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Elemental Chlorine Free Bleaching of
Kraft Pulps with Enzymes(ll)"

- Pinewood Kraft Pulp -

Chin-Ha Kang,"? Sung-Jong Park*? and In-Soo Jeong*3

ABSTRACT

This study was carried out to bleach the Pinewood kraft pulp without the elemental chlorine
using the xylanase or wastewater(We:wastewater enzymes) effluented from the submerged
biofilter reactor containing the fungi, Phanerochaete sordida YK-624. So in this research, the
proper treatment conditions(pH, temperature, dosage and time) were investigated respective-
ly. And after the various kinds of multistage bleaching of pulps, the properties of pulps were
tested. From the experimental results, we can conclude as follows.

In the treatments of Pinewood kraft pulps with xylanase, the proper pH, temperature,
enzyme dosage and time were 8.0, 35°C, 400EXU/kg and 3 hr. respectively. And in the case of
treatment with a wastewater(We) effluented from the submerged biofilter reactor, the proper
pH, temperature and time were 5.0, 37C and 3 hr. respectively. On the other hand, Pinewood
kraft pulps were bleached by the method of a multistage bleaching using xylanase or We
instead of elemental chlorine. Consequently, the strengthes and brightnesses of pulps
bleached by the method mentioned above were lower than those of pulp bleached by the con-
ventional method using the elemental chlorine. But it is possible to improve the brightnesses
through the increase of chlorine dioxide dosage or use of hydrogen peroxide in the final
bleaching stage.
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Fig. 1. Schematic diagram of a submerged biofilter reactor for the treatment of pulp and paper
mill wastewater.

Table 1. Multistage bleaching sequences and bleaching conditions of Pinewood kraft pulps

Stage Chemicals Pulp consistency(%)  Temperature(C) Time(hr.)

C Cl; 3 25 1
X Xylanase 10 dicision after dicision after

experiment experiment
We Wastewater enzymes 10 ” "
E, NaOH 10 50 1
D, ClO. 10 70 3
E, NaOH 10 70 1
D, ClO; 10 70 3
P H,0,+NaOH(2%) + 10 80 2

NasSiO3(5%)

* Multistage bleaching sequencesi C3.5E1A5D1,5E1_0D0.5, XE1.5D1A5E1,0D0‘5, XE1_5D1,5E1_0D1,0, XE1,5D1_5E1_0D1,5,
XEy.sD15E10P2o. WeE Dy sEyoDos, WeE; sDisEy oDio. WeE;sDi1sE1oDy 5, WeEy sDisE1oPag.

cosidase, xylanase, mannanase, laccase.
peroxidase°]lth.

ol w2t APz S FHAAS. FEF(We)2
Ag Al pHe 4.0, 4.5, 5.0, 5.5, 6.022,
<X+ 30, 35, 37. 40, 45CE, AHA

2.2.4 HX|ojd REST(We)E ol28 XY X 0.5, 1. 2, 3. 4Ate 2 g/t
2|lx= T
2.2.5 ClekEy
AR AJZEATE 2HF UM 47 A
Aojdel g nlAEA 23 A FEF(We)Z2 AT AHZEFIE J4E ARG 5EEW

A2 ¥ 4#e] $%(NaOH 1.5%. 50T, 14
Zh3td &, Kappa No. 2 WAz =3 7

(CEDED) & tzT123lxn A
& geiy Az #udvitg gxs
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Table 2. Effects of pH on the treatments of Pinewood kraft pulps with xylanase followed by the

alkali extraction

pH 6.0 7.0 8.0 9.0 10.0
Treatments~Jtems ' ' ' ' '
Untreated Pulp yield(%) 100 100 100 100 100
Kappa No. 18.8 18.8 18.8 18.8 18.8
Brightness 28.2 28.2 28.2 28.2 28.2
Xylanase Pulp yield(%) 99.0 99.1 98.7 98.5 98.0
treatment! Kappa No. 17.7 16.7 16.0 16.1 17.3
Brightness 28.2 27.8 27.8 28.0 27.1
Alkali Pulp yield(%) 99.5 99.1 98.3 98.1 99.7
extraction™ Kappa No. 15.9 14.7 14.6 14.7 16.1
Brightness 30.0 28.8 30.4 29.4 28.1
*1 Reaction temperature and time : 60%C, 2hr.
Dosage of xylanase : 300EXU/kg(o.d. pulp).
Pulp/liquor ratio = 1/10.
*2 Dosage of NaOH : 1.5%(based on o.d. pulp).
Reaction temperature and time : 50C, 1hr.
Pulp/liquor ratio = 1/10.
Kappa No., #ds  gworggdo pH ¥ ¥ 3.1.1pH

WoEE AHI&E 2N odEd F§ ¢
EWZAL Table 13 2t}
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2FF € vOdE, HEE 4 WidEE

Tappi Test Methods™¥ell 27 wlazi= win
=34 71(ISO type) & A3l 238

3. R X EBE

(xylanase) Agl¥ d#YFE3l] APY2AE
T doe ey 2o
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o2 3A3n pHEEZE A dZedFxZ
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29} 7t}
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9.0, 10.02.2 HgA |7l og} =488 98.0
~99.1% WHE Uehlo FAA B} 1~2%
A= ZaEed, pHZ 2 ole g8l
Kappa No.& 16.0~17.7 ¥¢1& yvehjjo] ¥
APA Brd 1~3 Ax ZAHJQEd, pHt
Zolz}t Qlith. WARE 28 WoE Jehde
dl, pHztel I3 ZAakglol ozt Zagit
Xylanase Agl3t BXZ dZda] &4 dZ4
&2 98.1~99.7% HHE JeNY. Kappa
No.¥ 14.6~16.1 H9E Z4HUn, HAEE
28.1~30.4 ®92 F7HEAG. o9 22 An
5 HE3 £ v A% pHE 8.00190}

3.1.2 2

Xylanase& °]&3le pHe A7|dA 794
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Table 3. Effects of temperature on the treatments of Pinewood kraft pulps with xylanase fol-

lowed by the alkali extraction

Temperature(C)

Treatments-Ltems 30 35 40 50 60
Untreated Pulp yield(%) 100 100 100 100 100
Kappa No. 16.3 16.3 16.3 16.3 16.3
Brightness 27.9 27.9 27.9 27.9 27.9
Xylanase Pulp yield(%) 96.2 97.7 95.8 96.2 96.2
treatment! Kappa No. 14.6 14.5 14.7 15.5 15.5
Brightness 27.3 217.9 29.3 27.9 28.2
Alkal Pulp yield(%) 99.7 99.2 98.8 99.8 99.5
extraction™ Kappa No. 12.9 12.8 12.8 13.6 13.8
Brightness 28.8 29.1 30.3 30.5 29.9

*1 pH of liquor: 8.0, Reaction time: 2hr.

Dosage of xylanase: 300EXU/kg(o.d. pulp). Pulp/liquor ratio = 1/10.

*2 Dosage of NaOH: 1.5%(based on o.d. pulp).
Reaction temperature and time: 50C, 1hr.

Pulp/liquor ratio = 1/10.

8.0, AZte 2AIh EAHZIEFES 300EXU/kg
(AARLI|F)o R 1@’6}1 exdE e g
Z2]F&(NaOH 1.5%. 50T, 1212H 3 dxe
Table 33} 2t}

Xylanase AMEAl 2=E 30, 35, 40, 50,
60C=E WAl ma} BEZ+82 96~98% ¥
AE vehfo] ALE zhol 2kzte) zlolr} I
t}. Kappa No.¥ 14.5~15.5 §9&, A%
€ 27.3~29.3 HYE JEhfo] =7k 21he]
ztol7b k. Xylanase Ael3 BZE 47y
FEA, BEZ4 &L 98.8~99.8% HAE e
o] 433 ¥& Aot Kappa No.& 12.8
~13.8 HHZ HaHyn, #WAzE= 28.8~
30.5 HAZ Z7HEAY. oAH e ARES
AEs B o 4g2x+ 35¢o)qirh

3.1.3 Xylanase &7}z

Xylanaseg o443l pH 2 & & 4714
THE 8.0 2 35T, Al Ao g 1sln
xylanase #H7[% W2 AH$F <ZHF3E
(NaOH 1.5%. 50¢C, 1AzH3 A3+ Table
49} 2o},

Xylanase A&Al H7tEE 0. 100, 200,
300, 400, 500EXU/kg(RAZ=Z 7|F)oz2 &
A7 wel EZ5£EL 93% =R A3

AasAJ e, A7l bl wet gade 3¢
olith. Kappa No.& #H7t&eo| F7igl] uel
ZasH ZAHeH, WATE sl wE
ato] glo] ¥l Agko|th Xylanase 23
g ¢4eiFEA, Bx,ee Adye A ¢l
o] 99% Wl & &< Yeh}t Kappa
No. &= 12.6~14.5 ¥z 74591, H“*“E&"
30.5~32.0 ¥z 7= ]"Ur 2e

HEg HES £ o Y Hrige 4OOEXU/
kgel it

3.1.4 Azt

Xylanase® °]&39 pH, 2% ¥
xylanase #H7}g¢& 7194 F9€ 8.0, 35T
g 400EXU/kg9_i 2T BREAIMEE A2
3 g7el#2(NaOH 1.5%. 50¢C. 1AIzH3%
A3 Table 59 #u},

Xylanase AgA] ¥HEAIZMS 0.5, 1, 2,
AAZEe R AN wel HEFEE 96.1~
97.6%HBA= ZA=HAed, wgAzte] A%
o me} ZAasE 7ol Kappa No. & gt
SAIZIZI 2 Aolglo] 14.4~14.7 W E e
yiglon, Mdees Aoz ZhsHA aEH
Atk Xylanase A3 FZE FZe|FE4A],
HEFELE 99% o)de2ZA & F#E& Yeh)
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Table 4. Effects of xylanase dosage on the treatments of Pinewood kraft pulps with xylanase
followed by the alkali extraction

Dosage(EXU/ke) 100 200 300 400 500

Treatments ~Ltems
Untreated Pulp yield(%) 100 1100 100 100 100 100
Kappa No. 16.0 16.0 16.0 16.0 6.0  16.0
Brightness 29.8 29.8 29.8 29.8 29.8 298
Kylanase  Pulp ¥ield(2) 5.3 948  95.1 95.4 943 933
Jlanase g ppa No. 15.4 15.0 15.0 14.8 146 145
Brightness 29.9 209 300 305 299 298
Al Pulp yield(%) 9.5 982 994 996 9.3 99.0
oileall | Kappa No. 14.5 14.3 13.0 13.0 126 12.7
Brightness 30.5 307 3.6 31.8 320 318

*1 Reaction temperature and time: 35%C, 3hr.
pH of liquor: 8.0, Pulp/liquor ratio = 1/10.

*2 Dosage of NaOH: 1.5%(based on o.d. pulp).
Reaction temperature and time: 50C, lhr.
Pulp/liquor ratio = 1/10.

Table 5. Effects of reaction time on the treatments of Pinewood kraft pulps with xylanase fol-
lowed by the alkali extraction

Reaction timethr.)

Treatments [tems 0.5 ! 2 3 4
Untreated  Pulp yield(%) 100 100 100 100 100
Kappa No. 16.1 16.1 16.1 16.1 16.1
Brightness 28.7 28.7 28.7 28.7 28.17
Xylanase Pulp yield(%) 97.6 97.6 96.1 96.9 96.7
treatment! Kappa No. 14.7 14.6 14.5 14.4 14.6
Brightness 27.4 27.6 28.6 28.2 27.8
Alkali Pulp yield(%) 99.6 99.0 99.8 99.3 99.9
extraction™ Kappa No. 13.2 13.1 12.6 12.2 12.1
Brightness 28.5 28.9 30.1 30.1 30.1

*1 pH of liquor: 8.0, Reaction temperature: 35C,

Dosage of xylanase: 400EXU/kg(o.d. pulp), Pulp/liquor ratio = 1/10.
*2 Dosage of NaOH: 1.5%(based on o.d. pulp).

Reaction temperature and time: 50C, 1hr. Pulp/liquor ratio = 1/10.

%t Kappa No.& ®hgAIzte] dAAgol whel 3.2 Ho| olMEA AX|ojaME] H EX|

12,1744 Zad9n, HA5E 92t S7lste 7 oy & W B2t 5F

golgith. oy 2L A|ES HAESIH & o

AA HREAIZRE 3|7 eI UE . AR FAY 1A EeAAA) A
E wl@uE A0l Phanerochaete sordida YK-
6248 media®] FRAZ FAAGHE7|2 A
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Table 6. Activities of enzymes contained in the pulp and paper mill wastewater treated by
Phanerochaete sordida YK-624

Enzyme CMCase B-Glucosidase Xylanase Mannanase Laccase Peroxidase
Activity (unit/ml) 11.8 12.1 14.5 20.6 0.0033 0.0026

* Treatment method and conditions of pulp and paper mill wastewater.
-. Treatment method : submerged biofilter system.
-. Treatment pH and temperature: 5.5, 30C.
-. Hydraulic retention time: 10hr.

Table 7. Effects of pH on the treatments of Pinewood kraft pulps with wastewater enzymes fol-
lowed by the alkali extraction

pH

Treatmens Items 4.0 4.5 5.0 55 6.0
Pulp yield(%) 100 100 100 100 100

Untreated Kappa No. 17.5 17.5 17.5 17.5 17.5
Brightness 28.3 28.3 28.3 28.3 28.3

We Pulp yield(%) 99.4 99.7 98.5 97.9 98.5
treatment’) Kappa No. 15.6 15.9 15.4 15.8 15.7
Brightness 28.4 27.9 27.8 28.4 28.3

Alkali Pulp yield(%) 98.2 98.6 99.4 99.8 99.5
oxtraction’ Kappa No. 14.1 14.2 14.0 13.9 14.0
Brightness 30.2 30.3 30.5 30.0 30.4

*1 We: wastewater enzymes.

Reaction temperature and time: 37C. 2hr.
Pulp/liquor ratio = 1/10.

*2 Dosage of NaOH: 1.5% (based on o.d. pulp).
Reaction temperature and time: 50C, lhr.
Pulp/liquor ratio = 1/10.

3o el SHEAS HAANNE fEHE B 3.3 &X|o{ FEF(We) Xaz| MH=Z
Sl Fo] Bu@ OUE TR G4 US e

Aoz Algyo] zhE 40 Vg £33 Ay
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da YK-62470) 225 Az|oj4 wher]9] &
(e Hazl ZA8HE o3t 222

Xylanase®} mannanaset HEZe 29} g
o
& A AelF dZelFE(NaOH 1.5%. 50T, 14
2
2

ad Atele] EAshe ﬂl“l‘igii*g
gelad Al7le 28-S dted, o] Aa
g FAY wdonet gladg Ffst
o] gtz 4& A laccase9} peroxidase
gaso] AT =3 MEZeAE B
CMCase®t B-glucosidase® 3% ZA st

st Az 7HE Ak g 2o

B fETE ol8dld I=ZE AMsid Zejad FEFE o83l 2T 37C. Al 2413
7} o] "z Zw 7w\5 olojd 7hEA o o2 1%3ta pHEE HlF SdeF53 Ax
A & F ok £ Table 7% 7}5’5}
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Table 8. Effects of temperature on the treatments of Pinewood kraft pulps with wastewater
enzymes followed by the alkali extraction

Temperature(C)

Trestmons Items 30 35 37 40 45
Pulp yield(%) 100 100 100 100 100
Untreated Kappa No. 17.3 17.3 17.3 17.3 17.3
Brightness 29.5 29.5 29.5 29.5 29.5
We Pulp yield(%) 99.8 99.3 98.5 98.7 98.2
treatment! Kappa No. 15.6 15.9 15.5 15.9 15.7
Brightness 29.5 29.8 28.5 28.1 27.1

Alkali Pulp yield(%) 99.3 98.5 98.3 99.0 99.1
extraction™ Kappa No. 13.9 14.0 14.0 14.1 14.0
Brightness 32.2 31.8 31.4 30.3 30.7

*1 We: wastewater enzymes, pH of liquor: 5.0.
Reaction time : 2hr., Pulp/liquor ratio = 1/10.

*2 Dosage of NaOH: 1.5%(based on o.d. pulp).
Reaction temperature and time: 50C, 1lhr.
Pulp/liquor ratio = 1/10.

5.5, 6.02.2 WalA 7o) we FZFEE 97.9 Z7kE. o AH 2L ANES AEY E
~99.7% B2 #AHAJYG. Kappa No.© ) Y LEE 37¢olA
15.4~15.9 B2 ZrAaEo] pHzle Ael7t &

Astgon, WATE B vl&g FEEo] 3.3.3 Alzk

ATk, FEFE ol&dtd A HZE LT

27, HIEFEL 98% olioller, Kappa §242 o|gdld pH, WELEE A7[dA

No.& 13.9~14.2 ¥ 2 Z4&Ho] pHZY 2 F4He 5.0 2 37cE 2Asn wEAI7PEZ A
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ol FolE W} gixlen, WM=E TAHA G
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F&5E ol4std pHe 87144 7983 5.0, 99.4% WH=2 Z4a=HUt. Kappa No.& 34
AZbe 2o st EHE AUF ¢F el A% Hd Faed Ushiglen, BaEe
2|3 4= Table 83 2t} okt F7kld 30.4~32.2 HHE dERIS.

L= 30, 35, 37. 40, 45C=2 Z<sAA ol 2L AANES HEI}A £ W HF e

wel BE5EE 98.2~99.8% HAE FaHY AIZEE 31zl AT,

ou Kappa No.& 15.5~15.9 92 74H

o] gxzle] o)y} 2AsIYch WATE 2%

wa} v)£3 A o7k 7HAgle) 27.7~29.8 WY 3.4 BAHA CichEey

2 Jehid}. §E5E o4l Aeld =S

dPe 24, HESFEL 99% WS Ui AUR ARTEATES ALY GAE ALE
on] Kappa No.& =7k Ae] zhojgle] 14 5938 (CEDED) € tl272 a1, Ade] d&
HEZ AU WATE 30.3~32.28A2 A 3

pot

A(xylanase) % Phanerochaete sor-
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Table 9. Effects of reaction time on the treatments of Pinewood kraft pulps with wastewater

enzymes followed by the alkali extraction

=

Reaction timethr.)

Treatments ~<LeTS 05 ! 2 3 !
Pulp yield(%) 100 100 100 100 100
Untreated Kappa No. 17.9 17.9 17.9 17.9 17.9
Brightness 29.5 29.5 29.5 29.5 29.5
We Pulp yield(%) 99.5 99.3 98.5 97.9 97.9
treatment'! Kappa No. 17.6 17.2 17.3 16.2 16.2
Brightness 30.0 30.0 29.6 30.3 30.3
Alkali Pulp yield(%) 98.5 98.3 98.8 99.0 99.4
extraction™ Kappa No. 16.3 16.1 16.0 14.4 14.6
Brightness 30.6 30.4 30.5 32.2 32.0

*1 We: wastewater enzymes, pH of liquor: 5.0.

Reaction temperature: 37, Pulp/liquor ratio = 1/10.

*2 Dosage of NaOH: 1.5% (based on o.d. pulp).

Reaction temperature and time: 50°C, lhr.
Pulp/liquor ratio = 1/10.

dida YK-6247& F3A A} whg7]ol
A Ag¥ #E4(wastewater enzymes)E ©]
g3t 5 E & Aaes gen 2o

Xylanases ©] &8 thhEHA] 2b FulchA o
Ao BEMPELg FluME 9 #AZE= Table
103} 2t}

FHEZIL L das AHEE guaguyg
xylanase& AH4-3 thdgw o] & Alol& §
At} Kappa No.& @4 AHEg oaguA
de E®lA 4.67HA Z4AHA oY, xylanase
S o[8AldE DidelM 5 UeZ ZaHAG.
WAC= A48 AMSE daFWAdEs DdelA
80olde g Z7lElov} xylanased o] £A]d
t D& e PAA 80 o14& Ueli}. 2
FH o2 xylanased ©|8A FAE A8 AE
o} e £Foz FWANME olitEdA
ALEZS 1.0% A% 2712 B0t YLt o]
+ xylanase°l oJ& AAe] Ho} i o3t &
2lade] AN} g2 7|Qdste Aow Al

| 24 A o A <]
EWEILE JloHE 2 WAEE Table 113

EWHLLS S xylanased AHEZ iy
t}. Kappa No.9 #aE

xylanase& ©]$% 7
oA 3 xRz ZAHt
Pl 80 o4& JEplen FHF WAt
80~87 MM H4E AL&T

Y xylanases A3 2

XylanaseZ ©] &3 Tt A] zt FuldA o
Ao okFan| &7 FNEde] pH ¥l Table
129 2o},

i oAsdAE BE FHGAA A9
¥ EAY. 28y gZde gl 35.9~
44.8%. E,dollA 38.8~62.9% ®WHZ A=FH
Ron BAsEAE 46.5% AH|HY Bogs
HaAAe Aol AAAIAY. pHe ZE &Y
oA ZHAEHAT

HAAAY wE719 #FF(wastewater
enzymes) & ©] 83t thH WAl z} Fuichol A<
FEAN| & LA pH Wale Table 133
Zoh

ojitsld iy EE HuUdA AL Aw[EHA
otk a3y ggele EgelA 20.1~21.3%4H]
&lo] xylanase ©|4A| BT} Ab]go] At &
H EoiAe 53.2~72.3% BYE Av]EQe
o, Fisteaes 23.5%40H90. pHE We

@& Algstne s



BEE FHY ZezE x| MERITH(H28)

93

Table 10. Bleached pulp yield, Kappa No. and brightness of Pinewood kraft pulps in the multi-

stage bleaching sequences with xylanase

B

leaching
equences CEDE:Doosy XEDiE:Dows XEiDiE:Dyxao XEiDiE:Daasn XEiDiEPe.o

C

X

E;

D,

D,

P

FRAIARCITRC TR ADFR DR < TR S

98.5
16.0
30.9
99.2
14.0
32.7
97.5
5.3
47.9
99.1
2.5
53.1
98.4

82.7

96.3
15.9
30.9
99.7
14.0
33.2
98.9
5.4
48.7
98.4
3.0
53.2
99.7

83.8

98.9
16.0
32.4
99.9
13.7

98.4

© Ut O
© RN o>
a9 e®

86.3

96.9
16.0
32.4
99.7
14.3
35.0
98.0
5.2
47.5
99.9
2.9
52.9

98.8
82.4

*Y.: bleached pulp yield(%), K.: Kappa No., B.: Brightness.
Kappa No. of unbleached pulp: 16.8, Brightness of unbleached pulp: 32.4.

Table 11. Bleached pulp yield, Kappa No. and brightness of Pinewood kraft pulps in the multi-

stage bleaching sequences with wastewater enzymes

Bleaching
sequences WeEiDiEDaps WeEDiEDono WeEiDiEDins WeEiDiEPe o
Stages [tems
Y. 99.8 99.2 99.4 99.4
We K. 15.9 15.8 15.1 15.5
B. 32.2 32.3 31.9 32.9
Y. 99.5 99.5 99.1 99.2
E K. 14.2 14.3 13.5 14.2
B. 33.7 33.3 33.2 33.5
Y. 98.6 98.3 97.5 98.0
D K. 5.6 5.7 5.5 5.7
B. 46.3 45.4 49.4 46.0
Y. 98.2 97.9 98.9 98.7
E, K. 3.2 3.3 3.2 3.2
B. 52.1 52.6 56.0 54.5
Y. 99.4 99.2 99.0 -
D2 K - - - -
B. 80.3 84.7 86.9 -
Y. _ - - 99.0
P K - - .
B. - ~ 84.9

*Y.: bleached pulp yield(%). K.: Kappa No.. B.: Brightness.
Kappa No. of unbleached pulp: 16.8, Brightness of unbleached pulp: 32.4.



94 ZRe - g F - Zde H2 - Fol7lE 30(3) 1998

Table 12. Consumption rates of bleaching agent and pH of bleaching liquor in the multistage
bleaching sequences of Pinewood kraft pulps with xylanase

Bleaching

g Ttems sequences CEiDiEzDa 5 XEiDiE:Daw s XE1DiE:Daq o) XEiD1EeDaq s XEDiE:Pe o
tages

Cons. 100 - - - -
C pH; 1.9 - - - -
pHr 1.9 - - - -
Cons. - - - - -
X pH; - 8.0 8.0 8.0 8.0
pHr - 7.7 7.9 7.9 7.9
Cons. 44 .8 35.9 40.1 36.4 35.9
E pH; 12.5 12.8 12.8 12.8 12.7
pHr 11.8 12.4 12.2 12.2 12.2
Cons. 98.9 100 100 100 100
D pH; 2.0 2.4 2.4 2.4 2.3
pHr 1.9 2.2 2.2 2.2 2.2
Cons. 38.8 62.9 57.7 61.2 61.2
E, pH; 12.2 12.7 12.5 12.8 12.5
pHr 11.6 11.7 11.7 11.6 11.7
Cons. 98.4 98.1 98.2 96.6 -
D, pH; 2.5 2.5 2.8 2.5 -
pHr 2.3 2.2 2.1 2.2 -
Cons. - - - - 46.5
P pH: - - - - 11.9
pHr - - - - 11.6

* Cons. : Consumption rate(%). pH;: initial pH, pHf: final pH.

Table 13. Consumption rates of bleaching agent and pH of bleaching liquor in the multistage
bleaching sequences of Pinewood kraft pulps with wastewater enzymes

Bleaching
Ttems sequences WeEDiE:Dowsy  WeEDiEeDogoo WeEDiEeDaa sy  WeEDiEoP; )
Stages

Cons. - - - -
We pH; 5.0 5.0 5.0 5.0
pHr 7.8 7.8 7.8 7.8
Cons. 20.6 20.6 21.3 20.1
E pH; 12.6 12.6 12.3 12.3
pHg 12.0 12.0 11.8 11.8
Cons. 100 100 100 100
pHp 1.9 1.9 2.1 2.0
Cons. 72.3 71.5 53.2 60.9
E; pH; 12.5 12.5 12.6 12.5
pHg 11.3 11.3 11.7 11.6
Cons. 100 100 97.9 -
D, pH; 2.6 2.4 2.4 -
pHr 2.5 2.2 2.2
Cons. - - - 23.5
P pH; - - - 11.4
pHF . - - 11.0

* Cons.: Consumption rate(%). pHi: initial pH. pHr: final pH.
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Table 14. Physical properties of Pinewood kraft pulps bleached with the various kinds of multi-

stage bleaching sequences

Properties Breaking Burst Index Tear Index Folding
length endurance Brightness
Bleaching sequences (Km) (kPa - m¥g) (mN - m%¥g) (times)

Ca.5E1.5D1 5E1 0Do s 7.49 5.58 19.80 800 86.9
XE15D15E1.0Dos 6.55 4.69 23.14 785 82.7
XE15D15EL0D1o 6.40 5.14 20.56 546 83.8
XE; 5D15E1.0Dys 6.16 4.08 19.27 393 86.3
XE;5D15E1.0P2.0 7.23 5.10 21.91 1,197 82.4

WeELsD\,sELoDQ_s 6.42 4.30 23.10 460 80.3

WeE, sD; 5E1 D16 6.00 3.89 23.73 350 84.7

WeE, 5Dy 5E; 0Dy s 5.43 3.50 25.89 199 86.9

WeE, D1 5E1.0P2.0 6.52 4.10 20.12 602 84.9

* X! treatment with xylanase(400EXU/kg). We: treatment with wastewater enzymes,

Freeness of pulps after beating: 400 mLCSF.
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