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Research paper

Study on Low — Polluting Bleaching Sequences for Sulfate Pulps™
Yu —chang Su ,"?’ Ruoh-yun Yeh !’ and Horng - tsai Chen V!
{ Summary ]

This study is io establish a low-polluticn sequence to serve the needs of pulp mills in reducing pollution
problems of conventicnal bleaching practices. The bleaching of hard-to-bleach wood species to a satisfactory
brightness and brightness stability is also discussed. In this study., the conventional bleaching sequence,
such as C - E; — Dy —Ez - D2, 5-stage bleaching and its modifications, C/D —E; — D1 —E2 — Dz, and certain
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potential low-polluting sequences are used. Elemental chlorine-free sequence Z - E; =Dy — Ez - Da and total
chlorine-free sequences such as O ~Z-E ~P - Y were used to bleach some hard-to-bleach chemical pulps
such as pulps from Taiwania cryptomerioides and Shorea albida, respectively. Bleaching ability (chemical
dosage, yield, brighiness gain), bleached pulp qualities (viscosities, PC number), and bleaching effluent
produced are compared. Pulps bleached with a medified bleaching sequences, one which uses chlorine
dioxide to substitute for part of the elemental chlorine at the chlorination bleaching stage, resulted in better
bleaching ability and brightness stability. The resultant pulps from hard-to-bleach wood species achieved
brightness above 83% ISO and a PC number of around 2. 0. The improved bleachability of the C/D - E, -
D1 —E; - D» sequence was due to the partial removal of the hard-to-bleach pulp substances in the initial
stage of the bleaching sequence. We used elemental chlorine-free bleaching sequences Z - Ey = D - E2 - D-
or Z-E - C/D —E: - D which substitute ozone for elemental chlorine in the first bleaching stage. At 1%
ozone dosage, we achieved better results compared to those of conventional bleaching. Above this dosage,
bleachability is improved, but an ozone charge of more than 1. 75% results in a reduction of pulp viscosity.
Bleaching of sulfate pulp in the total chlorine-free sequence at low ozone dosages of the 0 ~-Z-E-P-Y
sequence cannot obiain reasonable brightness; with increasing ozone dosage, high brightness and brightness
stability can be achieved. Conventional C - Ei - Di = E; — D: sequences caused the maximum AOX forma-
tien; the C/D —E, - Di - Ez - D: sequence, reduced its formation by 45% ; and elemental chlorine-free se-
quences, such as the Z-F, -D -E: - D sequence, showed the least AOX formation, with the reduction
of AOX being about 80%. .

Key words: elemental chlorine-free sequence (ECF), ozone bleaching, hard-to-bleach pulp, adsorbable

organic halide (AQX).
Su, Y. C,, R. Y. Yeh, and H. T. Chen. 1999. Study on low-polluting bleaching sequences for sul-
phate pulps. Taiwan J. For. Sci. 14(2): 105-117.
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U0 Table 3> Hbh C: EfL -E: X -D: =

ffbE 72 BE -

4. FIEF (Total chlorine free; TCF)EHRER :

0~Z-E(Eo) -P-Y HiZ 5% & REEZHEM
AN Table 4 ©

(:)“@Eﬁf&“ﬁz'&ﬁ

. AR E
ffﬁg CNS 7748 $RIRES E A ES 7% Cannon Fenske
EHERETTE  ETEYRPEARENH
Z RS BN R BN T R -
2. MEIEE
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#% » #iLL Elrepho 2000 (Data color) B EEHIE
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3. #EEZ PC 18 (Post color)

Table 1. Kappa number of pulps

Species Kappa no.
Hardwoods Shorea albida 20.3
Gmelina arborea 15.9

Softwoods  Tafwania cryptomerioides 28.5

Pinus taiwanensis 17.4

Table 2. Conditions of the C-E;-D+-E:-D: bleaching sequence

Cor C/D Ex Dy Ez D2
Pulp cone. (%) 4 G 6 6
Temp. {°C) Room 70 70 70 70
Time(h) 1 2 1 2

RoeX1. 2% Ci:
7/10 Cl, 3/10 Cl0:
172 Cly, 172 Cl0:

2.5%NaOH 1. 0% Cl0-

1.5%NaOH  1.0% Cl0O,

Table 3. Conditions of the Z-E1-C/D-E:-D; ECF bleaching sequence

zZ Eq HorC/D I D2
Os: 0.4-2, 3% 2. 5% NaOH 1. 0% Cl0» 1. 5% NaOQH 1. 0% ClOa
Os: 0.4-2. 3% 1/2 Cl;, 1/2 ClO,
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Table 4. Conditions of the Q-Z-E(E,)-P-Y of bleaching sequence

0 Z Eo P Y

Pulp cone. (% ) 10 35 10 10 10 5
Temp. (°C) 110 Room 60 60 80 60
Time(min) 60 - — 60 60 100 20
Chemicals 8kg/cem® Oa 1.5-2.09%pH 2 2%NaOH Skg/cm® 02 2-490H:0: 0. 8% NapS:04

0.1% 2% NaOH 0.005%

Mg+ /MgSOs Mg** /MgS0.

2% NaOH 0. 5% NaOH

HEg ST AR (105C, 24 h) % 8
it O - K TREFEZ - EEE
BIES PC B @ LSS GIROMEE{CH G E
R

{1 —Re)? {1-Ra)?
2Ra 2R-
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10 r Gmeling arborea g3

100 r  Pinus taiwanensis

CoaCD E D E D

Fig. 1. Bleaching results of 2 bleaching sequences C-Ei-D:-E;-D; C/D-Ei-Dy-E:x-D: of 4 sulfate
pulps. AC-E1-D1-E2-D2; EC/D-El-Dl-Ez-Dz; @ C/D(S: 5 )-E1-D1'E2-Dz.
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Fig. 2. Brightness gain of 4 sulfate pulps after C-E:-Di-E:-D: and C/D-E:-Di-E:-D:multistage

bleaching. [ ] C-E:-Dy-E»-Dy;
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P—BHrE A A EMIEET - Siasiauemt
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E

. C/D-Ei-Di-Eo-D: 7:3; {11 C/D-E+-D:-E»-D; 5: 5.
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Brightness (% ISO)

Fig. 3. Brightness of various bleached
pulps from different bleaching sequences.
A: C-E+-Di-Ex-: ; B: C/D(7/3)-Et-D1-Ez-Dy;
C: C/D(5/5}-Es-D1-Ex-Dy; D: Z-E1-D1-Ez-Dy;
E: Z-E+-C/D-E>-D; S, T, P, and G are the
same as in Table 1.

111

PC nomber

Fig. 4. PC number of various bleached
pulps from different bleaching sequences.
A: C-Ei-Dy-E:-Do H B: C/D(7/3 )-E1-D1-E2-D2;
C:C/D (5 /5)-E1-D1-E2-D2; D: Z—E1-D1-E2-Dz;
E: Z-E:-C/D-ExD; S, T, P, and G are the
same as in Table 1.

Table 5. Viscosity!! of 4 sulfate-resulting pulps in different bleaching sequences

S. albida G. arborea  T. cryptomerioides  P. taiwanensis

Blank 8.31 14, 40 11. 22 10. 06
C-E\-D1-Ez-D: 5.00 6. 50 5.00 6. 00
C/D-Ei-Di-Es-Dy 7: 3 6. 30 12.70 14, 50 10. 50
C/D-Ei-Di-Ez-D; 5: 3 5.10 6.20 5.10 6. 20
Z-E1-D1-E2-D2(03: 0. 49 ) 4, 10 3.00 4, 40 3,70
Z-E1-D1-E2-D2(05: 1. 89% ) 2.93 5.67 3.62 3.85
Z-E1-C/D-E2-D 5:5{1. 89% ) 3.80 7.30 4.20 3.50
0-Z-E-P-Y(Z:0.4%) 3.78 6.75 3.89 3.90
0-Z-Eo-P-Y 4,54 7.36 6. 80 5.88
0-Z-E-P-Y(Z: 1. 89% ) 3. 80 6. 80 3.90 3.90
Vmpa - 5.

R E £ E2k B EF i B 7 (Akimoto, et
al., 1980: Su et al., 1997) 5 #LHNAERE T HH
AT~ BTERE BN HEMBUS IR TS (Su e
al., 1992, 1997) o &5 &3 b f9Hh H B 4 BE 1A
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al., 1991; Chirat et al., 1994) o EEEEH
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TE ol B IR IR FE T 5 #2 E: (carbonyl) fT AR 4
(Godsay et al., 1984) » H i #2 3E (carboxyl ) HI
TopiEe b o SRR - BEEEEES TR
L TR EmE A RURE - BB H LB ETER
FFRATEREGENOEEEE (Sjostom,
1968) ©

(Z)EREEE E R R
Table 5 BEETRERREBABESR



112

80 .
70 |
60 |
50 |
40 |
30 |

Brightness (% 180)

10} "

blank O Z E P Y

BRI B % —MAmER R BT E G R TR

Kappa no.

blank O Z E P Y

Fig. 5. Brightness and Kappa no. of 4 sulfate pulps in the 0-Z-E-P-Y bleaching sequence, ¢

Shorea albida; @ Taiwania cryptomerioides;
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IEERSHEREORIE R 8 &
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Z Z-E-Di-FE:-D: 8 Z-E -C/D-E, -
D: Fiife - ERAHFHEERESE - FH
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B - RIFIEREFBETSEETR - HEE
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PREETIRAE B A LS EIEAE (Kawashima,
1983; Libergott ot al., 1984) o
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Taiwania cryptomerioides
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blank I I I Wi v

Pinus taiwanensis
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Fig. 6. Brightness of 4 sulfate pulps in the TCF bleaching sequence at the 0.4% ozone level.

AOQ-Z-E-P-Y; HBO-Z-Eo-P-Y; ©0-Z-Eo-P'-Y.
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(Fig. 6) ° SARIEHEHE H— RS ES - B
HEHAZRE o /) Eo BEERE FEER

A7 SHTE » M4 28 Han 1K (1991) 893858
R EHEAER - HEgHOERENERE
ERLBEAFRORMNNRE  SEHEERTS
BHZ KE# » 7F Eo BEE E RE BB
B BEFEERS  BZEERREE
TREERNFERE - MR ARG 0 -
Z-E-P-Y BORHEEENETONE £
NEBECEMER 2 ~4% REREHIER
F - EIIE IR EREE 240 54 - BB ER]
BH 5.5% £F -8 Z BIRMEE 1%
DEHESHERNE BEHNE 1.89% *
RIESEORsgEvEHEEE o Table 6
J710-Z-E-P-Y EEHRCIBE » T35
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Table 6. Comparisons of properties of ECF and TCF pulps in varicus bleach-

ing sequences from 4 species?)

brightness (% ISO) PC number Viscosity(mPa - s)
sequence I I IH 1 I I I il I
S. albida 75.8 87.1 81.3 2. 68 1.72 1.39 4,10 2.93 3, 80
G. arborea - 86.6 92.0 82.7 1.22 1.28 1.17 8.00 5.67 6. 80
T. eryptomerioides 82.5 89.2 31.7 1.58 1.05 0.71 4.40  3.62 3.90
P. taiwanensis 87.6 89.4 87.6 1. 18 1.05 1. 80 370 3.85 3.90

” I: Z-EI-D1—E2-D1 Z(O 4, ), I[: Z"Ei-Dl'E‘l'Dl Z(]

Table 7. Effects of resin extractive
tomerioides

89% ), I: 0-Z-E-P-Y Z(1. 89% ).

treatment on bleachability from T. cryp-

Kappa no. Brightness(% ) Viscosity(mPa - s)
A Bl A B! A B
Blank 29.9 29.9 25.5 25.5 I1.2 11.2
0 11.6 i1.6 38.9 38.9 9.4 9.4
Z 3.3 3.2 57.2 68.2 6.8 4.5
E 1.8 2.23 59.4 69.3 7.0 6.1
P 1.5 2.15 70.1 31.3 6.2 5.4
Y 1.7 1. 67 70.2 Bl.1 6. 8 5.6

U Extractive treatment ( CNS 4714).

D: BACERBEAESEK 0-Z-E-P-Y &
BEOCHKBEERS - TERS TCF Mg
FAEAL B G RE E R IE (C = 0) T
EHEAYE  AEE AT ELEL 85
thEX YA RS Bt € 85 5 %7 % (Rapson et al.,
1979} o

Table 7 B & HEZ KBRS H T ETE
H HESREKHEZ FEES L7 AES
81% 150 - BB sy qERAOE
10% 24 BTRMEHRGHEEREED
% - HRETHERSEERNES REMsE
BT LlO-Z-E-P-Y W5 0EQE4EE
ERRREEEAINAE - BRI EEOMI—F
MEVEARERE - B5—RERASEE -
REBSESNVEE  HPESRLLEZEAEES
EHAERRIEEEEN > EE ~pH -~ &
BRE ~ EREHH TFERNE - EXEEEN
REAFTREEAMBETZ PC FEEALE - 5
RARSEORIHES—  TBHE {E 0-
Z-E-P-Y ZEOELFHR PC EHEE

EERE S Z2-E -Dy~FE.—-D» LR B £
(Table 6) * BGF E BX2R Ep BRRIfE B KE
SR

B~ BEOENEORKTERE LY
&

BRI SR T B ET RN —
HEERE SRS YREDREEER
HECERMZRENNS B ERFLEE
e AE - RIVER/CERCEY » 7
Plo 8ME (2 B S EARE #Z5LL Clo:
KEUR Cl o Graves ZHRH (1993) LA 90% ~
~100% ClO: BXfX C1; B¥ - BOD ®Ji% 4> 20 ~
30 % - BEIETHRA 50~80 % - NEEEES
HE AOX HERENEE - FRECHREYE
HESHLBME - IREEETS A0X B
B3 (dioxins) BTE R S E HEBHRE 4% (Morita,
1991; Ikuta, 1995) o Fig. 7 EHREBIERE
FEAREED KRS A0X ByHERE - &4
SRR AOX BA/NMEFEETHT
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Fig. 7. AOX formation at every stage of bleaching of different sequences. 1: C-E+-D1-Ex-Dz;  2:
C/D-Ev-Di-Ex-D: 703 3: C/D-Ei-Ds-Ez-D: 5: 5; 4: Z-E1-D1-E2-Dz; 5: Z-E+-C/D-E:-D 5: 5. H I;

B:n; Ll :IV:

MO BB E T ENSER AR - BiEOR
BeHEHEXRNEFS C-E-Di-E. -
Ds C/D(7/3) —E Dy -E, ~Dy * C/D(5/5)
-E-Dh-E-D:Z-E-C/D-E:~-D?

L-Ei-Di-Ez:=Dhe

HWAERY CL f 2 A AL A0X 4K
& - SEHEZERRREEAEFEMERR
FREL » BUKCIIAZ B 45 » B —ERLL C10:. HU{UER
{7 CL Z FRf2AI 4> AOX 45% 7745 ° ECF &
HZ Z-E -D-E~D, WA A[i%4 80%
Eh - [RICERMEEEREZE TR ABENS
R » & CL 1 Clo. BURE « R {ERERL
LR (CL)E A - REERYELEER
FHEE - Bt ERER ~ &HEE > 555
WEHERZSEEE M BOD~ COD -
AOX ~ B ~ TOC » B FFiig @ is - BT
TR SRS o DI SbERAE
T » BF RS KIE (oxidative reac-
tions) * T T~ F] 7> B %, & € (substitution reac-
tions) + BT & B fAE & S B BE Y E (chloro -
organic substance) Z G °

—~ FEC-E-Di-E,-D; ABER{FHE—

BEAZHU SRR EHNERCE
H o BER (BEE - L) TEREFY
BRAERAERTEN  SEKEEERER
ZE 83% IS0 LIk - PC HAIBRZE 2.0 £5 -

Z~ C/D-E-Di-E-D. EAMREHE
HERIEOHE  FERHRFEEHECFR
MEFTEHWE C/D BEBT a0
*» WSR2 EEEgasE -

= DRSS () BREKAR (O BRIE g
Z-E-Di-F:-Ds ;¢ Z-E.-C/D-E.-D>
REFME 1% HIEZEIER ARFEORIA
% ERLERTVAEHRESNEOYE - 2
EOMRRASEROEREEERE -

MW~ {EESRAMEEY 0-Z2-E-P-Y E47H
2 MRS T E RO E
ERMHEFBEREIMEEAHEEE - &5
WIS R ERBAIRRAMBEE > EHEEE
BEEE - 0-Z-E-P-Y HEZEQHEE
Z-E-D-E-D.RE  BEAREFEEZS
EZE -



116

I~ EEOREEAFE C-E-Di-E: -D:
HEEAREERAMN AOX BEfE - C/D -
E-Dh-E-D:. BRZ §REZETHER
(ECR)EEHE Z-E-D-E.-D, BEd -
AR RERE O RERN 80% HElE « 2/
f TCF EEMERTEMEMN S o &
AOX AR -
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