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SUMMARY

The use of genetically cloned xylanase acquired from Bacillus strearthermophillus improves
bleachability for oak kraft pulps. Combination of xylanase(X), oxygen(O), ozone(Z), peroxide(P),
alkaline extraction(Eo, Eop), and chlorination(C/D, D) have been tested in a variety of bleaching
sequences. The effectiveness of xylanase pre-treatment(XO) and post-treatment(OX) in oxygen bleaching
is mainly compared.

With xylanase treatment the brightness increase by 1.5-2.1% ISO in OZEP, OZEoP, OZEopP and
OPZP sequences. There is only numerically difference of brightness gains between OX and XO
sequences. With xylanase treatment, chemical requirements for bleaching decrease by 42.6-48.6% in
OC/DEoD sequence and 47.9-54.7% as active chlorine in OC/DEopD sequence at the same brightness.

The reduction of bleaching chemicals is higher in XO sequence than those in OX sequence.

Following xylanase treatment, the viscosity increases from 11.7-12.0 mPa- sto 12.4-13.5 mPa- s, and
the brightness stability is considerably improved, however the difference of effectiveness between XO
and OX sequence is not present. Compared to tensile index vs tear index, the physical properties are
similar for TCF bleaching sequences with and without xylanase treatments. However, in OC/DEoD and
OC/DEopD sequerices, the physical properties decrease with xylanase treatment. There is no difference in
the physical properties between XO and OX sequences. COD, BOD and color of bleaching effluents
increase slightly with xylanase treatment, however the discharge of COD end-load into environmental

impact decrease.
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INTRODUCTION

Bleaching of kraft pulps has been traditionally achieved using a combination of chlorination and
alkaline extraction. However the bleaching sequences produces large amounts of chlorinated organic
compounds which are harmful to the environment. Considering the growing public concerns over the
environmental impact, it seems urgent to reduce or to eliminate the use of elemental chlorine in pulp
bleaching. As a part of new bleaching technologies, elemental chlorine free(ECF) bleaching and totally
chlorine free(TCF) bleaching have been developed and applied in Mills(1). However the former demands
excessively the use of expensive chlorine dioxide, while the latter is difficult to achieve up to the target
brightness of over 85% ISO(2). The use of xylanase enzyme for kraft pulp bleaching has been recognized
one new technology to the problems of ECF and TCF bleaching process(3).

The concept of using xylanase to improve bleachability of kraft pulps was introduced by Viikari et al.(4)
in Stockholm in 1986, and soon thereafter several studies have been published(5-8). The early studies
have reported that xylanase treatment improves the delignification and brightness of pulps, and reduce the
amount of chlorine used in the prebleaching stage. Also the possible mechanisms for xylanase action in
kraft pulp bleaching have been suggested(7, 8). Thereafter the extensive studies have been performed,
which elucidate numberous contributing factors affecting xylanase treatment efficiency including the
bleaching agent, treatment conditions, enzyme preparation, wood species and pulping process etc. The
excellent reviews in this subject have been published by some workers(9-12).

While oxygen bleaching reduce substantially the environmental impact by the replacement of elemental
chlorine with chlorine dioxide. Also in TCF bleaching , oxygen bleaching is needed mostly. The use of
xylanase in oxygen bleaching of kraft pulps bleaching has also produced very encouraging results.
Xylanase treatment after oxygen bleaching results in the increase in brightness, the improvement of the
viscosity, and little change of pulp properties(4, 5, 13, 14). However most reports lay emphasis on
xylanase treatment after oxygen bleaching. There are a little reports on xylanase treatment before oxygen
bleaching. Recently it has been also indicated that xylanase treatment can be applied successfully before
oxygen bleaching(15, 16). Vidal et al.(17) compared the sequence ODPD with XODPD in the bleaching.
According to the results, xylanase treatment increase the brightness by 2% ISO. At the some brightness, it

is possible to reduce consumption of chemicals while retaining strength properties.

In this paper, therefore we focused on the difference in effectiveness of xylanase between xylanase
treatment before oxygen bleaching(XO) and xylanase treatment after oxygen bleaching(OX) of oak kraft
pulp. Different bleaching sequences with chemicals such as oxygen, ozone, hydrogen peroxide, and
chlorine dioxide were tested, and effects of the location of xylanase treatment on the brightness and

chemical requirements, on pulp properties and bleach effluents were studied.
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MATERIAL AND METHODS

Pulp sample
Oak(Quercus mongolica) kraft pulps were used for bleachings. At the initial Kappa numbers of 20.7,
viscosity was 18.2 mPa s and the brightness value of the unbleached pulp were 27.8% ISO units.

Enzyme preparation and assay

The enzyme used in this study was the transgenic endo-xylanase acquired from Bacillus
stearothermophillus. Genomic DNA of Bacillus stearothermophillus, was partially digested with Hind III,
cloned into pBR322, and subsequently transferred into the Escherichia coli HB101 cells. Among
recombinated plasmids, pMG 12 was isolated, which had the same 4 kb Hind III fragment originated from

B. stearothermophillus which was responsible for endo-xylanse activity(18).

Endo-xylanase activity was routinely assayed by analysis of the reducing sugar from birchwood
xylan(Sigma) using the modified dinitrosalicylic acid(DNS) method(19). Incubation conditions for the
xylanase assay were 55°C in 50 mM phosphate buffer,
pH 6.5 for 30 min. using 2.0% xylan. One unit of xylanase activity is the amount of enzyme that catalyses

the release of 1y mole reducing carbohydrate per minute.

Xylanase treatment of pulps

E. coli HB101/pMG12 was incubated on optimum conditions, and endo-xylanase was collected by
centrifugation at 8000 rpm for 30 minutes. This xylanase had the xylanase activity of 0.48 Unit/mé and
protein of 0.55 mg/m. The xylanase was most effective at pH 7, but xylanase activity of 90% was kept up
also to pH 11. The optimum temperature ranged from 50C to 60 C(20).

The pulps were hand mixed with xylanase in plastic bags, then immersed in a water bath. The xylanase
reaction was carried out for 1 hour at 10% pulp consistency, at 50°C and at pH 6.5. A xylanase charge of
2 Units on pulp was applied. After xylanase treatment, the pulps were washed at 1% consistency in water

and were filterated using suction.

Pulp bleaching

Oxygen(Q), oxygen extraction(Eo) and oxygen-peroxide extraction(Eop) stages were carried out with 3
L autoclave reactor with a rotary shaft . Ozone(Z) bleaching stages were performed in glass reactor
equipped with a stirring mechanism. The residual ozone from the reaction vessel was analyzed by
iodometric titration. Hydrogen peroxide(P), chlorination(C/D, D) and alkali extraction(E) stages were

carried out in plastic bags immersed in a water bath. The bleaching conditions are as shown in Table 1.
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Table 1. Bleaching conditions

Bleaching Pulp con. Temp. Time - Chemical con.
Stage (%) () (min.) (%)
X 10 50 60 2 Unit
o 10 100 90 O, 7kgf, NaOH 3, MgS0, 0.5
Z 40 30 0.8
E 10 70 60 NaOH 2.0
Eo 10 60 60 NaOH 2.0-3.0, O, 1.5kgf
Eop 10 , 60 60 NaOH 2.0, O, 1.5kgf, H,0, 0.5-0.6
P 10 70 70 H,0, 1.5-2.0, NaOH 0.2-0.5
C/D 3.5 40 30 TAC 0.73-.76, C1,:Cl0,=7:3
D 10 70 - 180 Cl0,0.3-0.8

Analysis of chemical and physical properties of pulp
The chemical and physical properties of pulps were analyzed according to TAPPI Test Methods;

Breaking length and Tensile index(T 494 om-88), Tear index(T 220 om-88) Brightness(T 452 om-83),
Viscosity(T 254 om-85), Kappa number(T 236 om-85).

Brightness reversions were determined according to Yang et al.(21). Airdry sheets of bleached pulps
were kept in an oven at 105°C for 4 hr. The difference in the brightnesses before or after the aging was
corrected according to TAPPI Test Method T 260 om-91.

Analysis of bleaching effluents

COD, BOD and Color of bleaching effluents were analyzed according to APHA-AWWA-WPCF
Standard Methods; COD(5220), BOD(5210) and Color(2120).

RESULT AND DISCUSSION

Effect of xylanase treatment on the brightness, Kappa number and chemical requirements.

Oak kraft pulps were bleached in a variety of bleaching sequences using xylanase treatment(X) in
combination with oxygen(O), ozone(Z), hydrogen peroxide(P), and chlorine/chlorine dioxide(C/D).

One and two stages bleaching: Effect of xylanase treatment on the brightness and Kappa numbers in

the first and the second stage bleaching is presented in Table 2.
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Table 2. Effect of xylanase treatment on 1st and 2nd stage bleaching

Bleaching sequence Stage Kappa Brightness
(no) (% ISO)

Unbleached pulp 207 3738
X0 X 18.7 31

0 9.0 61.7
oxX O 9.1 59.1

X 9.1 60.8
0C/D C/D 23 672
XO C/D c/D 20 708
OX C/D C/D 1.8 20.5
0Z z 31 79.5
Xoz Z 3.1 81.5
0Xz z 3.1 81.3
OP P 7.0 70.5
XOP P 6.5 72.0
OXP P 6.4 718

Multistage bleaching: The brightness of pulps after multistage bleaching to the target brightness, 87 —
90% ISO, is presented in Table 3.

Table 3. Brightness of pulps after multistage bleaching

Bleaching Brightness Bleaching Brightness Bleaching Brightness
Sequences (% 1SO) Sequences (% 1S0O) Sequences (% 1SO)
OZEP; 87.5 XOZEP;, 89.1 OXZEP;, 88.8
OZEoP,, 88.3 XOZEoP,, 89.8 OXZEoP,, 89.7
OZEOpO.spz‘o 88.5 XOZEOp()jPz'Q 90.5 OXZEOp()jPZ.O 90.3
OP, 7P, 5 88.0 XOP,ZP, 5 89.5 OXP, 7P, s 89.3
OC/D|A76EOD0A8 90.3 XOC/D0_73EOD0.6 90.2 OXC/DO.ggEODOAs 90.0
OC/D]A76EOp0.6DOA5 90.5 XOC/D()]gEOpo_éDoj 90.2 OXC/DO'SSEOPO_GDO.:; 90.4

* Chemical charges of O, X, Z and E stage(See Table 1).
Charges of in Eo stage is 3.0% without Xylanase treatment and 2.0% with xylanase treatment,

respectively.

Chemical requirements: The effect of xylanase treatment on the reduction of active chlorine in

OC/DEoD and OC/DEopD sequences was investigated. The results are summarized in figure 1.The ratio

of chemical reduction was calculated by the basis on the chemical consumption in a bleaching sequence

without xylanase treatment. All pulps were bleached to a brightness level of 90% ISO.
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Fig.1. Rate of chemical reduction by xylanase treatment.

Effect of xylanase treatment on pulp properties

Viscosity: Figure 2 summarizes the effect of xylanase treatment on viscosity of bleached pulps. As a
resuit of xylanase treatment, the viscosity of pulps increased.
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Fig. 2. Effect of xyalanase on viscosity of fully bleached pulps.

Brightness reversion: The effect of xylanase treatment on brightness reversion for aging is presented in
Table 4.
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Table 4. Comparison of P.C. no. in fully bleached pulp

Bleaching Brightness(% 1SO)
P. C. no.

sequences Before aging After aging

CEDED 90.1 87.2 0.40
C/DEoDED 91.0 88.8 0.26
OC/DeopD 90.5 88.6 0.23
OZPD 90.4 87.2 0.43
OZEP 87.5 83.8 0.67
OPZP 88.0 83.5 0.81
OZEopP 88.5 86.1 0.38
OXZEP 88.8 874 0.20
XOZEP 89.1 87.9 0.17
OXPZP 90.3 88.4 0.24
XOpPZp 89.5 88.3 0.16
OXZEoP 89.7 88.5 0.16
XOZEoP 89.8 88.7 0.14
OXZEopP 90.3 88.5 0.23
XOZEopP 90.5 88.7 0.22
OXC/DeoD 90.0 87.2 0.38
XOC/DeoD 90.2 87.8 0.32
OXC/DEopD 90.4 88.6 0.22
XOC/DEopD 90.2 88.6 0.22

Reversion time: 4hr. at 105C

without xylanase treatment.
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Physical properties: A Figure 3 shows breaking lengths of bleached pulps following beating with PFI
Mill. With xylanase treatment, breaking lengths decreased slightly at same charge of bleaching chemicals.
Breaking lengths of pulps with xylanase treatment ranged from 6.8 km to 7.4 km, while those without
xylanase treatment ranged form 7.5 km to 7.6 km in TCF bleaching. However in OC/D sequence,
breaking lengths decreased more than in TCF bleaching sequences by xylanase treatment. While breaking
lengths in XO sequences were slightly higher compared to those in OX sequence. As shown at a figure 4,

with xylanase treatment tear index slightly increased or halted at the same range compared to pulps



_‘l | 1000 rpm B 2000 rpm 03000 rom }*

Breaking length(km)
O - N W s OO v ® O O

O X0 OX O XO OX O X0 OX O XO OX O XO OX
OZEP OPZP OZEopP OC/DEoD OC/DEopD

Bleaching sequences

Fig. 3.Breaking length of fully bleached pulps with according to PFI revolutions
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Fig. 4.Tear index of fully bleached pulps with according to PFI revolutions.
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Fig. 5. Tensile vs tear index of fully bleached pulps in TCF bleaching sequences.
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Fig. 6. Tensile vs tear index of fully bleached pulps in OC/DEoD and OC/DEopD bleaching

sequences.

Effect of xylanase treatment on bleach effluents

COD, BOD and color of bleaching effluents are presented in Table 6.

Table 6. COD, BOD and Color of bleaching effluents

Bleaching COD BOD Color
sequences (kg/ton) (kg/ton) (Pt- Co unit)
CEDED 53.4(53.4) 17.3 1558
OZEP 20.5(4.3) 5.1 1360
XOZEqP 23.4(3.6) 6.1 1487
OXZEP 23.4(3.6) 5.5 1499
OPZP 18.8 59 1249
XOPZpP 23.7 6.1 1462
OXPZP 24.0 7.4 1492
OC/DEoD 18.8(10.4) 5.0 1337
XOC/DeoD 19.2(7.3) 5.2 1348
OXC/DeoD 18.8(6.3) 5.3 1460

( ) means environmental end-load.
COD of E and Eo stages is calculated as environmental impact.

The brightness of bleached pulps range form 88.3 to 90.5% 1SO.
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CONCLUSIONS

This work shows that xylanase treatment (transgenic endo-xylanase acquired from Bacillus
stearothermophillus) improves the bleachability in oxygen bleaching of oak kraft pulps. With
xylanase treatment the brightness of pulp increase. The brightness gains are similar for OX
and XO sequences in TCF bleaching. While in OC/D EoD and OC/DEopD sequences,
chemical requirement for bleaching reduce, and the rates of a reduction are higher in XO
sequence than those in OX sequence. The results suggest that the order of xylanase treatment is
important in ECF bleaching.

Using xylanase treatment, we also show that the viscosities and the brightness stabilility of
fully bleached pulps are also improved, however no significant differences is observed in OX
and XO bleaching sequences. The physical properties of the bleached pulps with xylanase
treatment are comparable to those of the pulps without xylanase in TCF bleaching, but in
bleaching sequences with the chlorination stages, the physical properties of the xylanase treated
pulps are inferior to those of the non-xylanase treated pulps. While there is no difference in the
physical properties between OX and XO bleaching sequences.

Results reveal that COD, BOD and color of bleaching effluents increase slightly with
xylanase treatment, however the discharge of COD end-load into environmental impact reduces
with xylanase treatment.
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