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Abstract— In this paper, a new regenerated celluosic fiber, “Tencel” was treated with cellulase enzyme.
Also Tencel fabrics were pretreated with NaOH and dyed with various reactive dyes, and subsequently

finished with DMDHEU.

AE’,, value was calculated by measuring color difference before and after wet abrasion test to rubbing.
The fibrillation propensity was estimated on Tencel by means of weight loss, AE",, value, and SEM observa-

tion.

Weight loss of NaOH pretreated Tencel fabric is more lower than that of original fabric. The cellulase
treatment decreased tensile strength but improved wet abrasion strength, wrinkle recovery, and bending

properties.

Tendency of fibrillation for Tencel fabric was reduced by NaOH-pretreatment, dyeing with multifunctio-

nal reactive dyes, and afterfinishing by DMDHEU.
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Table 1. Moisture regain and water absorbency

of treated Tencel fabrics

Treatment Moisture Water
regain(%) absorbency(%)

Untreated 11.14 41.50

Cellulase 10.82 41.82

NaOH 10.89 4791

NaOH/cellulase 10.70 41.24

Table 2. Bending Properties for Tencel fabrics
treated with NaOH and cellulase

Bending rigidity Bending hysteresis

Treatment (gf-crf/cm) (gf-cm/cm)

Warp Weft Warp Weft

Untreated 0105 0063 0070 0.050
NaOH-pretreated

10min 0110 0103 0090 0058

60min 0138 0.100 0070 0.063

Cellulase

2hr 0148 0100 0110 0.090

4hr 0088 0065 0043 0038

10hr 0073 0030 0040 0.028

20hr 0068 0050 0025 0035

40hr 0053 0033 0023 0018
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Fig. 1 Bending hysteresis curves of Tencel fabric treated with NaOH and cellulase.
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Table 3. Tensile strength, wet abrasion, and wrinkle recovery for Tencel fabric treated with

cellulase
Tensile Elongation Wet abrasion Wrinkle recovery(%)
Treatment strength(kg) (%) (Cycles) Warp Weft
Untreated 70.0 26.9 124 52 59
Cellulase

2hr 45.0 23.5 237 59 66

4hr 419 216 207 57 66

10hr 30.6 194 203 69 72

20hr 18.5 16.4 153 70 70

40hr 14.6 15.2 78 71 70
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—{— NaOH 5%
3| =&~ NaOH 10%

0 ] 1 1 L
0 20 40 60 80

Temperature (°C)

Fig. 2 Relationship between weight loss of
Tencel fabric and temperature of
NaOH-pretreatment.
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A2 F dggjolA] A AN st o
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2% MuY Y= gL vA Aoz o

Fig. 32 A d4-g 152 3495 (Direct Blue
Dot urgrie) FH8 47 g 75 e AgER
FA% F dggtolAlZ Ae3He o), AE 9
A A& R Zlolnh. AF R 3l
vreAddER S48 AUt ddiF zakge] o
WA delst o3 AHE8} v AAERY B
g Aojet Jret Hrel A B AolE Q)
&to] AEetotA] 7R Fgo] ok FE7t
oA 7] WEd Aot} ¥k3-A9 82 7% mono-
functional group®l ¥]3}4 bifunctional group &
3 oldE FaE 8V A FEgo) ©l ¥A
YERTE T3 M2 T8 E79] eriE T
9 2 (Blue 221, Blue SF-B, Blue C-R)v #& £
o ¥e71E i3 9=(Black 5 Blue 198)°l
vjaf FoiF AFee] o @A ekt

Table 4= A4, ¥ 2 Zx=3 AES 459
TEAdER 94 2 AN I AEFolA HuE
SIS W °olE Az x| WEm(K/S)s A
ZHe vEd Folth A% K/Se E8k-3 9
A7t 743 wom B4 B Wl M2 UEytey,
AgatobA] xelof oA 359 BE A2 K/S7}
Zastg o gldoe] 7k A vehg dgeg
oAl Azl o3 M W, FExez ¢ g
A2 Zrastgoh o] AEelolA] Halel o)
AZ7E 78 @A vdehdes Ae dlde] Ay
L2 Q5] dEzlolA| el #Hgo] ojH X7 u
U Aoz yZEn) 4% vegAZe] A
ASBY  bifunctional group TH FE F&
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Fig. 3 Relationship between relative weight
loss of Tencel fabric dyed with reative
dyes and dye concenration.
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Ald dide] Ax7L A Jelgton, w3 a9t
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Fig 5& A9 ®4, NaOH H2(20C, 10% )%
g4& 3dE 94, v AdEE 94 3 AE
ZtolA] A2l @ NaOH AA2)g 248 vheAde
B F degtolA] Xg dde MRS VepA
Al o]}, Monofunctional Y.t} bifunctional ¥ trifun-
ctional group& T3t WA EE GUE 9 A7)
w7 Jepg e ™, =3 bifunctional groupg 383
AU E SN L FF9 BEE 2
€ gERUE ¥l £H57 98 deAdae

Table 4. Change in color of reactive dyed cellulosic fabrics by treatment with cellulase

Fabri Blue 19 Blue 198 Blue 221 Blue SF-B
abrics
K/S AE, K/S AE, K/S AE’, K/S AE,

Tencel

Original 16.5 - 13.1 19.3 - 20.8 -

Cellulase 154 21 10.3 5.8 18.9 26 19.8 15
Cotton

Original 12.2 - 10.5 - 17.7 - 21.6 —

Cellulase 5.6 112 4.7 10.6 110 7.8 159 6.2
Polynosic

Original 20.0 - 139 - 22.5 - 25.3 -

Cellulase 116 52 6.9 95 16.6 6.5 219 5.1
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Fig. 4 Color difference in various cellulosic fa-
brics before and after wet abrasion test.
Dyeing was carried out with Blue SF-B
at 5% o.w.f.;

: Tencel(twill), 2 : Tencel(plain),

: MPT(market product Tencel),

: MPT/NH3, 5 : Cotton(plain),

: Mercerized cotton(twill),

: Polynosic.

NN KW

e

&}
®
=2
m

Red C~-2G

Fig. 5 Effect of cellulase and NaOH treat-
ment on color difference in Tencel fab-
rics before and after wet abrasion test ;
A : Dyed, B: Dyed/cellulase, C : NaOH
/dyed, D : NaOH/dyed/cellulase.

257t dlde] Dug HAE o oJgA e A
ot 4 9l 22y} Reactive Blue 221 9382 %
$ol€ Fig. 3o Jebd 48 73F&o] Reactive
Black 550} U] @ x Eatn A7) o 4
Uehe Ag Hol ZEE Asd mud G4
A& 9G¥l vtEA] -3 ne & 4 g} §HH
AgetotA Ao oa Ayt A Jehves @
A& AETolA] G40 Az Aste HF% 4
853+ A=l stsn, Yukdde] At 24
Hol 4o Azter) =3 NaOH A g <A
A7 A el o], g 3 A gelol] M d
732t NaOH Hx 2 ¢ S whgd a9 s 4%
& AggtolA A A9 Aart o @A Je
et

3.5 DMDHEU Xg2[2o| A&t

Table 5= B @4 2 o2 7}A] Fx=44 DM-
DHEU 2@ g4 #&34 F5= ¥H3E Y
el Rojtk. DMDHEU ¥&7t £71d5% F&&
de adA Hat gloy ke 398 7a
3ttt ©]|21& DMDHEU A&z 3t {9
HZRGHA Tt Aol FAH o EEA Y A
71 o2 9x7) WEez ARG, E3 NaOH
g ¥ DMDHEU ¥ dd9 #E&3 &
£ 60g/l9) DMDHEUZ Helg A& gl
& o ¥A Jesh

Table 5. Moisture regain and water absorbe-
ncy of untreated and DMDHEU-
treated Tencel fabrics

Moisture Water
Treatment absorbency

regain(%) (%)

Untreated 111 415
DMDHEU

20 g/t 10.7 36.6

40 g/1 10.8 30.0

60 g/ 10.6 28.1

NaOH/DMDHEU 40g/1 10.6 27.2
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Table 6 Fd &l 4% W33 9852 G
A3 GAES DMDHEU 3] sXd w2 9%
Ze 2 ATE el Aojo). A d4d, vhgA
48 Q489 A9= DMDHEU A sx7t
ZMA5E AR5 Aee AT

Ad BAL 4% v ME2 DMDHEU A
g F &8 vhFel] o3 43 ¥WsE Fig 60
Jehfgich 280 B uiel o) g =9
DMDHEU 2|zt 2% AaLg o= A ZAEAIA
Hruds oA #AIYE etk ol DM-
DHEUd| 9% 7tadgez At £ Yol
ol 4A It FAAFe] XFET) o7
g Fojc}, WggaE UolA  monofunctional
group®] Z$Bthe bifunctional group & 1
ool e 1E FRT MEARER 4T B¢
9] Aixi7t A Jelt e s, DMDHEU A& 9]
8|4 Reactive Black 52 @43 7Z-¢-Hrh= Reac-
tive Red C-2GE @M% 799 Mzt o 24
el

Table 6. Tensile properties of reactive dyed Ten-
cel fabrics treated with DMDHEU

a E'ab

Pre- DMDHEU ™1 piongation
treatment  conc.(g/1) strength (%)
" (kg
Original - 525 43
20 52.1 36
40 48.0 30
60 419 19
Blue 19 20 53.5 36
40 43.0 23
60 41.7 - 20
Black 5 20 54.0 39
40 439 2.6
60 41.2 2.0
Blue S-FB 20 51.1 33
40 46.3 17
60 394 14
Red C-2G 20 54.1 34
40 46.0 32
60 45.8 24
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16 | —O— Bilue 19
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q —A— Blye SF-B
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Fig. 6 Color difference of Tencel fabrics fini-
shed with DMDHEU before and after

wet abrasion test.
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Fig. 7 Fibrillation of Tencel fabric dyed with Fig. 8 Fibrillation of reative dyed Tencel fab-

reative dyes in the shaking test: rics in the shaking test after processing
A : Undyed, B : Blue 19, C : Black §, with cellulase ; A : Undyed, B : Blue
D : Red C-2G. 19, C : Black 5, D : Red C-2G.
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Fig. 9 Fibrillation of NaOH-pretreated and
reative dyed Tencel fabrics in the sha-
king the shaking test; A: Undyed, B :
Blue 19, C: Black, 5 D : Red C-2G.
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Fig. 10 Fibrillation of NaOH-pretreated and
reactive dyed Tencel fabrics in the
shaking test after processing with cel-
lulase ; A : Undyed, B : Blue 19, C :
Black 5, D : Red C-2G.
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Fig. 11 Fibrillation of Tencel fabrics dyed
with reative dyes in the shaking test
after finishing with DMDHEU ;

A : Undyed, B : Blue 19, C : Black 5,
D : Red C-2G.

Qe Hude] BdAo] il A1 FL B
o] AT Zg5o] B
Fig. 102 NaOH AA &g & Aol &g
73-9-9} NaOH Zxj2] % 3% w3ddEg L 48
2tolA] 2§ F shakingd Aol A HAd9
WS- g AE7 NaOH A3 wE48 g9
H3lE 4WHE Fig 89 ASEoe HEE LA
A=t & Z4E Bolw, Black 59 Red C-2G4Y
AEo] Asoe Mg dio] EAHA et
Fig. 112 A& 947 359 98- 44 E-$ 40g/19)
DMDHEUZ A g]3 ¥ shakingdlyS wie] H9
W3S Jebd Zojck AA A3} Reactive Blue
19982 A3 7-$d= DMDHEU A 29 37}
A Jeh}A gor}, Reactive Black 59 Red C-
2G G E9 Aeoe HBE oA a3y} Bojn,
E£3] Black 521 ZA-$-dle HBdo] Aol LA
23S ¢ F Uk o} A& trifunctional group ¥
G5 Ao us7ie] 1% /tndd 4
ola] A 7knA o] AF7F o] Af-¢F FE§ DM-
DHEU7} ¥+-3-3t7] %3 Aoz A4z
42 E
AW d4do) Agaolx o] 23 EAWs],
738 2 4848 FAEI 4ZE, e
A, HgFgA4E L DMDHEU 3% @49 o
HYs} 448 &7 € SEM B2 5E A
A7 g9 AL Aok
1. o] AgetobA Ao o8 & #
FxE A9 Wit glov A EE FAa%
v FulRe, vge 9 faA4Le ity
pei=
2. NaOH A&l o8] Zrago] Z4dgen,
monofunctional group & A4 gsERG
bifunctional group ¥ 1 °o]4e] wkg-71E &
f3 qas QA% Ad S AETolA Mg
Aol B} e S HHct A gL
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%] A Jelsion, sludsle dAgR
Yo} A2 2 NaOH HA 2] el 23] =)=k
W-8-717} bifunctional group && 1 o]49]
g1 71 S HAEL 5§ vho) 9%
Axp7E A et

4. DMDHEU A&l oJ3jM #&#87 S5 ¢
ARREe} Ney ZAsack AExe] DM-
DHEU Hegtezx dide] yud 24e
AAE 5 AUt

5. Shaking¥-¢] SEMol oJgt wlde] FHwslz
F-E] NaOH, 4 &#glotAl 2 DMDHEU A&
grud g 7FAAZH 2, monofunctional
groupS 7} - A g g A& Bl bifun-
ctional group &#-2] Aol Hu g T4 Hrr}
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o =¥ 1997'd ¥ AT FEAA
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