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Research paper

Enzone Bleaching Sequence and Color Reversion of Ozone-
Bleached Pulps

Yu-Chang Su*? Horng-Tsai Chen?

[Summary]

This study presents the results of atotally chlorine-free bleaching sequence including ozone
bleaching and enzymatic treatment of 4 pulps. The treatment results for controlling color reversion of
ozone-bleached pulps are also discussed. Oxygen/alkali-treated pulps were enzymatically treated
and then subjected to the Z-E-P bleaching sequence. The bleachability and brightness stability of
the bleached pulpswere also evaluated. Furthermore, after ozone bleaching, hot water extraction, alkali
VITERBE B E R B @M R AT AR MR » 100 BdLTiiFgiER, 53 B Division of Wood Cellulose, Taiwan

Forestry Research Institute. 53 Nanhai Rd., Taipei 100, Taiwan.
2EINE#Z Corresponding author
2000 59 H3X% 20004F 12 Hi##® Received September 2000, Accepted December 2000.




94 BRI E - BB — SRR — BEEH R E S E G

extraction, and alcohol-benzene extraction were performed to elucidate the extractive fractions
responsible for color reversion, thus enabling improvement of brightness stability of the resulting
pulps. The TCF bleaching sequence (O-Z-E-P-Y) resulted in reasonable brightness and low pulp
viscosities due to the ozone treatment. With the TCF sequence including an enzymatic treatment, O-
X-Z-E-P-Y, viscosity and brightness of the bleached pul ps were improved. When oxygen-ozone (O-
Z)-bleached pulps were treated with hot water, alcohol-benzene, and alkali extractions separately,
color reversion (PC number) of the resulting pul ps decreased differentially, depending on the species
of pulp. For red Shorea sulfate pulp, hot-water extractives were assumed to be the main factors
responsible for color reversion. But for Taiwania cryptomerioides sulfate pulp, in addition to hot-
water extractives, alcohol-bezene extractives also played an important role in color reversion. Results
of the accelerated aging tests of O-Z-bleached pul ps showed that PC numbers increased with aging
time, and wet aging showed a greater effect than did dry aging. Alkali extraction treatment improved
the brightness stability of bleached pulps. Increasing alkali concentrations created better
improvements. Copper number and carboxylic groups of the resulting pul ps decreased with increas-
ing alkali concentrations. Presumably, active groups on the treated pulps were removed by the
extraction. A bleaching sequence of O-Z-HE-E-P-Y produced better bleachability and brightness
stability in difficult-to-bleach pulps.

Key words: enzyme bleaching, ozone bleaching, brightness reversion, brightness stability.
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TR EIZE R (elemental chlorine free, ECF) fif2
o FR A 20 % IE M EAY A o Bl A
(Totally chlorine-free, TCF) I #hd » & ulH
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& (Suurnakki 1994, Grant 1995) -
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1999) $+¥ HEIRM AR 0 K RERNE AT E
T EERRANERECEREAFENE O-
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> HEARERIFOBHEZEN. - 54
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B A VTG A TR K B HE - B
RLHIE ~ Bl TR R R DI BEE
F#5 (TCF) & O-Z-E-P-Y S Jife RAL &l
#y O-X-Z-E-P-Y [HEGE - T HHTR A
DIt R i IR A IR R SRR E 2
%o ptoh o Bt TCF EEiifEd - KEEAZEH
AL A T S BRI R [E R (Hosokawa et
al. 1976, 1978, Hosokawa et al. 1983a, b) - At
ARG S — PR ETALAAZ ~ B A I B A A
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fi B AT IR [E] (1 2 T i R 42 1) DL S
AEFEAMEOHRRCBERR I o FERHERE
TR TR+ 33 B TR0 B AT e ELAEE -

M¥ RT3 iE

— ~ iBabrR

LIgTEERS (47812 5 Taiwania cryptomerioides)
IR BERs (RLHIL © Shorea albida) < fiFREEHK
B Rordkk > W73 DA 5 (Pinus taiwanensis)
NEFARE (Gmelina arborea) —FF fiii B AR 4%
Fo ¥t IEH o FrEk AR BB Table 1 -

Table 1. Initial pulp kappa numbers of 4 sulfate
pulps used in this experiment

Species Active akaline (%) Kappano.
Shorea albida 24 255
Gmelina arborea 15 24.9
Taiwania cryptomerioides 20 20.2
Pinus taiwanensis 23 15.3
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1. BEEH : 0-Z-E-P-Y J O-X-Z-E-P-Y -« H
O, 7 B X R B
Pi%LsE Y ¢ ERLARIR S -

2. EEZG  FE B LR AR a E 2 &
Foftan Table 2 -

(7) O-X-Z-E-P-Y [yt

1. BEE8UE © FEEYL 1 g Pulpzyme (600 U/g, HB
Novo) Jx Xylanase (2,900 U/g, Fluka) & @ DIE
MR -

2. PERRIE IS ¢ ARG A B KR Z AL
M~ ERORE - B2 RO ZSERAKEE A I
50 g (0.d.) B PE YHARBLERA » {43 Rl /el
Fi# 0.5-3.0 Ulg RFABIKRESH —EMA S
#.2 PE S84 BA 50C 2K 0 s N
B - BRIEE TR - R LURRE AT
TR RTINS B Z-E-P-Y EH > KIF
Table 2 Z B RIS HETT -

() E R EYE R

1. LA B

R EIE FFRHR AL ~ 21842 10 g
REZHETHIIMA 500 mL AR[EIJEEE 05 ~ 1~ 5%
10% < SAALIAIIZER - 1t 20°C ki R AE
AR TR 1h % - ERIFR L Kis

_P

Table 2. Conditions and chemical dosage for each stage of the O-X-Z-E-P-Y bleaching sequence

0] X z E P

Pulp conc (%) 10 10 35 10 10 5

Temp (C) 110 50 ambient 60-65 80 60

Time (min) — ~180 — 60 100 20

Chemica 8kglem? O, 0520U/g  1-2%0, 2% NaOH 2%H,0, 0.8% NaS,0,
0.5% NaOH

dosage 2% NaOH pH 6-8 1% Na,SiO,

0.1%Mg"/MgSO, 0.005Mg**/MgSO,
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|3 Y 8 50 L AR DUZRBE K A ok iF -
Ll 10% (B RErhAnR LUK B /K e is, FE T30 B
£ 1T PC EHIEH -

2. Bkl
HY 20 g #5z. < il — R (0-2) IEEEMA
50 f& & ZREEK - FEPb IS/ TPEHE 3h -

3. BFARRENGAER
ki CNS 4714 SEITREA A IR -

4. FEETHIE
ki CNS 11374 SETTE A SHREIE -

5. HEHTHEIE
g CNS 5469 S T FAR SRR HHIE

(1Y) R E LR

1. MREEC FhE

I CNS 7748 #iaRAGE 3 EEE Cannon
Fenske EMIERGEEHE  EITEA K EFEAMK
BEHTER 2 IR B I -

2. it HE

REEEBRAEE TR K CNS 11212 FH%
JEERHIE FH03ABRAE 1L Elrepho 2000 (data
color) HEHIE BHIE 1SO HE -

3. kit PCH

[ €2 55 B 2 R 2 2 e o 2 R I 2L T
2 (D R E R 105°C HAHAAHRE 24h
HUHARRHIE H BE M - S0 4 RS E g Ll
2 o (2R : RRERENBCEIRE 85C » B
85% ZIEIRfEEEE A - fFRE 24 h IUHAREH
FEfE - T 4 REIE O Lgs - BR M
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Ffs R A o B - BRI R > KRR
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fER AL SR B B ST B BE A Rl DRI A A%
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W > AT 7% 1SO - (HANERFHRAIL
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TERAER ORI G EE - 58
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J& > BLER S n] DU e R E Bk - WA E
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B EOEREESREAEMETEOR > 1]
AfE 17 [F] S /K HE B T REAEL > ML — 2k (R AT
FEAZEAIIBEF & - Fig. 1 R PURIHRAEAE O-X-Z-
E-P-Y IEERE & & BRI A F AL
FH Fig. 1ARBABARY A] DUA PO RE A B B AR A A 4R
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Al - REEASRESG

R R —me il - REFE O A E AR
& (Hosokawa et al. 1978) » HfESRAFEAEE i
PR F RS L. PC (B P 7E L Ry
W BTSRRI DURE R EEE A [E]
BEE - FEEDEESEERE S DREA
TR EE -

(—) BEE A e Bk il H R BE B 4208 -
(0-2) FHEHE kA hry 2 E

S 5L S 1 B 0 S B e e A T
BRSO R (Fig. 2) » ALHMEARSTEAUK
SRR RS E L > H 74.4% 1SO 73
REKE 71.5 % 72.1% 1SO - Ml s/~
8 00k 0.79 Jz 2.26% - {HEEAZAR SR
A RIS E » REBOKEE H 3 AR A% R
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HUAHEREOZE - G2 R ER A
AR AR SR ARG - BEEhli )
FEEAMERA > BEEMEY PR
(sugiol) oy E B BRI TR LK (Akimoto et al.
1980) - G LEYEMHARIFEAE R AEL

SEMA RS - I ERAE G @A LY
INE M E B ZAFAE Rk mT #f 3 B B LAY 1

-

RLHIAG b A2 AR - RETR ST E (LR
figd PC [HAELAIR 7% > BEZ LRI R -
PC {E iR A A S AR R (Fig.
3) » Figs. 4 ~ 5 RS “HlfhHIGER (BRashlit &
Fuksihi) B PC HIYZE  RIMMREGEEUK
filititk - PC HZMARIERTZAH L REAS
{LEIRE SREIEE 40-50% F245 i EEARhH ez 20
SR TR 6-16% 1yt - % {LH]

Table 3. Brightness after each stage of the O-X-Z-E-P bleaching sequence of 4 sulfate pulps

) S. albida G. arborea T. cryptomerioides P. taiwanensis
Species
AY B2 A B A B A B
O; (%) 2.64 2.53 2.48 2.39 2.27 2.28 2.10 2.04
Blank 18.8 18.8 25.8 25.8 28.8 28.82 2.82 2.8
O 311 311 40.4 40.4 37.3 37.3 26.7 26.7
X - 30.1 - 41.0 - 39.2 27.5
VA 54.3 60.4 6.66 71.1 70.6 70.7 71.4 73.3
E 53.5 58.2 63.4 67.8 73.9 73.3 70.8 72.6
P 75.3 78.3 82.0 85.9 79.3 80.9 83.7 84.8
Y Control.

2 Xylanase, charge: 3 U/g, pH 5.0, 100 min.

Table 4. Pulp kappa numbers of the 4 species after O-X-E bleaching stages, respectively

. S. albida G. arborea T. cryptomerioides P. taiwanensis
Species
AY B2 A B A B A B
O; (%) 2.64 2.53 2.48 2.39 2.27 2.28 2.10 2.04
] 9.68 9.68 10.96 10.96 9.37 9.37 11.12 11.12
X - 8.10 8.90 8.29 10.14
z 3.68 3.89 2.84 2.07 2.20 1.90 4.79 4.22
Y Control.

2 Xylanase dosage: 3 U/g pulp, pH 5.0, room temp. for 100 min.
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Fig. 1. Pulp brightness after each stage of the
O-X-Z-E-P-Y bleaching sequence. 4 :8. albida;
M :G. arborea; A :T. cryptomerioides ; X : P.
taiwanensis.
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Fig. 2. Effects of various extractions on pulp bright-
ness of O-Z-bleached pulps of $. albidaand T.
Cryptomerioides . =: blank; m: hot water extraction;
[S: alben extraction.

PC no.

0 24 48 72 96
Agingtime (h)

Fig. 3. Effects of aging time on pulp PC numbers
of O-Z-bleached pulps of S. albida and T.
cryptomerioides. O ,@ : 8. albida (dry aging, wet
aging); /\, A: T. cryptomerioides (dry aging, wet
aging).
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AR g oy 2 L i B A P JEE R [mI ERpy 2  - E
AR AR - HE A NSRS - K
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FAH PC {HEBMRR IR I T - RIS
B AL AR S g 25 R A S0 RS SR ]
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(5] IR SRR FLE 1 R R e 1 - SRR AL A
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(105°C, 24 h) » FEHFHE 25k 69.9% 1SO
Fe74.5% 1SO » 8 10% i< R EE % H 5
BERIRLANRE Be 12 A2 MRS P9 S IR A M EE Y
WERCR - LHAE 10% FYIRAER - FREH 5 PC
HEREEA ERAVHEE - 251K 1.60 & 0.75
4l Table 5  HE _FEEAAPE AR T R AP B
(2) R IRAEIEL (B) - —BeAE b B i i
Fy 2.5% 7o o i AR ARz PC{E Ry 3.5 )
12754 FEAEA R B PR R ARORG [ B 5
TEE R IR HCRATRTIE T FEETT HE A AL
AMAZEAR SRS 11 I E T BRI o A B R 2
3-5% - ¥ PC {EAVHEHIEA M EFAIRR -

(Z) dp A pr B A S m] (e s

PCno. (xOA)
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0 T ] | °
0 24 48 72 96
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Fig. 4. Effects of extraction and aging time on PC
number and PC number reduction of S. albida
kraft pulp. X: control; @, O: hotwater extraction;
A, /\: alben extraction.
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REATHR T 2 ARE ZIM ARG LKA
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Hosokawa % A (1976) ZW7E#i R A A 6
] o MRSz B R AR B 1 AR ) - AIEE
J5 FESERE rp i e < R K5 e T 2 RB DT o TR ARARE SR
BB R BRSO 2 B - AR B R i
S e SR 2 AL AT A B - B SE FR B H [
B EAK > HERE LR ARREHEE
RHJAHSRAR (Hosokawa et al. 1978) » #&ig#E1%
HE A 2L 08 « 40 Table 6 % Fig. 9 1 0-Z
B 4 A AL e AR AR (Bl fr BB~ PR
EIVER » RIALE KB A AR - 7E
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Fig. 5. Effects of extraction and aging time on pulp
PC number and PC number reduction of T.
cryptomerioides pulp. X : control; @, O: hot wa-
ter extraction; A, /\: alben extraction.
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HIRIEEF % - HAE 0.5% MR s e > B
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F BRI - PC H/RERELIND - HIK
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T. crytomerioides
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/
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75 — /
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NaOH conc. (%)

Fig. 6. Effects of alkaline extraction on pulp bright-
ness of O-Z-bleached pulps of $. albida and T.
cryptomerioides.
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Fig. 7. Effects of alkaline extraction and aging time
on pulp PC number of §. albidapulp (dry aging).
@ :(countrol); A :0.5%NaOH; € : 1%NaOH;
Y¢ :5%NaOH; X :10%NaOH.
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Fig. 8. Effects of alkaline extraction and aging time
on pulp PC number of T.cryptomerioides sulfate
pulp (dry aging) @ : (Blank); A : 0.5%NaOH; ¢
:1% NaOHj;5y : 5%NaOH; X : 10%NaOH.

15 e
-
c
gz |
>3
S &
2 8 10
> O
c 9
2F
S &
. 5 =
o
<
-
[]
Q.
g _\——:
= 0 T T— 1
0 4 8 12

NaOH conc. (%)

Fig. 9.Effects of NaOH concentration on copper
number and carboxylic content of O-Z-bleached
pulps of 8. albidand T.cryptomerioides.@, O :S.
albida; A, /\ : T.cryptomerioides.
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Table 6. Effect of extractions (alkaline, alben, and hot water) on PC number, copper number, and carboxyl

contents of the O-Z bleached sulfate pulps

Extraction. S. albida T. cryptomerioides

PC no. copper no.  carboxyl PC no. copper no.  carboxyl
Blank 28.28Y (17.7)2  2.88 7.76 23.39Y (4.88)2 318 5.54
0.5% NaOH 18.68 (5.90) 247 7.88 9.49 (1.65) 2.15 6.81
1% NaOH 18.26 (4.77) 2.82 8.07 6.22 (1.08) 1.92 111
5% NaOH 13.21 (2.92) 1.80 8.37 5.03 (0.93) 1.40 111
10% NaOH 9.62 (1.60) 181 6.59 2.74 (0.75) 0.44 4.85
Alben 22.01 (2.93) 2,77 6.12 16.25 (2.82) 3.22 6.03
Hot water 15.99 (3.28) 0.94 5.85 14.25 (0.94) 3.42 6.50
9 PC no. of wet aging for 24 h.
3 PCno. of dry aging for 24 h.

HiuK 78 A g — P 3 - B4 O-Z 1

Table 7. Brightness of resulting pulps of the O-Z-
HE-E-P-Y bleaching sequence on §. albida sulfate

pulp

Hot extraction time (min)

30 180 control

Blank 14.8 14.8 14.8
0 30.6 30.63 0.6
z 76.3 76.3 76.3
HE 73.7 71.1 —
E 73.8 72.8 73.1
P 86.9 86.3 84.8
Y 86.7 86.9 85.5
PCno. 1.89 1.73 2.03
9 PC no. of wet aging for 24 h.
=~ TCFEHUER TR

A SRR Bokchl Rl R AR
FEHY R B PC A WIRIRI SRR - KR

REFEE B BUK I B - DURRS H B 5
TCF EAEZEAE R FEZEN - Table 7
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