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THE FORMATION OF CONIFERYL ALCOHOL DURING ALKALINE 
DELIGNIFICATION WITH ANTHRAQUINONE - PART 11. 

R.D. Mortimer 
Pulp  and Paper Research I n s t i t u t e  of Canada 

570 S t .  John’s  Boulevard 
P o i n t e  C l a i r e ,  Quebec. H9R 359 

ABSTRACT 

Evidence has  been ga thered  t o  demonstrate  t h a t  c o n i f e r y l  
a l c o h o l  (CA) formation is predominant ly  a r e a c t i o n  of t h e  i n i t i a l  
phase of d e l i g n i f i c a t i o n .  An at tempt  t o  l i n k  CA formation i n  t h e  
i n i t i a l  phase t o  t h e  e x t e n t  o f  d e l i g n i f i c a t i o n  at the  end o f  t h e  
cook i n d i c a t e d  t h a t  t h e  two processes  were independent .  S o l u t i o n s  
o f  a commercial mix ture  of l ignosulphonates  a l s o  y i e l d e d  CA when 
hea ted  with a l k a l i  and c a t a l y s t s  l i k e  AQ. The r e l a t i v e  e f f e c t i v e -  
ness  of c e r t a i n  redox c a t a l y s t s  t o  produce CA i n  t h i s  way cor -  
r e l a t e s  with t h e i r  a b i l i t y  t o  a c c e l e r a t e  t h e  a l k a l i n e  d e l i g n i f i c a -  
t i o n  of wood. 

INTRODUCTION 

In t h e  f i r s t  p a r t  of t h i s  s e r i e s ,  i t  was noted t h a t  c o n i f e r y l  

a l c o h o l  (CAI was produced i n  t h e  cooking l i q u o r  of b lack  spruce  

cooks dur ing  t h e  i n i t i a l  phase of  d e l i g n i f i c a t i o n l  . Furthermore,  

i t  was demonstrated t h a t  the  c o n c e n t r a t i o n  of  CA reached a maximum 

t o v a r d s  t h e  end of t h e  i n i t i a l  d e l i g n i f i c a t i o n  phase and t h a t  t h i s  

c o n c e n t r a t i o n  i n c r e a s e d  d r a m a t i c a l l y  when anthraquinone (AQ) was 

inc luded  i n  t h e  cooking l i q u o r .  All of t h e s e  o b s e r v a t i o n s  have 

s i n c e  been  v e r i f i e d  by i n d e p e n d e n t  r e s e a r c h e r s 2 ’ 3 .  This r e p o r t  

p r e s e n t s  f u r t h e r  c h a r a c t e r i s t i c s  of t h e  i n i t i a l  phase r e a c t i o n s  
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and d e s c r i b e s  an at tempt  t o  l i n k  the formation o f  CA i n  t h e  i n i -  

t i a l  phase t o  t h e  o v e r a l l  e x t e n t  of d e l i g n i f i c a t i o n  at  the  end of 

t h e  cook. 

RESULTS AND DISCUSSION 

1. I n i t i a l  Phase D e l i g n i f i c a t i o n  

The e f f e c t  of  i n c r e a s i n g  AQ charge on the  formation of  CA was 

d i s c u s s e d  p r e v i o u s l y l .  Table  1 l i s t s  t w o  sets o f  r e s u l t s  which 

show not  only t h e  i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  of  c o n i f e r y l  a lco-  

h o l  w i t h  i n c r e a s i n g  AQ charge but also t h e  corresponding decrease  

in l i g n i n  conten t  of the  woodmeal a f t e r  t h e  i n i t i a l  phase t r e a t -  

ment. These r e s u l t s  a r e  c o n s i s t e n t  with Samuelson's observa t ion  

of a c a t a l y t i c  e f f e c t  of A0 on d e l i g n i f i c a t i o n  a t  120'C4. 

I f  one c o n s i d e r s  t h e  e x t r a  l i g n i n  d i s s o l v e d  by adding A() 

(21-30 mg) t o  t h e  i n i t i a l  phase of a soda cook, t h e  a d d i t i o n a l  

c o n i f e r y l  a l c o h o l  formed r e p r e s e n t s  a t  l e a s t  30-50% of t h a t  

l i g n i n .  In  o t h e r  words, CA accounts  f o r  a s i g n i f i c a n t  p o r t i o n  of 

t h e  l i g n i n  l i b e r a t e d  by AQ i n  t h e  i n i t i a l  phase. Whether CA is 

formed d i r e c t l y  from l i g n i n ,  thereby  f a c i l i t a t i n g  g r e a t e r  l i g n i n  

r e l e a s e ,  or subsequent ly  from s o l u b l e  l i g n i n  fragments i s  not 

known. The former h y p o t h e s i s ,  however, is  c o n s i s t e n t  wi th  t h e  

p r o p o s e d  mechanism of AQ a c t i o n .  
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CONIFZRYL ALCOHOL I1 349 

TABLE 1. The Effect of AQ Charge In The Initial Phase1 

4, CA . CA , Lignin,Z Yield, 
mg mgfL X on 0.d. wood x x 
0 4 9  0.05 29.9 79.3 

3.9 384 0.38 29.2 77.8 
11.4 580 0.58 28.6 78.5 

0 . 4  172 0.17 29.6 82.7 
1.8 258 0.26 29.3 82.4 

21.2 655 0.66 28.3 78.6 
80.0 n.d. n.d. 26.8 80 .3  

0 5 8  0.06 29.4 81.0 

1.5 266 0.27 28.9 83.5 
6 . 0  43 7 0.44 28.2 79 .8  

12.0 48 1 0.48 28.2 79.8 

0 . 4  118 0.12 29.4 R O .  7 

30.0 668 0.67 27.5 R2.9 

Black spruce woodmeal (28.0% lignin), 15g o.d., L/W=lO 
Lfkg, 0.3E NaOH, 80-145'C in 73 minutes. 
Klason + W Lignin content of cooked woodmeal. 
n.d. = not determined 

2 .  The Topochemistry of CA Formation 

If initial phase delignification occurs predominantly in the 

secondary wall lignid and if the coniferyl alcohol formation is a 

characteristic of the initial phase delignification, then it 

follows that coniferyl alcohol is formed predominantly f r o m  the 

secondary wall. Whiting et al.7 have succeeded in separating 

tissue fractions from the secondary wall and the middle lamella. 

Duplicate samples of each fraction, as well as of the original 

spruce whole woodmeal, were cooked under the mild conditions of 

the initial phase and the concentrations of coniferyl alcohol in 

the final liquor were measured by BPLC'. The results are listed 

in Table 2. The middle lamella fraction produced 14-16 times less 

CA than did the secondary wall fraction on the basis of the  lignin 

contents. The whole uoodmeal produced slightly less than the 

secondary wall, a result which is consistent with the relative 
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TABLE 2. Topochemistry of CA Formation1 

Con i f e r y  l a 1 coho 1 

Yield based 
S t a r t i n g  M a t e r i a l  L ignin ,  I Conc., mg/L on l i g n i n ,  I 

Whole Spruce Wood 27 379 
415 

Secondary Wall 22 34 7 
380 

1.40 
1.54 

1.58 
1.73 

Middle Lamella 60 59 0.10 
7 4  0.12 

Dupl ica te  cooks; see  Experimental S e c t i o n .  

p r o p o r t i o n  o f  secondary wal l  and middle l a m e l l a  l i g n i n  i n  t h e  

o r i g i n a l  wood and wi th  t h e i r  corresponding r e a c t i v i t i e s .  

3. The E f f e c t  of t h e  Cat ion on Formation of CA 

Maass e t  a l . 8  ' y  demonst ra ted  many years  ago t h a t  the  c a t i o n  

used t o  prepare  t h e  a l k a l i n e  cooking l i q u o r  could i n f l u e n c e  t h e  

o v e r a l l  r a t e  of r e a c t i o n ;  i . e . ,  L i +  < Na+ < K+, and Mortimer and 

Fleming r e c e n t l y  confirmed t h a t  indeed NaOH s o l u t i o n s  d e l i g n i f y  

much f a s t e r  than LiOH s o 1 u t i o n s l 0 .  However, when only t h e  i n i t i a l  

phase of t h e  cook w a s  cons idered ,  t h e  c a t i o n  inf luenced  n e i t h e r  CA 

formation nor t h e  e x t e n t  of d e l i g n i f i c a t i o n  (Table 3 ) .  

4. The E f f e c t  of Wood Species  on CA Formation 

The previous  pre l iminary  o b s e r v a t i o n  t h a t  s i n a p y l  a lcohol  

(SA)  as  well as c o n i f e r y l  a lcohol  w a s  formed i n  t h e  cooking l i q u o r  

d u r i n g  t h e  i n i t i a l  phase of hardwood pulping1 has  now been con- 

f inned .  The HPLC method had a d e t e c t i o n  l i m i t  of  5 mg/L for 

s i n a p y l  a l c o h o l  i n  spent  l i q u o r ;  no peak for s i n a p y l  a lcohol  was 
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35 1 CONTFERYI ALCOHOL I1 

TABLE 3. E f f e c t  of C a t i o n  i n  t h e  I n i t i a l  Phase1,2 

Cat i o n  CA conc . ,  mg/L Klason + W l i g n i n ,  Z 

Li th ium 5 26 
562 

Sodium 5 98 
534 

Po tas s ium 517 
592 

28.0 
27.8 

27.7 
28.2 

27.7 
27.5 

1 Cooking c o n d i t i o n s :  Black sp ruce  woodmeal (20-40 
mesh, 7.4 g 0 . d .  ), 0.14% AQ, L/W=13.6 L/kg, 0-32 
OH-, 85-125-C i n  43 min and 60 min a t  125'C. 
D u p l i c a t e  cooks .  

TABLE 4. Formation of C o n i f e r y l  and S inapy l  Alcohols1 9 2  

C o n c e n t r a t i o n ,  mg/L 

Wood S p e c i e s  C o n i f e r y l  Alcohol S inapy l  Alcohol 

Trembling Aspen 

White B i rch  

220 
223 

265 
227 

Western Red Cedar 6 85 
524 

Ba l sen  F i r  

J ack  P ine  

555 
620 

6 95 
566 

32ack Spruce 4 74 

178 
n .d .  

234 
n.d.  

< 5  
n.d.  

4 
n.d.  

<5 
n .d .  

~ ~ 

1 Cooking c o n d i t i o n s :  woodmeal (40-60 mesh, 20 g o .d .1 ,  

2 D u p l i c a t e  cooks ;  n.d. = no t  de t e rmined .  
0.2% AQ, L/W=10 L/kg, 0.45 NaOH, 21-145'C i n  82 m i n .  
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352 MORTMER 

found i n  sof twood l i q u o r s .  In a d d i t i o n ,  c o n i f e r y l  a l c o h o l  was 

found in  t h e  cook ing  l i q u o r s  from a v a r i e t y  o f  sof twoods and ha rd -  

woods by HPLC as n o t e d  i n  T a b l e  4. It is i n t e r e s t i n g  t h a t  t h e  

c o n c e n t r a t i o n s  o f  c o n i f e r y l  and s i n a p y l  a l c o h o l s  are rough ly  e q u a l  

from hardwoods and t h a t  t h e  sum of the t w o  is s i m i l a r  t o  t h e  con- 

c e n t r a t i o n  of  c o n i f e r y l  a l c o h o l  found from so f twoods .  T h i s  does  

n o t  n e c e s s a r i l y  r e f u t e  t h e  view t h a t  t h e  secondary  w a l l  l i g n i n  i n  

hardwoods is p r i m a r i l y  s y r i n g y l  a s  t h e  d e t a i l e d  s t r u c t u r e  o f  t h i s  

l i g n i n  is unknown. 

4 OH 

OH 

SINAPYL ALCOHOL 

5 .  The E f f e c t  o f  A d d i t i v e  E f f i c i e n c y  on CA F o r m a t i o n  

The a b i l i t y  of c e r t a i n  q u i n o n e s  t o  accelerate d e l i g n i f i c a t i o n  

t o  a g r e a t e r  e x t e n t  t han  o t h e r s  i s ,  a c c o r d i n g  t o  Werthemannll , 
u s u a l l y  due to t h e i r  d i f f e r e n c e s  i n  ' x y l o p h i l i c i t y '  o r  a t t r a c  

t o  wood. An a d d i t i v e  w i t h  g r e a t e r  x y l o p h i l i c i t y  is a b e t t e r  

c e l e r a t o r .  It was s u g g e s t e d  t h a t  t h e  g r e a t e r  e f f i c i e n c y  was 

t o  b e t t e r  a d s o r p t i o n  o f  t h e  a d d i t i v e  on t h e  m o d  s u r f a c e .  Tab 

l i s t s  t h e  c o n c e n t r a t i o n s  o f  c o n i  f e r y l  a l c o h o l  measured i n  

i o n  

ac - 
due 

e 5  

t h e  

l i q u o r s  from t h e  cook ing  of b l a c k  s p r u c e  uoodmeal w i t h  qu inones  o f  

d i f f e r e n t  e f f i c i e n c i e s .  

The c o n c e n t r a t i o n  o f  c o n i f e r y l  a l c o h o l  was found t o  i n c r e a s e  

w i t h  t h e  i n c r e a s i n g  p u l p i n g  e f f i c i e n c y  o f  t h e  v a r i o u s  a d d i t i v e s .  
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TABLE 5 .  The E f f e c t  of Addi t ive  E f f i c i e n c y  on CA Formation1 

CA conc., 
Addi t ive  R e l a t i v e  Eff ic iencyz  mg/L 

nil 0 35 
1,4-naphthoquinone 0.1 67  
AMS 0 . 4 5  161 
1,5-diamino-AQ 0.7 339 
AQ 1 .o 36 2 
Z-methyl-A0 1.1 540  

Cooking c o n d i t i o n s :  Black spruce  voodmeal (40 -60  mesh, 10 
g o . d . 1 ,  a l l  a d d i t i v e s  equimolar  t o  0.1% AQ charge ,  L/W=lO 
L/kg, 0 . 4 E  NaOH, 85-125'C i n  48 min. and 60 min. a t  125 'C .  * References 5 and 1 2 .  

Curious ly ,  the  same order  of c o n i f e r y l  a lcohol  product ion was 

found even when the  s t a r t i n g  m a t e r i a l  was an aqueous s o l u t i o n  of 

l ignosulphonates  (F igure  1). The c o n c e n t r a t i o n  o f  c o n i f e r y l  

a lcohol  increased  l i n e a r l y  with t h e  r-value (a  term def ined  by 

Werthemann t o  e x p r e s s  t h e  e f f i c i e n c y  of an a d d i t i v e  r e l a t i v e  t o  AQ 

whose r-value is  I ) .  The s i g n i f i c a n c e  of  t h e  r e s u l t  shown in 

F i g u r e  1 l i e s  i n  t h e  f a c t  t h a t  t h e  r e a c t i o n  mixture  f o r  t h e s e  

experiments  appeared t o  be homogeneous; i . e . ,  t h e r e  was no wood 

s u r f a c e  on which a x y l o p h i l i c  c a t a l y s t  might be adsorbed. This 

s u g g e s t s  t h a t  i f  t h e  r e l a t i v e  e f f i c i e n c y  of an a d d i t i v e  i s  due t o  

i t s  degree of a d s o r p t i o n ,  then adsorp t ion  on t h e  l i g n i n  macromole- 

c u l e  i t s e l f  may be more important  than on t h e  vood s u r f a c e  gen- 

e r a l l y .  F u r t h e r  work is  needed t o  a s s u r e  t h a t  l i g n i n  m i c e l l e s  a r e  

not involved.  

6 .  The R e l a t i o n s h i p  between CA Formation i n  t h e  I n i t i a l  Phase o f  
D e l i g n i f i c a t  i o n  and Overall D e l i g n i f i c a t  ion 

The i n f l u e n c e  of i n i t i a l  phase r e a c t i o n s  on t h e  l a t e r  s t a g e s  

of d e l i g n i f i c a t i o n  is  a s u b j e c t  of  i n t e r e s t  t o  a number of re- 
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Conif eryl 
alcohol 
conc., 
mg/L 

1000 

500 - 
. ..-.-ha 

AYS / '  
A 

A /- 

.A Naphthoqulnone 

L 1.5-DAAQ 

I 1 

0 0.6 1.2 

Catalyst efficiency factor (r,) 

FIGURE 1. The e f f e c t  of c a t a l y s t  e f f i c i e n c y  ( rm) on t h e  forma- 
t i o n  of c o n i f e r y l  a lcohol  from an a l k a l i n e  s o l u t i o n  of  
l ignosulphonate  under i n i t i a l  phase pulping c o n d i t i o n s .  
The terms 1 , 5  DAAQ and AMS r e f e r  t o  lY5-diaminoanthra-  
q u i none and sod i urn an t h r aq u i none - 2 - s u 1 phon a t e , r e  s pec - 
t i v e l y  . 

s e a r c h e r s L 3  -15 . Axegard and Wikenl5, f o r  example, r e p o r t e d  t h a t  

AQ i n  t h e  i n i t i a l  phase reduced the  amount of r e s i d u a l  l i g n i n  i n  

t h e  f i n a l  phase.  I n  t h e  present  wwrk, two experiments  were done 

t o  a t tempt  t o  e s t a b l i s h  a l i n k  between t h e  c o n i f e r y l  a lcohol  form- 

ed i n  t h e  i n i t i a l  phase and t h e  e x t e n t  of d e l i g n i f i c a t i o n  i n  t h e  

bulk phase.  

As noted b e f o r d  , woodmeal produced approximately s i x t y  per- 

c e n t  more c o n i f e r y l  a lcohol  i n  t h e  i n i t i a l  phase than wood chips  
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TABLE 6. E f f e c t  o f  Wood S i z e  on F i n a l  Kappa Number1 

Kappa Number2 

S e t  Woodme a1 Wood Ch ips  

1 47.2 t 0.8 53.3 f 1.4 
2 4 1 . 9 2  2 .9  52.4 f 2.0 

Cooking c o n d i t i o n s :  B lack  s p r u c e ,  L/W = 10 L/kg,  
1.05 NaOH, 0.1% AQ, 20-40 mesh woodmeal, 90 min t o  
temp. (170'C), H- fac to r  = 1400 
D u p l i c a t e  cooks f o r  e a c h  se t .  

unde r  i d e n t i c a l  c o n d i t i o n s .  T a b l e  6 shows however t h a t  t h e  d i f -  

f e r e n c e  i n  t h e  f i n a l  Kappa numbers towards  t h e  end o f  t h e  b u l k  

phase of d e l i g n i f i c a t i o n  was r a t h e r  small. 

Although t h e  woodmeal gave b o t h  a h i g h e r  y i e l d  of CA and a 

lower Kappa number t h a n  t h e  wood c h i p s ,  t h e  d i f f e r e n c e  i n  t h e  

Kappa numbers r e p r e s e n t e d  o n l y  0.5-0.8% d i f f e r e n c e  i n  l i g n i n  on an 

0 . d .  wood b a s i s .  Judging by the r e s u l t s  i n  Tab le  1 ,  t h i s  d i f f e r -  

ence  is probab ly  g e n e r a t e d  i n  t h e  i n i t i a l  phase o f  d e l i g n i f i c a t i o n  

and not  i n  t h e  b u l k  phase.  

A second expe r imen t  was done t o  i n v e s t i g a t e  t h e  e f f e c t  of  t h e  

a l k a l i  c o n c e n t r a t i o n  i n  t h e  i n i t i a l  phase  on t h e  fo rma t ion  o f  CA 
a t  145'C and on t h e  f i n a l  Kappa number a t  an H-factor  o f  1400. 

The p r e v i o u s  p u b l i c a t i o n 1  had n o t e d  t h a t  t h e  CA c o n c e n t r a t i o n  de- 

c r e a s e d  as t h e  i n i t i a l  a l k a l i  c o n c e n t r a t i o n  i n c r e a s e d  above 0.3E 

NaOH. Was t h i s  due t o  f o r m a t i o n  o f  less CA or d i d  i t  r e f l e c t  an 

i n c r e a s e  in t h e  ra te  of  CA d e g r a d a t i o n / c o n d e n s a t  i o n  r e a c t i o n s ?  

I n d e e d ,  Kondo and SarkanenZ have shown t h a t  CA i n  t h e  p r e s e n c e  of 

wood r e a c t s  w i t h  wood d e g r a d a t i o n  p r o d u c t s  t h a t  a r e  g e n e r a t e d  even 

ea r l i e r  i n  t h e  cook t h a n  CA. They have n o t  d e m o n s t r a t e d ,  however,  
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OH 

OH 
ArO < 
qOcH, - 

(-10 

+ ncno 

(-1 0 

Dagradatlon product. c-- &:H, + Aa - 
(-1 0 

F I G U R E  2. The proposed mechanism t o  e x p l a i n  t h e  a c c e l e r a t i n g  
e f f e c t  of AQ on a l k a l i n e  d e l i g n i f i c a t i o n .  

t h a t  t h i s  r e a c t i o n  is a lka l i -dependent .  

On the  o t h e r  hand, Gierer  and Lindeberglb have found t h a t  CA 

a l o n e  is more s t a b l e  a t  h igher  a l k a l i  c o n c e n t r a t i o n s ;  hence ,  the 

d e c r e a s e  i n  CA noted previously1 could simply have r e f l e c t e d  a 

lower product ion  of CA. This  d e c l i n e  i n  CA c o n c e n t r a t i o n  a t  high-  

er a l k a l i  c o n c e n t r a t i o n s  may be due t o  i r rcreasing compet i t ion  

between t h e  AQ di -an ion  and t h e  hydroxide anion f o r  t h e  quinone 

methide ( see  F igure  2 ) .  React ion of  t h e  quinone methide w i t h  

hydroxide  i s  thought t o  lead t o  v i n y l  e t h e r  format ion ,  not t o  CA 

format ion .  This hypothes is  was examined by s p l i t t i n g  t h e  a l k a l i  

c h a r g e  of  one cook i n t o  two p a r t s  such that  t h e  initial phase w a s  

cooked a t  a l o w  a l k a l i  charge.  Then, a t  the  end of t h e  i n i t i a l  

p h a s e ,  t h e  o v e r a l l  charge was equal ized  t o  t h a t  i n  t h e  c o n t r o l  
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TABLE 7. The Inf luence  o f  I n i t i a l  Phase Alka l i  Charge on CA 
Formation and F i n a l  Kappa Numbed 

Cont ro l  S p l i t  Charge 

T o t a l  NaOH Charge, moles 
I n i t i a l  NaOH Charge, moles 
Added NaOH Charge, moles 
AQ, % on 0.d.  wood 
LfW Rat io ,  Llkg 
H-factor 

R e s u l t s  

CA conc. ,2 mg fL 
F i n a l  AQ conc. ,  mgfL 
Fina l  NaOH conc . ,  1 
Kappa 
Yie ld ,  % 
R e j e c t s ,  X 

0.24 
0.24 

4 
1400 

4 80 
62 

0.50 
52 
50 

0 . 3  

0.24 
0.10 
0.14 
0.1 
4 
1400 

690 
52 

0.49 
5 1  
50 

o. a 

Cooking c o n d i t i o n s :  both t h e  cooks were i n t e r r u p t e d  a f t e r  
145°C dur ing  t h e  r ise- to- temp. ,  t h e  bombs were c h i l l e d ,  the  
c o n t e n t s  sampled, t h e  a d d i t i o n s  made and then the  cooks were 
completed. The r e s u l t s  r e p o r t e d  a r e  average ba lues  from t h r e e  
s e p a r a t e  experiments  with s tandard  d e v i a t i o n s  o f  6% i n  a l l  
c a s e s .  
Measured a t  the  end of t h e  i n i t i a l  phase.  

experiment  which did not have i t s  a l k a l i  charge s p l i t .  The cooks 

were i d e n t i c a l  i n  a l l  o ther  r e s p e c t s .  The work o f  Axegard and 

WikenlS i n d i c a t e s  t h a t  s p l i t t i n g  t h e  a l k a l i  charge w i l l  i t s e l f  not 

g e c e r a t e  a d i f f e r e n c e  i n  the  f i n a l  pulp.  

The r e s u l t s  in Table 7 confirmed t h a t  the  c o n i f e r y l  a lcohol  

c o n c e n t r a t i o n  i n  t h e  i n i t i a l  phase w a s  h igher  a t  t h e  lower hydrox- 

i d e  c o n c e n t r a t i o n .  The pulp p r o p e r t i e s  a t  t h e  end of t h e  second 

s t a g e ,  however, were the  same. There was  no evidence t h a t  the 

e x t e n t  of  c o n i f e r y l  a lcohol  formation i n  t h e  i n i t i a l  s t a g e ,  as 

determined by t h e  i n i t i a l  a l k a l i  charge ,  had any i n f l u e n c e  on the  

l a t e r  s t a g e  of d e l i g n i f i c a t i o n .  
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The lower c o n c e n t r a t i o n  o f  r e s i d u a l  AQ i n  t h e  s p e n t  l i q u o r  

from t h e  cook w i t h  t h e  s p l i t  a l k a l i  c h a r g e  i s  i n t e r e s t i n g .  It may 

r e f l e c t  a g r e a t e r  AQ a c t i v i t y  i n  t h i s  cook t h a n  i n  t h e  c o n t r o l  

cook t h a t  l e a d s  t o  AQ consumption b u t  n o t  t o  d e l i g n i f i c a t i o n .  The 

same e f f e c t  was n o t i c e d  i n  t h e  woodmeal vs. wood c h i p s  cook ;  t h e  

l i q u o r  from t h e  woodmeal cook had o n l y  80% o f  t h e  r e s i d u a l  AQ 

found i n  t h e  l i q u o r  from t h e  m o d  c h i p s  cook. The r e a s o n  f o r  t h i s  

i s  p r e s e n t l y  unknown. 

CONCLUSIONS 

C o n i f e r y l  a l c o h o l  has  been  found d u r i n g  t h e  e a r l y  s t a g e  o f  

a l k a l i n e  p u l p i n g  i n  t h e  cook ing  l i q u o r s  o f  a l l  wood s p e c i e s  ex- 

amined i n c l u d i n g  so f twoods  and hardwoods.  I n  a d d i t i o n ,  s i n a p y l  

a l c o h o l  h a s  been found i n  t h e  l i q u o r s  from t h e  hardwood cooks i n  

a p p r o x i m a t e l y  e q u a l  p r o p o r t i o n  t o  c o n i f e r y l  a l c o h o l .  

The f o r m a t i o n  o f  c o n i f e r y l  a l c o h o l  i n  b l a c k  s p r u c e  soda  cooks 

h a s  a number of  c h a r a c t e r i s t i c s  i n  common w i t h  i n i t i a l  phase  de- 

l i g n i f i c a t i o n ,  namely, i t :  e x h i b i t s  no c a t i o n  e f f e c t  ( u n l i k e  b u l k  

d e l i g n i f i c a t i o n )  , is  independen t  o f  h y d r o x i d e  c o n c e n t r a t i o n  above 

a c e r t a i n  minimum c o n c e n t r a t i o n ,  o c c u r s  p redominan t ly  i n  t h e  

s e c o n d a r y  w a l l ,  and a p p e a r s  t o  be comple t e  by t h e  t i m e  t h e  cook 

r e a c h e s  150°C. 

E f f i c i e n t  r edox  c a t a l y s t s  l i k e  AQ g i v e  b o t h  h i g h  CA y i e l d s  

and good d e l i g n i f i c a t i o n .  I n i t i a l  e x p e r i m e n t s ,  however,  show no 

d i r e c t  l i n k  between t h e  e x t e n t  of CA f o r m a t i o n  i n  t h e  i n i t i a l  

p h a s e ,  as d e t e r m i n e d  by v a r y i n g  t h e  i n i t i a l  a l k a l i  c h a r g e  o r  the 

wood p a r t i c l e  s i z e ,  and t h e  e x t e n t  of d e l i g n i f i c a t i o n  a t  t h e  end 

o f  t h e  comple t e  cook.  I f  t h e  mechanism p r e s e n t l y  a c c e p t e d  f o r  

k r a f t  pu1p ing l7  , i n  which CA i s  an i m p o r t a n t  end p r o d u c t ,  is 

c o r r e c t  t h e n  t h e  fo rma t ion  o f  CA d u r i n g  t h e  b u l k  d e l i g n i f i c a t i o n  

phase  of  t h e  cook ing  c y c l e  needs t o  be  d e m o n s t r a t e d .  
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EXPERIMENTAL 

The s o u r c e  o f  chemica l  s t a n d a r d s ,  t h e  g e n e r a l  cook ing  t e c h -  

n i q u e s  and t h e  method of c o n i f e r y l  a l c o h o l  a n a l y s i s  by HPLC were 

d e s c r i b e d  i n  t h e  p r e v i o u s  p u b l i c a t i o n 1 .  S i n a p y l  a l c o h o l  was 

a n a l y z e d  by t h e  same method as t h a t  used f o r  c o n i f e r y l  a l c o h o l ;  

t h e  r e t e n t i o n  t i m e  was  a few m i n u t e s  l o n g e r .  Methyl p-hydroxy 

b e n z o a t e  (100 mg/L) w a s  used as i n t e r n a l  s t a n d a r d .  

Cooking C e l l  Wall F r a c t i o n s  

I n t o  a 1 mL R e a c t i - v i a l  ( P i e r c e  Chem. Co.) was f i r s t  p l a c e d  

0.225 mg o f  AQ (added as a s o l u t i o n  i n  a c e t o n i t r i l e  t h e n  e v a p o r a t -  

ed  ac room temp.) t h e n  15.0 mg o f  t h e  t i s s u e  f r a c t i o n ,  2.0 mg of 

g l u c o s e  and 0.15 mL of 0.5: NaOH.  The v i a l  was s e a l e d  wi th  a 

T e f l o n - l i n e d  cap  and immersed i n  t h e  o i l b a t h  at  80°C. The temper-  

a t u r e  O E  t h e  b a t h  w a s  r a i s e d  t o  125'C o v e r  45 min a t  which p o i n t  

t h e  v i a l  w a s  removed and c h i l l e d  i n  c o l d  water.  Any v i a l  which 

l e a k e d  was d i s c a r d e d .  The c o n t e n t s  of t h e  v i a l s  were d i l u t e d  ( 5 x )  

w i t h  5% a c e t i c  a c i d  i n  methanol  and c e n t r i f u g e d  f o r  25 min. The 

s u p e r n a t a n t  was ana lyzed  by HPLC as d e s c r i b e d ' .  

Cooking L i g n o s u l p h o n a t e s  

I n t o  a 5 mL R e a c t i - v i a l  ( P i e r c e  Chem. Co.) was p l aced  0.5 g 

o f  Maraspe r se  N-22 (American Can Co . ) ,  0.1 g o f  g l u c o s e ,  5 mL of  

1 . 0 1  NaOH and 1.33 mg o f  AQ ( o t h e r  a d d i t i v e s  were equ imola r  t o  

AQ). "he s e a l e d  v i a l  was t hen  h e a t e d  a t  125'C f o r  30 min. A f t e r  

c o o l i n g ,  an a l i q u o t  o f  t h e  l i q u o r  was d i l u t e d  1:5 w i t h  a c e t i c  

ac id -me thano l  (10% v / v ) ,  f i l t e r e d  and a n a l y z e d  by HPLC. 

M i s c e l l a n e o u s  

R e s i d u a l  AQ i n  s p e n t  l i q u o r s  w a s  a n a l y z e d  by HPLC u s i n g  t h e  

a c e t o n i t r i l e  e x t r a c t i o n  me thod lB .  
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