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Abstract

Denims were treated with neutral cellulase, acid cellulase, stone, and stone-neutral
cellulase respectively at different cellulase concentrations varying treatment times in rotary

washer.

The effect of washing on denim was estimated by the changes in weight, color, back
staining, tear strength, flex stiffness, and surface characteristics. Also the comparison of
neutral cellulase, acid cellulase, stone, and stone-neutral cellulase washings was studied.

Washing removes surface fibers and provides weight loss, color difference, back staining,
and a decrease in tear strength and in flex stiffness, Stone-neutral cellulase washing and acid
cellulase washing have a larger washing effect than neutral cellulase washing and stone

washing.
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Table 1. Characteristics of fabric

fabric count| .
weave |(warpsx fill{¥2™ number wmghzt material
ings/2.54cm)| (Ve | (g/cm®)
right twill Ring*7.5% .
X tt
3/1) 68X 47 Ring?.5 0.042 | cotton

* ! ring spinning

1-2. Alef
A Fepotd | F4 A EFelelslE Denimax BT
(Novo fit) & 44 Al&w}oldl:= Cellusoft L{Novo

jit) & AHE3l g ok

Low alkalinity copper reagent . 250 mle] %<~
ol sodium carbonate 18 g7} rochelledd (potassium
sodium tartrate)12 g-& -238lz, of7)o| 4g9
cupric sulfated FF4 40mlo]| &% AL TP}
% sodium bicarbonate 16 g& 7}%¥bt},
sulfate 24g-2- °F 500 ml8] =A-§& FF 5] Fof 129

sodium
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Table 2&€ F4 % 44 ASeelAle] pH 4 2=
¥ glo) whE Ao B4 Vel Fok, pHell W 4
g4 AL FA Agedelslc pH 6, 7, 84 A
Ao} A vielh) 4k4 AEetolAl€ pH 5ollA 4
dl34de] 71 a9 pHel glashAl «dghis Ag
4 9ok R A4 Aotz AHY A4S
A gl pHell ml7belA Jd3pderna ofojo
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Table 2. The effects of pH and temperature on
cellulase relative activity

pH 3 4 5 -6 7 8
neutral
relative | cellulase 39 | 3 | 53| 65 | 62 | 61
activity -
%) | acid | a3 | 37100 | 76 | 36 | 34

cellulase

Temperature: 55C

temperature (C) | 30 | 40 | 50 | 55 | 60 | 70

neutral | 47 | 50 | g5 | 55 | 57 | 48

relative | cellulase

activity

acid | 26 | g8 | 100 | 99 | 93 | 50

cellulase

neutral cellulase: pH 7, acid cellulase; pH 5
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(=T N o =3
T
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Fig. 1. Effect of treatment time on the weight loss of
denim treated with neutral cellulase at three
different concentrations.
cellulase conc: —e— 1% —a— 2% —e— 4%
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Fig. 2. Effect of treatment time on the weight loss of
denim treated with acid cellulase at three
different concentrations.
cellulase conc.: —4— 1% —m— 2% —e— 4%
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Fig. 3. Effect of treatment time on the weight loss of
denim treated with stone, .
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Fig. 4. Effect of treatment time on the weight loss of
denim treated with stone-neutral cellulase at
two different concentrations.
cellulase conc.: —a— 2% —— 4%
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Fig. 5. Effect of treatment time on the weight loss of
denim treated with various cellulases or stone.

—4— neutral 2% —a— acid 2%
—hA— stone ~—&— stone.neutral 2%
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Fig. 6. Effect of treatment time on the color difference
of denim treated with neutral cellulase at three

different concentrations.
cellulase conc.: —4— 1% —m— 2% —A— 4%
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Fig. 7. Effect of treatment time on the color difference
of denim treated with various cellulases or

stone.
—&— pneutral 2% —w— acid 2%
—&— stone —&— stone-neutral 2%
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Fig. 8. Effect of treatment time on the backstaining of
" denim treated with various cellulase or stone.
—&— neutral 2% —8— acid 2%
—A— stone —&— stone-neutral 2%
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Fig. 9. Effect of treatment time on the backstaining of
denim treated with acid cellulase at three
different concentrations.
cellulase conc.: —e— 1% —8— 2% —a&— 4%
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Fig. 10. Effect of treatment time on the tearstrength of
denim treated with neutral cellulase at three
different concentrations.
cellulase conc.:
¢ untreated —m— 1% —A— 2% —8— 4%

1 I
1 2 3
Time (hr)
Fig. 11. Effect of treatment time on the tearstrength of
denim treated with various cellulase or stone.
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Fig. 12. Effect of treatment time on flex stiffness of
denim treated with neutral cellulase at three
different concentrations.
cellulase conc.:
¢ untreated —m— 1% —&— 2% —e— 4%
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Fig. 13, Photomicrographs of denims washed. (X54)
a: untreated b: neutral cellulase, 2%, 0.5hr ¢: neutral cellulase, 2%, 2hr d: acid cellulase, 2%, 2hr
e: stone alone, 2hr f: stone-neutral cellulase, 2%, 2hr
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(@

(b)

(c) “ | (f)

Fig. 14. Photomicrographs of denims washed, (x1000)
a: untreated b: neutral cellulase, 2%, 0.5hr c: neutral cellulase, 2%, 2hr d: acid cellulase, 2%, 2hr
e: stone alone, 2hr f: stone-neutral cellulase, 2%, Zhr
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