric properties 
(Figure 3). As a matter of fact, these four dyes [B1 (p-OCH3), A2 (m-NO2), A3 (o-NO2) and 
B3 (o-OCH3)] resulted in the lowest lightness (L*) values, the highest b*, chroma (C*) and 
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color strength (K/S) values on both PET and PLA fibers (Table 2 and Figures 2-3). Besides, 
B1 (p-OCH3) and B3 (o-OCH3) disazo disperse dyes led to medium depth of shades for PA 
6.6 fiber fabric and therefore can be recommended for PA 6.6 dyeing. Indeed, B1 (p-OCH3) 
and B3 (o-OCH3) disazo disperse dyes resulted in the lowest lightness (L*) values, the 
highest a*, chroma (C*) and color strength (K/S) values on PA 6.6 fibers (Table 2 and 
Figures 2-3). 
 

 

Fig. 3 For 2% dyeing, color yield varies based on location of auxochromes on the dye  

 
3.2 The Effects of Molar Volume and Solubility Parameter Levels of Dye on Color 
Strength 
 
The molar volume, solubility parameter and color strengths of eight dyes are shown in 
Table 3. It is the right point to mention that only the auxochrome’s kind and its location in 
the dye structure differs among these studied dyes. The highest molecular volume and the 
lowest molecular volume were 375 cm3 for pyrazole disazo disperse dyes containing –
OCH3 substituent group and 358.6 cm3 for pyrazole disazo disperse dyes containing –NO2 
substituent group, respectively (Table 3). Pyrazole disazo disperse dyes containing –Cl 
substituent group displayed the molecular volume of 362.7 cm3. It is very visible that there 
is no direct distinct correlation determined between molar volume-color strength and 
solubility parameters-color strength of poly(ethylene terephthalate), poly(lactic acid), and 
polyamide 6.6 fabrics dyed with 8 dyes.  
However, when examined more closely, pyrazole disazo disperse dyes containing -OCH3 

(B1 and B3) substitute group led to quite high color strength for poly(ethylene 
terephthalate), poly(lactic acid), and polyamide 6.6 fabrics (Table 3). The solubility 
parameter value of these pyrazole disazo disperse dyes containing -OCH3 substituent 
group was 23.57 (J/cm3)0.5, which was the lowest value among the solubility parameter of 
all generated investigated dyes (Table 3). This value was closest to the solubility values of 
PLA and PET fibers, which were 20.2 (J/cm3)0.5 and 21.7 (J/cm3)0.5, respectively [33]. As 
previously indicated, dyes having solubility properties similar to poly(lactic acid) (20.2 
(J/cm3)0.5) tend to have greater saturation, and hence stronger color strength, on 
poly(lactic acid) fiber [33]. Indeed, the lowest solubility parameter levels as well as the 
closest solubility parameter to the solubility parameters of PLA and PET fibers resulted in 
relatively high color strength and chroma levels for poly(ethylene terephthalate), 
poly(lactic acid), and polyamide 6.6 fabrics (Table 3). 
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Table 3 Solubility parameter, molar volume and color yield of fibers dyed with 8 dyes 

Dye Substituent Molar volume 

(cm3) 

Solubility 

parameter 

((J/cm3)0.5) 

K/S 

 PLA  PET  PA 6.6 

A1 p- NO2 358.6±7.0 24,22  2,62  2,42  2,79 

B1 p- OCH3 375.0±7.0 23,57  31,2  25,7  12,6 

C1 p-Cl 362.7±7.0 24,28  1,42  1,81  1,81 

A2 m- NO2 358.6±7.0 24,22  12,4  15,9  8,09 

C2 m-Cl 362.7±7.0 24,28  7,06  10,7  4,14 

A3 o- NO2 358.6±7.0 24,22  20,4  21,7  3,99 

B3 o- OCH3 375.0±7.0 23,57  21,7  19,8  12,9 

C3 o-Cl 362.7±7.0 24,28  4,01  8,44  3,42 

 
3.3 Color Fastness Performance 
 
The color fastness performances of dyed fabrics after different color fastness tests are 
given in Table 4. 
Color fastness to washing: According to gray scale evaluation, the shade changes of all 
fibers dyed with synthetic pyrazole disazo dispersion dyes after standard washing tests 
were relatively high, at least 4/5 and more, and in the commercially satisfactory level, 
which was equivalent to 4 or higher (Table 4). In the area of wash fastness staining 
performance, similar pretty satisfactory findings were obtained. Wool, acrylic, polyester, 
nylon, cotton, and acetate fibers are known to be included in the multifiber adjacent 
standard test fabrics for color fastness determination. Among the other fibers (wool, 
acrylic, polyester, cotton, and acetate) in the multifiber adjacent standard test fabric, the 
nylon fiber component had the lowest wash fastness staining results in this wash fastness 
examination. Therefore, the wash fastness staining values for only the nylon fiber 
component of the multifiber adjacent standard test fabric is given in Table 4. It is very clear 
that PLA and PET fiber fabrics dyed with A1, B1, C1, A2, C2, A3, B3 and C3 disperse disazo 
dyestuffs displayed commercially acceptable wash fastness staining performance with 
very good to excellent levels (Table 4). In the case of PA 6.6 fiber fabrics dyed with A1, B1, 
C1, A2, C2, A3, B3 and C3 disperse disazo dyes, slightly lower washing fastness staining 
levels were monitored. In here, the measured wash fastness staining levels for nylon fiber 
component were in the range of 3/4 - 4/5 gray scale ratings depending on the synthesized 
disperse dyes (Table 4). Nevertheless, it is important to point out that PA 6.6 fiber fabrics 
dyed with A1, B1, C1, A2, C2, A3, B3 and C3 disperse disazo dyestuffs exhibited good to 
very good wash fastness staining performance. Overall, it is clearly visible from Table 4 
that dyed PET fibers exhibited slightly higher wash fastness values when compared to dyed 
PLA and PA 6.6 fiber fabrics. This is actually in parallel with the previous studies.  
Color fastness to perspiration: Similar to washing fastness evaluation, in this perspiration 
fastness evaluation, nylon fiber component displayed the lowest perspiration fastness 
staining values amongst the other fibers (wool, acrylic, polyester, cotton and acetate) in 
the multifiber adjacent standard test fabric. Therefore, the perspiration fastness staining 
values for only the nylon fiber component of the multifiber adjacent standard test fabric is 
given in Table 4. All acidic and alkaline perspiration fastness values of dyed PLA, PET and 
PA 6.6 fiber fabrics were in the commercially adequate level (Table 4). All dyes investigated 
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had flawless alkaline and acidic perspiration fastness values of dyed PLA and PET fiber 
fabrics, with 5 gray scale ratings. The alkaline and acidic perspiration fastness levels of 
dyed PA 6.6 fibers were likewise fairly high, with scores ranging from 4 to 5 on the gray 
scale. 
Color fastness to sublimation: Shade changes and staining degrees of dyed PLA, PET and 
PA 6.6 fiber fabrics after respective sublimation fastness tests are shown in Table 4. Shade 
changes after sublimation fastness test were excellent for all dyed fibers; either 4/5-5 or 5 
gray scale ratings leading to commercially acceptable fastness levels. In the case of 
sublimation fastness staining evaluation, polyester fiber component exhibited the lowest 
sublimation fastness staining values amongst the other fibers (wool, acrylic, nylon, cotton 
and acetate) in the multifiber adjacent standard test fabric. Therefore, the sublimation 
fastness staining values for only the polyester fiber component of the multifiber adjacent 
standard test fabric is given in here (Table 4). Fabrics dyed with A1, B1, C1, A2, C2, A3, B3 
and C3 dyes generally displayed moderate (3) to excellent (5) sublimation staining levels 
with few exceptions which displayed lower degrees of sublimation staining for example 2 
and 2-3 gray scale ratings. It is clear from Table 4 that dyed PLA fibers exhibited better 
sublimation fastness performance than other two dyed fibers. Indeed, PLA fiber fabrics 
dyed with A1, B1, C1, A2, C2, A3, B3 and C3 dyes showed quite high and commercially 
acceptable sublimation fastness staining levels (Table 4). This is not surprising and this 
outcome could be expected, since the significantly lower sublimation fastness heating 
temperature was applied for PLA fiber because of the heat sensitivity of PLA fiber (130oC 
for PLA fiber versus 180oC for PET and PA 6.6 fibers). Since 130oC heat-setting temperature 
is advised for PLA fiber due to the low melting-point of PLA fiber in order to protect the 
fiber integrity. Applied lower heat condition, at 130oC, can be the cause for higher 
sublimation fastness grades even though PLA fiber generally displayed higher color 
strength because of higher dye molecule content inside the fiber [31,35]. Dyed PET fabric 
generally exhibited slightly less sublimation fastness levels than its PA 6.6 fabric 
counterpart (Table 4). It is clear that dyed PLA, PET and PA 6.6 fabrics possessing higher 
color strength values generally displayed lower sublimation fastness performance with 
more staining because of their higher dye molecule content in the fiber when compared 
with dyed fabrics exhibiting lower color strength (Table 4). In general, this determination 
is clearly visible in the case of B1, A3, B3 disperse dyes for each fiber case.
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Table 4 Fastness values of PLA, PET and PA 6.6 fiber fabrics dyed with A1, B1, C1, A2, C2, A3, B3 and C3 dyes 

Fiber 

Type 

Dye 

Type 

K/S Washing Perspiration 

(Staining)* 

Rubbing (Cotton 

Staining) 

Sublimation 

 

Water 

(Staining)* 

Sea Water 

(Staining)* 

Light 

Shade Change Staining*  Alkaline Acidic Dry  Wet Shade Change Staining** 

 

 

PLA 

A1 

 

 

2,62 4/5 - 5 4/5 - 5 5 5 4/5 4/5-5 5 5 5 5 3 

B1 31,2 4/5 - 5 4 - 4/5 5 5 3-3/4 4 5 4 5 5 4 

C1 1,42 4/5 - 5 4/5 - 5 5 5 4/5-5 4/5-5 5 5 5 5 5 

A2 12,4 4/5 - 5 4/5 - 5 5 5 3/4-4 4/5 4/5-5 5 5 5 5 

C2 7,06 4/5 - 5 4/5 - 5 5 5 3/4-4 4/5 5 5 5 5 6 

A3 20,4 4/5 - 5 4 - 4/5 5 5 3/4 4/5 5 4/5 5 5 5 

B3 21,7 4/5 - 5 4 - 4/5 5 5 4 4 5 4 5 5 4 

C3 4,01 4/5 - 5 4 - 4/5 5 5 3-3/4 4-4/5 5 5 5 5 5 

 

 

PET 

A1 2,42 5 5 5 5 5 5 5 5 5 5 5 

B1 25,7 5 4/5 - 5 5 5 5 4/5-5 5 2 5 5 6 

C1 1,81 4/5 - 5 5 5 5 5 5 4/5-5 4/5 5 5 6 

A2 15,9 5 4/5 - 5 5 5 4/5-5 5 5 3/4 5 5 5 

C2 10,7 5 5 5 5 5 5 5 3/4 5 5 6 

A3 21,7 5 5 5 5 5 5 4/5-5 2/3 5 5 5 

B3 19,8 5 5 5 5 4/5 4/5-5 5 2/3 5 5 6 

C3 8,44 5 5 5 5 5 5 5 4/5 5 5 6 

 

 

PA 6.6 

A1 2,79 5 4 4/5 4/5 -5  4/5-5 4/5-5 5 4/5 5 5 4 

B1 12,6 4 - 4/5 3/4  4 5 5 5 5 2 5 4/5 3 

C1 1,81 4/5 4/5 4/5 -5 4/5 -5 5 5 4/5-5 4/5 5 5 4 

A2 8,09 4/5 3/4 - 4 4/5 4/5 5 5 5 4 4/5 5 4 

C2 4,14 4/5 4- 4/5 4/5 -5 4/5 -5 5 5 5 4 5 5 4 

A3 3,99 4 - 4/5 3/4 - 4 4/5 4/5 5 5 5 4/5 5 5 3 

B3 12,9 4/5 - 5 4 4/5 4/5 5 5 5 3/4 4/5 4/5 3 

C3 3,42 4/5 4/5 4/5 -5 4/5 -5 5 5 5 4 5 5 3 

* Color fastness values for staining of the nylon fiber component of the multifiber adjacent standard test fabric (In here, nylon fiber component displayed the lowest color fastness values amongst the other 

fibers in the multifiber adjacent standard test fabric)   ** Color fastness values for staining of the polyester fiber component of the multifiber adjacent standard test fabric (In here, polyester fiber component 

exhibited the lowest sublimation fastness values amongst the other fibers in the multifiber adjacent standard test fabric)
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Color fastness to rubbing: All wet rub fastness values of dyed PLA, PET and PA 6.6 fiber 
fabrics were at the commercially satisfactory level, which was equal to 4 or above, 
according to gray scale evaluation (Table 4). Also dyed PET and PA 6.6 fiber fabrics showed 
excellent and commercially acceptable dry rub fastness values. So, dyed PA 6.6 and PET 
fabrics exhibited outstanding wet and dry rub fastness performance leading to 
commercially acceptable rub fastness levels. In the case of dry rub fastness staining levels 
of dyed PLA fabrics, the measured dry rub fastness staining levels for cotton fabric were in 
between 3-3/4 and 4/5 gray scale ratings depending on the synthesized disperse dye type 
(Table 4). Only few dyed PLA fabrics led to dry rub fastness degrees less than 4 points. 
Therefore, overall, rub fastness levels of dyed PET and PA 6.6 fiber fabrics showed 
excellent gray scale ratings and are better than their dyed PLA fiber fabric counterparts. 
Color fastness to water and sea-water: Similar to washing and perspiration fastness 
evaluations, nylon fiber component displayed the lowest water and sea-water fastness 
staining values amongst the other fibers (wool, acrylic, polyester, cotton and acetate) in 
the multifiber adjacent standard test fabric. Hence, the perspiration fastness staining 
values for only the nylon fiber component of the multifiber adjacent standard test fabric is 
displayed in Table 4. The water and sea-water color fastness results of all studied fabrics 
dyed with  A1, B1, C1, A2, C2, A3, B3 and C3 disperse disazo dyes were very good to 
excellent leading to commercially acceptable levels (Table 4). Especially the water fastness 
and sea-water fastness values of all dyed PLA and PET fabrics were 5 degree according to 
gray scale ratings. Only two dyes (A2 and B3) for PA 6.6 fabric resulted in 4/5 gray scale 
rating in the case of water fastness performance. On the other hand, only B1 and B3 dyes 
led to 4/5 gray scale rating for sea-water fastness performance in the case of PA 6.6 fabric. 
Nevertheless, although PA 6.6 fabrics dyed with these dyes exhibited slight staining, the 
measured water and sea-water color fastness results were still quite high and in the 
commercially adequate levels. 
Color fastness to light: Synthesized novel disperse dyestuffs led to moderate to high light 
fastness levels particularly in the case of PLA and PET fabrics according to blue wool scale 
ratings (Table 4). It is very clear that light fastness performances of dyed PET fabrics were 
better than their PLA and PA 6.6 counterparts which is in parallel with the previous studies 
[31, 47]. Higher UV-radiation transmittance characteristic of PLA fiber versus PET fiber in 
the 370-240 nm wavelength range results in lower light fastness levels for PLA fiber 
because of more potential dye destruction inside the fiber [31, 47]. Furthermore, PA 6.6 
fabrics dyed with A1, B1, C1, A2, C2, A3, B3 and C3 disperse disazo dyes generally exhibited 
less light fastness levels than their PLA and PET counterparts. The less color strength levels 
of polyamide 6.6 fabrics versus other dyed fabrics may be the cause for less light fastness 
performance because of less dyestuff ingredient inside the PA 6.6 fiber. 
    

4. Conclusion 
 

In this study, 8 different novel disperse dyestuffs were applied to 3 different types of 
synthetic fiber fabrics. The colorimetric properties of the fabrics investigated and as seen 
from a*, b*, and hue angle (ho) values of PLA, PET, and PA 6.6 fiber fabrics that yellow, 
orange, and red color tones are obtained.    
On PLA, PET, and PA 6.6 fiber fabrics rather high color strength values (K/S) were 
obtained, particularly for pyrazole dispersion dyes including p-OCH3 (B1) and o-OCH3 
(B3) dyes.  
In here, synthesized and studied pyrazole disazo disperse dyes displaying the lowest 
solubility parameter levels as well as the closest solubility parameter to the solubility 
parameters of PLA and PET fibers generally resulted in quite high color strength and 
chroma levels for poly(ethylene terephthalate), poly(lactic acid), and polyamide 6.6 
fabrics.  
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According to fastness evaluations, washing, perspiration, rubbing, sublimation, water and 

sea water color measurement tests are in the commercially acceptable range for all fabrics. 
On the other hand, synthesized novel disperse dyestuffs led to moderate to high light 
fastness levels particularly in the case of PLA and PET fabrics. Light fastness performances 
of dyed PET fabrics were better than their PLA and PA 6.6 counterparts.  
In future work these dyestuffs can be applied to other synthetic fiber fabrics and their 
colorimetric and fastness properties can be studied.  
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