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Application of xylanase to kraft pulp bleaching
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Summary

The advent of kraft pulping removed most raw material restriction, shorten process and provide high strength pulp.
The pulps, however, are often difficult to bleach. Traditionally, chlorine-containing chemicals allow kraft pulps to
reach high brightness but generate adsorpable organic halogen (AOX) compounds, causing environmental pollution.
Using hard-to-bleach red lauan (Shorea sp.) as an example, traditional bleaching sequences can not achieve good
results, however, if the 1% stage chemical charge is modified using chlorine dioxide to replace a portion of chlorine gas,
the C/D-E1-D1-E2-D2 sequence can reduce AOX amount by 45%. A chlorine-free sequence of Z-E1-D1-E2-D2
sequence can reduce it by 80%. If enzymatic pretreatment with the X-D-EP-D sequence is employed, the chlorine
dioxide charge can be reduced 30% while maintaining similar delignification efficiencies. In particular, the final
viscosity of the resulting pulp showed no significant reduction due to the enzymatic treatment. A total chlorine-free
bleaching sequence in conjunction with enzymatic and chelating agent pretreatments (X-O-Q-P1-P2) can prevent rapid
decomposition of hydrogen peroxide which generates excessive amounts of [HO -] and [O, -], allowing a higher final
brightness than the total chlorine-free bleaching without the pretreatments. Also, the excessive hydrogen peroxide
charge can be pared; the drastic reduction in cellulose viscosity can be mitigated. Enzymatic treatment generated pulp
fiber with numerous lamellae and fibrils initially. However, with subsequent sequences, the surfaces are stripped clean

and to the degrees of delamination and surface cracks.

Key words : xylanase, enzymatic bleaching, adsorbable organic halogens, elemental chlorine-free bleaching; total

chlorine-free bleaching.
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Ry F R RAE (kraft pulp) - BUSEIG 28845 2 18
K LABRME S (NapSO,) #FE » PRI R By T 1 e B
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AR AREE SR ARREANE R BElREEE
BEANECAFIME » PRI ADRESE (R SR R 2B I -
BEE AR REEREAZE(L (C, chlorination) -

ligzE (E, sodium hydroxide extraction) ~ ZX&EMEEE (H,

hypochlorite oxidation )~ —45{L& (D, chlorine dioxide

oxidation )~

5.0, oxygen oxidation )~

HE&(Z, ozone

oxidation )~ &4 (L& (P, hydrogen peroxide oxidation )
FEEEERATAAR - EAIE R EARERGREN TR L

B

Oxidant Code/form Function Advantages Disadvantages
symbol
C Cl, gas Oxidize and Effective, economical Can cause loss of
chlorinate lignin pulp strength
(0] O, gas used Oxidize and Low chemical Large amount
with NaOH solubilize lignin cost, provide required, expensive
solution chloride-free equipment, can
effluent for cause loss of pulp
recovery strength
H Ca(OCl), or Oxidize, brighten Easy to make Can cause loss of
NaOCl1 and solubilize lignin and use pulp strength if used
improperly, expensive
D ClO, Oxidize, brighten and Achieves high Expensive, must be
solubilize lignin brightness without made on-site
pulp degradation,
good particle
bleaching
P Na,O, (2-5%) Oxidize and Easy to use. Expensive, poor
solution brighten lignin high yield and low particle bleaching
capital cost
z O, gas Oxidize. brighten Effective, provides Expensive, poor particle
and solubilize chlorine-free bleaching
lignin effluent for
reccovery
E NaOH (5-10% Hydrolyze and Effective and Darkens pulp

solution)

solubilize lignin

economical
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(C-H-H-D1-D2-D3-P) ( Bajpai, 2005 ) ¢
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Cla Cl10: NaOC1
O 02 H0:

HEE— R R S R DR R R RE
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FHEERIR R B R RS AR R B E
PR 5% LA » M E AR RIZI NI - (5
EREZEE R 5% RN C-E MEETEAE
¥ RHGHAEAENEZSEEEARIEE - B
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AR Ry B FHRVFE R oA AT (Sjostrom, 1993) -

1300 —
Chlorine (C + E) bleaching

1100 |- /‘
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TREE (Sj6strom, 1993 )

AN > B EUVE A NGRS S - 1980 FE( L
E2%% Sodergren #IENARMIR & A AR A LYIRVEE
W SR HE AR E A RENEE
5| R B & R Y = & 2 15 (Sodergren et al., 1988;
Sodergren, 1989) » H DA% & EHE A Z WAL -
R AR A ZHUEL (B 3) - W LUiBEE+0,

(E0) - [if#E+ Oy Hy0, (Eop)~ ClO, (D) & A

CHLORINE
DIOXIDE

HYDROGEN
PEROXIDE

OXYGEN

OZONE

1975 1980 1985 1990

@ 3 #R ARy ERE (Sjostrom, 1993)

HH B T s e SR TR SR Ry R B
Hi&eEY) (AOX, adsorbable organic halogen ) » g2
FUFPR I BAVI L - AOX P& BN - £20]
SR E -2 AOX(mol wt. >1000 )EAE 5+ & AOX

(mol. wt. < 1000) AHEE(LEVIRE - Ko T8H
BE(LEYRS T8/ HEEUKYE B 5275 A
R » B R iERR 2 288 14 (mutagenecity ) K4
Y2 M% (bioaccumulation ) 4R £ 2 FRYE -
THBALF /KA AL YrEY)§#E (aquatic food chain) o
‘EEM&E (trophic level ) &= rIENY) » HASRERI T %
ARENEEE - s T8 AOX AIRHEAYNEN
8 APl DR EE I R ZE BRI A © AOX R
R HE MR ENFE 3 A FETRIE T By
7~ EHIE - Wy~ AR R 2 SALrTAY) -
BIEE(EIT EYHBEMAEME > %R 60 ppm
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ST (A REIE TR - HREDEE 3R - MR S
RS - 1R CAEHERATRGNE - BRI R
(bR EE (porphyria) YA - H SR T A& 8

P HEHIAE SR B =Y~ I ST (hyperesthesia)
KHLAEEEE (muscle spasms) ; NERRIE B
BRI SO ATAE -

* 3 RFEARE( LY SR 2 3R 8 (Savant et. al, 2006 )

Compound Toxic effect

Chlorophenols 2.4-Dichlorophenol (DCP), 2,4,5-TCP and PCP are Group 2B carcinogens. PCP is the most toxic chlorophenol.
Chronic exposition results in liver and kidney damage, loss in weight, general fatigue and low appetite. In fish,
these compounds cause impaired function of liver, enzyme system, metabolic cycle, increase in the incidence of
spinal deformities and reduced gonad development

Chlorocatechols Strong mutagens

Chloroguaiacols Tetra- and trichloroguaiacols are known to bioaccumulate in fish

Chlorobenzenes Exposure to 60 ppm is known to cause drousiness, headache, eye irritation, sore throat. Chronic exposures are

known to cause adverse effects on lungs, renal degeneration and porphyria. Hexachlorobenzene is carcinogenic in
animal tests. Monochlorobenzenes is known to cause multiple effects on central nervous system—headache,
dizziness, cyanosis, hyperesthesia and muscle spasms

Chlorinated dibenzodioxins Highly toxic, teratogenic. Acute exposures cause severe skin rash, changes in skin colour, hyperpigmentation,

and dibenzofurans

polyneuropathies in arms and legs. Act as endocrine disrupting factors by interfering production, release, transport,

metabolism, binding action or elimination of natural hormones in the body weight. They may cause reproductive
and immune system disorders and abnormal fetal development. In fish, they decrease growth rate, increase egg
mortality and produce histological changes in liver

FH DAHAR A8 2505 S M i 28 058 R AR 44 Ry I
EJrEEH (ECF, elemental chlorine free bleaching
sequence ) B & & E [ ( TCF, total chlorine free
bleaching sequence ) JZ i f2 - ECF ZE LR AL
FULEHRERIE R T AR A S8 i &2 0 B
TEA SR RN TR O R E AR R
TCF» IWEZLER (0) BE (2) - BElLE (P)
sCH A A EA LY SR TRE AR &R (LS
Y2 A RS o ELE R T VA E BRI B1 -
ECF EHRARMIEEAZS (49 75% ) A TCF (495
%) (Bajpai, 2005) - [ 4 Fsffia S5 St EAIAIR:

(Shorea albida) ~ Z£g5/A4% (Gmelina arborea ) ~ &7
FZ (Taiwania cryptomerioides ) ~ &8 — A (Pinus
taiwanensis ) S PUTERITEATEUS 2 B EREAREE > 51
DMES R ECF S35 MHAE A P Tia % - M

TEHIRH BEKd AOX HIBERE (FRIBE > 1999)

AOX (mg/L)

12345 1.2.3 4%

12345

§. albida

(. arborea 1. cryptomerioides P. taiwanensis

4 REPEAREE AOX Z 4R E -

BHgmE R 1 C-E1-D1-E2-D2 ; 2
C/D(7:3)-E1-D1-E2-D2; 3: C/D(5:5)-E1-D1-E2-D2; 5 :
Z-E1-C/D(5:5)-E2-D2 -
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ECF jfif2 s 4 : Z-E1-D1-E2-D2 - (FfA 5 > 1999)

HRIERE O AR AOX BAV/IMKT F4L
1k > GRS > GBI > ER O - SR AT
Z HE & K/ Al 7 B C-E1-D1-E2-D2
C/D(7:3)-E1-D1-E2-D2 > C/D(5:5)-E1-D1-E2-D2
Z-E1-C/D(5:5)-E2-D2 » Z-E1-D1-E2-D2 - &5—Fy i
fif FRE VISR A EEAT AOX ERLE » DIATAIE By
B> 55— B LA AL EEUCE o3 SR AR T s b
AOX “: i 54 45% > ECF %9 i f&( Z-E1-D1-E2-D2)
RITRTIR 4 8096 - AL AV E BEE T R EUHFEM 2
B (EE SR ALEE TR ERA
TLRRNEAE - RS (LR R & Z 8 2 R
& > RS A RE AT -

AN ECF REATH SO ITAEFAE > By
BERAIEEREHR H AR AT ECF SR AR HIARAE -
ST S8 BE A P BR AGE FAR AT A AT B T R D — S B RAY
A& - Torres 52522 (2000) 58 Wil 4K 4K S5
TRAIBREREIARAT > 3730 5% pulp A B pulp B > A &4 5
/B £ B2 % ( Eucalyptus globulus ) B 55 ¢ §5 %

(Eucalyptus saligna) RIRETEALHE T MR & 2 Wik
EIRAT > FEMER 7.7 AR 59.5% 150 F5E R
940 cm’/g - B 4R Ry BE R AL B SR = AUSEIR FITURR 2 B
RERARAY - REMER 8.1 R 50.7% 1SO > 5%
#5920 cm'lg o R FE 4K 4% 53 I LU Xi-Dn-EP-D it
Dn-EP-D RIfES HRAZHEI TR A L B - S PR R
A 4 FR
F 4 BEROEARRE 4 (Torres et al., 2000 )

p.4 D, Ep D
Temperature (°C) 45 70 90 85
Time (min) 120 90 45 150
Consistency (% odp) 10 10 10 10
Enzyme (XU/g) 1-2

pH 7 2.4 11 4
ClO; (kg/t (Cl; act.)) 10, 15, 20, 20

30, 35, 40
NaOH (kg/t odp) - - 15

H-0; (kg/t odp) - -

“X;: xylanase treatments with variation in the amount of enzyme; D, :
chlorine dioxide stage with different chlorine dioxide charges as active
chlorine on oven-dry pulp: Ep: alkaline extraction stage reinforced
with hydrogen peroxide at fixed conditions; D: chlorine dioxide stage
at fixed conditions; odp: oven-dry pulp; XU: xylanase units of activity.

VOL,12 No.4 4%l (2008)

X1 ~ X2 FoRBREE T el 2 TR B NN
1~2Ulg o.d. pulp » EP FsfipAific & E L & [EHF
> Dn B —E T RAbEUEE R n RIORFTARNIINY
GRS Ry 10~40 kot - 55 "B — SALEEE AT
20 kg/t AR IO S ER B - 25 B St H R SE A% » fiR98 1SO
320~ 1SO DIS-2470 ~ 1SO 5351/1 S » 43 FIHIE 4%
#%5 REME (kappa number ) ~ (4 (brightness) ~ %k
J& (viscosity ) ZE14E » A - B ITRAEEFRE 120 E 45
BRI 5 R 2% 6 i -

£ 5 pulp AELEM%ASEE (Torres et al.,
2000)

Bleaching Kappa number Viscosity ~ Brightness (0 ISO)
sequences (cm'/g)

X D, Ep D X, D, Ep D
XiDywEpD 6.54 3.72 357 815 65 714 83 88
X;DEpD 6.38 383 3.55 850 64 71.8 823 88
Dy EpD 4.57 4.05 825 76 81.3 87
DysEpD 3.74 33 800 77.2 84 88
X DxyEpD 6.64 2.26 2.12 835 65 80.5 85.7 89
Dy, EpD 329 3.03 815 78.7 84.6 88.5
Dy EpD 2, 1.83 840 81 86 89
DyEpD 1.29 0.96 820 82 87.3 90.5

72 6 pulp B EHEH % 2 HKEMEE (Torres et al.,
2000)

Bleaching  Kappa number Viscosity  Brightness (% ISO)
sequences (cm'fg)

X D, Ep D X; D, Ep D
XDyEpD 682 21 192 8§20 517 183 826 888
Dy EpD 295 241 83 764 807 817
Dy,EpD 200 184 820 87 82 85
DisEpD LIS 087 8IS 79 82 88.8

WREARAR SRR T (X1~ X2) 1% REME
SYRIE 7.7 ~ 8.1 TIEZE 6.54 - 6.82 » 4JIF#(K 16% » 14
IR Z 57.7~65% 1SO- F—F — S {LE =1 [E]
FELL 10 kg/t BRI SRR pulp A A SR BE Z TR
% (X1-D10-EP-D) REMATIIEE 3.72 » 4YFE(E 50
9% o M ALEEEZ IR % (D10-EP-D) {£ %% 4.57
KRR 40% - EtEm _RILFEMITEZ 20 kolt > W
TREARAE T 3% A [RIREAY (A » X1-D20-EP-D A ff-REME
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Wz 2.1~2.26 (719%~T749 ) > Tii D20-EP-D HIjf& %
% 2.95~3.29 (57~63% ) 2 EEZ & AR
EER - LLBNiRAE (EP) 1R 2 i B PR R B W 4H
HIREME » Al — BB R TEEE B &
{EERIE /D 30% (15~30 kg/t [# % 10~20 kg/t)
ISR 2 EARNEERCE - R AR ENA
MEEE - BASE AR AN R Ry 2 52— BB
FPR A B TR - R e sE g R R RN E
75 0 B ERS T EYE IR SRR AT

85+
841
83
821
811
80
791
78
771
761
15 —

0 ()4 OXD 0

Bleaching stages

Glucose (%)

41 X2-D10-EP-D (850 cm’lg) [H4HZLE#: D10-EP-D
(825¢cm’lg) & o
QAEOmlE R R — B R b SR A R R 0
AADETT/K g L HPLC (B Ry Aminex HPX-87C)
ST EAEE IS B GERWE 5 s BERE
HBANERE & 2D AR E 2R DI
5 BURIEAHE K s R A B B -

25
24
23
22
21
20
191
18
171 =
16} M1_[]
LJ

15 L

Xylose (%)

(8] OX | OXD 0 oD
Bleaching stages

5 AR R K E B R EEUR LRI & A IR BN IERER & & (Torres et al., 2000 )

LL SEM 22 UL £ BT (1 e BEAR MY =

[ - WlE 6 > AREEEFZREHE (O ~ D-EP ~ D-EP-D)
QAR T 22 BT B HISSTE - B INEE 2R 2 5 B
RV R E ERT MR &Ry - izl E
ERRFPHVAEST - BRI br - 2 uliss|
HhikE (delamination) Kz pEZY (cracking) AYFRZL -

v ey 7 A

WS

b. F e

b OM—LME WASK
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& 6 L,LSEM &ﬁ/ﬁgﬁﬁaiﬁz%ﬁ(a (O b X c. D20EP ;

d. XD20EP ; e. D10EPD ; f. XD10EPD ) (Torres et al.,

2000)
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m RARS BERAER TCFRAZ
A

H RIS Z B 4 Z & & 07 MR &
WERE » EEE R 2 02 DAL B AR E -1
KAE & W Hy ¥ & ¥ ( LCC, lignin-carbohydrate
complex) » W = el e dtEain 20 AR S SRt S P2 485
WIfE 7 Fror (Sjostrom, 1993) - $+EEAGROANEE + 8 m]
L {HI## F 4-O-methyl glucuronic acid =/ {EZ
VB R B ZAH AL E - B SR AR DE AN
Ry BGEGRREL R B R4S G 1 A A B s sl o
B ST AT HI R T e -

va-vaAN CHAIN MTJ\. XYLAN CHAIN
o
CH,0H o
Ha "o o “c: (I:Hch
—0—CH —0—
| Haco HOH,,C H? o
HE —0 —Cy 0—CH
R OCHy OCH;
o
~ 1 2 °<
R=H or OCH 5
CH,0H
2 MANNAN CHAIN
|
—O—TH o
HC —0 Ho
CHaOH
H
OCH,
o
~ 3

B 7 RKEZR-KbaYzEaey SR ERE
( Sjostrom, 1993 )

AR R A H 2 PG R AR g HL
MR AR AR R T SRR
RS » BURENA L LCC 2@ SIRIEAT - Kt
o5 158 PR R 7 R 22 By R ) 7 o PR S Ry 22
& HAR > SRS /KT oy ORI I R A 2258
EERHE -

PR T EEFEEREEIEO - HN R T
ECF ##[5] TCF 1% » #E (L4 H.0, ERIfFF 28415
MRS - ARHEECEREE - IV BB - B850
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T LEEHEEE(LY) > ZEA T (chelating agent ) Firfy
I BRI SR R E R -
—&IM = > gt TEA RS SR EE AR
%2 (1) HOO A R B AR E RS H A HIERSS & 0 (2)
FEEH[HO-] ~ [0 -1 H AL RE Z1y 75 &1
(aromatic ring) fZFERFHE(CRER - PR IIAREZR
S K RS - H[HO] - [O IR EIARE
ZINRFEERE SR HILE BE(LE R
BRI - [HO] ~ [O 1M AR FE(E S - iR
R ARE ZA R BRI S E (AT S P B4,
HEZ AR [ER AT - Rl T S LR ST R
== 1 for -

H,0, +OH < HOO +H,0 # 1

R S AL R 7 AR (R FF A BRI AV R
T MEESHAER HOO REZ VIR T - [HRES ]
BHEEE - AR P &R SMIEE  KE
oREba R (X 2) BIEZEBIERE T ER
VBB e R - FTLUE EE
{LENERI SRR A R 5 RN S 1 o <2
FERARAE - SR PR AT E[HO] ~ [0, 1R
HHTRIE S A AR S S A T A R
FRAREERIZINE N > (F &SR RAVRERE -

H,0, +M —HO" + HO + M*
H,0, + HO® — HOO" +H,0

HOO +M" 50, +H" +M
HOO* +H,0—-50,  +H,0" %,

= 7 Fy Abrantes Z£ A (2007) A A& EEH
& Hrp[ER & T ECF 8 TCF WifEiER » B
(XD~ &7E (O)~ & (Q) #mE " (P) k=

AfLR (D) FEi > SRNERHRE - REMEK
LSRR 8 Fon -

FT 1 SEOERAZ R FEMME: (Abrantes et al., 2007 )

X (o] Q Pi/P> D1/D2/Ds
Consistency (% on o.d.p.*) 10 10 10 10 12
Temperature (°C) 70 90 70 80 70
Reaction time (min) 120 45 60 1207180 120
Reagent charge (% on o.d.p.) N - - 4 1.56/1.48/2.16°
O pressure (bar) 5
NaOH (% on o.d.p.) - 3 - 25 -
pH 5d - 54 - -
MgSO4-TH2O (% on o.d.p.) - 05 - 0.2 -
DTPA (% on o.d.p.) 0.3 0.2

* Oven-dry pulp.

b A 250 of commercial enzyme solution/tonne of pulp, as it was suggested by the supplier.

© As active chlorine (g/L of active chlorine = 2.63 x ClO; concentration in g/L).
4 Adjusted with H2S0y.

# 8 HEVEQRARST14E (Abrantes etal., 2007)

Intrinsic Kappa ISO brightness

viscosity (mL/g) number (%)
Unbleached 1171 18.5 359
X 1227 16.8 36.5
X0 1053 11.4 42.0
XOP, 923 8.5 60.4
XOP, P, 740 58 721
XOP,D, 892 38 70.1
X0Q 1093 11.6 427
X0QP, 998 8.0 63.3
X0QD; 1088 54 54.7
XOQP, P2 954 6.2 724
X0QP, D, 954 39 723
X0QD;P, 1035 29 80.0

ARIERTARAEREE By 1171 cm'lg > 4838 X-O-P1 j&
HIBFEEE R 923 em'/g o i X-0-Q-P1 Hil%y 998
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