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LAMELLA AND SECONDARY WALL TISSUE FROM BLACK SPRUCE WOOD 
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Pulp and Paper  Research I n s t i t u t e  of Canada 

an d 
Department of Chemistry, McGill U n i v e r s i t y ,  

Montreal ,  Quebec, Canada H3A 2A7 

ABSTRACT 

F r a c t i o n s  of t i s s u e  from t h e  secondary w a l l  and middle l a m e l l a  
of b l a c k  spruce  wood w e r e  pulped by t h e  k r a f t ,  a c i d - s u l p h i t e  and 
a c i d - c h l o r i t e  methods. I n  a l l  cases ,  t h e  d e l i g n i f i c a t i o n  of  t h e  sec- 
ondary w a l l  t i s s u e  w a s  more r a p i d  than t h a t  f o r  t h e  middle l a m e l l a  
t i s s u e .  This topochemical e f f e c t  w a s  l a r g e s t  i n  k r a f t  pulping.  I n  
a c i d - s u l p h i t e  pulping t h e  e f f e c t  w a s  less than i n  k r a f t ,  w h i l e  i n  
a c i d - c h l o r i t e  pulping t h e  e f f e c t  w a s  smallest. Thus t h e  r e s u l t s  con- 
firmed i n  genera l  t h e  p r e v i o u s l y  r e p o r t e d  t r e n d s  based on microscopic  
observa t ion .  However, i n  earlier work t h e r e  w a s  no topochemical d i f -  
f e r e n c e  found i n  a c i d - c h l o r i t e  pu lp ing ,  even at  high d e l i g n i f i c a t i o n .  
I n  t h e  p r e s e n t  work, t h e  topochemical e f f e c t  i n  a c i d - c h l o r i t e  pulping 
increased  r a p i d l y  above 50% d e l i g n i f i c a t i o n .  

INTRODUCTION 

Bixler '  concluded i n  1938 t h a t ,  i n  t h e  k r a f t  p r o c e s s ,  t h e  

l i g n i n  i n  t h e  middle lamella d i s s o l v e s  f a s t e r  than t h a t  i n  the  sec-  

ondary w a l l .  Others  s i n c e  t h e n  have s t u d i e d  t h e  topochemistry of 

d e l i g n i f i c a t i o n  w i t h  vary ing  r e s u l t s  . 2-5 

I n  1967, P r o c t e r  e t  a1.6 showed by u l t r a v i o l e t  microscopy 

t h a t ,  f o r  bo th  k r a f t  and a c i d - s u l p h i t e  pu lp ing ,  t h e  l i g n i n  i n  t h e  

secondary w a l l  d i sso lved  f a s t e r  t h a n  t h e  l i g n i n  i n  t h e  middle  

l a m e l l a .  For n e u t r a l - s u l p h i t e  pu lp ing ,  t h e  topochemical e f f e c t  w a s  

s m a l l e r .  In 1972, Wood e t  a1.7 found t h a t  t h e r e  w a s  no topochemical 
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112 WHITING AND GORING 

e f f e c t  d u r i n g  c h l o r i t e  pulping.  They a l s o  r e l a t e d  t h e  topochemical 

e f f e c t  t o  t h e  removal of hemice l lu loses  from t h e  wood and showed 

t h a t  t h e  more t h e  hemice l lu loses  were removed from t h e  wood e a r l y  

i n  t h e  cook, the g r e a t e r  w a s  the topochemical e f f e c t .  These re- 

s u l t s  w e r e  suppor ted  by t h e  later work o f  Kerr and Goring' who 

pulped,  w i t h  a c i d - c h l o r i t e ,  b i r c h  wood from which t h e  h e m i c e l l u l o s e s  

had been removed. They noted t h a t  i n  hemice l lu lose- f ree  b i r c h  t h e r e  

w a s  a topochernical e f f e c t ,  w h i l e  i n  normal b i r c h  t h e r e  w a s  no topo- 

chemical  e f f e c t .  It w a s  a l s o  noted t h a t  removal of t h e  hemicel lu-  

l o s e s  caused l a r g e r  p o r e s  t o  be formed i n  t h e  f i b r e  w a l l s  dur ing  

pulp ing  . 
F u r t h e r  in format ion  about  t h e  topochemistry of  d e l i g n i f i c a t i o n  

w a s  ob ta ined  by Kerr and Goring' when they  found t h a t  d u r i n g  k r a f t  

pu lp ing  t h e  l i g n i n  of b lack  s p r u c e  w a s  removed from t h e  exposed 

middle lamella as macromolecules of t h e  same s i z e ,  and a t  t h e  same 

ra te ,  as  from the middle lamella comple te ly  enc losed  by t r a c h e i d  

w a l l s .  These a u t h o r s  wrote:- "This demonst ra tes  t h a t  d u r i n g  t h e  

pulp ing  of wood, the primary and secondary w a l l s  of t h e  ce l l s  do 

n o t  a c t  as p h y s i c a l  b a r r i e r s  t o  t h e  d i f f u s i o n  of  d i s s o l v e d  l i g n i n  

macromolecules from t h e  middle  lamella reg ion ."  

A s  mentioned i n  s e v e r a l  p rev ious  p a p e r s ,  t h e r e  are i n t r i n s i c  

problems i n  t h e  u l t r a v i o l e t  microscopic  measurement o f  l i g n i n  con- 

c e n t r a t i o n s  i n  t h e  v a r i o u s  morphological  r e g i o n s  of wood6-'. The 

topochemical e f f e c t s  descr ibed  above may be  a r t i f a c t s  c r e a t e d  by 

t h e  methods used. A non-microscopic method of checking t h e  prev ious  

r e s u l t s  would b e  u s e f u l .  

The purpose o f  t h e  p r e s e n t  work was t o  measure d i r e c t l y  t h e  

rates of d e l i g n i f i c a t i o n  of secondary w a l l  and middle  l a m e l l a  

t i s s u e  of  spruce  wood. Whiting e t  a1.I' have developed a method by 

means of which f r a c t i o n s  r i c h  i n  middle l a m e l l a  and secondary w a l l  

t i s s u e  of wood can be  prepared i n  cent igram q u a n t i t i e s .  Such f r a c -  

t i o n s  were t r e a t e d  under t h e  c o n d i t i o n s  used c o n v e n t i o n a l l y  i n  k r a f t ,  

a c i d - s u l p h i t e  and a c i d - c h l o r i t e  pu lp ing .  Removal of l i g n i n  w a s  

followed by spec t rophotometr ic  a n a l y s i s  of t h e  l i q u o r s .  Measure- 
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BLACK SPRUCE WOOD 113 

ments were a l s o  made on whole wood. I n  t h i s  manner, d a t a  were 

obta ined  which permi t ted  an independent  check of t h e  topochemi- 

ca l  behavior  repor ted  p r e v i o u s l y  . 6- 9 

EWERIMENTAL 

The pulping experiments w e r e  performed on t h r e e  samples of  

b l a c k  spruce  (P icea  mariana ( M i l l . )  B.S.P.) t i s s u e .  They were 

e x t r a c t i v e - f r e e  b lack  spruce  wood f l o u r ,  secondary w a l l  t i s s u e ,  

and middle lamella t i s s u e ,  w i t h  l i g n i n  c o n t e n t s  of 27%, 21% and 

55% r e s p e c t i v e l y ,  a l l  prepared as descr ibed  previously”.  Each 

sample w a s  pulped by t h r e e  d i f f e r e n t  methods. 

K r a f t  
-1 

A k r a f t  l i q u o r  c o n s i s t i n g  of 18.7 g.L NaOH and 6.7 g.L-’ 

Na S w a s  prepared .  One t o  two mi l l ig rams of sample w e r e  weighed 

i n t o  a g l a s s  tube (10 cm x 0.5 crn I.D.). One m i l l i l i t r e  of l i q u o r  

was added and t h e  tube s e a l e d .  The tubes  were then placed i n  a n  

o i l  b a t h  a t  160 f 1’ f o r  t h e  d e s i r e d  t i m e .  The t i m e  requi red  t o  

reach 16OoC i n s i d e  t h e  bomb w a s  less t h a n  5 min. A f t e r  t h e  de- 

s i r e d  r e a c t i o n  t i m e  t h e  tubes  w e r e  removed and quenched i n  co ld  

water. Each tube was  opened and t h e  l i q u o r  p i p e t t e d  i n t o  a v i a l  

c o n t a i n i n g  9 mL H20. 

2 

The s o l u t i o n  w a s  f i l t e r e d  and t h e  absorbance measured a t  

280 nm. F u r t h e r . d i l u t i o n s  were made i f  t h e  absorbance w a s  found 

t o  b e  g r e a t e r  than 0.1. The d e l i g n i f i c a t i o n  w a s  c a l c u l a t e d  u s i n g  

a n  a b s o r b t i v i t y  of 18.7 L.g-l * cm -’ ll. K r a f t  l i q u o r  w a s  cooked 

f o r  v a r i o u s  l e n g t h s  of t i m e ,  w i t h o u t  t h e  a d d i t i o n  of wood m a t e r i a l ,  

f o r  use  a s  a blank.  

S u l p h i t e  

-1 A s u l p h i t e  l i q u o r  was prepared  by d i s s o l v i n g  15.6 g.L NaOH 

i n  w a t e r  and a d j u s t i n g  t h e  pH t o  1.5 w i t h  SO2. One t o  two m i l l i -  

grams of sample w e r e  then t r e a t e d  by procedures  i d e n t i c a l  t o  those  

used i n  k r a f t  pulping except  t h a t  t h e  tempera ture  w a s  150 f 1°C. 
A s  i n  t h e  experiments  wi th  k r a f t ,  t h e  d i l u t e d  l i q u o r  w a s  f i l t e r e d  

and t h e  absorbance measured a t  350 nm. The normal wavelength f o r  
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114 WHITING AND GORING 

l i g n i n  absorbance measurements i s  280 nm. However, a t  t h i s  wave- 

l e n g t h  t h e  s u l p h i t e  l i q u o r  absorbed t o o  s t r o n g l y  t o  a l low a c c u r a t e  

measurements of a s m a l l  l i g n i n  concent ra t ion .  A t  350 nm t h e  absor-  

bance of s u l p h i t e  l i q u o r  was  small compared t o  t h e  absorbance of 

l i g n i n  and measurements were p o s s i b l e .  

To check i f  350 n m  w a s  a r e l i a b l e  wavelength f o r  l i g n i n  analy- 

sis, samples of o ther  s u l p h i t e  l i g n i n s  w e r e  d i s s o l v e d  i n  t h e  l i q u o r  

and t h e i r  a b s o r b t i v i t i e s  measured a t  280 nm and 350 nm. Although 

t h e  a b s o l u t e  a b s o r b t i v i t i e s  f o r  t h e s e  samples v a r i e d  from sample to 

sample, t h e  r a t i o  of E ~ ~ ~ / E ~ ~ ~  remained c o n s t a n t  a t  16.8. An aver -  

age v a l u e  f o r  t h e  a b s o r b t i v i t y  of s u l p h i t e  l i g n i n  a t  350 nm was 

found t o  b e  0.85 L.g - cm . This  v a l u e  w a s  used i n  t h e  c a l c u l a -  

t i o n  of l i g n i n  c o n c e n t r a t i o n s  i n  the  l i q u o r .  S u l p h i t e  l i q u o r ,  cooked 

f o r  v a r i o u s  l e n g t h s  of t i m e  wi thout  t h e  a d d i t i o n  of wood material ,  

w a s  used as  a blank.  

-1 -1 

C h l o r i t e  

C h l o r i t e  t reatment  w a s  done accord ing  t o  t h e  procedure of Wise 

-- e t  a1.I2 as adapted by T i m e l l 1 3 ,  bu t  a t  a s c a l e d  down l e v e l .  Approxi- 

mately 5 mg of sample w a s  weighed a c c u r a t e l y  i n t o  1 .5  c m  x 12 cm 

tes t  tubes  and 2 mL H 0 added t o  each. The i n i t i a l  chemical charge 

w a s  1.5 mg N a C l O  and 0.5 pL g l a c i a l  a c e t i c  a c i d .  The samples w e r e  

placed i n  an  o i l  b a t h  a t  70 f l 0 C  and s t i r r e d  r e g u l a r l y .  A f t e r  each 

h o u r ,  0 . 1  mL of l i q u o r  w a s  withdrawn and f r e s h  chemicals added with-  

o u t  t h e  a d d i t i o n  of water.  The withdrawn samples w e r e  p laced  i n  v i a l s  

with 4.9 mL H 2 0 ,  f i l t e r e d ,  and t h e  absorbance measured a t  240 nm. The 

d e l i g n i f i c a t i o n  w a s  c a l c u l a t e d  from t h e  absorbance us ing  an a b s o r b t i -  

v i t y  of 30 L.g-l - c m  

same procedure w a s  followed f o r  a b lank  sample us ing  no wood material. 

2 

2 

-1 determined by Campbell and McDonald14. The 

Each type of sample w a s  pulped t h r e e  times by each method- 

The r e s u l t i n g  percent  d e l i g n i f i c a t i o n s  w e r e  reproducib le  t o  w i t h i n  

? 2%. 

RESULTS 

The r e s u l t s  f o r  t h e  k r a f t ,  a c i d - s u l p h i t e ,  and a c i d - c h l o r i t e  

pu lp ing  experiments  are l i s t e d  i n  Table 1 and are shown graphi- 
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TABLE 1 

Percent  D e l i g n i f i c a t i o n  Values f o r  Pulp ing  of Middle Lamella ,  
Secondary Wall and Whole Wood F r a c t i o n s  of Black Spruce 

i m e  (h) 

0.25 

0.5 

0.75 

1.0 

1.25 

1.5 

2.0 

2.5 

3.0 

3.5 

4.0 

5.0 

6.0 

7 .O 

KRAFT 

swl M L 2  ww3 

47 69 

56 76 

66 84 

- 88 
- - 

7 6  95 
- - 

a2 99 

83  - 
- 100 

88 - 
- - 
- - 
- - 

% D e l i g n i f i c a t i o n  

SULPHITE 

sw ML ww 
CHLORITE 

jW ML WW 

SW: Secondary Wall 

ML: Middle Lamella 

WW: Whole Wood 

c a l l y  i n  F igures  1, 2 and 3 ,  r e s p e c t i v e l y .  In a l l  c a s e s  t h e  sec- 

ondary w a l l  l i g n i n  w a s  d i s s o l v e d  f a s t e r  than w a s  t h e  l i g n i n  from 

t h e  middle lamella. The dashed l i n e  in  each p l o t  was c a l c u l a t e d  by 

combining t h e  d a t a  f o r  t h e  secondary w a l l  and middle  lamella l i g n i n s .  

It has been shown by  Fergus et a l ?  t h a t  77% o f  t h e  l i g n i n  i n  b lack  

spruce wood is  p r e s e n t  i n  t h e  secondary w a l l  and 23% i n  t h e  middle  

lamella reg ion .  This p r o p o r t i o n  w a s  used  t o  c a l c u l a t e  what the de- 

l i g n i f i c a t i o n  of t h e  whole wood should b e ,  a t  a g iven  t i m e  dur ing  
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1 1  I I I I I 
0 1 2 3 4 5  

TIME ( h )  

FIGURE 1. P l o t  of % d e l i g n i f i c a t i o n  v e r s u s  t i m e  f o r  k r a f t  pu lp ing  
of wood t i s s u e  f r a c t i o n s .  A l l  p o i n t s  are experimental .  
The dashed l i n e  f o r  whole wood w a s  ob ta ined  by combining 
t h e  d a t a  f o r  the  secondary w a l l  and middle l a m e l l a  
l i g n i n s .  

- 

- 

SULPHITE 
I I I I I 1 

0 1 2 3 4 5 6  
TIME ( h )  

FIGURE 2. P l o t  of % d e l i g n i f i c a t i o n  v e r s u s  t i m e  f o r  a c i d - s u l p h i t e  
pu lp ing  of wood t i s s u e  f r a c t i o n s .  A l l  p o i n t s  are exper i -  
mental .  The dashed l i n e  f o r  whole wood w a s  ob ta ined  by 
combining t h e  d a t a  f o r  t h e  secondary w a l l  and middle 
lamella l i g n i n s .  
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r 
100 - 

8 80 - 
Z 60 - w 
U 

B 

Middle Lamella 

CHLORITE ap 
0 -  

I I I I I I I 1 .  

0 1 2 3 4 5 6 7  

TIME ( h )  

FIGURE 3 .  P l o t  of % d e l i g n i f i c a t i o n  v e r s u s  t i m e  f o r  a c i d - c h l o r i t e  
pu lp ing  o f  wood t i s s u e  f r a c t i o n s .  All p o i n t s  are exper i -  
mental. The dashed l i ne  f o r  whole wood w a s  ob ta ined  by 
combining the  d a t a  f o r  t h e  secondary w a l l  and middle  
lamella l i g n i n s .  

t h e  t rea tment .  The f i t  of t h e  c a l c u l a t e d  l i n e s  t o  the  experimental  

p o i n t s  f o r  whole wood is good. 

The topochemical e f f e c t  may a l s o  b e  i l l u s t r a t e d  by p l o t t i n g  

t h e  p e r c e n t  d e l i g n i f i c a t i o n  from t h e  middle lamella and secondary 

w a l l  v e r s u s  the  p e r c e n t  d e l i g n i f i c a t i o n  from t h e  whole wood, a s  i n  

Figure 4.  The p e r c e n t  d e l i g n i f i c a t i o n  of wood w a s  ob ta ined  from t h e  

c a l c u l a t e d  whole wood e x t r a c t i o n  curves  i n  F igures  1-3. Figure  4 

demonstrates  t h a t  the topochemical e f f e c t s  f o l l o w ,  i n  g e n e r a l ,  t h e  

t rends  as r e p o r t e d  previous ly6”  (F igure  5 ) .  But t h e r e  are  some 

d i f f e r e n c e s  i n  d e t a i l .  The most impor tan t  d i f f e r e n c e  i s  t h a t  i n  

prev ious  a c i d - c h l o r i t e  experiments7 no topochemical e f f e c t  w a s  

noted.  However, i n  t h i s  work a s m a l l  topochemical e f f e c t  was noted 

up t o  about  50% d e l i g n i f i c a t i o n ,  a f t e r  which t h e  topochemical 

e f f e c t  increased  d r a m a t i c a l l y .  

DISCUSSION 

Figure  4 c l e a r l y  demonst ra tes  t h a t  the topochemical e f f e c t  i s  

p r e s e n t  i n  k r a f t  and a c i d - s u l p h i t e  pu lp ing ,  i n  agreement w i t h  t h e  
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F I G U R E  4 .  P l o t  of p e r c e n t  l i g n i n  removed f r o m  the middle lamella 
and secondary w a l l  o f  b l a c k  spruce  v e r s u s  p e r c e n t  l i g n i n  
removed from t h e  whole wood. The dashed 45' l i n e  re- 
p r e s e n t s  whole wood v e r s u s  whole wood. 

KRAFT SULPHITE CHLORITE 

F I G U R E  5. P l o t  o f  p e r c e n t  l i g n i n  removed from the middle  l a m e l l a  

removed from t h e  whole wood as determined m i c r o s c o p i c a l l y  . and secondary w a l l  of b l a c k  s p r u c e  v e r s u s  p e r c e n t  l i g n i n  7 
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r e s u l t s  r e p o r t e d  previous ly6” .  The topochemical e f f e c t  i s  g r e a t e r  

i n  k r a f t  pu lp ing  than i n  a c i d - s u l p h i t e  pu lp ing ,  a l s o  i n  agreement 

w i t h  prev ious  r e s u l t s b y 7 .  The shape of t h e  curves  i n  F i g u r e  4 are 

almost  i d e n t i c a l  t o  those  presented  by Wood e t  a l . 7  a t  low d e l i g n i -  

f i c a t i o n s  ( s e e  F igure  5). A t  h igher  d e l i g n i f i c a t i o n ,  s i g n i f i c a n t  

d e v i a t i o n s  occur .  Wood e t  a l .  d i scussed  t h e  d i f f i c u l t i e s  involved 

i n  measuring m i c r o s c o p i c a l l y  the  l i g n i n  c o n t e n t  i n  p u l p s  a t  h i g h  

d e l i g n i f i c a t i o n s .  The main problem i s  that t h e  l i g n i n  c o n t e n t  i n  

the middle  l a m e l l a  is not  uniform a t  h igh  d e l i g n i f i c a t i o n  and 

measurement o f  the average l i g n i n  c o n t e n t  i s  d i f f i c u l t .  Also ,  as 

t h e  l i g n i n  conten t  d e c r e a s e s ,  t h e  low s e n s i t i v i t y  of t h e  microscopic  

technique  l e a d s  t o  l a r g e  e r r o r s .  The accuracy  of t h e  p r e s e n t  method 

is  i l l u s t r a t e d  by t h e  agreement, even a t  h i g h  d e l i g n i f i c a t i o n ,  

between t h e  c a l c u l a t e d  and exper imenta l ly  observed d a t a  f o r  whole 

wood i n  F i g u r e s  1, 2 and 3.  

/ Wood e t  a l .  a l s o  found t h a t  t h e r e  w a s  no topochemical e f f e c t  

i n  t h e  d e l i g n i f i c a t i o n  of b l a c k  spruce  by c h l o r i t e  pu lp ing  (F igure  

5 ) .  This o b s e r v a t i o n  w a s  supported i n  t h e  p r e s e n t  work s i n c e  only  

a s m a l l  e f f e c t  w a s  found a t  d e l i g n i f i c a t i o n s  less than f i f t y  per- 

c e n t .  However, a t  h igh  d e l i g n i f i c a t i o n s  a l a r g e  i n c r e a s e  i n  t h e  

topochemical e f f e c t  w a s  noted as shown by t h e  curves  f o r  ac id-  

c h l o r i t e  i n  F i g u r e  4 .  Wood et al .7 found no such e f f e c t ,  probably 

as a r e s u l t  of the problems encountered i n  t h e  u l t r a v i o l e t  micro- 

s c o p i c  method a t  h igh  d e l i g n i f i c a t i o n .  

The reason  f o r  t h e  sudden i n c r e a s e  i n  t h e  topochemical e f f e c t  

halfway through an a c i d - c h l o r i t e  cook is n o t  known w i t h  c e r t a i n t y .  

However, t h e  e f f e c t  may be  r e l a t e d  t o  t h e  d iscovery  by Ahlgren 

- a1.16 t h a t  above 50% d e l i g n i f i c a t i o n  wi th  c h l o r i t e ,  t h e  average  pore  

s i z e  i n  t h e  secondary w a l l  i n c r e a s e s .  This i n c r e a s e  i n  pore  s i z e  

c o i n c i d e s  approximately w i t h  a s i g n i f i c a n t  removal of h e m i c e l l u l o s e s  

from t h e  c e l l  w a l l 1 7 .  I t  is  p o s s i b l e ,  t h e r e f o r e ,  t h a t  t h e  removal 

o f  hemice l lu loses  from t h e  ce l l  w a l l ,  a t  h i g h  d e l i g n i f i c a t i o n s ,  may 

cause t h e  i n c r e a s e  i n  t h e  topochemical e f f e c t  observed i n  c h l o r i t e  

pulping.  
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Removal of hemice l lu loses  h a s  also been r e l a t e d  t o  t h e  topo- 
I 

chemistry i n  t h e  k r a f t  and s u l p h i t e  pulping.  Wood e t  a l .  

t h e  topochemical e f f e c t  by measuring t h e  a r e a  bound by t h e  middle  

lamella and secondary w a l l  d e l i g n i f i c a t i o n  curves i n  F igure  5 up t o  

33% d e l i g n i f i c a t i o n .  This  area, normalized t o  u n i t y  f o r  k r a f t ,  was 

p l o t t e d  a g a i n s t  t h e  p e r c e n t  carbohydra te  removed, t o  g ive  t h e  l i n e a r  

t rend  shown by t h e  f i l l e d  p o i n t s  i n  F igure  6 .  The d a t a  shown i n  

F igure  4 w e r e  analyzed i n  t h e  s a m e  manner and t h e s e  p o i n t s  are a l s o  

shown i n  F igure  6. Consider ing t h e  t o t a l l y  d i f f e r e n t  exper imenta l  

methods used ,  we  can c la im good agreement between t h e  p r e s e n t  and 

previous r e s u l t s .  

estimated 

CONCLUDING REMARKS 

Although t h e  reasons f o r  t h e  e x i s t e n c e  of  t h e  topochemical e f -  

f e c t  are n o t  completely c l e a r ,  we can make some s p e c u l a t i o n s  based 

on t h e  exper imenta l  evidence.  There s e e m  t o  b e  two f a c t o r s  involved  

in . . the  d i s s o l u t i o n  of l i g n i n  from t h e  middle  lamella and secondary 

1.0 
I- E 

0.8 
w 
-r a 0.6 

$ 0.4 
0 

I! 

g 0.2 8 

I- 

0 .  

0 5 10 15 
CARBOHYDRATE REMOVED(% ON WOOD 1 

FIGURE 6 .  P l o t  of  normalized topochemical  e f f e c t  v e r s u s  p e r c e n t  re- 
moval of carbohydra te  a t  33% d e l i g n i f i c a t i o n  of  whole 
wood. 
Legend: 0 Data p r e s e n t e d  by  Wood e t  a l .  . 

OData from p r e s e n t  work. 
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w a l l  of wood. F i r s t l y ,  t h e r e  are l i k e l y  t o  be  i n h e r e n t  chemical d i f -  

f e r e n c e s  i n  t h e  l i g n i n  i t s e l f  i n  t h e  middle  lamella and secondary 

w a l l  ( e . g . ,  t h e  conten t  of p h e n o l i c  hydroxyl  groups 18’19 o r  t h e  degree 

of c r o s s l i n k i n g 2 0 ) .  These d i f f e r e n c e s  cause t h e  middle lamella l i g n i n  

t o  be  less reactive than t h e  secondary w a l l  l i g n i n .  Secondly, d i sso-  

l u t i o n  of hemice l lu loses  from t h e  secondary w a l l  dur ing  pulp ing  in-  

c r e a s e s  t h e  s i z e  of t h e  p o r e s  i n  t h e  w a l l  and thereby a l lows  t h e  sec-  
8 ondary w a l l  l i g n i n  t o  be  removed more q u i c k l y  . Thus, i n  a process  

such a s  k r a f t ,  i n  which t h e  hemice l lu lose  i s  r a p i d l y  removed, t h e  re- 

a c t i v e  secondary w a l l  l i g n i n  i s  d i s s o l v e d  more r a p i d l y  than  t h e  unre- 

a c t i v e  middle l a m e l l a  l i g n i n .  However, when t h e  hemice l lu lose  i s  re- 

t a i n e d ,  as i n  c h l o r i t e ,  t h e  l i g n i n  is “sea led”  i n  t h e  secondary w a l l  

and seems t o  d i s s o l v e  i n i t i a l l y  a t  about  t h e  same r a t e  a s  the  middle 

lamella l i g n i n .  Thus, t h e r e  are both p h y s i c a l  and chemical f a c t o r s  in -  

volved i n  topochemical b e h a v i o r ,  and t h e  observed topochemis t r y  i s  

t h e  r e s u l t  of an i n t e r p l a y  of t h e s e  f a c t o r s .  It may be p o s s i b l e ,  

e v e n t u a l l y ,  t o  f i n d  ways of t r e a t i n g  wood chemical ly  so  t h a t  t h e  

middle lamella d i s s o l v e s  more r a p i d l y  than t h e  secondary w a l l  l i g -  

n in .  Such behavior  could l e a d  t o  methods of chemical d e f i b r a t i o n  of 

wood as y e t  unexplored. 
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