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Deinking of old newsprint by cellulase or hemicellulase
combined with laccase/mediator system

XU Qinghua, QIN Menghua, FU Yingjuan
(Shandong Key Laboratory of Pulp and Paper Engineering , Shandong Institute of Light
Industry, Jinan 250100, Shandong., China)

Abstract: Deinking technology of old newsprint (ONP) by cellulase or hemicellulase combined with
laccase/mediator system (LLMS) was investigated. The effective residual ink concentration (ERIC) of the
deinked pulp was lower than that of the pulp deinked with each individual enzyme, which suggested that
ONP could be deinked by these enzymes synergistically. Brightness after H, O, bleaching and physical
properties of the pulps were better than those of the pulp obtained by pulping with each individual
enzyme. Fiber morphology changes during the deinking were studied by fiber average length and
coarseness, specific surface area, specific volume determination and environmental scanning electronic
microscopy (ESEM) observations. Comparing with the control pulp, fiber average length and coarseness of
LMS-cellulase and LMS-hemicellulase synergistic deinking pulp decreased. Specific surface area and specific
volume of synergistic deinked pulp fibers were higher than those of the control pulp fibers. ESEM images

indicated that fibrils were present on the fiber surface after synergistic treatment.

Key words: old newsprint; cellulase; hemicellulase; LLMS; deinking

2007—02—09 W B HIET . 2007 — 04— 28 I F BB RS . Received date: 2007—02—09,
BREARE—EE. g (1972—), &, #H+., @l#EE. Corresponding author: XU Qinghua. E — mail: xqh @
EE€WAB: ERARBFIEETH (20706036); IZAR4A HA sdili. edu. en

Bl 4 H (Q2006B06) Foundation item: supported by the National Natural Science

Foundation of China (20706036) and the Natural Science Foundation
of Shandong Province (Q2006B06).



RIS DOB AN A R WG . 27 4 R WG B/ A Uk By IR B AR « 3153 -

S G50k F ik B AR L . I AR LA ] Y
H. EREMEINBERE, WERIREEIE Y, BB RORIR
[ R =27 R SN = 11D R a8 X 0 0] e B R S
PRI . SRACHE . WEREE. P4 R, L4 R
AR R BEARBGAE . b R 4000 27 4 2% i ) 2F 4
FEFA A O B T AT R AT T
YR58 58 114 it X A AR K R LA R R
ST R 2R o T T L e AR AR fie 4 K T A R
FIRFBERR I A B A, 3O T 32 B R ALK 41
07T 1 G = N S B N (I Q| s R 2
(ECL. 10. 3. 2) BARRFEMEET) —Fh, B—FZHh
ST . R AR L L B A5 T RE I A IR Y
FETETN, BREB MR R KA A LrEf, HAMRT WM
RS e AN ORI ES AR BRI
TGN PR AR AT A R AL B S A I B I 4K
$em B Bon] RS PR

AR VR ) FH R i /A 1A 3R 66T I T ) 4K HE AT
JiE A AR I B B ok RO B R AR
B2 H,O0, WA G HE S R E . B/
AR G A E] 52.4% 1SO, 55X
WAL R 4. 2% ISO, i 2 WK A 2. 16 km,
Wi IE BN 7.01 mN o m® o g ', R IR Oy
SIELE T 20% F1 13 % . Xof i 88 0 4T 4 55 M R Y
3BT K W A AR OR R S5 0 AR A i wF oY 4 R R
B SR BRRORE L, R/ A R I B R AT A R
T A A AR, TR B AN £ 2, g/ A K
iSRRI B o TR TR E
PEY TR, SRR ZH T — S REN M. L5
GER T, W/ R R G 0T LOGE i A AR R R
1B R N TR A S S NI 7= B 2 oY
3T, (ARG HER 52. 4% IS0,
{5 ANl 35 B0 18 55 e 1 BE AR I 2K

Kantelinen 2§ 8" . 78 41 M A B iR 38 ¢ 19
BEE R AR e R B S R AT AL B, W] DARE
fik Kappa ff. Herpoel %" iz i, F 2 2F 4k & fify
S/ MR R G A E RRH AT, KRR
AT LA D 25 6096, M U D ST SR L A 25
R BRI TR 5 K COD iy HEJ R . SO T
B P AT — 50 B 3 o 2 R EL AT P )
AR ZAVEH . U Z W 27 4 RS F i R 4K
Ji SR, 2 LR S MAR I A AR (HSR

REA T T, D 1 SR BRI T 47 4 3Rl . o 27 4
RME. R/ A A AR A R . ARSI A T T 4 R
Bl 27 4 RS A ) A . Xk L AR O K
i 55 2 21 4 9 2 W PEREHEAT 1O .

1 SRR 57

1.1 [EIER

W WMAREREGOLFEA R 87 £ E LA, 40k
6.

1.2 U6 B4

S T FH AT 4 R 1 Novozymes 23 H] 1) Nov 476,
JE— TP 2H 4y N D) A SRR, LS J) ok 5000 ECU -
g ' BAf AR pH e, JREE40~65C,

S fi 2 £ 4E &K B 5 Novozymes 24 \) 1Y
Pulpzyme HC, ‘& HA W) 1,4-3-D A &b # 15
PR, BN BHA 48 R G k. G J1 2 1000
AXU « g ', Hi& TAEZ&AF N pH 6.5~9.5, JRLAEE
40~65C,

S e B B A P 4 Novozymes 24 ) 1Y
NS 51003, & /74 1000 LAMU « g ', f%i& pH
K 4.5~6.5, FiEiRE 55~60C,

B AR 2 ik m2 (VIO), g [ Fluka 2A#],
1.3 XWHE

(1) WS R AE FORMAX 5250 % i
O (B5 H-272M) Hifdy, Sk —EBar K EA
WEIEHL, TFahpLEs . BIA SRR MRS, A
—EEmM MR, B, RS, AR B
Bl 10% . WERIKHLEE 745 s 2R 25 Hz, Wff 2
S0 TR G TR . SR S AT R I I A A S ORI
Z A R, X RRSC S S AR SL IR AR R . R
I B A A R R AN I A

(2) ¥k Fikfe FORMAX #itfli (8%
L-100) wk A7, ¥ 0 A% 5 09 5 K W B 31 2% ik
1%, 0. 5% M BEaa5, &k T 7% 15 min,

(3) Ve PR AU BRI 0.5 %,
WL 0. 18 mm %4 P 58 4 Tk 4 .

b JEMARED  BEKLmE G #ITY
AALEEA. TE&MFN: ik 10%, Na,Sio;
2%, MgSO, 0.1%, DTPA 0.2%, NaOH 1%,
H,0, 2%, JKil& 70°C, B[] 2 h,

(5) ¥R fE FII01 RS s hiidT, KA
F FI119 Y $pk it =+



o 3154 e T

F [

% 58 &

1.4 REMEBEHKRT
FIRE . 24T . 07 28048 B0 4 [ b oy i )
o BRAT I AR VR B i SCHR 7 IR AT, Il BB BR
iAW
il B B R =

X T 2 5 A i e VR R — T A K B A il 2 ik 2
b BB 3K 5% A il S vk i

1.5 FHEFEHKE, HENDH

* F Kajaani FS-200 ( Valmet Automation
Kajaani Ltd. ) £} 41 B2 3 M A0 72 403K 21 4t 1)
Y B AR
1.6 HYEILLFMUERERNE

P25 0 L 3R T8 AR I 2 7E N 22 K Pulmac {X &%
BRAFEFHBENEIL (Pumac Permeability
Tester) LiAT.
1.7 ESEM ¥ %%

AR w4 )5, 76 FEI Quanta 200 ¥R 55§ 4
BT b LEEOF B . i e O 20. 0 KV,

2 EBHRAMG

2.1 AEZBEZEH/NEHRRETERFEER
RER R
T 4 22 W 55 3 Tl /A A TR 2R 13 ) 0o I
ARHEATIV AR L AL SRS R A A O SO
SEIMALT 4 A 0.2 ECU « g i 8% 25 min, $2 4
HELBE 55~60C, pH 6.0~6.5, RJ5MA KM 3
LAMU « g~ 5JRMR 0.5% . A<, R 30
min, fESCAEITT AT A, Z9RS T 1.
R1 FEREBSHE/N UKD E RS MRS R TR 0E
Table 1 Effect of cellulase-LMS deinking on

deinked pulp properties

Sample
Property - -
control LMS Co LMS-C?

brightness after deinking 44.5 42.1 46.9 44.0

/ %180
brightness after bleaching 48. 3 52.1 53.5 55.9

/%4180
breaking length/km 1. 81 2.10 1. 64 2.13
tearing index 6. 20 6. 35 6. 01 6.43

/mNem 2 e«g!
ERIC 520X 1078 351X 1076 304X 1075 265X 106

@ cellulase-deinked pulp.
@ LMS and cellulase synergistic deinked pulp.
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Fig. 1 Removal index of cellulase-1.LMS
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synergistic deinking
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Table 2 Effect of hemicellulase-LMS deinking

on deinked pulp properties

Sample
Property
control LMS H® LMS-H®
brightness after deinking 44.5 42.1 50. 4 47.2
/ %180
brightness after bleaching 48.3 52.1 57.7 60. 4
/ %1SO
breaking length 1. 81 2.1 1. 61 1. 94
/km
tearing index 6.2 6. 35 6.12 6. 54
JmN + m? » g1
ERIC 520X 1078 351X 1076 291 X106 245X 1076

@ hemicellulase-deinked pulp.
@ LMS and hemicellulase synergistic deinked pulp.
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Fig. 2 Removal index of hemicellulase-LLMS

synergistic deinking
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Table 3  Effect of cellulase or hemicellulase and

LMS synergistic deinking on average length

and coarseness of fibers

Sample Ln Lw Luww Coarseness )

/mm /mm /mm /mg -+ (100 m) !
control 0.76 1. 69 2. 64 27.9
LMS 0.75 1. 66 2.62 27.5
cellulase 0.72 1. 62 2.59 27.0
hemicellulase 0. 70 1. 60 2.56 26.7
cellulase-LLMS 0.71 1. 60 2.58 26.8
hemicellulase-LMS 0. 69 1.57 2.54 26.5
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Table 4 Specific surface area and specific volume of

control and synergistic deinked pulp

Specific surface  Specific volume

Sample

area/m? « g~ ! /m® e g !
control 2. 67 5.13
LMS 3.17 6.43
cellulase 2.41 6. 00
hemicellulase 2.32 6.53
cellulase-LMS 3.13 6.75
hemicellulase-LMS 3.05 6. 83
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Fig. 3 ESEM for control pulp (X1600)
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Fig. 5 ESEM for cellulase-LLMS synergistic
deinked pulp (X1600)
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Fig. 6 ESEM for hemicellulase-LMS synergistic
deinked pulp (X1600)
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