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Application of xylanase to kraft pulp bleaching

Yu-Chang Su* + Cheng-Wei Chen** + Shi-Yen Shen***

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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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 Cl10, 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
recovery
E NaOH (5-10% Hydrolyze and Effective and Darkens pulp

solution)

solubilize lignin

economical
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Compound Toxic effect

Chlorophenols 24-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
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A Bt ( Eucalyptus globulus ) =2 252U f= 4
(Eucalyptus saligna) FPTERE I RS as [’%’Z;V’ﬁu[@
E@'ﬁ%ﬁ“"—tg'[@% P14 £ 59.596 1SO > &

940 cm’/g ° BE%'J{?’E" L %:E'ﬁﬁ?i#’%d%@ﬁ’?@%j/ﬁ
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Dn-EP-D [FERE [ AR =5 iRl 35 PR
TENT
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S S

X, 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) - - 2 -

#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.
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# 5 pulp A B} R f%’éj/ﬁﬁf&ﬂf%‘l‘?@’? (Torres et al.,
2000 )

Bleaching Kappa number Viscosity ~ Brightness (% ISO)
sequences (em¥/g)

X; D, Ep D X; D, Ep D
XD EpD 6.54 372 3.57 815 65 77.4 83 88
X,DEpD 6.38 3.83 3.55 850 64 77.8 82.3 88
Dy EpD = 4.57 4.05 825 = 76 81.3 87
DisEpD - 3.74 33 800 - 712 84 88
XiDyEpD 6.64 2.26 2.12 835 65 80.5 85.7 89
DyEpD 3.29 3.03 815 78.7 84.6 88.5
D5 EpD 2:2 1.83 840 81 86 89
Dy EpD 1.29 0.96 820 82 87.3 90.5

# 6 pulp B EFIEEEY F[i’ﬁ ( Torres et al.,
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Bleaching  Kappa number Viscosity ~ Brightness (% 1SO)
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X D, Ep D X D, Ep D
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X O Q P,/P, D,/D,/D3
Consistency (% on o.d.p.") 10 10 10 10 12
Temperature (°C) 70 90 70 80 70
Reaction time (min) 120 45 60 120/180 120
Reagent charge (% on 0.d.p.) b - - 4 1.56/1.48/2.16°
O, pressure (bar) - 5 - - -
NaOH (% on o.d.p.) - 3 - 2.5 -
pH 54 - 54 - -
MgS04-7H>0 (% on o.d.p.) - 0.5 - 0.2 -
DTPA (% on o.d.p.) — - 03 02 -

% Oven-dry pulp.

b A 250 g 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).

¢ Adjusted with HySO;.

% 8 Fﬁggj T J’EJ/ 14%T ( Abrantes et al., 2007 )

Intrinsic Kappa ISO brightness

viscosity (mL/g) number (%)
Unbleached 1171 18.5 359
X 1227 16.8 36.5
X0 1053 11.4 4.0
XOP, 923 8.5 60.4
XOP, P, 740 5.8 72.1
XOP, D, 892 38 70.1
X0Q 1093 11.6 4277
X0QP, 998 8.0 63.3
X0QDs3 1088 5.4 54.7
XOQP, P, 954 6.2 72.4
XOQP,D, 954 39 72.3
X0QDsP; 1035 29 80.0
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