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Abstract:  The present study comprises the evaluation of a compatible environmentally 

friendly pigment/finish colouration system for polyester/cotton (P/C) blended fabrics with 

special reference to the important durability properties. An optimized binder system was 

applied on P/C blended fabrics with different functional finishes, by post and meta finishing 

methods on a padder at 70%wet pick up. The tensile and tear strength characteristics of 

treated specimens were evaluated regarding effect of different types of finishes, 

concentrations and modes of application. According to the results the maximum tensile 

strength in treated fabrics was provoked by oil and water repellent finish, constituted on 

dispersion of a fluorine compound. As regards the effect of finish concentration, the average 

tensile strength was found to be improved at increased  ratio  of  finish. It is evident that 

simultaneously dyed and finished fabrics induced good tensile strength at high concentration 

but with the same finishing reagents and conditions, the post finishing method gave 

comparatively better response. As regards the single step pigment dyed and finished P/C 

fabric with UV absorber is concerned, the P/C fabric had endured the tensile force very well. 

The tear strength of Pekoflam OP liquid flame retardant that was based on organic 

phosphorous, caused the fabric to be tremendously increased by the simultaneous application 

of finish with dyeing formulation. As regards the finish concentration, no effect on the fabric 

tear strength was observed. The overall investigation indicated that colouration with pigments 

and functional finishes in conjunction is a feasible option for P/C blended fabrics, provided 

that a compatible finish type and mode of application be selected to achieve desirable 

characteristics. 

 

Key Words: functional finish, fluorine compound, meta finishing , ,UV absorber, organo phosphorous. 

Introduction 

  Dyeing of Polyester/Cotton (P/C) blended 

fabrics with pigments can be a satisfactory 

substitute of single-phase dyeing process with 

disperse/reactive dyes or disperse/vat dyes 

(Hussain et al., 2010). Pigment dyeing is more 

beneficial, as compared to other conventional 

coloration systems since the former can embrace 
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various finishes in the common dye formulation 

without any environmental hazard (Hussain & 

Ali, 2009). This characteristic of pigment dyeing 

in conjunction with various functional finishing 

chemicals can be used to achieve desirable 

performance characteristics in the substrate. 

The technology of functional finishing is 

offered in various treatments by directly 

incorporating chemicals to the textiles which 

comprises fire retardants, water repellents, oil 

repellents, anti microbial agents, UV sun 

absorbers and handle modifiers etc. (Jocic, 

2010). An important class of surface 

modification chemicals is fluorine based 

finishes, which impart water and oil repellent 

characteristics in combination, without affecting 

the air permeability and handle of textiles (Cleik 

et al., 2010). Another class of functional agents 

are flame retardant finishes, which employed 

principally  for clothes and furnishing items to 

offer better protection. against fire damages. 

There are many compounds that function as 

flame retardant finishes for specific fibers. Most 

of all, these compounds have some elements in 

common that provide protection- namely boron, 

phosphorous, nitrogen and halogens 

(Tommassino, 1992). Phosphorous as a halogen 

free alternative, has met with immense market 

acceptance, and development for these 

compounds is very promising (Levshick & Weli, 

2006)[6] Cotton products are oftenly coated with 

finishing chemicals, which is a convenient and 

effective approach to produce flame retardancy 

(Sirviryanum et al., 2008). The Ultraviolet 

absorbing (UV) materials were considered as 

surface cleaning agents which were applied to 

modify the chemistry and enhance the dyeing 

properties of natural and synthetic polymers 

(Cao, 2013). UV absorbers, too, can be applied 

on fabrics in conjunction with dyeing or post 

treated with exhaustion and pad-dry-cure system 

(Sarvanan,  2007). 

In the previous studies, the concurrent 

dyeing and finishing approach was followed 

with acid, basic, direct and reactive dye stuffs 

inducing improved fabric performance but 

sometimes adverse effects like strength losses 

relative to a conventional method being 

reported. However, the extent of coloration and 

better performance was influenced by 

composition of substrate, concentration and 

class of dye stuff, surface modification 

techniques as well as other important parameters 

(Ibrahim et al., 2011, Chao et al.,1994, Dong et 

al., 2001). Considering the importance of human 

friendly textiles  in todays’ world, the  functional 

finishing technology has been opted for P/C 

blended fabrics in combination with pigment 

coloration system in the current study. The aim 

of the study was to compare durability 

characteristics of pigment dyed P/C fabrics, 

treated with conventional post finishing 

technique and concurrent functional finishing 

and dyeing in common formulations. The post 

and meta finished pigment dyed fabrics were 

evaluated for any favorable or adverse effects on 

the durability characteristics i.e. tensile and tear 

strength P/C fabrics. 

Experimental 

Fabric 

       The medium weight polyester/cotton fabric, 

consisting of 65/35 blend ratio with areal density 

of 108g/m.
2
 was used in the current study. The 

greige fabric was de-sized by industrial pad 

batch method, while scoured and bleached by 

pad-steam method prior to dyeing and finishing.  

Pigment and auxiliaries 

       The Pigment Orange (Ba salt of 

C16H11CIN2O4S), Helizarine binder CFF (an 

acrylic dispersion) and the Setamol-BL 

dispersing agent were provided by BASF 

chemical company, Pakistan. The fabrics were 
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treated with the following finishing reagents (Table 1).  

Table 1:Type of finishes 

Code No Commercial name / Source Type of Finish Chemical Nature 

F1 Pekoflame HSD Liquid  (Clariant 

International Ltd) 

Flame Retardant Anorganic salts 

F2 Pekoflame OP liquid (Clariant 

International Ltd) 

Flame Retardant Organic Phosphorous 

Compound 

F3 Nuva FD Liquid (Clariant 

International Ltd) 

Water Repellent Finish Dispersion of a fluorine 

compound 

F4 Nuva 3585 (Clariant International 

Ltd) 

Oil & Water Repellent 

Finish 

Dispersion of a fluoro 

compound 

F5 Nuva HPU Liquid    (Clariant 

International Ltd) 

Durable Water & Oil 

Repellent Finish 

Dispersion of a fluorine 

compound 

F6 UV SUN CEL LIQ      (Huntsman 

chemicals) 

         UV Absorber Oxalanilide 

F7 Dicrylan BSRN (Huntsman 

chemicals) 

Handle Modifier & 

Stain Release Finish 

Soft  Polyurethane 

emulsion 

F8 Hand building finish(BASF 

chemicals)  

              --- Polyurethane 

 

Methods of Application for Dyeing/Finishing  

       Pigment colouration and finishing was 

conducted on a laboratory padder and the 

drying/curing on an over feed pin tenter of model 

number OPT-1 from Tsuji dyeing machine 

manufacturing company, Ltd. All the fabrics were 

padded twicely (wet pick up of 70%) with an 

aqueous formulation, containing pigment 

colourant, Helizarin binder CFF, and setamol 

dispersing agent. The first group of dyed fabrics 

was post treated with various finishing chemicals 

in different concentrations and the second group 

of fabric specimens was dyed and finished 

simultaneously in one bath formulations. The two 

modes of application for dyeing and finishing 

were followed  according to the order given  

below: 

i.  Pad dyeing with fabric with pigment formulation→ Drying at 150°C for 3minutes → application 

of finish→ Drying 150°C for 3minutes→ Curing at 170°C   for 2 minutes 

 

ii. Padding fabric with combined pigment/finish  formulation →Drying at 150°C for 3minutes→   
Curing at 170°C  for 2 minutes 
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Testing  

All the fabric specimens, both treated and 

untreated, were subjected to the mechanical  tests 

according to the following standard methods. 

Tear strength 

The tear strength of P/C fabric was conducted on 

Elmendorf Apparatus according to (ASTM. D., 

2004). 

 Tensile strength 

The tensile strength test of fabric samples was 

determined on Testometric 220 D testing machine 

in accordance with (ASTM 2006), Breaking Force 

and Elongation of Textile Fabrics, strip method.   

Results & Discussion 

The properties of treated specimens were 

evaluated regarding effect of different types of 

finishes, concentrations and methods of finish 

application and the results are displayed in Table 

1and Table 2. 

Effect of different functional finishes on the 

tensile strength 

The summary of results, regarding  tensile 

strength in both the warp and weft directions are 

displayed in Table 1. The analysis of variance of 

the data is given in Table 2 which represented a 

statistically non significant effect of different 

application methods, concentrations and type of 

finishes on the mentioned property.  

 Figure1 demonstrates the main effects 

plot for the data of mean tensile strength of 

fabrics, taking into consideration the different 

variables, i.e. finish type, concentration and 

application method. It is obvious that 

simultaneously dyed and finished fabrics induced 

good tensile strength at high concentration but 

with the same finishing reagents and conditions, 

the post finishing method gave comparatively 

better response. Different types of finishes 

showed an increasing and decreasing  trend in 

mean tensile strength of treated fabrics of which 

the maximum strength was provoked by F4 (oil & 

water repellent finish). One of the finishing 

chemicals F1 (Pekoflam HSD liquid flame 

retardant) had remarkably weakened the fabric. 

The results with respect to individual 

performance of fabrics with various finishing 

reagents at different concentrations and 

application   are exhibited in Figure 2. The results 

show that simultaneous treatment of Pekoflam 

HSD liquid flame retardant with pigment 

colourant on P/C fabrics showed an improvement 

in the tensile strength at high concentration while 

at low ratio a reduction trend was observed. The 

loss was more obvious at low concentration 

irrespective of the mode of application.. As 

regards the tensile strength of single step pigment 

dyed and finished P/C fabric with UV absorber, 

an amazingly improved effect on tensile strength 

was reported, irrespective of the high or low 

concentration of the applied finish. At high 

concentration, the fabric had endured the tensile 

force very well, and resulted in raised strength 

with the post finishing method.  

The results regarding tensile strength of 

after finished P/C fabric with Dicrylan BSRN, 

polyurethane (F6) was generally reduced with 

both application methods. But the effect of same 

reagent with modified surface withstood the 

maximum tensile force when applied on pre-dyed 

fabric. 
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Table 2: Effect of different functional finishes (types, concentrations and application methods) on 

the tensile strength 

 

 

 

 

 

Samples 

Factors Responses 

Mode of 

Application  

Type of 

Finish 

Finish 

Conc. 

g/L 

Tensile 

Strength 

Warp, lb 

Tensile 

Strength 

Weft, lb 

Tensile 

Strength 

(Wp+Wt),lb 

1 

Post Finish. 

Method 

F1 
500 141.5 64.7 206.2 

2 300 92.4 47.05 139.4 

3 
F2 

300 125.3 75.1 200.4 

4 200 132.0 79.0 211.0 

5 
F3 

50 126.6 79.0 205.6 

6 20 127.0 79.6 206.6 

7 
F4 

50 152.0 92.3 244.3 

8 30 160.7 69.1 229.8 

9 
F5 

50 116.7 86.3 203.0 

10 30 124.0 86.0 210.0 

11 
F6 

50 125.1 55.1 180.2 

12 15 137.0 51.3 188.3 

13 
F7 

40 128.2 15.2 143.4 

14 20 131.6 26.0 157.6 

15 
F8 

40 137.0 74.2 211.2 

16 20 110.5 57.01 167.51 

17 

Meta Finish 

Method 

F1 
500 110.02 48.2 158.22 

18 300 115.0 46.5 161.5 

19 
F2 

300 115.8 99.3 215.1 

20 200 151.9 25.1 177.0 

21 
F3 

50 117.01 23.0 140.0 

22 20 159.7 19.4 179.1 

23 
F4 

50 123.5 38.4 161.9 

24 30 167.0 58.6 225.6 

25 
F5 

50 83.9 23.0 106.9 

26 30 163.3 76.6 239.9 

27 
F6 

50 158.0 92.9 250.9 

28 15 164.6 39.8 204.4 

29 
F7 

40 176.2 58.4 234.6 

30 20 141.7 27.1 168.8 

31 
F8 

40 182.9 26.5 209.4 

32 20 106.8 99.1 205.9 
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Table 3:  Analysis of variance for tensile strength of dyed/finished fabrics 

Source DF Adj SS Adj MS F-Value P-Value 

Model 11 8000.1 727.28 0.50 0.878 

Finishing Method 3 549.4 183.12 0.13 0.943 

Finish Type 7 5127.9 732.55 0.51 0.817 

Finish Conc 1 27.2 27.16 0.02 0.892 

Error 20 28811.2 1440.56 - - 

Total 31 36811.2 3110.67 - - 

       *Statistically significant at P value 0.05 

      

Fig.1 : Main effects plot for tensile strength of dyed/finished fabrics 

  MF.   Meta finishing pigment dyeing      PF.  Post finishing pigment dyeing 
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Fig. 2:  Effect of functional finishes in different concentrations and application methods on the tensile 

strength  

 

Effect of different functional finishes (types, concentrations and application methods) on tear 

strength 

The effect of post and meta finishing 

methods, different concentrations and types of 

finishes were analyzed for tear strength of fabrics and 

the results are summarized in Table 3.The analysis 

of variance for the tear strength property of 

dyed/finished fabrics is exhibited in Table 4. It is 

evident from the results that a highly significant 

effect on the tear strength of treated fabrics was 

found with different application techniques. As far 

as the other variables is concerned i.e. type of 

finishes and different concentrations, a 

statistically non significant effect was found on 

the tear strength. Figure 3 displays the main 

effects plot of tear strength results which is 

influenced by the mode of finish application, type 

and concentration of finish. As regards the first 

variable, meta finishing method at high 

concentration induced maximum tear strength in 

P/C fabrics. The after treatment of various types 

of finishes on dyed P/C fabric adversely affected 

the tear strength. However, at low concentration 

the results were found to be favorable for treated 

fabrics.  

The data plotted in Figure 4 with respect 

to individual responses, reveals that the highest 

mean tear strength was attained by the F-2 

(Pekoflam OP flame retardant) treated fabric. As 

regards the effect of finish concentration, no effect 

on the fabric tear strength was determined. The 

individual performance plot showed that, the tear 

strength of Pekoflam OP liquid flame retardant 

(F2) treated fabrics was found to be tremendously 

increased by the simultaneous application of 

finish with dyeing formulation as compared to 

post treated fabric. Generally, an increasing trend 

in the tear strength of treated P/C fabrics was 

exhibited by meta finishing method as compared 

to the post finishing method. Pekoflam HSD 

liquid finishing chemical (F1) weakened the fabric 

at high concentration, irrespective of the mode of 

finish application. 
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Table 4: Effect of different functional finishes (types, concentrations and application methods) on 

the tear strength

 

 

 

 

 

 

 

Samples 

Factors Responses 

Application 

Technique 

Type of 

Finish 

Finish 

Conc. 

g/L 

Tear.S 

Warp,  

g. force  

Tear 

Strength 

Weft,   

g. force 

Tear 

Strength 

(Wp+Wt), 

g. force 

1 

Post Finish. 

Method 

F1 
500 980 1080 2060 

2 300 680 680  1360 

3 
F2 

300 800 800 1600 

4 200 800 800 1600 

5 
F3 

50 1080 1080 2160 

6 20 1080 1080 2160 

7 
F4 

50 960 960 1920 

8 30 1200 1200 2400 

9 
F5 

50 1080 1080 2160 

10 30 1160 1160 2320 

11 
F6 

50 960 960 1920 

12 15 800 800 1600 

13 
F7 

40 1060 1060 2120 

14 20 1080 1080 2160 

15 
F8 

40 1160 1160 2320 

16 20 880 880 1760 

17 

Meta Finish 

Method 

F1 
500 680 1360 2040 

18 300 1080 1600 2680 

19 
F2 

300 1760 2880 4640 

20 200 1040 1720 2760 

21 
F3 

50 800 1760 2560 

22 20 960 1960 2920 

23 
F4 

50 880 1960 2840 

24 30 960 1920 2880 

25 
F5 

50 1040 1680 2720 

26 30 1120 1600 2720 

27 
F6 

50 1200 1680 2880 

28 15 1200 1640 2840 

29 
F7 

40 960 1680 2640 

30 20 1040 1750 2790 

31 
F8 

40 1000 1920 2920 

32 20 800 1600 2400 
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Table 5:  Analysis of Variance for Tear Strength of Dyed/Finished Fabrics 

Source DF Adj SS Adj MS F-Value P-Value 

Model 11 8047757 731614 4.25 0.002 

Finishing Method 3 6991057 2330352 13.53 0.000* 

Finish Type 7 1985695 283671 1.65 0.180 

Finish Conc 1     2604 2604 0.02 0.903 

Error 20 3445465 172273 - - 

Total 31 11493222 3520514 - - 

*Statistically significant at P value 0.05 

 

Fig. 3: Main effects plot for tear strength 

  

Fig. 4: Effect of functional finishes in different concentrations and application methods on tear strength 
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The durability characteristic of post and 

incorporated finishing treatment on dyed P/C 

fabrics was remarkably influenced by various 

finishing reagents. The concentration of various 

finishing chemicals in the impregnating bath was 

an important variable which enhanced the 

durability characteristics positively and sometimes 

adversely. 

 Flame retardant finishes 

 The effect of flame retardant finishes on the 

tensile strength of pigment dyed P/C fabric 

displayed better results with an organic 

phosphorous compound (Pekoflam OP liquid 

flame retardant retardant). According to Gohl & 

Vilensky(2003), organo phosphorous compounds 

can be applied on acrylic, acetate, polypropylene, 

viscose and polyester to induce fire retardancy. 

However, the resultant product may lose tenacity, 

depending upon more or less the proportion of the 

organo-phosphorous compound added in the 

solution. It was observed in this study, that the 

finish provoked high tensile strength in fabrics 

when applied in common dyeing/finishing 

treatment at high concentration of the reagent. The 

treatment of Pekoflam OP liquid flame retardant 

on P/C fabrics had slightly reduced the tensile 

strength at low concentration. It happened 

probably due to reduced inter fiber friction, 

leading to lowered tensile strength of fabrics.  

Since the application of flame retardants 

on P/C fabrics showed the same behavior with 

respect to tear strength, therefore, all the results 

have not been discussed here individually. At both 

the high and low concentrations, majority of the 

fabrics had shown improvement in tear strength 

with an outstanding response in warp direction 

and fair increase in weft direction.  A slight 

decline in tear strength was recorded with the 

application of flame retardant finishes. The flame 

retardant treated fabrics increased in strength as 

compared to other dyed fabrics. In accordance 

with the previously described results (Table 3) a 

general trend of increased strength has been 

explored, irrespective of the finish concentration. 

The meta finished pigment dyed P/C fabric with 

Pekoflam OP Liquid flame retardant increased in 

strength as compared to other dyed fabrics. In the 

other application method, when the finishing 

chemical was applied on conventionally dyed 

fabric, the tearing strength of fabrics was found to 

be reduced. One of the reasons for high tear 

strength of fabric has been explained by (Prinz 

2011) who assessed various characteristics of 

fabrics after giving flame retardant treatment. 

According to his investigation, the spun yarns that 

were priorly stressed fibers on the outer edges 

start to break under tension. On the contrary, in 

present study it seems that the application of 

flame retardant chemical had well covered the 

fibers with the polymer film (binder/finish) and 

hence the outer edges of fibers were being 

protected and gained higher strength by the 

polymeric layer. 

Water repellent finish  

The durable water repellent finish (F3), 

exhibited an increasing trend in tensile strength by 

the simultaneously dyed and finished P/C fabric at 

both the high and low range of NUVA FD water 

repellent finish. The impact of durable oil and 

water repellent finish (F4) on tensile strength with 

meta treatment was found to be better at high 

concentration, whereas, with post finishing 

method at the same concentration, the strength 

had been reduced. 

UV Absorber  

It was observed that tensile strength of 

P/C fabric was generally improved by the UV 

protecting reagent. However, in one of the 

treatment at 15g/L concentration, the same finish 

had slightly weakened the fabric in weft direction. 

In two step dyeing and post finishing treatment of 

P/C fabric with UV absorber, the degree of loss in 

strength was higher than single phase method. The 
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reason might be that pre-dyed fabric was already 

coated with the binder film which provided a 

well-oriented surface for further treatments. 

Despite the fact, that, pigment dyed fabric was 

post treated with UV absorber, it resulted in slight 

degradation; however, the loss was not very 

significant. The results are supported by the study 

of El Zaher & Kishk (1996) who concluded that 

penetration of UV radiations caused photo 

oxidation and resulted in decreased elasticity and 

tensile strength of fabric.  

In an another investigation quoted by 

Saravanan (2007), it was explored that without 

UV filters, reduction in tensile strength was 

computed to be approximately 100%, 23%, 34% 

and 44% corresponding to nylon, wool, cotton, 

and polyester after 30 days of exposure. The result 

in our study was ranged from approximately 9–

17% loss in tensile strength of UV treated P/C 

fabric. These results are in partial agreement with 

our study because the absorber was enhanced in 

strength at 15g/L. Another mechanism of UV sun 

protection to avoid strength loss is quoted by the 

same author, which supports our findings. UV 

radiation is one of the key reasons of degradation 

of textile material which occurs due to excitation 

in few parts of the polymer molecules and steady 

loss of integrity. UV blocking restricts the higher 

energy state and prevents degradations like 

strength loss.  

The impact of UV absorber on the tearing strength 

of P/C fabric indicate, that the results from meta-

dyeing and finishing were reported to be 

beneficial, irrespective of the concentration of 

finish employed. A handsome increase in tearing 

strength was induced by UV absorber on P/C 

fabric, though with 15g/L ratio in stock 

formulation only a slightly higher strength was 

observed. The factors which influenced the tensile 

strength at variant proportions on the fabric were 

also applicable to the tear strength property of UV 

treated specimens.  

Polyurethane finish 

 The effect of simultaneously dyed and 

finished P/C fabrics with polyurethane finish 

(Dicrylan BSRN) and another hand building finish 

on tensile strength indicates that the fabric was 

being strengthened at high concentration of finish. 

But, at low concentration the fabric could not 

retain its original strength and weakened by a 

marginal difference with control fabric. At low 

concentration the fabric had endured the tensile 

force very well, and resulted more than 100 

percent raised strength. 

                              Conclusion 

It is apparent that simultaneously dyed 

and finished fabrics induced good tensile strength 

at high concentration but with the same finishing 

reagents and conditions, the post finishing method 

provided a comparatively better response. 

According to the results, the maximum 

strength in treated fabrics was provoked by oil and 

water repellent finish (F4), constituted on 

dispersion of a fluorine compound. A slightly 

lower than this was attained by the treatment of 

UV sun absorber (F6), F7 (polyurethane finish) 

and NUVA FD water repellent, a fluorine 

compound (F3) in the decreasing array of 

strength. One of the finishing chemicals, 

Pekoflam HSD liquid flame retardant, based on  

an organic salt, had weakened the strength of 

fabrics remarkably. The results regarding tensile 

strength of after finished P/C fabric with Dicrylan 

BSRN, polyurethane was generally reduced with 

both application methods, but, the effect of same 

reagent withstood the maximum tensile force 

when applied on pre-dyed fabric. As far as the 

effect of finish concentration is concerned  the 

average tensile strength was improved after 

treatment of   increased  quantity of   finish.  

As regards the first variable, meta 

finishing method at high concentration induced 

maximum tear strength in P/C fabrics. A slight 
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improvement in tear strength of tested specimens 

was also recorded with the post application of 

various functional finishes as compared to the 

other method. The data reveals that the maximum 

mean tear strength was attained by the Pekoflam 

OP flame retardant (organic phosphorous 

compound) treated fabric. As regards the finish 

concentration, no effect on the fabric tear strength 

was observed. 

Generally, an increasing trend in the tear 

strength of treated P/C fabrics was exhibited by 

meta finishing method as compared to the post 

finishing method. Pekoflam HSD liquid finishing 

chemical (F1) weakened the fabric at high 

concentration, irrespective of the mode of finish 

application. 
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