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REDOX CATALYSIS OF ALKALINE PULPING BY 
ORGANOMETALLIC COMPLEXES 

L. James Wright, Department of S c i e n t i f i c  and I n d u s t r i a l  Research  
Chemistry Div i s ion ,  P r i v a t e  Bag, Petone, N e w  Zealand 

T e r r y  J. F u l l e r t o n ,  New Zealand F o r e s t  S e r v i c e ,  
F o r e s t  Research I n s t i t u t e ,  

P r i v a t e  Bag , Rotorua , N e w  Zealand 

ABSTRACT 

The e f f e c t i v e n e s s  of v a r i o u s  meta l  ion  complexes of meso- 
t e t r a  (p-sulphopheny1)porphyrin (TSPP) and 4 ,  4 '  , 4 " ,  4"' - 
t e t  rasu lphopht  halocy a n i  ne ( TSPc) a s  a1 t e  r n a t  i ves  t o  a n t  hr aqu i none 
(AQ) as c a t a l y s t s  o f  a l k a l i n e  pulp ing  have been e v a l u a t e d .  
Using l i g n i n  model compounds two of t h e  complexes, Co-TSPP and 
Fe-TSPc, were found to i n c r e a s e  t h e  amount of @ - e t h e r  c l e a v a g e  
more than  AQ. The y i e l d  o f  g u a i a c o l  was also inc reased  
s i g n i f i c a n t l y  by inc reas ing  t h e  amount of g lucose  i n  t h e  
c o n t r o l s .  Evalua t ion  of t h e  p o t e n t i a l  of Co-TSPP as a c a t a l y s t  
f o r  t h e  soda pu lp ing  of P inus  r a d i a t a  showed t h a t  t h e  complex 
does  promote d e l i g n i f i c a t i o n  but  no t  as well a s  AQ. A s  w i th  t h e  
AQ t h e  pu lp  y i e l d s  were h ighe r  t h a n  t h e  cor responding  soda 
c o n t r o l s .  The increased  y i e l d s ,  t h e  need f o r  a reducing  source, 
and t h e  format ion  of v i n y l g u a i a c o l  as  a co-product i n  t h e  model 
compound s t u d i e s  i n d i c a t e  t h a t  t h e  complexes may o p e r a t e  i n  a 
similar manner to  AQ. 

INTRODUCTION 

Although an thraquinone  (AQ) is e f f e c t i v e  i n  remarkably small 

amounts i n  enhancing t h e  r a t e  of a l k a l i n e  p u l p i n g , i t  has  still  

not  ga ined  widespread commercial acceptance  i n  o t h e r  t han  a few 

s p e c i a l i s e d  a p p l i c a t i o n s .  T h i s  is mainly because of i t s  cost 

and is not  due to doubts  about its performance or envi ronmenta l  

6 1  
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62 WRIGHT AND FULLERTON 

acceptance.  The i n c e n t i v e  t h e r e f o r e  s t i l l  e x i s t s  to f i n d  

s u b s t i t u t e s  f o r  AQ which are s u f f i c i e n t l y  cheaper  or more a c t i v e  

t o  make them more c o s t - e f f e c t i v e .  

Despite a tremendous research effort in this area on a great 

variety of compounds, very few have been found which match AQ's 

performance and none are more cost-effective. Of those 

compounds which do exhibit catalytic activity, most are 

structurally very similar to AQ and the ones which are more 
effective differ only from AQ by having an alkyl substituent in 
the 2 position. 1 , 2 , 3  

One of t h e  fundamental problems i n  deve loping  s u b s t i t u t e s  

f o r  AQ is t h a t  many o f  t h e  compounds o f  i n t e r e s t  are n o t  s t a b l e  

under pu lp ing  c o n d i t i o n s  and even AQ i t s e l f  is s lowly  l o s t  
dur ing  pulp ing  by condensa t ion  wi th  reactive components i n  t h e  

l i q ~ o r . ~  

o rganometa l l i c  complexes as pu lp ing  c a t a l y s t s  was e v a l u a t e d  

s i n c e  t h e s e  compounds are known to undergo redox r e a c t i o n s  and 

may be used under a l k a l i n e  cond i t ions .  ' I 6  These compounds a r e  
q u i t e  d i f f e r e n t  s t r u c t u r a l l y  from any o f  t h e  o r g a n i c  compounds 

p rev ious ly  eva lua ted  and t h e  on ly  p rev ious  r e p o r t  o f  an 

o rganometa l l i c  complex being used as a pu lp ing  c a t a l y s t  is our  

own w o r k  on t h e  use o f  t h e  c o b a l t - S c h i f f ' s  base complex, 

salcomine, as a c a t a l y s t  f o r  oxygen pulping. 

Because o f  t h i s  problem, t h e  s u i t a b i l i t y  o f  c e r t a i n  

7 

T h i s  work t h e r e f o r e  d e s c r i b e s  t h e  f i r s t  d e t a i l e d  s t u d y  o f  

t h e  use of organometa l l ic  complexes as c a t a l y s t s  f o r  a l k a l i n e  

de l i g  n i f  icat ion. 

RESULTS AND DISCUSSION 

0 rg a nome t a l l  ic Compounds 

The two s e r i e s  o f  complexes eva lua ted  a s  pu lp ing  c a t a l y s t s  
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REDOX CATALYSIS OF ALKALINE PULPING 63 

were t h e  metallo d e r i v a t i v e s  o f  --tetra (p-sulphophenyl) 

po rphyr in  (TSPP) and 4, 4 ' ,  4 " ,  4" '  - tetrasulphophthalocyanine 
(TSPc) shown i n  F i g u r e  1. These compounds, i n  which t h e  

macrocyclic r i n g  is su lphonated ,  were chosen i n  o r d e r  to  e n s u r e  

t h a t  t h e  colnplexes would be s o l u b l e  i n  t h e  a l k a l i n e  pu lp ing  

liquors. 

Model Compound S t u d i e s  

The compounds of i n t e r e s t  were i n i t i a l l y  screened  us ing  a 

model system to  f i n d  which of t h e  complexes would be t h e  most 

l i k e l y  t o  have c a t a l y t i c  a c t i v i t y .  The model system chosen was 

t h e  c l a s s i c  l i g n i n  model compound, gua iacy lg lyco l -  B-guaiacyl 

e t h e r ,  2, i n  which t h e  e x t e n t  o f  $-ether c l eavage  is de termined  

by measuring t h e  y i e l d  o f  gua iaco l .  T h i s  system has  been used 
on numerous occas ions  and is known to  g i v e  a good i n d i c a t i o n  o f  

t h e  rate of d e l i g n i f i c a t i o n  du r ing  pulp ing .  
8 

The procedure  adopted c o n s i s t e d  of h e a t i n g  t h e  o r g a n o m e t a l l i c  

compound w i t h  t h e  l i g n i n  model compound, 1 
presence  o f  2 e q u i v a l e n t s  o f  g lucose  as a reducing  source  a t  

135 C under n i t r o g e n  i n  a s e a l e d  g l a s s  tube  f o r  1 hour.  The 

tubes  were then  cooled and t h e  c o n t e n t s  a c i d i f i e d ,  e x t r a c t e d ,  

and ana lysed  f o r  gua iaco l  by g.1.c. 

i n  1 M NaOH i n  t h e  

0 

9 

The s e r i e s  o f  TSPP and TSPc complexes e v a l u a t e d  and t h e i r  

r e l a t i v e  $-ether c l eavage  e f f i c i e n c i e s  are l i s t e d  i n  Table  1, 

toge the r  wi th  those  o f  a c o n t r o l ,  a c o b a l t -  dimethylglyoxime 

complex, a cobal t -Schi f f  I s base complex, and AQ. 

A number of t h e  complexes gave inc reased  amounts of 8-ary l  

e t h e r  c l eavage  r e l a t i v e  to t h e  c o n t r o l  and a t  least t w o  of t h e  

o rganometa l l i c  complexes were more e f f e c t i v e  than  AQ. On t h i s  

basis  t h e  model compound sys tem was then  modified to de te rmine  
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64 WRIGHT AND FULLERTON 

6" 

9 SOjH 

TSPPH2 TSPCHZ 

FIGURE 1: Tetrasulphonated phenylporhyrin and phthalocyanine. 

TABLE 1 
B-Ether Cleavage By Organometallic Complexes 

Compound % Guaiacol Relative 
E f f  iciencya 

Control 26 1.0 
25 

27 

I11 
Na3[Fe (TSPP) I .  2 ~ ~ 0  
Cl(DMG) ,,py Co 

I11 b 

If 
Na4[Cu (TSPP) 1 

I1 I 
Na, [Mn (TSPP) I 

27 

28 

0.96 

1.04 . 

1.04 

1.08 
J 

34 1.31 
C 4-OH salcomine 

I1 I 
Na,[Cr (TSPP) J 

Na4 [Mn" (TSPc) ] 
T I  

35 

41 

43 

56 

56 
59 

72 

1.35 

1.58 

1.65 

2.15 

2.15 
2.27 

2.77 
~ ~ ~~~ ~~ ~ _____ 

a Ratio of catalysed guafacol yield to control 
chlorobis (dimethylglyoximato) pyridine cobalt (111) 
N,N'-ethylenebis (4-hydroxysalicylideneiminato) 
cobalt (11) 
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REDOX CATALYSIS OF ALKALINE PULPING 65 

t h e  optimum c a t a l y s t  c o n c e n t r a t i o n  and t h e  amount o f  g lucose  

necessary  for maximum a c t i v i t y  of t h e  two most a c t i v e  compounds, 

namely t h e  Fe-TSPc and Co-TSPP complexes. 

As shown i n  Fig. 3 t h e  y i e l d  of g u a i a c o l  (expressed  a s  t h e  

mole % of s t a r t i n g  m a t e r i a l )  i n c r e a s e s  r a p i d l y  up to 10% 

c a t a l y s t  a d d i t i o n  and then  l e v e l s  o f f  w i th  on ly  a s l i g h t  f u r t h e r  

i n c r e a s e  with l a r g e r  amounts. 

In  o r d e r  t o  determine t h e  optimum r a t i o  of r educ ing  suga r  t o  

o rpanometa l l i c  comnlex. t h e  e f f e c t  of i n c r e a s i n g  t h e  amount of 

g lucose  on t h e  e f f i c i e n c y  o f  8-ether c l eavage  wi th  t h e  two 

complexes was determined. For comple teness  a series of c o n t r o l s  

w i th  j u s t  g lucose  and t h e  f3-aryl e t h e r  were inc luded .  As shown 

i n  F igu re  4 both of t h e  complexes needed s l i g h t l y  more than  t w o  

e q u i v a l e n t s  of g lucose  f o r  maximum performance. 

A s u r p r i s i n g  f e a t u r e  o f  t h e s e  results is t h e  l a r g e  i n c r e a s e  

i n  t h e  y i e l d  of gua iaco l  w i th  i n c r e a s i n g  g lucose  i n  t h e  absence  

o f  t h e  complexes. T h i s  a b i l i t y  of sugars t o  promote 8-ether 

c l eavage  appear* to have been t o t a l l y  overlooked i n  t h e  p a s t  and 

may have a number of i m p l i c a t i o n s  f o r  s t u d i e s  done on t h e  

chemis t ry  of va r ious  pulp ing  p rocesses  us ing  l i g n i n  model 

compounds i n  i s o l a t i o n .  

The low a c t i v i t y  of t h e  Co-TSPP complex i n  t h e  absence o f  

g lucose  is analogous t o  AQ i n  t h a t  it is on ly  t h e  reduced form 

of t h e  complex which is a c t i v e ,  whereas t h e  Fe-TSPc complex 

appears  to  have cons ide rab le  a c t i v i t y  i n  t h e  form in  which i t  is 

added. 

As expected, t h e  Co-TSPP complex d i d  no t  enhance t h e  amount 

of 8-ether c l eavage  of t h e  methylated 8-ary l  e t h e r ,  2, i n  which 

quinone methide formation is blocked. 
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66 WRIGHT AND FULLERTON 

1 R - H  
2 R-CHa 

FIGURE 2: Lignin model compounds. 

10 20 30 40 
CATALYST (%] 

FIGURE 3: Effect  o f  c a t a l y s t  concentration on the e f f i c i e n c y  
o f  f3 -ether cleavage. 
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80 

67 

- NIJ [Co(TSPP)] 

FIGURE 4: E f f e c t  o f  g lucose  c o n c e n t r a t i o n  on t h e  e f f i c i e n c y  o f  
B-ether c leavage .  

Viny lg ua iacol 

A s  w i th  AQ,  c leavage  of t h e  B-aryl e t h e r  w i th  t h e  organo- 

m e t a l l i c  complexes a l s o  gave v i n y l g u a i a c o l  a s  a co-product of 

t h e  r e a c t i o n  i n d i c a t i n g  t h a t  a f ragmenta t ion  type  r e a c t i o n  may 

be involved. As shown i n  F igu re  5 t h e  amount of v iny l -  

g u a i a c o l  formed i n  t h e  p re sence  of Co-TSPP i n c r e a s e s  wi th  

inc reas ing  g lucose  up to  2.5 e q u i v a l e n t s  and then  d e c r e a s e s  

s l i g h t l y .  Vinylguaiacol  is a l s o  formed, bu t  to  a lesser e x t e n t ,  

i n  t h e  g lucose  c o n t r o l  cooks. 

10  

Pulping S t u d i e s  

The e f f e c t i v e n e s s  of t h e  most a c t i v e  complex, Co-TSPP, a s  a 

pulp ing  c a t a l y s t  was eva lua ted  us ing  a s t anda rd  set of pu lp ing  

c o n d i t i o n s  i n  which t h e  amount of o rganometa l l i c  complex was 

va r i ed .  A l l  pu lp ing  was done under n i t rogen  i n  a 6-uni t  r o t a r y  
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CONTROL. 

I 1 I I I 
Y 2  4 8 8 10 

GLUCOSE (EOUIVALENTS) 

FIGURE 5: E f f e c t  o f  g lucose  c o n c e n t r a t i o n  on t h e  y i e l d  of 
v iny lgua iaco l .  

bomb d i g e s t e r  us ing  P inus  r a d i a t a  wood c h i p s  and a normal 

liquor-to-wood r a t i o  of f o u r  to one. The q u a n t i t i e s  of complex 4 

used were c a l c u l a t e d  to be e q u i v a l e n t  to t h e  same number of 

moles of AQ where t h e  AQ is expressed  as a pe rcen tage  of the  

weight of oven-dry wood. As with previous AQ s t u d i e s ,  t h e  

r e s u l t s  were expressed as t h e  percentage reduct ion i n  Kappa 

number r e l a t i v e  t o  t h e  c o n t r o l  and p l o t t e d  v e r s u s  the  pe rcen t  

c a t a l y s t  added on a logari thmic scale ( f i g u r e  6 ) .  For 

comparative purposes the  corresponding p l o t  f o r  AQ1l is a l s o  

shown. Although i t  is clear t h a t  t h e  complex does enhance t h e  

rate of a l k a l i n e  pulping, i t  is not as e f f e c t i v e  as AQ. 

I n  c o n t r a s t  t o  t h e  e x c e l l e n t  r e p r o d u c i b i l i t y  i n  t h e  model 

compound and AQ s t u d i e s ,  t h e r e  i s  cons ide rab le  s c a t t e r  i n  t h e  

Co-TSPP data. T h i s  v a r i a b i l i t y  is h i g h l i g h t e d  by t h e  two 

bracketed p o i n t s  i n  t h e  f i g u r e  wi th  s u b s t a n t i a l l y  better than  

average c a t a l y t i c  a c t i v i t y .  If t h i s  v a r i a b i l i t y  could  be 
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U a a 
9 

j o l  

0.01 0-02 

7 

0.05 

* 2  
0 3  

I I I I I 
0 .1  0 .2  

CATALYST, %(AQ EQUIVALENTS) 

FIGURE 6: R e l a t i v e  e f f e c t i v e n e s s  o f  Na3[Co(TSPP)] and AQ as 
pu lp ing  c a t a l y s t s .  

c o n t r o l l e d  t h e  potential e x i s t s  f o r  i n c r e a s i n g  t h e  a c t i v i t y  o f  

t h e  c o b a l t  complex. A t  p r e s e n t  t h e  r eason  f o r  t h i s  v a r i a t i o n  is 

unknown. The most obvious  e x p l a n a t i o n  t h a t  it is due to t h e  

presence  of r e s i d u a l  amounts o f  oxygen i n  t h e  d i g e s t e r s  is 

u n l i k e l y  as e x t e n s i v e  p r e c a u t i o n s  were taken  to remove a l l  a i r  

p r i o r  to cooking. 

I n  a d d i t i o n  to i n c r e a s i n g  t h e  rate o f  d e l i g n i f i c a t i o n ,  

another  major b e n e f i t  o f  u s ing  AQ is t h e  inc reased  p u l p  y i e l d  

ob ta ined  a s  a consequence o f  t h e  s h o r t e r  cooking time required 

and t h e  o x i d a t i v e  s t a b i l i s a t i o n  o f  t h e  ca rbohydra t e  component of 

t h e  pulp. I t  was of particular i n t e r e s t  to see i f  t h i s  was also 

t h e  case with t h e  Co-TSPP complex a s  a p o t e n t i a l  problem wi th  

t h e  u s e  of o rganometa l l i c  complexes is t h a t  i f  they  are n o t  

comple te ly  s t a b l e  they  can  r e l e a s e  f r e e  meta l  i o n s  i n t o  s o l u t i o n  

which w i l l  promote carbohydra te  deg rada t ion .  T h i s  was a major 

problem wi th  our  earlier work us ing  sa lcomine  where t h e  p u l p s  

were found to have a h igh  c o b a l t  c o n t e n t  and t h e  y i e l d s  were 

reduced because o f  t h e  ca rbohydra t e  deg rada t ion  which occurred. 
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70 WRIGHT AND FULLERTON 

Figure  7 shows t h a t  no such degrada t ion  occur red  i n  t h e  p r e s e n t  

study. All t h e  p u l p s  were ob ta ined  i n  s u b s t a n t i a l l y  h i g h e r  

y i e l d s  than t h e  cor responding  soda controls a t  t h e  same kappa 

number . 
The inc reased  s t a b i l i t y  o f  t h e s e  complexes r e l a t i v e  to 

salcomine is also suppor ted  by t h e  f a c t  t h a t  t h e r e  was no 

inc rease  i n  t h e  amount of cobalt on t h e  Co-TSPP pulps .  

On t h e  basis of t h e  resul ts  ob ta ined  from t h e  model pu lp ing  

r e a c t i o n s ,  it appears t h a t  B-ether c l eavage  is s i g n i f i c a n t l y  

promoted by t h e  reaction of a reduced form o f  Co-TSPP w i t h  a 

quinone methide in t e rmed ia t e .  Fragmenta t ion  of t h i s  adduct  t h e n  

l e a d s  to  t h e  format ion  of g u a i a c o l  and v i n y l g u a i a c o l  p o s s i b l y  by 

a mechanism o f  t h e  type proposed for AQ. 

r e a c t i o n  o f  sugar  deg rada t ion  p roduc t s  w i th  a quinone methide 

may proceed by t h e  same r e a c t i o n  pathway. 

10 
S i m i l a r l y ,  

56r R 

46 
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FIGURE 7: E f f e c t  of Na3[Co(TSPP)I c a t a l y s i s  on p u l p  y i e l d .  
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REDOX CATALYSIS OF ALKALINE PULPING 71 

CONCLUSIONS 

T h i s  s tudy  has demonstrated t h a t  a l t e r n a t i v e  redox sys tems 

q u i t e  d i f f e r e n t  f r u n  AQ can  be used to  enhance t h e  ra te  o f  

a l k a l i n e  d e l i g n i f i c a t i o n  of softwoods and t h a t  t h e  p o t e n t i a l  

e x i s t s  f o r  f i n d i n g  o rganometa l l i c  compounds which may outper form 

AQ. 

reducing  s u g a r s  is o f  fundamental  s i g n i f i c a n c e  and work  i n  t h i s  

a r e a  is cont inuing .  

A l s o  t h e  g e n e r a l i t y  of t h e  c l eavage  of B-ether bonds by 

Although less e f f e c t i v e  than  AQ, p a r t i c u l a r l y  on a weight  

basis, a t  least two  o f  t h e  complexes examined, namely Co-TSPP 

and Fe-TSPc, do appear to have t h e  necessa ry  p r e r e q u i s i t e s  of a 

pu lp ing  c a t a l y s t .  They have been shown to e f f i c i e n t l y  promote 

6-e ther  c l eavage  o f  l i g n i n - l i k e  structures and a re  s t a b l e  i n  

a l k a l i  a t  h igh  temperatures wi th  no ev idence  of any ca rbohydra t e  

deg rada t ion  r e a c t i o n s  promoted by uncomplexed metal i o n s  

occur r ing .  

In  many respects t h e  o rganometa l l i c  compounds p a r a l l e l  AQ i n  

t h a t  t hey  a r e  e f f e c t i v e  i n  small amounts, r e q u i r e  a reducing  

source  to  gene ra t e  t h e  a c t i v e  form and i n c r e a s e  p u l p  y i e l d s  by 

ca rbohydra t e  s t a b i l i s a t i o n .  

EXPERIMENTAL 

The l i g n i n  model compounds 1- (4'-hydroxy-3'-methoxyphenyl) - 
1-hyd roxy- 2- ( 2-met hoxyphenoxy ) e t h a n e ,  

phenyl )  -1-hydroxy-2- (2-methoxyphenoxy) e thane  and t h e  

o rganometa l l i c  complexes c h l o r o b i s  (d imethylg lyoximato)  p y r i d i n e  

c o b a l t  (111) , N,"-ethylenebis (4-hydroxysalicylideneiminato) 

c o b a l t  (11) ,I5 Na4[CO(TSPC) 1 ,16 Na [Mn(TSPc)l #16 Na4[CU(TSPC) 1 ,  
(Na3[Fe(TSPc) 1 )  0816 Na3[Fe(TSPP) 1.2H 0 17' l8 Na4[CU (TSPP) 1 ,  
Na3 [Mn (TSPP) 1 ,  13"8 Na3[Cr(TSPP) 1 17' l3 'and Na3 [CO (TSPP) 1 17' 

were prepared  accord ing  t o  l i t e r a t u r e  methods. 

1- ( 3' , 4 '  - dimet  hoxy- 
1 3  

14 

16 

17 ,18  4 
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72 WRIGHT AND FULLERTON 

E the r  Cleavage S t u d i e s  

A typical model c o o k  was a s  fo l lows:  

The l i g n i n  model dimer (30.0 m g ) ,  D-glucose (40.0 mg, 2.15 eq) 

and Na3[Co(TSPP)] (10.9 mg, 0.1 eq) were placed i n  a g l a s s  

t ube  and 1.0 M NaOH ( 4  ml) added. The s o l u t i o n  was purged wi th  

a stream of  n i t r o g e n  f o r  2-3 min and then  s e a l e d  (under 

n i t r o g e n ) .  The tube  ( u s u a l l y  one o f  a ba t ch  o f  t e n )  was then  

suspended i n  an e f f i c i e n t l y  s t i r red o i l  b a t h  a t  135OC f o r  1 

hour. The tube  was removed and allowed to cool to  room 
tempera ture ,  opened and t h e  contents immediately and 

q u a n t i t a t i v e l y  poured into 100 m l  o f  0.75 M HC1. T h i s  s o l u t i o n  

was e x t r a c t e d  w i t h  3 x 1 5  ml of ch loroform.  The ch loroform 

extract was d r i e d  by f i l t e r i n g  through anhydrous s o d i u m  s u l p h a t e  

and t h e  f i l t r a t e  and washings made up to  50 m l .  The s o l u t i o n  

was analysed f o r  g u a i a c o l  by g.1.c. as t h e  TMS d e r i v a t i v e  us ing  

p-cresol a s  t h e  i n t e r n a l  s t anda rd  as p rev ious ly  r epor t ed .  
9 

Pulping S t u d i e s  

P inus  r a d i a t a  c h i p s  w i t h  an average  b a s i c  d e n s i t y  o f  
3 

472 kg/m were screened  on a Williams c l a s s i f i e r  and t h o s e  

c h i p s  r e t a i n e d  on 16 -and 13-mm s c r e e n s  were used i n  t h e  p r e s e n t  

s tudy .  The c h i p s  (100 g 0.d. p e r  c o o k )  were hea ted  i n  a 6-uni t  

po lyg lyco l  hea ted  S t a l s v e t s  r o t a r y  d i g e s t e r  u s ing  20% NaOH on 

0.d. wood, a liquor-to-wood ra t io  o f  4:1, and a cooking time o f  

90 min to 170 C and 90 min a t  170 C. The o rganometa l l i c  

complex, Na3[Co(TSPP)], was added i n  c o n c e n t r a t i o n s  e q u i v a l e n t  

to 0.025 to 0.15% AQ on a mole b a s i s ,  where t h e  AQ l e v e l  is 

expressed a s  t h e  % weight o f  0.d. wood. Thus a t  t h e  0.1% l e v e l  

0.527 g of Na3[Co(TSPP)] a r e  r equ i r ed  f o r  100 g 0.d. wood. 

P r i o r  to each c o o k  t h e  l i q u o r  i n  t h e  bombs was purged wi th  

0 0 
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REDOX CATALYSIS OF ALKALINE PULPING 73 

n i t r o g e n  and then  each bomb s e a l e d ,  evacuated and f lu shed  wi th  

n i t rogen  twice. 

The kappa number o f  t h e  r e s u l t a n t  p u l p s  was determined u s i n g  

a h a l f  scale mod i f i ca t ion  of t h e  Tappi S tandard  method (T236).  
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