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1. 
INTRODUCTION 

     Garment washing is the newest technology for 

changing or modifying the outlook, appearance, 

comfortability, and design of the garments. This process 

is applied to the solid or printed garment to make faded 

effects on it. As a result, the physicomechanical 

properties of both knit [1] and denim [2] garment has 

been modified and becomes more appealing to the 

customer. There are wet/ chemical and dry processes are 

available for both types of garment [3]. For the design 

variability, the development of denim production has 

become prominent and widens the global market with 

newer finishes [4]. The denim without finishes becomes 

stiff and uncomfortable to wear because of the different 

manufacturing processes than other fabrics. That’s why 

the application of the garment wash becomes crucial to 

make denim garment softer, suppler, smooth and 

comfortable [5]. For denim garment finishing a large no. 

of processes are available in the industry and modifying 

the existing technology and process with newer ones [5]. 

The most common application of chemical washing on 

denim garment are enzyme wash, bleach wash, acid wash, 

stone wash, etc. [6-7] whereas the most important dry 

process are tagging, grinding, destroy, whiskering, 

permanent wrinkle, p.p. spray, hand scrapping and some 

other finishing process [8].  

     In this research, hand brush, p.p. spray and laser 

process were applied on different (construction based) 

denim garment and its properties were analyzed.  

 

 

 

 

1.1. Objectives of the Research 

 To apply and check different dry process on denim 

garment. 

 To measure  how the dry processes affect the 

properties of denim garment 

 

2. MATERIALS AND METHODS 
2.1. Materials  
    The following four (4) different types of denim 

garments (different construction) have been taken for the 

research.  

Sample 1: 
79 ×60

90 𝐸 ×(12+40𝐷)
 

Sample 2: 
100 ×64

10 𝑟𝑠+12 𝑟𝑠+10 𝑟 ×(12+40𝐷)
 

Sample 3: 
70 ×60

90 𝐸 ×(12+40𝐷)
 

Sample 4: 
95×66

12 𝑟𝑠+12𝑟 ×(200+70𝐷)
 

 

 

2.2  Methods 
2.2.1 Application process of Potassium per 
Manganate (P.P.) spray  
    At first, a stock solution was prepared by mixing 

Potassium permanganate (6 gm/L) and acetic acid (30 

ml/L). Then by using a spray gun liquid was applied to 

the denim garments. The indigo-dyed garments turned 

pink and then grey color. Finally, all the samples were 

washed and dried.  
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2.2.2. The application procedure of hand 
brushing  
     In this process, a 220 number emery paper was 

directly applied by hand to get the faded effects until 

desired looks were achieved without damaging the denim 

garments.   
 

2.2.3 The application procedure of laser fading  
     A CO2 laser fading machine was used to fade all the 

samples. DPI was 10 and the time of fading was 5 sec for 

each individual sample.  

 

2.2.4 Determination of Colorfastness to Washing 
Test (BS EN ISO 105 C06) 
     The samples were tested according to BS EN ISO 105 

C06 standard where multifibre from James Heal was used. 

The washing liquor ratio (liquor/sample) is 20:1. Sample 

fabric, white paper, and multifibre fabric were attached 

and cut edges straightly. Then it was boiled for 20 

minutes at a temperature of 70°𝐶 in a dye bath. Finally 

dried out and continued washing for all the samples 

individually [9].  
 

2.2.5 Determination of Fabric Weight 
     According to the ASTM D 3776 method samples 

fabric weight was measured. Samples were cut by using 

GSM cutter and weighed on an electric balance and 

multiplied by 100to get the fabric weight [10]. 

 

2.2.6 Determination of pH (AATCC 81-2006) 
     The pH value of denim samples was measured by 

AATCC 81 method. 10 gm of fabric samples were cut 

into small pieces and boiled for 10 minutes at 250 ml 

distilled water. Then allowed it for cooled down and by 

using pH meter value of pH were measured for all the 

samples separately [11]. 

 

2.2.7 Determination of Rub Property 
     According to AATCC 8 standards, both the dry and 

wet rub test was done [12].  

 

2.2.8 Determination of Absorbency 
     According to AATCC 79 method fabric absorbency 

property was measured. Samples were placed in an 

embroidery hoop. A burette dispenses a drop of water 

onto the surface of the fabric from a distance of 9.5 mm. 

Time was recorded until the water drop absorbs 

completely [13]. 
 

2.2.9 Determination of colorfastness to light/ 
Xenon arc fading lamp test 
     According to ISO 105-B02:2013 test method, light 

fastness property was measured. A sample fabric was 

placed in the testing chamber with a standard blue scale 

reference fabric sample. This wool fabric consists of 8 

dark to light blue shades for standard measurement.  After 

a certain time, colors fading of the samples were 

measured by comparing with another standard scale [14]. 

 
2.2.10 Determination of tearing strength of 
samples  
     The tear strength was measured as per ASTM D412 

standard test method where the pendulum lever principle 

was followed. At first specimen was cut to 100 ×75 mm 

from the fabric and further cut according to the template. 

The cut piece was clamped and fixed on the frame and 

raised the pendulum from the starting position. The 

specimen transferred between the two clamps that tear by 

slit cut. Finally the amount of force was recorded from 

the frame [15].  

 
2.2.11 Determination of tensile strength of 
samples  
     The tensile/ breaking strength of the sample was 

measured by ASTM D5034 – 09 standard test methods. 

At first, the fabric sample was cut according to 

(60mmx300mm) and then frayed down to 

(50mmx300mm). Then sample was clamped in the jaws 

and a CRE 500mm per minute loading was applied until 

fabric breaks [16].  

 

2.2.12 Determination of crease recovery of 
samples  
     Fabric wrinkle property was measured by AATCC 

128 method where samples were cut 15x28cm size and 

fold in half and placed between two glass plates and 

adding to 500gm weight on it. After 1 min load was 

removed and placed on the machine till to recover the 

crease of the sample. The recovery angle was read from 

the engraved scale. Similarly, all the samples were tested 

and the recovery angle was measured [17]. 

 

2.2.13 Determination of pilling resistance of 
samples 
     According to ASTM D4970 standard method fabric, 

pilling resistance was measured. Specimens were cut and 

placed on the top of the specimen holder. A Lissajous 

figure is used to perform cycle and the test was carried 

out for 12000 cycles. Finally samples were individually 

compared with the standard scale to measure the amount 

of pill formation [18].  

 

2.2.14 Determination of abrasion resistance of 
samples  
     The abrasion resistance of the fabric samples was 

measured by ASTM D4966 standard method which is 

also known as Martindale abrasion test. The sample 

fabric was mounted on the machine and run for 12000 

cycles. Then samples were compared with the rating 

scale to find the abrasion resistance properties of the 

fabric [19]. 

 

3. RESULTS AND DISCUSSION 
3.1 Dry processing effects on the color change 
of denim garments  
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Fig. 1: Dry process effects on the color change of denim 

garments 

 

     After all the dry treatment, colorfastness to change 

remains steady or a little bit fluctuation. Samples 3 and 4 

had developed tendency whereas samples 1 and 2 had a 

mixed behavior. From this, it can be further said that the 

property of denim samples has little or no effects after 

wash.  

 

3.2 Dry processing effects on color staining of 
denim garments  
 

 
 

Fig. 2: Dry process effects on the color stain of denim 

garments 

 

     From graph 3.2, it is seen that the colorfastness to 

stain has been remaining same or developed further after 

dry process for all the denim samples except some 

individual cases. For all the cases, hand brushing had the 

significant impacts that the others where value reduced 

sharply, however, it should not impact too much on the 

final garment. On the other hand, for all the case, effects 

of P.P. spray remains developed after dry process. 

 

3.3. Dry processing effects on Colorfastness to 
Rubbing (Dry rub) of denim garments  

 
 

Fig. 3: Dry process effects on dry rub fastness of denim 

garments 

 

     A better dry rub fastness property has been recorded 

after all the dry treatment to all the selected samples. 

Effects of P.P. spray on all the samples had developed 

values whereas others have quite similar tendencies. 

Moreover, property increased best for sample 4 after 

treatment.  

 

3.4 Dry processing effects on Colorfastness to 
Rubbing (Wet rub) of denim garments  

 

 
 

Fig. 4: Dry process effects on wet rub fastness of denim 

garments 

 

     From graph 3.4, it has been observed that the wet rub 

property of the denim samples had both upward and 

downward tendency after dry process. Upward property 

has been found after P.P. spray on the samples. On the 

other hand, downward property has been recorded for 

both the hand brushing and laser fading process.  

 

3.5. Dry processing effects on Colorfastness to 
the light of denim garments  
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Fig. 5: Dry process effects on colorfastness to light of 

denim garments 

 

     Colorfastness to light after dry treatment improved for 

samples 1 and 3 whereas samples 2 and 4 had a vice versa 

impact. For first case samples light fastness property 

increased after dry treatment; surprisingly this property 

reduced a lot after treatment, the reason behind this is 

unknown. 

 
3.6 Dry processing effects on Tearing strength 
(warp way) of denim garments  
 

 
 

Fig. 6: Dry process effects on Tearing strength of denim 

garment 

 

     A common phenomenon has been observed for all the 

samples where samples warp way tearing strength 

reduced significantly. The major impact has been 

recorded for the samples which had brushing effects. The 

reason might be such that during brushing the fibre and 

the yarn portion damaged seriously. Similar effects have 

also found after laser fading where the ray of laser 

destroy the surface of the samples and lower the strength 

of the samples. Therefore, P.P. spray has little or no effect 

on tear strength warp way.  

 
3.7 Dry processing effects on Tearing strength 
(weft way) of denim garments  

 
 

Fig. 7: Dry process effects on Tearing strength (weft way) 

of denim garments 

 

     More than 100% of the tear strength weft way reduced 

after hand brushing, the reason is the same as brushing 

effects on samples surface. P. P. spray has lower impacts 

on strength whereas laser fading reduced a smaller 

amount of the strength of the samples.  

 

3.8 Dry processing effects on Tensile strength 
(Warp way) of denim garments  
 

 
 

Fig. 8: Dry process effects on Tensile strength (warp way) 

of denim garments 

 

     After the dry process, the values of breaking strength 

warp way reduced for the entire sample significantly. 

Severe effects have been recorded after hand brushing 

since brushing destroyed the fiber and yarn portion from 

the surface of the denim samples than other processes. It 

also noted that the laser fading lessened the value of 

breaking strength as laser rays do the same thing as it was 

done by hand brush. After analysis above sample and 

treatment process breaking strength (tensile strength) 

reduced.  

 

3.9 Dry processing effects on Tensile strength 
(Weft way) of denim garments  
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Fig. 9: Dry process effects on Tensile strength (weft way) 

of denim garments 

 

     The effects on tensile strength are lower in weft way 

direction than in warp way direction. Similar to the 

reason the strength reduced much for hand brushing than 

others whereas P.P. sprays have a lower impact on this 

issue. 

 

3.10 Dry processing effects on Crease recovery 
of denim garments  
 

 
 

Fig. 10: Dry process effects on crease recovery of denim 

garments 

 

     After the P.P. spray process, the tendency of recovery 

of the crease angle is better than others that indicate the 

lower impact of P.P. spray on denim samples. This also 

means that the ability to recover the crease is better after 

this process. On the other hand, the lowest ability to 

recover crease form the denim has been found after laser 

fading process.   

 

3.11 Dry processing effects on pH value of 
denim garments  

 
 

Fig. 11: Dry process effects on the pH value of denim 

garments 

 

     From graph 11, it is seen that all the samples were at 

neutral or slightly alkaline conditions before treatment. 

The pH value reduced after all the treatment processes. 

The samples become most acidic after P.P. spray process 

where others do remains same or a little bit lower than 

the before treated samples. 

 

3.12 Dry processing effects on Fabric weight 
(GSM) of denim garments 
  

 
 

Fig. 12: Dry process effects on GSM of denim garments 

 

     After treatment fabric weight reduced, however, 

impacts were not too acute. The value reduced more after 

hand brushing than any other dry process.  

 

3.13 Dry processing effects on Fabric 
absorbency of denim garments  
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Fig. 13: Dry process effects on absorbency properties of 

denim garments 

 

     The fabric becomes more absorbent after all the dry 

process to the denim samples. It is because of the surface 

of the samples destroy by different process which makes 

the samples more hydrophilic to water. After P.P. spray 

fabric becomes more absorbent than others. 

 

3.14 Dry processing effects on Pilling resistance 
(after 12000 cycles) of denim garments  
 

 
 

Fig. 14: Dry process effects on pilling resistance of denim 

garments 

 

    Since brushing destroy fiber and yarn portion of the 

garments so after 12,000 cycles fabric pilling resistance 

becomes lowest than others. Other processes have little 

or no effects on the denim samples. 

 

3.15. Dry processing effects on Abrasion 
resistance (Color Change) (after12000 cycles) of 
denim garments  

 
 

Fig. 15: Dry process effects on abrasion resistance of 

denim garments 

 

     After hand brushing fabric abrasion property reduced 

a lot for all the samples. The reason behind this is similar 

to the pilling resistance. However, property developed 

after P.P. spray and property remains constant after laser 

fading.  

 

4. CONCLUSION 
     The application of different dry process directly 

attacks the surface of denim, precisely fiber surface, and 

yarn portion. These processes improve the softness and 

comfortability of denim garment, however, degrade to 

some extent. From the above analyses, it is clearly 

noticed that  

 

 The type of dry process has more effect on the 

properties of the treated fabric regardless of the 

fabric type. 

 Color change, rub fastness, color strain, light 

fastness, and fabric weight (GSM) properties 

remain unchanged or change a little. 

 Both tearing and tensile strength changes with 

the change in dry process type, but hand brushed 

garments showed the worst results in every case. 

 Hand brushed samples displayed poor 

performance in case of abrasion-resistant and 

pilling resistance of the treated garments. 
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