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CHEMICAL ASPECTS OF HYDROGEN P E R O X I D E  BLEACHING. 
PART I I  * THE BLEACHING OF KRAFT PULPS. 

Gijran G e l l e r s t e d t  and lngegerd Pe t te rsson  
Swedish Fo res t  Products Research Labora to ry  

Box 5604, 5-114 86 Stockholm, Sweden 

ABSTRACT 

K r a f t  p u l p s  c o n t a i n  a cons ide rab le  amount o f  t r a n s i t i o n  
me ta l  ions. I t  i s  demonstrated t h a t  un less  these ions  a r e  thou r -  
oughly  removed, a l k a l i n e  hydrogen pe rox ide  i s  an i n e f f i c i e n t  
b leach ing  agent  for  k r a f t  pu lps due t o  a r a p i d  decomposi t ion i n t o  
oxygen. I f ,  on t h e  o t h e r  hand, t h e  meta l  i ons  a r e  removed from 
t h e  p u l p  p r i o r  t o  b leach ing  under c a r e f u l l y  s e l e c t e d  c o n d i t i o n s ,  
a l k a l i n e  hydrogen pe rox ide  can be used t o  i nc rease  cons ide rab ly  
t h e  b r i g h t n e s s  o f  k r a f t  pu lps w i t h o u t  s e r i o u s l y  a f f e c t i n g  the  
p u l p  v i s c o s i t y .  

The r e s u l t s  a r e  i n t e r p r e t e d  w i t h  emphasis on t h e  o r g a n i c  and 
i n o r g a n i c  chemical r e a c t i o n s  o f  hydrogen pe rox ide .  I t  i s  a l s o  
suggested t h a t  t h e  b leach ing  e f f e c t  i s  a r e s u l t  o f  a simultaneous 
degrada t ion  and d i s s o l u t i o n  o f  l i g n i n  s t a r t i n g  w i t h  p h e n o l i c  
l i g n i n  u n i t s .  

INTRODUCTION 

I n  a s e r i e s  o f  papers, t he  fundamental chemis t r y  o f  hydrogen 

pe rox ide  decomposi t ion and hydrogen p e r o x i d e  o x i d a t i o n  o f  v a r i o u s  

l i g n i n  s t r u c t u r e s  under a l k a l i n e  c o n d i t i o n s  has been e x t e n s i v e l y  

c l a r i f i e d .  The r e s u l t s  ob ta ined  have p rov ided  a chemical de- 

s c r i p t i o n  o f  t he  r e a c t i o n s  t a k i n g  p lace  when mechanical pu lps  a r e  

bleached w i t h  a l k a l i n e  hydrogen perox ide.  Thus, t h e  r e s u l t s  reveal  

t h a t  i n  o r d e r  t o  u t i l i z e  a l k a l i n e  hydrogen pe rox ide  as an e f f i c i e n t  

l i g n i n - r e t a i n i n g  bteaching agent p recau t ions  must be taken t o  a v o i d  

2- 6 

*Par t  I .  See Ref. 1 .  

231 

Copyright 0 1982 by Marcel Dekker, Inc 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
4
5
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



232 GELLERSTEDT AND PETTERSSON 

a decomposi t ion o f  hydrogen perox ide.  I n  p r a c t i c e  t h i s  i s  prevented 

by choosing m i l d  a l k a l i n e  b leach ing  c o n d i t i o n s ,  a d d i t i o n  o f  sodium 

s i l i c a t e  and magnesium s u l f a t e  f o r  hydrogen p e r o x i d e  s t a b i l i z a t i o n  

and removal o f  t r a n s i t i o n  metal i ons  f rom t h e  p u l p  by t reatment  

w i t h  a c h e l a t i n g  agent  p r i o r  t o  b leach ing .  D e s p i t e  these measures 

mechanical p u l p  b l e a c h i n g  seems t o  consume a f a i r l y  l a r g e  amount o f  

hydrogen pe rox ide  i n  r e a c t i o n s  w i t h  l i t t l e  a d d i t i o n a l  improved 

b r i g h t n e s s ,  a t  l e a s t  when hydrogen pe rox ide  i s  a p p l i e d  i n  amounts 

exceeding 1 5; (on 0.d. p u l p ) .  I t  was suggested t h a t  t h i s  "ex t ra "  

consumption was due t o  r e a c t i o n s  between decomposi t ion p roduc ts  

f rom hydrogen p e r o x i d e  and r e a c t i v e  s t r u c t u r e s ,  e.g. phenols, w i t h -  

i n  t h e  pulp. '  A l though suppressed as noted above such a decomposi- 

t i o n  seems never the less  t o  take  p l a c e  under normal b leach ing  con- 

d i t i o n s .  I t  was f u r t h e r  suggested t h a t  t he  decomposi t ion o f  hydro-  

gen p e r o x i d e  occu rs  by a cha in  mechanism i n  which p h e n o l i c  l i g n i n  

s t r u c t u r e s  p a r t i c i p a t e  and t h a t  t h i s  con t inues  as l ong  as phenols 

(and o t h e r  s u i t a b l e  subs t ra tes )  a r e  a v a i l a b l e  i n  t h e  f i b r e s .  For 

t h e  b leach ing  o f  mechanical pu lps  t h i s  t ype  o f  r e a c t i o n  seems t o  

be a necessary p r e r e q u i s i t e  i n  o r d e r  t o  reach t h e  h i g h e s t  b r i g h t -  

ness l e v e l s .  

I n  t h e  presence o f  t r a n s i t i o n  meta l  i ons  l i k e  those o f  manga- 

nese or i r o n  t h e  decomposit ion of hydrogen p e r o x i d e  t o  oxygen v i a  

hyd roxy l  r a d i c a l s  and superox ide i ons  i s  s t r o n g l y  enhanced. Such 

a system i s  s t i l l  a b l e  t o  o x i d i z e  t h e  p u l p  c o n s t i t u e n t s  b u t  w i t h  

f a r  l e s s  s e l e c t i v i t y  f o r  l i g n i n  s i n c e  the  c o n c e n t r a t i o n  o f  re-  

t h e  same t ime  t h e  

r a p i d l y  decreas ing 

a c t i v e  r a d i c a l  i n te rmed ia tes  i s  increased.  A t  

b l e a c h i n g  c a p a c i t y  decreases as a r e s u l t  of a 

c o n c e n t r a t i o n  o f  hydrogen pe rox ide .  

The hypo thes i s  t h a t  hydrogen pe rox ide  pa 

comp le te l y  d i f f e r e n t  s e t s  of r e a c t i o n s  w i t h  1 

t i o n  o f  chromophores v 

and o x i d a t i v e  degradat  

decomposi t ion p roduc ts  

1 i n e  hydrogen pe rox ide  

g r a d i n g  b leach ing  agen 

t i c i p a t e s  i n  two 

g n i n ,  v i z .  e l i m i n a -  

a n u c l e o p h i l i c  a t t a c k  

on o f  p h e n o l i c  l i g n i n  s t r u c t u r e s  caused by 

from hydrogen pe rox ide ,  suggests t h a t  a l k a -  

cou ld  be used as an e f f i c i e n t  l i g n i n - d e -  

f o r  k r a f t  (and s u l f i t e )  pu lps .  A l though 

y hydroperoxy anions 
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HYDROGEN PEROXIDE BLEACHING. I1 233 

t he  l i g n i n  c o n t e n t  i s  much lower  than i n  mechanical pu lps ,  t h e  

r e s i d u a l  l i g n i n  i n  k r a f t  p u l p s  con ta ins  a l a r g e  number o f  f r e e  

phenol i c  un i t s . ’  I n  genera l  such s t r u c t u r e s  a r e  more r e a c t i v e  than 

carbohydrates towards t h e  r a d i c a l  i n te rmed ia tes  formed f rom hydro-  

gen perox ide.  Thus a f a i r l y  s e l e c t i v e  removal o f  l i g n i n  may be 

expected to  o c c u r  i f  t h e  c h a i n  decomposi t ion o f  hydrogen pe rox ide  

can be c o n t r o l l e d  a t  a s u i t a b l e  ( low)  r a t e .  

8 

I n  the p resen t  paper i t  i s  demonstrated t h a t ,  analogously  t o  

mechanical p u l p  b leach ing ,  an e f f i c i e n t  removal of t r a n s i t i o n  

me ta l  ions f rom chemical pu lps  p r i o r  to  b l e a c h i n g  i s  an a b s o l u t e  

p r e r e q u i s i t e  for an e f f i c i e n t  u t i l i z a t i o n  o f  hydrogen pe rox ide .  

Fur thermore i t  i s  shown t h a t  t h e  b leach ing  should be c a r r i e d  o u t  

a t  a h i g h  bleaching-pH, a t  a h i g h  temperature and w i t h  a s h o r t  

b leach ing  t ime.  Under such c o n d i t i o n s  i t  i s  p o s s i b l e  t o  u t i l i z e  

t h e  cha in  decomposi t ion o f  hydrogen p e r o x i d e  f o r  removal o f  t h e  

ma jo r  p o r t i o n  of the  r e s i d u a l  l i g n i n  i n  a k r a f t  p u l p  w i t h o u t  de- 

c r e a s i n g  t h e  p u l p  v i s c o s i t y  t o  an unacceptable l e v e l .  A t  t h e  same 

t i m e  a s u b s t a n t i a l  increase i n  p u l p  b r i g h t n e s s  can be ob ta ined .  

RESULTS AND D I S C U S S I O N  

I n  a p r e l i m i n a r y  exper iment  a p i n e  k r a f t  p u l p  w i t h  a kappa 

number o f  35 was bleached a t  85OC w i t h  4 % hydrogen pe rox ide  (% on 

0.d. pu lp )  and w i t h  an a l k a l i  charge corresponding t o  a s t a r t i n g  

pH = 12.0 i n  t h e  b leach ing  l i q u o r .  A f t e r  20 m i n  t h e  pH had i n -  

creased t o  12.2 ,  no r e s i d u a l  hydrogen p e r o x i d e  cou ld  be de tec ted  

and t h e  kappa number o f  t he  p u l p  was 25. A s i m i l a r  b l e a c h i n g  ex- 

per iment ,  c a r r i e d  o u t  a f t e r  a p re t rea tmen t  o f  t h e  p u l p  w i t h  d i -  

ethylenetriaminepentaacetic a c i d  (DTPA) gave an a lmost  i d e n t i c a l  

r e s u l t  b u t  w i t h  a p u l p  b r i g h t n e s s  o f  39 % IS0 compared w i t h  32 % 

i n  t h e  former case. I n  a t h i r d  experiment t h e  p u l p  was p r e t r e a t e d  

w i t h  DTPA and bleached w i t h  4 % hydrogen p e r o x i d e  i n  t h e  presence 

of sodium s i l i c a t e .  The b leach ing  temperature was 6 O o C ,  t h e  t ime 

1 2 0  min and the  s t a r t i n g  pH = 1 1 . 5 ;  thus t h e  c o n d i t i o n s  resembled 

those u s u a l l y  employed i n  the  b leach ing  o f  mechanical pu lps .  The 

f i n a l  pH i n  the  b leach ing  l i q u o r  had a l s o  increased i n  t h i s  case 
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2 34 GELLERSTEDT AND PETTERSSON 

and no r e s i d u a l  hydrogen pe rox ide  c o u l d  be analysed. The kappa 

number o f  t h e  r e s u l t i n g  p u l p  was 24 and the  b r i g h t n e s s  was 39 % 

ISO. 
These r e s u l t s  i n d i c a t e  t h a t ,  d e s p i t e  t rea tmen t  w i t h  a power- 

f u l  c h e l a t i n g  agent ,  t he  p u l p  con ta ins  a cons ide rab le  amount o f  

t r a n s i t i o n  me ta l  i ons  a b l e  t o  c a t a l y z e  a decompos i t ion  o f  hydrogen 
perox ide.  Most o f  t he  r a d i c a l s  formed i.e. hyd roxy l  r a d i c a l s  and 

superox ide i ons  r e a c t  f u r t h e r  w i t h  t he  f o r m a t i o n  o f  oxygen which 

i n  t h e  open b l e a c h i n g  system used (see Exper imenta l )  has o n l y  a 

l i m i t e d  i n f l u e n c e  on t h e  d e l i g n i f i c a t i o n  and inc rease  i n  b r i g h t -  

ness (c f .  Ref. 1) .  In  o r d e r  t o  o b t a i n  meaningfu l  r e s u l t s  i t  was 

t h e r e f o r e  necessary t o  f i n d  a more powerfu l  method of p r e t r e a t -  

ment t o  remove t h e  t r a n s i t i o n  meta l  ions from t h e  p u l p  p r i o r  t o  

b leach ing .  

Recen t l y  a method has been desc r ibed  i n  which t r a n s i t i o n  

me ta l  i ons  i n  wood c h i p s  a r e  e f f e c t i v e l y  removed by t h e  combined 

a c t i o n  o f  sodium s u l f i t e  and DTPA.’ I n  the  p resen t  work t h i s  

m i x t u r e  was used and op t im ized  f o r  t he  p re t rea tmen t  o f  k r a f t  

pu lps .  A f t e r  such a t reatment  under optimum c o n d i t i o n s  o n l y  smal l  

amounts o f  t r a n s i t i o n  meta l  ions remain i n  the  p u l p  (Tab le  1 ) .  

I t  can be assumed t h a t  t h e  t r a n s i t i o n  meta l  i ons  p r e s e n t  i n  

the  o r i g i n a l  wood a r e  conver ted t o  i n s o l u b l e  s u l f i d e s  and/or  hy- 

d rox ides  d u r i n g  t h e  course of a k r a f t  cook and t h a t  they a r e  thus 

s t r o n g l y  r e t a i n e d  i n  the  f i b r e s .  By the  a c t i o n  o f  b i s u l f i t e  ions 

t h e  meta l  hyd rox ides  ( s u l f i d e s )  a r e  reduced and d i s s o l v e d .  I n  

t h e  absence of DTPA t h e  s o l u b i l i z e d  me ta l  i ons  can be expected 

t o  be c h e l a t e d  w i t h  l i g n i n  and carbohydrate s t r u c t u r e s ,  whereas 

i n  the  presence o f  DTPA ( o r  any o t h e r  s t r o n g  c h e l a t i n g  agent)  

DTPA-metal i o n  complexes a r e  formed. These can subsequent ly  be 

e l i m i n a t e d  from t h e  p u l p  by washing. 

I n  o r d e r  comp le te l y  t o  e l i m i n a t e  t r a n s i t i o n  meta l  i ons  f rom 

k r a f t  pu lps  and thus  achieve an op t ima l  s t a b i l i t y  o f  hydrogen 

pe rox ide  i n  a subsequent b leach ing  s tage i t  was found necessary t o  

o p t i m i z e  t h e  p re t rea tmen t  s tage w i t h  respec t  to  pH, temperature 

and the  charge o f  s u l f i t e .  As can be seen i n  F i g .  1 t h e  pH i n  the  
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TABLE 1 

Content o f  T rans i t i on  Metal Ions (Mn and Fe) i n  an Unbleached 
K r a f t  Pulp from Pine (Kappa Number = 35) a f t e r  Treatment w i t h  
DTPA (0.2 % on O.D. Pulp) and/or Sodium B i s u l f i t e  (3 % as SO2 
on O.D. Pulp).  

~ 

Treatment Hn (ppm) Fe (PPm 

127 48 
DTPA (25OC) 45 48 

- 

NaHS03 (90°C) 27 12 

NaHSO,/DTPA (90°C) 1 1 0  

NaHS03/0TPA (25OC) 26 28 

H202 consumed, 
X of charge 

I 

4 0 

4 
I I I 

2 L 6 8 10 pH 

FIGURE 1. Consumption of hydrogen peroxide i n  the bleaching stage 
as a f unc t i on  o f  pH dur ing the pretreatment w i t h  sodium b i s u l f i t e  
and DTPA ( 0 ) .  0 = no DTPA present. Pretregtment condi t ions:  5 % 
(as S02) sodium b i s u l f i t e ,  0.2 % DTPA, 90 C, 6 0  min. Bleaching 
condi t ions:  4 % H202, 5.8 % NaOH (pH = 12.5), 9 O o C ,  15 min. 
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236 GELLERSTEDT AND PETTERSSON 

pre t rea tmen t  l i q u o r  had a pronounced e f f e c t  on t h e  consumption o f  

hydrogen p e r o x i d e  i n  a subsequent s tandard i zed  hydrogen pe rox ide  

b l e a c h i n g  stage. A d i s t i n c t  minimum i n  t h e  consumption was ob- 

t a i n e d  when t h e  p re t rea tmen t  was c a r r i e d  o u t  a t  pH % 5. As ex- 

pected,  a s i m i l a r  cu rve  w i t h  a minimum a t  about pH = 5 was 

o b t a i n e d  when the  decrease i n  p u l p  v i s c o s i t y  a f t e r  b leach ing  was 

p l o t t e d  a g a i n s t  pH o f  t he  p re t rea tmen t  l i q u o r  ( F i g .  2 ) .  From the  

r e s u l t s  presented i n  Table 1, F ig .  1 and F ig .  2 i t  i s  a l s o  obv ious 

t h a t  a p re t rea tmen t  i n v o l v i n g  sodium b i s u l f i t e  a lone  does n o t  l ead  

t o  a complete removal o f  t r a n s i t i o n  meta l  ions f rom t h e  p u l p  and 

t h a t  t h i s  i n  t u r n  leads t o  i n f e r i o r  r e s u l t s  i n  t h e  subsequent 

b l e a c h i n g  stage. 

As i n d i c a t e d  i n  Table 1 an increased temperature i n  t h e  

su l f i t e /DTPA p re t rea tmen t  s tage i s  a l s o  necessary i f  meta l  ions 

a r e  t o  be e f f i c i e n t l y  e l i m i n a t e d  from t h e  pulp.  F i g .  3 shows t h a t  

t h e  consumption o f  hydrogen pe rox ide  i s  markedly reduced when t h e  

p re t rea tmen t  temperature i s  increased above 80 C .  The p re t rea tmen t  

t ime  was found t o  have o n l y  a minor  i n f l u e n c e  on the  consumption o f  

hydrogen p e r o x i d e  i f  t h e  p re t rea tmen t  was c a r r i e d  o u t  a t  90°C f o r  

a t  l e a s t  10  min. 

0 

Under cons tan t  c o n d i t i o n s  w i t h  respec t  t o  pH, t ime,  tempera- 

t u r e  and charge o f  DTPA, p re t rea tmen t  w i t h  d i f f e r e n t  amounts o f  

sodium s u l f i t e  gave r i s e  t o  s l i g h t l y  d i f f e r e n t  amounts o f  consumed 

hydrogen p e r o x i d e  i n  t h e  b leach ing  s tage (F ig.  4 ) .  For charges 

above 1 % (as SO2 on 0.d. p u l p )  t h e  d i f f e r e n c e s  were however 

n e g l i g i b l e .  

I t  can be concluded t h a t  t r a n s i t i o n  metal i ons  p r e s e n t  i n  

k r a f t  pu lps  p l a y  a d e c i s i v e  r o l e  f o r  t h e  performance o f  a subse- 

quent  hydrogen pe rox ide  b leach ing  stage. Fur thermore these ions 

a r e  removed f rom t h e  p u l p  o n l y  w i t h  d i f f i c u l t y  u s i n g  a combina- 

t i o n  o f  a reduc ing  agent  and a s t r o n g  c h e l a t i n g  agent  under care-  

f u l l y  s e l e c t e d  c o n d i t i o n s .  

I n  a s e r i e s  o f  b leach ing  exper iments the  i n f l u e n c e  o f  the 

t y p e  o f  p re t rea tmen t  ( i . e .  t h e  r e s i d u a l  amounts of t r a n s i t i o n  

me ta l  ions p resen t  i n  the  pu lp )  on t h e  b r igh tness ,  kappa number, 
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Decrease in 
viscosity, dm3lkg 

I 

2 4 6 0 10 pH 

FIGURE 2. Decrease in viscosity after bleaching a s  a function o f  
pH during the pretreatment with sodium bisulfite and DTPA (0). 
0 = no OTPA present. Pretreatment a'nd bleaching conditions a s  in 
Fig. 1. 

HzO2 consumed, 
% of charge 

1 

I 
70 80 sb TempPC 

t I 

FIGURE 3. Consumption of  hydrogen peroxide in the bleaching stage 
as a function o f  temperature during the pretreatment with sodium 
bisulfite and DTPA. Pretreatment conditions: 3 % (as SO2) sodium 
bisulfite, 0.2 % OTPA, pH = 4.5, 20 min. Bleaching conditions as 
in Fig. 1. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
4
5
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



238 

HZOZ consumed, 
% of charge 

GELLERSTEDT AND PETTERSSON 

I. 
.( 

1 3 5 
SO2 ,% on puip 

I. 
.( 

1 3 5 
SO2 ,% on puip 

FIGURE 4. Consumption o f  hydrogen pe rox ide  i n  the b l e a c h i n g  s tage 
as a f u n c t i o n  o f  t h e  charge o f  sodium b i s u l f i t e  (as 502)  i n  theo 
p re t rea tmen t .  P re t rea tmen t  c o n d i t i o n s :  0.2 % DTPA, pH = 4.5, 90 C, 
60 min.  B leach ing  c o n d i t i o n s  as i n  F ig .  1 .  

p e r o x i d e  consumption and p u l p  v i s c o s i t y  a f t e r  hydrogen p e r o x i d e  

b leach ing  was i n v e s t i g a t e d .  Furthermore some exper iments were 

c a r r i e d  o u t  i n  o r d e r  t o  eva lua te  the  importance o f  b leach ing  t ime,  

b leach ing  temperature and charge o f  a l k a l i  (expressed as s t a r t i n g  

pH i n  t h e  b l e a c h i n g  1 i q u o r ) .  Under o the rw ise  i d e n t i c a l  c o n d i t i o n s  

the  charge o f  a l k a l i  had a pronounced e f f e c t  on t h e  r e s u l t i n g  

b r i g h t n e s s  and kappa number a f t e r  b leach ing  (F ig .  5 ) .  A s t r o n g  

increase i n  b r i g h t n e s s  w i t h  i n c r e a s i n g  pH accompanied by a de- 

crease i n  kappa number was ob ta ined  f o r  pH va lues  below % 12. 

A l i n e a r  dependency o f  b r i g h t n e s s  on temperature was o b t a i n e d  

when t h e  o t h e r  parameters were h e l d  cons tan t  (F ig .  6 ) .  The ma jo r  

p a r t  o f  t he  b l e a c h i n g  exper iments were t h e r e f o r e  c a r r i e d  o u t  a t  

pH = 12.5 and 90OC. 

An inc rease  i n  b l e a c h i n g  t ime  r e s u l t e d  as expected i n  an in- 

crease i n  b r i g h t n e s s  and a decrease i n  kappa number a f t e r  

b leach ing .  However, s i n c e  t h e  amount o f  r e s i d u a l  t r a n s i t i o n  me ta l  

i ons  i n  t h e  p u l p  determines t h e  amount o f  hydrogen p e r o x i d e  

p resen t  d u r i n g  b leach ing ,  l ong  b leach ing  t imes cou ld  o n l y  be ap- 

p l i e d  when t h e  p u l p  was e s s e n t i a l l y  f r e e  of meta l  ions.  T h i s  

e f f e c t  i s  i l l u s t r a t e d  i n  F ig .  7 where i t  can be seen t h a t  when 
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Brightness, % IS0 

Kappa number 

I 

I I I 

10 11 12 13 pH 
t I 

F IGURE 5 .  Pu lp  b r i g h t n e s s  and kappa number a f t e r  b l e a c h i n g  w i t h  
hydrogen p e r o x i d e  i n  t h e  presence o f  v a r i o u s  amounts o f  sodium 
hydrox ide.  P re t rea tmen t  c o n d i t i o n s :  3 % (as SO21 sodium b i s u l f i t e ,  
0 . 5  % DTPA, pH = 4 . 5 ,  25OC, 15  min. B leach ing  c o n d i t i o n s :  4 % H202, 
90 C ,  10  min. 

t he  p u l p  c o n t a i n s  a c e r t a i n  amount o f  manganese and i r o n  ions 

( c f .  Table 1 )  t h e  b leach ing  v i r t u a l l y  s tops  a f t e r  1 5  m in  or l e s s  

under the  c o n d i t i o n s  used due t o  a shor tage o f  hydrogen pe rox ide  

i n  the  b l e a c h i n g  l i q u o r .  On the  o t h e r  hand, a complete removal 

o f  t h e  me ta l  i ons  p r i o r  t o  b leach ing  makes i t  p o s s i b l e  t o  extend 

t h e  b l e a c h i n g  t i m e  cons ide rab ly  and thus t o  increase t h e  b r i g h t -  

ness f u r t h e r .  
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Brightness,% IS0 
I 

1 I 1 

60 70 80 90 
TempPC 

FIGURE 6. 
a t  v a r i o u s  temperatures.  P re t rea tmen t  c o n d i t i o n s  a s  i n  F i g .  5.  
B leach ing  c o n d i t i o n s :  4 % H202, 1.5 % NaOH (pH = ll.O), 1 0  min.  

Pu lp  b r i g h t n e s s  a f t e r  b leach ing  w i t h  hydrogen pe rox ide  

Brightness, % IS0 

I . I ' I I I ' I  

10 30 50 70 90 
Tirne,min 

FIGURE 7. Pu lp  b r i g h t n e s s  a f t e r  b leach ing  w i t h  hydrogen pe rox ide  
f o r  v a r i o u s  t imes. P re t rea tmen t  c o n d i t i o n s :  A = no p re t rea tmen t ,  
01 5 % (as  SO2) sodium b i s u A f i t e ,  pH = 4 . 5 ,  90°C, 60 min; 
.= 0 .2  % DTPA, pH = 8.0, 25 C ,  15 t i n ;  0 - 3 % (as SOz) sodium 
b i s u l f i t e ,  0.2 % DTPA, pH = 4.5, 25 C ,  1 5  m i n ;  o - 3 % (as So21 
sodium b i s u l f i t e ,  0.2 % DTPA, pH - 4.5, 90°C, 20 m i n .  B leaching 
c o n d i t i o n s :  4 % H202, 5.8 % NaOH (pH = 12.51, 90°C. 
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Brightness, 'lo IS0 

1 I 

2 L 6 a 
HzOz,% on pulp 

FIGURE 8. 
b r i g h t n e s s  a f t e r  b leach ing  w i t h  v a r i o u s  amounts o f  hydrogen 
perox ide.  P re t rea tmen t  c o n d i t i o n s  and symbols as i n  F i g .  7. 
B leaching c o n d i t i o n s :  pH = 1 2 . 5 ,  9OoC, 60 rnin (o ) ,  20  min 
(A, m .  0 ) .  

I n f l u e n c e  o f  t h e  p re t rea tmen t  c o n d i t i o n s  on the  p u l p  

Brightness, "lo IS0 

2 L 6 
Hz02 consumed, 'lo on pulp 

FIGURE 9. I n f l u e n c e  o f  t he  p re t rea tmen t  c o n d i t i o n s  on t h e  con- 
sumption of hydrogen p e r o x i d e  d u r i n g  b leach ing .  The same b leach ing  
experiments a s  i n  F ig .  8. 
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Kappa number 

I 

GELLERSTEDT AND PETTERSSON 

i L 6 8 
H202,%on pulp 

FIGURE 0. I n f l u e n c e  o f  the  p re t rea tmen t  c o n d i t i o n s  on t h e  kappa 
number f t e r  b l e a c h i n g  w i t h  v a r i o u s  amounts o f  hydrogen pe rox ide .  
The same b l e a c h i n g  exper iments as i n  F i g .  8. 

A co r respond ing  dependence o f  t he  b r i g h t n e s s  g a i n  on t h e  

c o n t e n t  o f  t r a n s i t i o n  meta l  ions cou ld  be seen when t h e  p u l p  was 

bleached w i t h  d i f f e r e n t  amounts o f  hydrogen pe rox ide .  A s  can be 

seen i n  F ig .  8 and F i g .  9 d i f f e r e n t  p re t rea tmen ts  l e d  t o  l a r g e  

d i f f e r e n c e s  i n  b l e a c h a b i l i t y  and consumption o f  hydrogen pe rox ide .  

I n  a s i m i l a r  way, t h e  r e d u c t i o n  i n  kappa number was a f f e c t e d  

( F i g .  10) by t h e  d i f f e r e n t  amounts o f  hydrogen p e r o x i d e  p r e s e n t  

d u r i n g  b leach ing .  I t  shou ld  be no ted  t h a t  most o f  t h e  oxygen 

formed v i a  decomposi t ion o f  hydrogen p e r o x i d e  escapes r e a c t i o n  

w i t h  t h e  p u l p  components due t o  the  exper imenta l  t echn ique  used. 

The b r i g h t n e s s  g a i n  and t h e  kappa number r e d u c t i o n  o b t a i n e d  

when k r a f t  pu lps  were o x i d i z e d  w i t h  hydrogen p e r o x i d e  seem t o  be 

i n t e r r e l a t e d  a s  l ong  as a c e r t a i n  amount o f  r e s i d u a l  hydrogen 

p e r o x i d e  i s  a v a i l a b l e  i n  the  b leach ing  l i q u o r .  A t  any g i v e n  b r i g h t -  

ness a co r respond ing  kappa number was reached i r r e s p e c t i v e  o f  the 
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Brightness, % IS0 

Kappa number 

FIGURE 1 1 .  Pulp b r i g h t n e s s  vs kappa number a f t e r  b leach ing  w i t h  
hydrogen pe rox ide  f o r  d i f f e r e n t  p re t rea tmen ts .  Symbols as i n  
F i g .  7. 

t ype  of p re t rea tmen t  and thus o f  the  amount o f  t r a n s i t i o n  meta l  

i ons  p resen t  i n  the  p u l p  (F ig .  1 1 ) .  The v i s c o s i t y  - kappa number 

r e l a t i o n s h i p  on t h e  o t h e r  hand, i .e. t h e  s e l e c t i v i t y  between 

po lysacchar ide  and I i g n i n  o x i d a t i o n  tu rned  o u t ,  as expected, t o  

be l a r g e l y  a f f e c t e d  by t h e  p re t rea tmen t .  A t  a g i v e n  kappa number, 

pu lps  w i t h  l a r g e  d i f f e r e n c e s  i n  v i s c o s i t y  were ob ta ined  (F ig .  1 2 ) .  

From t h e  r e s u l t s  desc r ibed  above i t  i s  q u i t e  obv ious t h a t  as 

l ong  as t r a n s i t i o n  meta l  ions a r e  p resen t  i n  t h e  pulp,  hydrogen 

pe rox ide  can be used o n l y  t o  achieve a f a i r l y  l i m i t e d  d e l i g n i f i c a -  

t i o n  (and b r i g h t n e s s  i nc rease ) .  Fur thermore such a b leach ing  s tage 

a c t u a l l y  leads t o  t h e  f o r m a t i o n  o f  a cons ide rab le  amount o f  oxygen 

v i a  decomposi t ion o f  hydrogen p e r o x i d e  ( c f .  Refs. 1 0 , l l ) .  I f ,  on 

the  o t h e r  hand, t h e  t r a n s i t i o n  meta l  ions a r e  removed complete ly ,  

a s u b s t a n t i a l  increase i n  b r i g h t n e s s  accompanied by a s i m i l a r  de- 

crease i n  l i g n i n  con ten t  can be achieved. In c o n t r a s t  t o  t h e  

b leach ing  o f  mechanical pu lps,  however, t h e  b leach ing  c o n d i t i o n s  
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Viscosity, dm3/kg 

1100 - 

900 - 

700- 
I I 

10 20 30 
Kappa number 

FIGURE 12. Pu lp  v i s c o s i t y  vs kappa number a f t e r  b l e a c h i n g  w i t h  
hydrogen p e r o x i d e  f o r  d i f f e r e n t  p re t rea tmen ts .  Symbols as i n  
F i g .  7. 

m u s t  be s e l e c t e d  i n  such a way t h a t  t h e  d e l i g n i f i c a t i o n  i s  f a c i l i -  

t a t e d .  Th is  can be done by i nc reas ing  t h e  temperature and a l k a l i  

charge. Under such c o n d i t i o n s  a decomposi t ion o f  hydrogen pe rox ide  

takes p l a c e  a t  a r a t e  s u i t a b l e  t o  g i v e  a comprehensive o x i d a t i o n  

o f  ( p h e n o l i c )  l i g n i n  u n i t s  w h i l e  l e a v i n g  t h e  carbohydrates f a i r l y  

i n t a c t .  S ince,  however, t h e  l i g n i n  con ten t  i n  t h e  p u l p  f i b r e s  i s  

much lower  than  t h e  c o n t e n t  o f  carbohydrates,  i t  i s  obv ious t h a t  

even a s l i g h t  i nc rease  i n  t h e  r a t e  o f  decomposi t ion o f  hydrogen 

p e r o x i d e  can lead  t o  an increased a t t a c k  on t h e  po lysacchar ides  

and thus t o  a d rop  i n  p u l p  v i s c o s i t y  ( c f .  F ig .  12) .  Furthermore, 

t h e  s e l e c t i v i t y  between l i g n i n  and ca rbohydra te  deg rada t ion  can 

be expected t o  be dependent upon t h e  amount o f  f r e e  p h e n o l i c  

s t r u c t u r e s  i n  t h e  p u l p  s i n c e  these a r e  i n  genera l  more r e a c t i v e  

towards hyd roxy l  r a d i c a l s  compared t o  o t h e r  s t r u c t u r a l  u n i t s  ex- 

pected t o  be found i n  t h e  f i b r e s .  I n  a r e c e n t  work i t  has been 

demonstrated t h a t  t h e  amount of f r e e  p h e n o l i c  s t r u c t u r e s  i n  l i g n i n  
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v a r i e s  g r e a t l y  d u r i n g  t h e  course o f  a k r a f t  cook. For softwood 

pu lps  w i t h  kappa numbers i n  t h e  range o f  50-20, however, t h e  

amount ( f o r  a g i v e n  amount o f  p u l p )  seems t o  decrease a lmost  

1 i n e a r l y  w i t h  decreas ing kappa number.12 There fo re  d e l  i g n i f i c a t i o n  

w i t h  hydrogen p e r o x i d e  (or oxygen) can be expected t o  be more 

s e l e c t i v e  when a p p l i e d  t o  pu lps  w i t h  a h i g h  i n i t i a l  c o n t e n t  o f  

l i g n i n  ( c f .  Refs. 11,13) than  when a p p l i e d  t o  low kappa number 

pu lps .  

The d e l i g n i f i c a t i o n  (and b leach ing )  o f  a k r a f t  p u l p  w i t h  hy- 

drogen pe rox ide  i n v o l v e s  a decomposi t ion o f  hydrogen pe rox ide  i n t o  
2,14 

hyd roxy l  r a d i c a l s  and superox ide ions as t h e  i n i t i a l  r e a c t i o n .  

T h i s  r e a c t i o n  i s  s t r o n g l y  acce le ra ted  i n  t h e  presence o f  t r a n s i -  

t i o n  meta l  ions,  whether " f ree "  o r  chelated.  5-1  ' The hyd roxy l  

r a d i c a l s  formed r e a c t  f u r t h e r  e i t h e r  w i t h  themselves, w i t h  super- 

o x i d e  ions,  w i t h  hydrogen pe rox ide  or w i t h  o r g a n i c  subs t ra tes .  I n  

these  r e a c t i o n s  hydrogen perox ide,  oxygen, superox ide  ions or orga- 

n i c  r a d i c a l s  a r e  formed r e s p e c t i v e l y ,  a l l  w i t h  v e r y  h i g h  r a t e s  o f  

reac t i on .8  The most impor tant  r e a c t i o n  o f  t h e  superox ide ions 

seems t o  be t h e  d i s m u t a t i o n  i n t o  hydrogen p e r o x i d e  and oxygen. 

A l though i t  i s  compara t i ve l y  s low a t  h i g h  ~ H - v a l u e s . ~ ~  t h i s  reac-  

t i o n  seems t o  proceed r a p i d l y  i n  the  presence o f  a c i d i c  hydrogens 

( I  i k e  those from hydrogen perox ide) .2o Moreover, t h e  r e a c t i o n  has 

been shown t o  be c a t a l y s e d  by c e r t a i n  me ta l  i ons  and meta l  com- 

p lexes  1 i k e  Fe(  1 I I)-EDTA. 21 '22 The r e a c t  i o n  between a hyd roxy l  ra -  
2 3 ~ 4  d i c a l  ( o r  manganese(1 I I)  

leads t o  t h e  f o r m a t i o n  o f  a phenoxy r a d i c a l  wh ich  subsequent ly  

adds e i t h e r  oxygen o r  a superox ide ion.3 I n  t h i s  r e a c t i o n  a hydro-  

p e r o x i d e  i s  formed toge the r  w i t h  a new r a d i c a l  spec ies  o r  a l t e r n a -  

t i v e l y  a hyd roxy l  ion. (Some impor tant  r e a c t i o n s  thought  t o  be 

r e s p o n s i b l e  f o r  t h e  fo rma t ion  o f  hydroperox ides a r e  o u t l i n e d  i n  

F i g .  13. )  I n  subsequent r e a c t i o n  s teps t h e  hyd roperox ide  i n t e r -  

mediates formed r e a c t  f u r t h e r  w i t h  t h e  p a r t i c i p a t i o n  o f  hydrogen 

p e r o x i d e  and a l k a l i  l e a d i n g  t o  I i g n i n  f ragmen ta t i on  as w e l l  as t o  

b l e a ~ h i n g . ~ ~ - ~ *  A corresponding s e t  o f  r e a c t i o n s  can a l s o  be en- 

v isaged i n  the  degrada t ion  o f  carbohydrates by a l k a l i n e  hydrogen 

pe rox ide  ( c f .  Ref. 29). 

18 

and a p h e n o l i c  1 i g n i n  s t r u c t u r e  
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24 6 GELLERSTEDT AND PETTERSSON 

FIGURE 13. Decomposition o f  hydrogen peroxide and f u r t h e r  reac- 
t i o n s  between the decomposition products and organic substrates 
(R-H) l ead ing  t o  the format ion of organic hydroperoxides. 

The r e s u l t s  obtained i n  t h i s  work fu r the r  support the e a r l i e r  

hypothesis t h a t  hydrogen peroxide bleaching involves two sets o f  

reac t ions  w i t h  l i g n i n  (see above). i n  cont ras t  t o  the bleaching o f  

mechanical pulps,  however, the major p a r t  o f  the br igh tness  i n -  

crease i n  a k r a f t  pu lp  requires a simultaneous degradation o f  the 

res idua l  l i g n i n .  I t  there fore  seems l i k e l y  tha t  the chromophoric 

s t ruc tu res  i n  k r a f t  pulps t o  a la rge  ex ten t  invo lve  condensed 

phenol ic u n i t s  conta in ing  methylene quinone and quinone moie t ies  

(c f .  Refs. 3 0 - 3 2 ) .  Such s t ruc tu res  should on ly  be degraded w i t h  

d i f f i c u l t y  by nuc leoph i l i c  agents i n  a l k a l i n e  media (e.9. hydrope- 

roxy anions) due t o  the presence o f  phenolate anions as p a r t  o f  

the  conjugated system (c f .  Ref. 5) .  

CONCLUSIONS 

A l k a l i n e  hydrogen peroxide can be used t o  increase substan- 

t i a l l y  the br igh tness  o f  k r a f t  pulps. I n  o rder  f u l l y  t o  u t i l i z e  

the bleaching power o f  hydrogen peroxide the content o f  t r a n s i t i o n  

metal ions must, however, be reduced t o  extremely low leve ls .  

Since k r a f t  pulps, u n l i k e  mechanical pulps, con ta in  t r a n s i t i o n  

metal ions which are s t rong ly  retained i n  the f i b r e s ,  a p re t rea t -  

ment o f  the pu lp  w i t h  a che la t ing  agent alone i s  not s u f f i c i e n t .  

Treatment w i t h  che la t i ng  agent i n  combination w i t h  sodium b i s u l -  

f i t e  i s  more powerful and under such cond i t ions  most of the  

metal ions can be removed from the pulp, 
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The bleaching o f  kraft pulps with hydrogen peroxide equires 

a simultaneous dissolution of  lignin. This dissolution is assumed 
t o  be due t o  an oxidative degradation starting with pheno ic 

lignin units and involving degradation products from hydrogen 

peroxide. For kraft pulps this type of reaction seems t o  play a 

dominant r6le. In the bleaching o f  mechanical pulps, o n  the other 
hand, most o f  the brightness increase can be attributed to the 

elimination o f  various conjugated carbonyl structures by the ac- 

tion of hydroperoxy anions. These reactions proceed with only 

minor amounts o f  material being dissolved. 

T h e  use of a hydrogen peroxide bleaching stage in the produc- 
tion of  various types o f  bleached kraft pulps could be advanta- 

geous from an environmental as well a s  from a process equipment 

point o f  view. T h e  high cost o f  hydrogen peroxide may, however, 

be prohibitive. Despite this disadvantage hydrogen peroxide may 

find expanded use a s  a bleaching agent for kraft pulps in parti- 

cular for products with limited brightness requirements. 

EXPERIMENTAL 

A n  industrial kraft pulp from pine (Pinus silvestris) with 

brightness 25 % 15.0, kappa number 35.3 and intrinsic viscosity 

1265 dm3/kg w a s  used. T h e  quantities of manganese and iron in the 

pulp samples were analysed by atom absorption spectrophotometry. 

T h e  pulp sample(l5 g o f  0.d. pulp) w a s  disintegrated for 3 
min at room temperature in 500 ml of distilled water o r  in di- 

stilled water containing sodium bisulfite and/or DTPA (for amounts, 
see text). After 15 min the pulp was filtered and washed (until 

free o f  sulfite). For samples treated with sodium bisulfite and 

DTPA at elevated temperatures the pulp w a s  disintegrated in water 
a s  above, filtered and placed in a polyethylene bottle. Pulp and 

water were heated to the desired temperature and mixed with the 

bleaching chemicals giving a final pulp consistency of  10 %. After 
the chosen reaction time (see text) the pulp was filtered and 

washed with distilled water. The consumption of  sulfite w a s  
checked by iodimetric titration o f  the filtrate and found t o  be 
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248 GEUERSTEDT AND PETTERSSON 

TABLE 2 

The Amount of Sodium Hydroxide Required to Reach a Certain pH in 
the Bleaching Liquor in the Presence of Various Amounts of Hydro- 
gen Peroxide. 

PH H,O,, % NaOH, % 

11.5 2.0 1.3 

1 1 . 5  4.0 2.5 
12.5 1 .o  2 .4  

12.5 2.0 3.3 

12 .5  4.0 5.8 
12.5 8.0 10.4 

1 0  % of the charge or less (cf. Ref. 33) in all cases except 
treatments carried out at pH = 3 or below. 

In the bleaching experiments, the pretreated and washed 
sample was placed in a polyethylene bottle and preheated to 
desired temperature together with water and magnesium sulfat 

f o r  

Pulp 
he 

(0.05 % on 0.d. pulp). Hydrogen peroxide and sodium hydroxide 
(amounts, see Table 2 )  dissolved in a Tittle water were added and 
thoroughly mixed with the pulp giving a final pulp consistency of 
1 0  %. After the chosen bleaching time the pulp was filtered and 

washed with distilled water, buffer solution (ci trate-phosphate 
buffer, pH = 5) and distilled water. The filtrate was analysed for 
residual hydrogen peroxide by iodometric titration. 
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