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THE T O P O ~ I S T R Y  OF ACJB-SULPEITE PULPING 
A TAEOPFPICAL AnaLYSIS 

.- - 
R.H. 8.r- and R.I. Bollur 

Pulp and Paper Research I n s t i t u t e  of Canada 
P o i n t e  Claire, P.Q., Canada R9R 359 

ABSTRACT 

Recent results of Uhiting and Coring on t h e  a c i d - s u l p h i t e  
pu lp ing  of i s o l a t e d  P i d d l e - l e l l a  and secondary-va l l  t i s s u e s  of 
s p r u c e  wood have permi t ted  a n a  thaoretloll a n r l y s i s  of t h e  topo- 
c h d s t r y  of  d e l i g n i f i c a t i o n .  Unlike t h e  prev ious  d a t a  obta ined  by 
U.V. microscopy of t h i n  m o d  s e c t i o n s ,  t h e  DCY results d id  not 
r e q u i r e  t h e  p o s t u l a t i o n  of a d i f f e r e n t  r e a c t i o n  rate cons tan t  in 
e a c h  ~ ~ r p h o l o g f c d  region. By usrring only t h a t  t h e  c r w s l i n k  
d e n s i t y  of  t h e  secondary vall was about  0.75  of  t h a t  of t h e  middle 
lamella, gel degrada t ion  theory provided a good f i t  t o  t h e  exper i -  
menta l  po in ts .  This a n a l y s i s  augges ts  t h a t  t h e  t o p o c h c r l c a l  e f f e c t  
oboerrcd i n  a c i d - a d p h i t e  pulping Is d e t e r d n e d  s o l e l y  by lignafn 
c h d s t r y .  The c o n t r a o t  in t h e  conchlone  & r i v e d  f r a  t h e  two 
sets of d a t a  l e a d s  t o  c o n s i d e r a t i o n  of vhich  of t h e  d a t a  sets is 
more representat lorn of t h e  t o p o c h d s t r y  in t h e  pulp ing  of i n t a c t  
wood. 

IWlBOWCRON 

We have r e c e n t l y  demonstratedl haw t h e  mathematical  theory of 

d e g e l a t i o n ,  using l i m i t e d  a m m p t i o n s ,  can  provide  a good f i t  t o  

t h e  exper imenta l  d a t a 2  on t h e  t o p o c h d s t r y  of t h e  ac id-su lphi te  

d e l i g n i f i c a t i o n  of t h i n  wood s e c t i o n s .  U h i t i n g  and Coring3 have 

s i n c e  developed a technique vhich  g i v e s  a lmost  complete s e p a r a t i o n  
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FIGURE 1. Corpariron of t h e  t o p o c h e d c a l  e f f e c t  measured on iso- 
l a t e d  t i r s u c  fractions3 and in sitlr by U.V. microscopy2. 

of middle-lamell. and recodary w a l l  timuer, urd have pulped each 

t i s s u e  separa te ly .  The results d i f f e r  s o u v h a t  from t h e  previous 

data,  p a r t i c u l a r l y  at high level. of d e l i g n i f i c a t i o n .  The d i f f e r  

ence is s h a m  in Figure 1, which is a graph of t he  ex ten t  of 
d e l i g n i f i c a t i o n  i n  t h e  middle lamella. ( w ~ ) ~ ,  and secondary w a l l ,  

( v ~ ) ~ ~ .  p l o t t e d  a g a i n s t  t h e  ex ten t  of d e l i g n i f i c a t i o n  in t h e  whole 

wood, 

Since preliminary c a l c u l a t i o n s  ruggested t h a t  malymis  of t he  

new d a t a  might permit a r i n p l i f i c a t i o n  of t h e  previous m s m p t i o n s  

concerning t h e  s t r u c t u r e  and r e a c t i v i t y  of l i g n i n ,  a d e t a i l e d  

i n v e s t i g a t i o n  was undertaken. 

RESULTS AND DISCUSSION 

The theory of Bolker and Brenner' proposes t h a t  lignin behavee 

dur ing  ac id - su lph i t e  d e l i g n i f i c a t i o n  as i f  i t  vtre c m o s e d  of 
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M E  TOpoQIL)(ISTRY OF ACID-SULPHITE PULPING. 11. 27 

s t a b l e  c h d ~  j o i n e d  by c l e a v a b l e  k n z y l - e t h e r  crooalinks. Three 

p a r r r a t c r r  d e f i n e  t h e  mathematical  expremsioo of t h e  theory: i)  

t h e  degree of p o l p e r i a a t i o n  of t h e  p r e f o m a d  c h a i n s  (71, ii) t h e  

i n i t i a l  degree of c r o a a l i n k i n g  ( p ' ) ,  and iii) t h e  ra te  c o n s t a n t  of 
c r o a a l i n k  cleavage (k) .  

It m a  found prevfoualy l  t h 8 t  a good f i t  could  be obta ined  t o  

t h e  experimental  d a t a  by a s s d n g  t h a t  y was t h e  s.pc i n  each 

morphological reg ion ,  whi le  p '  m d  t h e  rate c o n s t a n t  were d i f f e r -  

en t .  bore p r e c i s e l y ,  i t  w a s  aaslacd t h a t  t h e  crosslink cleavage 

w a s  a f i r a t  o r d e r  r e a c t i o n ,  wi th  i t s  rate determined by croasl inlr  

d e n r i t y ,  but w i t h  d i f f e r e n t  ra te  c o n s t a n t s  f o r  t h e  r e a c t i o n  in each 

morphological  region. This was expresaed mathematical ly  f o r  t h e ,  

t ,  by Equat ion 1 which was rear ranged  t o  g ive  Equat ion 2. The 

v a l u e s  o b t a i n e d  f o r  p:w/p:l and  k /Irdware 0.5 and 0.64 respec- 

t i v e l y .  
S W  

It haa now been found t h a t  t h e  b e a t  f i t  t o  t h e  nay d a t a  is 

g i v e n  by t h e  aamc lrcheee b u t  w i t h  ch8nged v a l u e s  of p i w / p A  and 

New value. of 0.64 f o r  p k / p h  and 0.873 f o r  kSwhd gave 

t h e  lowest percentage a tandard  d e v i 8 t i o n  (see C a l c u l a t i o n s ) .  The 
e x c e l l e n t  u t c h  k m e n  the exper imenta l  d 8 t a  and t h e  t h o o r e t i c a l  

acheme is ahovn in ? igure  2. 

I r . W k m l .  

There c a l c u l a t i o n s  brought t h e  b e a t  va lue  f o r  t h e  ratio of 

ksw t o  kd r a t h e r  close t o  a v a l u e  of 1. I f  t h e  ra t io  I s  g i v e n  t h e  

v a l u e  of 1, t h e n  a cons iderably  mre exacting t h e o r e t i c a l  ach- is 

in t roduced  in which t h e  rate constants f o r  t h e  c r o o s l i n k  cleavage 

r e a c t i o n s  (ksw, kd) are a a m ~ d  t o  be t h e  a- i n  each  morphologl- 

c8l region. The r e a u l t  from t h e  aaalyair of t h i s  n e r  schc la  f a  
i l l u s t r a t e d  in ligure 3. Although t h e  s t a n d a r d  d e r l a t i o o  i a  h i g h e r  
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20 BERRY AND BOLKER 
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PICURE 2.  The experimental points f i t  the theoret ica l  curves when 
P ' ~ / P ; ~  3: 0.64 and kswlkd - 0.873 (data from Reference 
3?. 
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PICUBE 3. The f i t  t o  experimental  p o i n t s  given when kSw/kd - 1 
and p J J p L  - 0.764 (data from Reference 3 ) .  
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THE TOPOCHlHISTRY OF ACID-SULPHITE PULPING. XI. 29 

than  in t he  b e s t  f i t ,  t h e  match between e x p e r b e n t  and theory is 
good cons ider ing  the  very r e s t r i c t i v e  aammpt ioas  h i n g  made. This 
result c o n t r a s t s  v i t h  t h e  ana lys i s  of t h e  o l d e r  d8 ta  which yare 

v e r y  poor ly  d e s c r i b e d  vhen  k vas made e q u a l  t o  k The new sw d' 
s c h ~ l a  p r e d i c t s  t h a t  t h e  r a t i o  of b e n z y l a t h e r  c ros s l inks  in t he  

secondary vall  and middle lamella, p:wIph, is about 0.75. 

I f  Uhit ing and Goring3 are c o r r e c t  in saying t h a t  t h e i r  new 

results are indeed more . c a r a t s ,  r a t h e r  than  simply d i f f e r e n t ,  

then  the  new a n a l y s i s  suggests t h a t  t h e  topochedca l  e f f e c t  

exhib i ted  in ac id -au lph i t e  pulping is s o l e l y  dependent on t h e  

degrees  of c ros s l ink ing  in t h e  tw regions and t h a t  t he  presence or 
absence of any o t h e r  w o d  c o q o o c n t  does not  a f f e c t  t he  course of 

d e l i g n i f i c a t i o n  in e i t h e r  the  secondary w a l l  or t he  middle lamella  

as long ae t h e  mod has been s a t u r a t e d  wi th  l i q u o r  before  cooking. 

An a l t e r n a t i v e  hypothesis ,  harever ,  is t h a t  t h e  i s o l a t i o n  of t i s s u e  

f r a c t i o n s  from the  m o d  matr ix  removes t h e  phys ica l  b a r r i e r s  con- 

t r i b u t i n g  t o  the  topochedca l  e f f e c t ,  thus  leav ing  only chea tca l  

f a c t o r s  t o  a f f e c t  t h e  system. I f  t h i s  hypothesis  is va l id ,  then 
the  o r i g i n a l  d a t a  cons t i t u t ed  a better d e s c r i p t i o n  of vhat  was 

occurring during t h e  pulping of i n t a c t  uood. 

CALCULATIONS 

v -  
Po - 
P -  
Y -  
k -  
f -  
F -  
t -  
sv - 
n l  - 

~ 

ex ten t  of d e l i g n i f i c 8 t i o n  
i n i t i a l  degree of c ross l ink ing  
c ross l ink  dens i ty  
degree of p o l p r i s a t i o n  of c ross l inked  chains  
rate c o n s t ~ n t  of c ros8 l iuk  cleavage 
m i g h t  f r a c t i o n  of l i g n i n  
f r a c t i o n  of  c ros s l inks  
t o t a l  mod 
secondary w a l l  
d d d l e  l w l l a  

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



30 BERRY AND BOLKER 

By t ak ing  a r b i t r a r y  va lues  of p '  sw /p'  d s  paw ' .nd PA Yare calm- 
l a t e d  from Kquation 3, where p i  - 0.277'+, fm - 0.7625, fd- 0.2385 

and f - e i g h t  f r a c t i o u  of l ign in .  

With t h e s e  v a l u e s  of p '  and p '  and t h o s e  of p and p, 

obtalned us ing  Equation 4. , Equation 2 vas used t o  c a l c u l a t e  

ksw/kPl a t  e a c h  t o t a l  e x t e n t  of d e l i g n i f i c a t i o n .  Changing the  
v a l u e  of p:,,/pAlchanged t h e  mean v a l u e  of ksv/kII1and a l s o  i t s  

r e l a t i v e  s t a n d a r d  d e v i a t i o n .  When p i v / p L  vas set t o  0.64,  the  

lowest s t a n d a r d  d e v i a t i o n  of ksv/kpl w a s  obtained. This value of 

p ' J p L  gave the best f i t  of theory t o  e x p e r b e n t .  

I W  P1 a1 

s 

In t h e  c a l c u l a t i o n  where k and k were aade equal,  Equation 
sw d 

I vas s impl i f i ed  t o  Equation 5 ,  and the  m a n  of t he  r a t i o s  of 

a t  each ex ten t  of d e l i g n i f i c a t i o n  w a s  ca lcu la ted .  
PSW%l  

In both schascs,  c a l c u l a t i n g  t h e  degree of c ros s l ink ing  when a 

g iven  f r a c t i o n  (F) of c ros s l inks  remain permitted determination of 

(ws)sv and from a g r a p h  of u vs. p. By i n s e r t i n g  these  
v a l u e s  i n t o  E q u a t i o a  6 ,  t h e  t o t a l  degree of d e l i g n i f i c a t i o n  

w a s  ca lcu la ted .  

s 

F i g u r e s  2 and 3 are, graphs of (w  ) and (w  ) respective- s sw 8 11' 
l y ,  versus (wsIt. 

The las t  poin t  vas excluded from the  c a l c u l a t i o n  of t he  mean 

because iOOZ d e l i g n i f i c a t i o n  from t h e  secondary w a l l  l i k e l y  oc- 

curred before  t h i s  r e s u l t  w a s  recorded. 
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THE TOPOCHEMISTRY OF ACID-SULPHITE PULPING. 11. 31 

The ana lys i s  in t h i a  paper r t n n g t h e n s  the  evidence f o r  t h e  

v a l i d i t y  of two concepta. P i r r t ,  it r e i n f o r c e r  t h e  concept t h a t  

l i g n i n  i a  a g.1 and t h a t  degrada t ion  of a gel e x p l a i r u  MV p h e n a  

ena  exh ib i t ed  during pulping. In acid-aulphi te  pulping,  t h e  f i x i n g  

of  on ly  t h r e e  parameters ,  ( y  - 18, pA1 - 0.338. and p d  - 0.2581, 

and t h e  app l i ca t ion  of a very s p e c i f i c  form of ge l -degrada t ion  

theory perdts the  desc r ip t ion  of: (1) t h e  r e l a t i o n s h i p  between 

weight-average degree of polymerisat ion and e x t e n t  of d e l i g n i f i -  

ca t ion ;  ( 2 )  t h e  r e l a t ionsh ip  behrcen degree of c ross l ink ing  and 

e x t e n t  of d e l i g n i f i c a t i o n ;  and f i n a l l y  ( 3 )  t h e  t o p o c h d c a l  e f f e c t .  

Second, t he  ana lys i s  suppor ts  t he  concept t h a t  t h e  topochemi- 

ca l  e f f e c t  i s  l a rge ly  i f  not vhol ly  dependent on l i g n l n  chemistry 

dur ing  ac id  a u l p h i t e  pulping. This concluslon can probably be 
extended t o  inc lude  t h e  topochemical e f f e c t  observed i n  k r a f t  pulp- 

ing. The la t ter  v w l d  be even l e s a  l i k e l y  than  a c i d - a u l p h i t e  pulp- 

i n g  t o  a h w  in t e r f e rence  from t h e  wood hen ice l lu loses  - vhich a r e  

c i ted0  as a f f e c t i n g  t h e  pore size and hence t h e  r a t e  of d i f f w i o n  

of  so lub le  mterial  f r o a  the  f i b r e  - becauae h d c e l l u l o s c s  are 

rap id ly  rarovcd during k r a f t  pulping’. The d i f f e rence ,  then, 

between the  magnitudes of t he  t o p o c h d c a l  e f f e c t s  observed i n  

k r a f t  and ac id- ru lphi te  pulping ha8 t o  be descr ibed  in terw of 

d i f f e rences  in c h d a t r y .  

Even t h e  t o p o c h d c a l  cf f e c t  oberved dur ing  a c i d - c h l o r i t e  

d e l i g n i f i c a t i o n  can l a rge ly  be descr ibed  i n  term of chemistry. 

The result. presented by Whiting and Coring3 s h w  t h e r e  is a sudden 

inc rease  in t h e  topochemical e f f e c t  halfway through an acid- 

c h l o r i t e  cook. This w a s  explained by invoking a surge  in secondary 

w a l l  d e l i g n i f i c a t i o n  due t o  a sudden removal of hemicel luloae from 

t h e  secondary w a l l .  The results of Table 1 from Reference 3, hw-  

ever ,  ahow t h a t  t he  r a t e  of removal of l i gn in  from t h e  secondary 

w a l l  remains conatant. D c l i g n i f l c a t i o a  of t h e  middle lamella, on 
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32 BERRY AND BOLKER 

t h e  o t h e r  hand, almost ceases after 50% l i g n f n  removal. Thfs i s  

n o t  what one m u l d  expect i f  h d c e l l u l o s e  were causing the  topo- 

c h d c a l  e f  f e c t  becuse h e d c e l l u l o o e  concen t r a t ioa  is highes t  i n  

t h e  secondary w a l l .  The result obtained is r a t h e r  what vould be 

expected i f  t h e  middle lamella l i g n i n  ware less r e a c t i v e  and less 
t r a c t a b l e  than t h e  oecondary -11 l ignfn .  

The topochea ts t ry  of a c i d r h l o r i t e  d e l l g n i f i c a t i o n  may there- 

fore be b a t t e r  accounted for by cons ider ing  t h e  d i f f e r i n g  phenolic 

conten t  and croas l ink ing  d e n s i t i e s  of t he  middle-lamella and 
secondary-vall Lfgnins, d i f f e rences  t h a t  have been demonstrated by 

expe r i ecn ta l  r e s u l t s e  and t h e o r e t i c a l  ana lys i s1 .  

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

8. 
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