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Summary

This paper introduced direct degradation of lignin with laccase/xylanase system (LXS) and laccase/mediator system (LMS) and
the optimal treatment conditions of LXS and LMS treatment were established. The Lignin degrading ability and the physical properties
of LXS and LMS treated pulps were compared. Furthermore wheat straw were beated with PFI mill to improve LXS treatment prior to
bleaching are also investigated. Results indicated that the optimum treatment conditions of pine kraft pulp with LXS were pH 4.2,
temperature 45°C, pulp consistency 3%, time 3 h, laccase dosage 10 [U/g. LXS treatments showed higher ability of delignification
selectivity compared to LMS. The strength of resulting pulp were enhanced by LMS treatment to the same extent as LMX that LXS

can entirely replace LMS for bio-delignification concluded prior bleaching sequence.

The delignification prior to bleaching of enzyme treated pulp could be enhanced with the mechanical processing (refining) and
LXS treatment. In the subsequent hypochlorite bleaching process enzyme treatment save 28.6% effective chlorine addition be reduced,
compared with traditional bio-bleaching. The crystallinity of cellulose was improved by the co-treatment with mechanical and LXS

treatment.
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Sample code Conditions

NO
1 Original Pulp without mechanical pulping and no treatment
2 Refining Pulp with prior mechanical pulping and no treatment
3 Control Pulp with prior mechanical pulping and treatment(no enzymatic)
4 LXS Pulp without mechanical pulping + enzymatic treatment
5 Refining + LXS Pulp with prior mechanical pulping + enzymatic treatment
6 H Pulp with prior mechanical pulping + chemical bleaching
7 LXS+H Pulp without mechanical pulping + enzymatic + chemical bleaching
8  Refining + LXS+H Pulp with prior mechanical pulping + enzymatic + chemical

bleaching

INERERAEI R BT R BB R E R - AT
FEE AT JCAUE(1000088) » FAR R SHBIR IR I A R Y22
BT ARG EEE LB ASDRE E5% » RIRIA3S
CHIBVKAIRE2 b R SE SR AR G TR I 78
TKIFH

AP R PR H R R PR A ARAR S TER SRR - PRI E
MAPHYREE - N AEORERA R ARE R R SRR
BEARSE T » EORFEHIE B E R R IS DA BT 22 e 2
TRAVESIR © MRAEERHVIRIE RARBERE10% ~ EE(EIRINE
1% ~ SRET70°C ~ JRIEIFRE1S b FEEEKIET236 cm-85
FRAEJTAHETT » ARETAVICR ~ gD ARAVIEE M E SR
PETAPPIFIREAE 774 HITE - ARAEREE EARIZISO S351/ 184875
EMGE o PERTFTHIES M E S SEMIE A /5 A ] _E Al -

VY ~ R BT A

(=)~ ZESEAF MR R HIEER

W R pn EEA BRI S E R B Rl (L > NILAELXS
R IR 1% AR A G wf i HOR R T Y A A E REE R S
B SRBURHE | 2 E48R2 T - FAHIELXSHY R L E
e

W

—e— Absorbance —— Reducing sugar,
0.5 71 r0.16

g 048 T L0155 3
ENELE: el
- Loas 7
S 0441 £
= L0.145 2
042 4 145 8
o

0.4 : : : ; 0.14

4 42 46 48 52
pH value

@1, FEERpH{EELXSHAE 2215 #(You et al., 2008)

B BLR (R ORIEASC ~ JRIE3% ~ e BRFFE2 h ~ LXS
BERFIE101U/g

—e— Absorbance —#— Reducing sugar,

0.52 T 0.16

s
o 40155 3
2 0.48 + o0
8 2
E TO1s 4
S 044 + 5
< +0.145 2

[}

e~

0.4 : f : 0.14

35

40 45 50

Temperature (°C)

2. 6 LXSHAE 252 #(You et al., 2008)

IR Z PRI pH 4.2 ~ JBRE3% ~ PRIHAGRE2 h - LXSEEZ
& 10 1U/g

—e— Absorbance —#—Reducing sugar,

0.52 T 017 |

S
2 048 1 1016 5
= =
S 7
8 on
£ 044 1 +0.15 £

E

o~

0.4 : : : 0.14

B3, 4uiE

5 7 10
pulp consistency (%)

TR LXSHAVE 228 (You et al., 2008)

B R HER(T: JRE4STC ~ pH 4.2 ~ FRIHIFH2 h » LXSHEE
ZHIE10 1U/g

VOL,20 No.2 #E4EH:1fF (2016)



—— Absorbance —#— Reducing sugar,

0.6 — —-0.19
9
o 0.55 + +0.18 &
2 5
s =
2 054 4017 2
(] on
8 g
< 045+ +0.16 2
E

0.4 : } : : 0.15

1.5 2 2.5 3 4
Time (h)

B4, LXSpRIEHs IR KB 22095224 (You et al., 2008)

FEZR BRI JRIE45°C ~ pH 4.2 ~ JRIE3% ~ LXSEFZA
=101U/g

&l 1 R AEpH 4.20F » LXSERERIGHEIRA s ARE R
e ERRRNVERESE > BRI AERET S B -
ZR[EARENAE R PR R AV [ 1 BUE TR TR R
ANEZRAYA] 5ot R RS RS Ef (] - AR RS
FZifmABeRIAS > MipH 4.2 F AKX SER IR i (i HpH
B - E2BURREEEHERN - NEREFEELHE
WEE R ERIEETH g h  HRARE RS B4 ChrgiE

FESOCHF TS - ARIEHVRE th & B R R AV R
A —fRAGRE AR B S Y B R G A AR
NERNIE - BRERENRE G EEAIER ZOR 51T
(EfF 2R S EEE LIS A - ERBUREEE BTRERIR T A E R
B UMY & B B A T (RIS 1T R o8 1 E A 3 26 HF A &
SEEEIRAME  RBRLXSEHBAERRE GG T i
17 - KRR BRI SR —  KIERRERRE AT
IR 2R - SRR R AR S g AR TR M REEL s Y
BENER - BABURERTARE RS BREE g E Y 0
BTt ERERINRHRERRAE - BBIR GRS T > |
RESE AR L 2 ANE 2R S E AT B -

2T LX S BB A8 2 S AR 22 e
MEEH (O SETR R ) © RIS A S A
WA RSB A R R - R SR
SR T + AEMEDRITT G350 - (I REAEEEI10 TU/gi 4R
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2. A [E|EE 2R B HAR AT E 2 2 (You et al., 2008)
Enzyme dosage /IU-g ! 0 5 10 15 20
Absorbance value 0.383 0.551 0.586 0.596 0.618
Reducing sugar/% 0.159 0.162 0.171 0.174 0.179
Burst index/kpa-m?.g~! 2.1 2.2 2.8 3.1 3.2
Breaking length/km 3.6 4.4 4.5 4.6 4.7
Tear index /mN-m?.g~! 12.8 14.3 15.6 15.9 16.1
Yield/% 99.4 98.0 97.8 97.0 95.3
Beating degree/’SR 31.0 30.5 31.4 31.2 30.0

ABF ] LS LAY - FRF R RERR KT
EZHNA S 1S LEAEMR(300-800 mV) » KFLARE A
PRI R AR E 2245 (Bajpai, 1999) - 2 L3RR
REZAEAM FELEARE ZI90% /A > FEATE A i L A
AR RN E Z {5 T 50-70% » HItRERS T8 ~ w4t

VOL,20 No.2 ##4E&H51i7 (2016)

BB EEYIERHE TP S REEE T AT
VB - BRI LS LRE IRIMERTT » TRk
g ~ LMSEALXSpRif AR AE ZRBCREHGERFIpH 4.2 ~ JifE
457C ~ ARBTRIE3% ~ PR EEFE3 h AR B R (T

3R EEA FAB R R AVEE R - RINIMEMERD



REGERA TR BERSRIRIP R IR R O MAT E MR T G M EINE

HIREERTYE —C BV RNERBERE - RS - RiBREUR RS EE R P M E R A RE A
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BIFREEMEIRE LI - [ERERHRIIE 2 B £ 10 TU/gHF -
LMSHILXS/E280 nm Ay EE I I E Fy 2 iy o B B Y 6

3. %l ~ LMS ~ LXSHIB AR ZREE I ELHE(You et al., 2008)

Enzyme treated pulp Enzyme dosage/IU-g~

o 5 10 15 20

L Absorbance value 0.383 0.386 0.413 0437 0.493
Reducing sugar/% 0.159 0.160 0.160 0.161 0.162
LMS Absorbance value 0.383 0.558 0.569 0.590 0.608
Reducing sugar/% 0.159 0.159 0.160 0.161 0.164
LXS Absorbance value 0.383 0.551 0.586 0.596 0.618

Reducing sugar/%

0.159 0.162 0.171 0.174 0.179

B LR PR R :pH 4.2 ~ JRRE4SC ~ JRIE3% ~ FREEFRE3 h
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TBARAEHN AR E R 7 BRI T 27%E228% » ¥ ARE ZATIL
BRI R RS RN & B BiKlason & B AV LLFIHETT
S« AT AYAE S AT DA 2 BB R pR R 1% AR
BEWER - kA EYHERIEEBILEEAE - ifiLMSEL
LXSIEERAAATA N /D B ARIEGA R > H R LXSRfZ
Y LI & ERM 25 AR LMS BRI (52 AR H DRI e % 3R
B 7» K& i KAL& YE & P (Lignin-carbohydrate

4. AR R R E LAV E L ERAH A 53 (You et al., 2008)

complex ; LCORVRARNE R INE » ELCCH AR FTREIL
HH Y — BBy 7 8 A S T A O R T Y TR S Y
o> FELXSpRE R T EAHILCCReEAR 2 5 - AR
Ml B B0 7F I - BRI ROR T oy Tobiell & B4 & Lh
LMS - &R R R g @R & RBICH
b RFEERTH 2RI REE - PRS2 R
PREAR AR B A 2GS R D A TR EAT I - 448
LMSBLLXS i 1% K 2 75 25 L) & & 07 AR T 50% 8
25% > IEEERA N ERRATEE -

Pulp Original LMS treatment LXS treatment
Benzene alcohol extractive% 0.4 0.2 0.3
Klason lignin content/% 5.7 4.3 4.2
Acid soluble lignin content/% 1.0 0.6 0.6
Pentosan content/% 7.2 6.6 6.2
Holocellulose content/% 93.0 92.8 92.9
Delignification rate/% 26.9 28.4
Delignification selectivity 18.9 19.4
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a. REZFEARSE b. LMSERHHATAE o LXSERFRARAT

S BB R e AT BUR s B ATV I B
ARAHARAELEEY - WITERY 2R B ARSI R R - BT R
MR R 2 IIHEIES > R REH R BRI NE RV RN
IEER AT AT BRI ~ AHRREEE A HTE (B6) - [ERERERY
TE NI R R R A EERVA DM~ EERDMAER - S
[ ~ BANE ZRAETT BB RAT R BN (R4) - IEEERHE

HViE A TR RIS R TLR B % - AIRERE I
Ry 7N I T T e A 2 S A % T A A B | AR TR R BELLCC
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5. BRI RIS M E (You et al., 2008)

Pulp Original LMS treated LXS treated
Burst index/kpa-m?.g~" 2.1 2.7 2.8
Breaking length/km 33 4.5 45
Tear index/mN-m?.g~! 12.0 15.3 15.6
Yield/m? 100 97.8 97.8
Brightness/% SBD 254 255 25.6
Beating degree/’SR 30.6 31.2 314

(Z) BN ERREENER

Al 45 SR LS B LXS JE B A S LMSAH 5] /K &
HIRRAE ZRAES) - HERSTHEHPFIBAH R R BT 0
BEELXSHIRANE ZRAE T S s R E B 1% 0 ERAVIRE B R
77 - FROBURAALA FIE RS AL XSER R HYAER » 4K
B LX S TR AT B (A BRSPS ey 4 it
W EEEEIEORS HIZE 700088 - RESEE10.8[%%29.7 ~ B
B Z T E(E25.5%HE T 233.1% © Hed R ATB B A FEAE
R PRREESI(E - ¥4 ANEEEP R A Al EEAY S 1
IyRRE - [RIRF A RS B 2 B — AR EAYEET - PIg Bl
SUEE S RENARER » NILEEAE R A B 4

6. EAEEEHLXSHIAE RAYF & (Lian et al., 2012)

BERY IR SRR LAV R A b - (R RN E R Z A
WHEAY ] R MR ANE 2R TERIE I ~ R - 1ESh
PR I = AR Ay EE R IR S S > (EAS R B ELAR
HRZFREREEE I RANE RN EL NS - 2B
BEF2800085 0 > RE(EERFRERE 4 BEREK92.6%
REUT B [ M R PR A B R e AR S AP R AN 2R > U
HREET0008HHF 22 {K2% - [N IEHESm RS B & R TR
RNEZBRINE I REREBUCRIBR BREUNFE - ESTEEL
TOOORHHFH A s BV AETT - B REE(EBUCRIEEE - AR
BRI E G E B EAR  RE AT PR
NEZERI T BRI A E - (B XRBAREZRD
2 BRI EARH -

PFI Beating degreie Kappa Delignificafion Brightness  Viscosity  Yield

revolutions (°SR) number (%) (% 1S0O) (mL/g) (%)

0 23 10.8 255 38.3 959 95.2

7000 30 9.7 33.1 37.9 978 944

14000 37.2 9.5 34.5 374 982 93.6

28000 43.7 9.4 35.2 371 1017 92.6

14
BB AEGRIIEI RS FEEOPE - TUEEE SR PSR Refmngrbxs

AT S AEARE » TEEE HRE RR ER A% A é
MAIIEI &SRS 1U0/gbl E-REEESH #E— B IE AT E
B BURIESEEMLL - ESR S LX SR E REIFK33.1%HY §
EUE » AR LX SR & (R (R9.4% R EME - =
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8. BRI &/ NERERAENIR AR E R I E
(Lian et al., 2012)

[E]9 Ryl 2R R R HYARIFUCR - RIS 5 B =1
FEFF o CHAL96.6% [ 2294.8% - [ ESEHEHTARSEE{95.91%

£93.4% > [ESHR HIUCRE R N AT RE 2 I A 22 AR Y fl
SRR TR SN ZRAVIE R EEL > (RIS TU/glRfF
TR E IR FHEF0.7% « 7Ry A [EA B SR HE R
HEBLARETAVREE TS - R ] DR A 2 1R Wt E S
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[E9. BEZNIIEIE /NSRS CER 8 (Lian et al,
2012)

7. BEZRNIIAEE NSRRI 2% (Lian et al., 2012)

Enzyme Brightness Viscosity
dosage (% 1SO) (mL/g)
(IU/9) "IXS Refining + LXS LXS Refining + LXS
0 359 36.4 986 1008
3 36.1 36.3 990 1003
5 36.2 36.2 994 999
7 355 36.2 996 993
10 35.3 36.1 969 977

HEENHIER T ERBEIIAER - WIREAREEAIL
FAT AR EREN 1002 IR & U A S s i
EHVRE BT AR > IR RAE E AR s 5y 1 1%
RREEREVARAERE - DU RS NSRS A E
BE(T00088) 12 DU CE BRI AYLX SRR EE - FEfT R ERE
BEERHI TR B E  SHEEAHE B R REEATN
SRR HERHTRARET]

TR AL iRy RS EH R HR SR - FERNER
I 7% > RIS LX SARATBLEATIL L X SARATAY L o>

RIELEHIRAH AR T73.7% ISO ~ 5.6% ISO - TEEEH| 53 il ik &=
50.0% ~ 64.3%Y1E M T AEELE IR AH ARSEHEA A B (1 FE(72.7%
ISO) © [fii A% A LX S BEAE TR 16.7 % Pl & (F A R
H3%) 0 T AEE— R LXSARSE (B s BRI & 3.5%) A 1
EIS A AESE o B b A SRR A S R A TR P 7 =]
— R AR R TR AR M - TR K
AR AT L R R 5 AR IR -
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BHE ~ #%H8E5
F8. NEIFEZE FOFE AR 7 2CE N SRR (1 B4R ) 52 2 (Lian et al., 2012)
Bleaching Eg:gc;gv; Brightness Yield Breaking B!Jrstmg Tearing
sequence chlorine (% ISO) (%) length mde:g '”f’e’é
(%) (km)  (kPa-m%g) (mN-mvg)

7 72.6 90.6 3.7 2.1 6.3

H' 5 724 920 3.9 22 6.4

3.5 68.1 93.8 4.0 2.3 6.5

7 76.3 896 45 29 6.4

LXS?*+H 5 754 912 416 3.0 6.5

3.5 73.2 926 4.7 3.1 6.6

7 78.2 89.2 4.6 3.0 6.5

Refining3 , 5 7.2 90.3 46 3.0 6.5

LXS + H 3.5 74.2 91.2 4.8 3.1 6.6

3 73.2 926 4.8 3.2 6.7

25 72.3 928 49 3.3 6.9

H: REMEREEL > ¢)46pH 10.5 ~ RATRES%
ARAERES % ~

o=
GhEEE

9. T/ NEFERRARAENY #(k(Lian et al., 2012)

SEREISC ~ EESL ho LXS: BREACEER L - pH 42 -
SEFEASTC - FREIFFRLS h - BEBIES [U/g o Refining: ESEPESE » 4F

HEEFE10% ~ 577000 rpm

Pulp Crystallinity %
Original 60.0
LXS 62.3
Refining 57.4
Refining+ LXS 61.9

e =
\%EIEEI

9 B R LXSHEFI A ATARAE 46 588 » KPR
e 5 60.0% » T 45 8 B A T 4 ) 4 2 15 IR G 58
$7.4% » AR RIS AR 2 N+ Y
RER W - XL XSHER (AR5 B G HRTT 62.3% » 1T
PR T AR L XS L e AR 55 8 FE U T HR T E561.9% - s
AR B SO R B » BTt I T
RSN + DRI (SR G - T P A
LXSHLRIT + ARAERAIBANARAE - ATREBA T 2 o e R
LARRTIER » SRR AT FR LT -

SEMIEI & 112 /IS R T4 SR BB B L XS R B 4 1)
BB + 1810 RARAE SR AE S T T SEMIE] »
22 B 4 4 1 R 48 1 4 B0 5 2 O L PR

+ =
%DEIEI

+ =
?\‘El HH

=
éEIEIEl
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R > SELXSpR B AR I & E e HLAliEE Ega I URE
BRI  IEAE R SRR IR BARIAR e B B PE AR REFETTLXS
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REEEARRERSRIERIPHIRIRE O MAS TR RO AINE

10. /NEFERRARAE R R 1A Bl ) [EI SEMIE] (Lian et al., 2012)

a. REEHLSE b LXSEIIAE o EAUEMAE d B LXSEEHE
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i~ R

FE B AT 5 AR MS BELXS P T (e AU R T
FOPAES T 27%  28% > BEAAEWIHL S} HIFE(E T 50% -
25% » AN SRATRE (. - TR AERSARAy TR -

FE4RTT 77T LMS BRLXS P T s O 40 4 05 S P 5
68% » LLARBERARAERT T 1% » AR BUREE W 2 &
BHGERRE L > TR HIRN28.6% « 33.3% - B
LI ST HIRII36.4% - 36.4% ~ HFZUIS 93 HIRIN27.5% -
30.0% » 584 T BLXS T L 5E R HURLMS IR » A
SRAEH D T A AR (TR A

I 3 S B 5 T A B B A T R
HIRRAET AR, + B4 7000MEIL X SR AL R EL A
LS PR IIARAEIE T 10.2% » PEBEAHIRETHETT - BiA
EFAR G RS FLCRIB B -

ST (e - ATV R ER
BEHE BT LXS B ELARAE 43 L B R ALAR % T'3.7% 15O -
5.6% ISO > TEZER 53 HIEES50.0% ~ 64.3%HF > SEELEIRAAAR
SEETHAE (11 (72.7% 1SO) » T BEAE 14 I LXS B ER 1 A
16.79%E B4 L ORI 3% ) 0 T A B — R FY L XS4k
S A RIS, 5% VA AR S5 54(73.2% 1S0) » A ES
& AR AE L P EIS | BRI R - (A5
BB RE LT AE A E Z A -

+ =
&l b
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