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Summary

This study presents the results of a totally 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 pulps were also evaluated. Furthermore, after ozone bleaching, hot water extraction, alkali
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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 pulps 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 pulps 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 pulps 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 pulps 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.
��������	
 enzyme bleaching, ozone bleaching, brightness reversion, brightness stability.
-��.�+�����3"������� Enzone bleaching sequence and color reversion of ozone-bleached pulps.
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  (TCF)  O-Z-E-P-Y 

 O-X-Z-E-P-Y 

 TCF 

 (Hosokawa et

al. 1976, 1978, Hosokawa et al. 1983a, b) 

( Taiwania   cryptomerioides)

 ( Shorea albida) 

(Pinus taiwanensis)

 (Gmelina arborea) 

 Table 1

( ) 

1. O-Z-E-P-Y  O-X-Z-E-P-Y

 O Z X E

P Y

2. 

 Table 2

( ) O-X-Z-E-P-Y 

1.  1 g Pulpzyme (600 U/g, HB

Novo)  Xylanase (2,900 U/g, Fluka) 

2. 

50 g (o.d.)  PE 

 0.5-3.0 U/g 

 PE  50  

 Z - E - P - Y  

Table 2 

( ) 

1. 

 10 g

500 mL  0.5 1 5

10%  20  

1h

"�#������;������5��5���55����#��	������	������
5��5	��	��������	��95������

Species       Active alkaline %    Kappa no.

Shorea  albida 24    25.5

Gmelina  arborea 15    24.9

Taiwania  cryptomerioides 20    20.2

Pinus  taiwanensis 23    15.3

"�#�������������	���� ���� �����	���������� ��	������������F%G%7%�%2%.�#��� ����	�<�� �

O X Z E P Y

Pulp conc (%) 10     10 35 10 10 5

Temp ( ) 110 50 ambient 60-65 80 60

Time (min) ~180 60  100 20

Chemica 8 kg/cm2  O
2

0.5-2.0 U/g 1-2% O
3

2% NaOH   2% H
2
O

2
0.8% Na

2
S

2
O

4

                   0.5% NaOH

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

3

0.1%Mg++/MgSO
4

                                   0.005Mg++/MgSO
4
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 10% ,

 PC 

2. 

 20 g  (O-Z) 

50 3 h

3. 

 CNS 4714 

4. 

 CNS 11374 

5. 

 CNS 5469 

( ) 

1. 

 CNS 7748  Cannon

Fenske 

2. 

 CNS 11212 

 Elrepho 2000 (data

color)  ISO 

3.  PC 

(1)  105   24 h

 4

(2)  85

85%  24 h

 4

 PC 

 (xylanase) 

(Su et al. 1997)

Mcdonough 

( 1 9 9 5 ) T C F

6% ISO

 4-5% ISO 

 O-X-Z-E-P

 ( ) 1-4% ISO (Table 3)

O 3

2.5% 

 20% ISO

 7% ISO

3-4% 

 (Table 4)

Fig.1 O-X-Z-

E-P-Y

Fig. 1

0.5-2.0 U/g 

80%ISO
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 -

 (Hosokawa et al. 1978)

 PC 

( )  -

(O-Z) 

 (Fig. 2)

74.4% ISO 

 71.5  72.1% ISO

 0.79  2.26%

 71.8% ISO

(sugiol)  (Akimoto et al.

1980)

-

P C

PC  (Fig.

3) Figs. 4 5  (

)  PC 

PC 

 40-50% 

 6-16% 

"�#������2��5���55����#��	����������	5� ��	�������F%G%��#��� ����	����	+���	5� ��!���

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

A1) B2)   A   B A B A B

O3 (%) 2.64 2.53   2.48   2.39 2.27 2.28 2.10 2.04

O 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
1) Control.
2) Xylanase dosage: 3 U/g pulp, pH 5.0, room temp. for 100 min.

"�#���&��C������		��������� ��	������������F%G%7%�%2�#��� ����	�<�� �������	�������5��5	

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

O3 (%) 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 31.1 31.1 40.4 40.4 37.3 37.3 26.7 26.7

X - 30.1 - 41.0 - 39.2 - 27.5

Z 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

1)
 Control.

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

A1) B2) A B A B A B
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 22-32% 

 PC 

 PC  (Su

et al. 1997)  O-Z 

 PC  40-50%

P C

( )  O-Z 

 (Hosokawa et al. 1983a, b)

 (0.5-10%)

-

S. albide T. crvptomerioides
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�
�����������	����  ,  : ��������	��)��������+����
����*@�  ,   : 
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�
�����������	���������:�#���@�����:������������9��� ���@
����:���#���9��� ����

��������2��5�#������		��������� ��	�����������
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(Fig. 6)

 PC 

3-6.1% ISO 3.5-6.5% Figs. 7, 8

(105 , 24 h)  69.9% ISO

74.5% ISO  10% 

10%  PC

 1.60  0.75

Table 5

(Z)  (E)

 2.5% PC 3.5

1.2

3-5% PC

( ) 

    

(Fig. 9)  100 g 

( C u 2O)

-

Hosokawa  (1976) 

 (Hosokawa et al. 1978)

Table 6 Fig. 9 O-Z

PC 

�����'������ �	�����9��� �������������������5��5
2����#������2����#������� ��������
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 0.5% 

PC 

PC 

5-10%

(NaBH4)

O-Z 

�����(������ �	�������������9��� ������5��5�#�����%
�		����F%7%#��� ����5��5	�����������	�����
�
�����������	���

�����B����� �	����$�F3� � ���������� �55��
��#������ ��#�9��� � ��������F%7%#��� ���
5��5	������������	����
������������	��� +  :��
����	�@� +�  :�
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TCF 

 PC 

TCF Table 7

-

 E-P-Y  O-Z-E-P-Y 

 1-1.5% ISO

 30  180 min

 O-Z 

 PC 

 O-Z 

 O-Z-E-P-Y 

(HE)  O-Z-HE-E-P-Y

 O-Z-E-P-Y 

 O-X-Z-E-P-Y 

1-3% ISO

 - 

PC 

PC 

 - 

 - 

PC 

S. albida T. cryptomerioides
   Extraction.

          PC no.           copper no.      carboxyl PC no. copper no. carboxyl

"�#���(������ ������9��� ���	�)�������+���#�+�������������*���2����#��+� �55�����#��+���� ��#�9��
 ����	��������F%7�#��� ����	�������5��5	

1) PC no. of wet aging for 24 h.
2) PC no. of dry aging for 24 h.

Blank

0.5% NaOH

1% NaOH

5% NaOH

10% NaOH

Alben

Hot water

3.18 5.54

2.15 6.81

1.92 11.1

1.40 11.1

0.44 4.85

3.22 6.03

3.42 6.50

 28.28 1)       (17.7) 2)   2.88

18.68   (5.90)   2.47

18.26   (4.77)   2.82

13.21   (2.92)   1.80

9.62   (1.60)   1.81

22.01   (2.93)   2.77

15.99   (3.28)   0.94

 7.76 23.391) 4.88 2)

 7.88 9.49 1.65

 8.07 6.22 1.08

 8.37 5.03 0.93

 6.59 2.74 0.75

 6.12 16.25 2.82

 5.85 14.25 0.94

Blank 14.8 14.8 14.8

O 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

PC no. 1) 1.89 1.73 2.03
1) PC no. of wet aging for 24 h.

"�#���,��C������		������	������5��5	��������F%7%
3�%�%2%.�#��� ����	�<�� �����������	��	������
5��5

         Hot extraction time  (min)

30               180 control
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