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Abstract— Deinking of office-waste paper using crude cellulase from Trichoderma reesei Rut C-30 was studied, and
compared with enzymatic deinking with commercial enzyme, Novozym 342, and conventional chemical deinking method
using sodium hydroxide. Maximum brightness and freeness were obtained when 2 units of the crude cellulase(CMCase activity
unit) was used per gram oven dry paper. Physical strengths of the pulp, deinked with crude cellulase, showed similar behaviors
with the brightness and the freeness, but decreased at higher crude cellulase concentration. The recovery yield decreased
with the increase of crude cellulase concentration. The brightness and the freeness of deinked pulp using Rut C-30 crude
cellulase were better than those using Novozym 342. Enzymatic deinking method gave better results than conventional
chemical deinking method in deinking efficiency and physical strengths of deinked pulp. The ratio of endoglucanase and
exoglucanase of crude cellulase, known to be an important parameter in determining deinking efficiency and the physical
properties, was comparable to that of commercial enzyme.
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Fig. 1. Schematic diagram of enzymatic deinking process.
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Table 1. Pulping, enzyme reaction and flotation conditions in enzy-
matic deinking process

Consistency Temperature Time Air flow rate
Process

(%) ) (min) (L/min)
Pulping 3 50 15 -
Enzyme reaction 3 50 40 -
Flotation 0.8 40 S 15
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Fig. 2. Enzyme activity variation of crude cellulase from Trichoderma
reesei Rut C-30 at different pH.
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Fig. 3. Enzyme activity variation of crude cellulase from Trichoderma
reesei Rut C-30 at different temperature.
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Fig. 4. Freeness with varying amounts of enzyme.
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Fig. 5. Brightness with varying amounts of enzyme.
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Table 2. Yield and physical properties of deinked pulp treated with
varying amounts of enzyme

Coir;ytz:ion Yield  Burst index  Tensile index Tear index
(Unit/gODP) (%)  (Kpa - m'/g) (N-m/g) (mN- m¥g)
0 86.5 1.92 46.9 6.13
0.5 84.7 1.93 45.9 7.47
1 832 1.88 47.7 8.39
1.5 82.8 1.91 48.4 7.62
2 82.7 1.95 48.9 755
25 81.9 1.91 482 7.01
3 81.3 1.90 46.6 6.42

B45t35} Hi36H HIsE 1998 108

F9H - T

4] Z7jel WebA AAES BoixlE Ao washy 3
S SIS e SR 19 55, ] 72
o AHFAA 2 toner 3
12 apas e ks wels g Ae A4,
A B o] Wze] Feld Pwel 74

Ape) wAAA Aelsh AR Qi) AR W2
AR A9 Arasol vAdSE A4 endo-pld-gh-
canase7} B4 5 ol ol A vl AHS) e 27hs E e
2 44 NeEasR] gL A4 999 F7HE 7] diiel
oA AR AAR Q% AL A4 Hels) 37k A
sto} Fxo) Beld Furt ghhshs Zlog Az ol2{g A3
= endo-B-1,4-glucanase®} exo-B-1,4-glucanase] AAg xgto] I
= 7he 2olel Aee T ol A7 s A vt

3.2, &4 EFMZ(Rut C-30 crude cellulase, Novozym 342)3} 7}
ACHESS| Hl
Trichoderma reesei Rut C-300l|4] A= crude cellulase S o]-8-3}
A ECELLEECEAL RN U PRSI PN
%——5% 2units/gODP2 2 A A7) & Abg]-4 E=F 23l Novozym
2w /M ke ARk V1ee] 25 AbE vlaskd
"4- ol L‘”’”—i AAE 7 gl HEE L0 ERE g Y EE
A 7ol BlAE ore A5 MR AT FAA BRELCHS
7} 5 H7Vel7] $13F A &)}, Table 394 crude cel]ulaee% AR
3lo] &E3 AL oJer) M T2 7S Bt Fig 62 74248

Table 3. Yield and physical properties of deinked pulp using differ-
ent deinking methods(Prep 1: control, Prep 2:Neovozym
342, Prep 3: Rut C-30 crude cellulase, Prep 4 : chemical)

Deinking Freeness Yield Burst index Tensile index Tear index

method (ml) (%) (Kpa-m’g) (N-m/g) (mN- m’/g)
Prep 1 440 86.5 1.92 47.0 6.13
Prep 2 510 83.8 1.99 47.3 7.70
Prep 3 605 82.7 1.95 489 7.55
Prep 4 410 86.7 1.94 46.0 6.72
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Fig. 6. Brightness with different deinking methods.
(Prep 1:control, Prep 2:Novozym 342, Prep 3:Rut C-30 crude
cellulase, Prep 4 : chemical)
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