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END-WISE DEGRADATION OF HYDROCELLULOSE 
I N  MILDLY ALKALINE SOLUTIONS 

AND ITS RETARDATION BY AMMONIA 

2 
V i n c e n t  L. Chiang '  and  K y o s t i  V.  Sarkanen  

U n i v e r s i t y  of Washington 
C o l l e g e  of F o r e s t  R e s o u r c e s ,  AR-10 

S e a t t l e ,  Washington 98195 

ABSTRACT 

A t  pH 11 and 140°C, t h e  r a t e  o f  end-wise d e g r a d a t i o n  ("peel-  
ing")  of h y d r o c e l l u l o s e  is a p p r o x i m a t e l y  27 p e r c e n t  o f  t h a t  i n  1 
N NaOH. A s  t h e  pH is r e d u c e d  f u r t h e r ,  t h e  r a t e  of p e e l i n g  
d e c l i n e s  by a f a c t o r  o f  0.34 p e r  pH-uni t .  T h i s  d e c l i n e  is less 
t h a n  e x p e c t e d  on t h e  b a s i s  o f  end-group i o n i z a t i o n .  C o n s e t p e n t l y  
end-wise d e g r a d a t i o n  ' can  b e  a s i g n i f i c a n t  r e a c t i o n  even  a t  
n e u t r a l  pH. 

The p e e l i n g  r a t e  is s t r o n g l y  r e t a r d e d  a t  pH 11 and below by 
t h e  p r e s e n c e  of  ammonia and ,  t o  a l e s se r  d e g r e e ,  by b o r a t e .  The 
r e t a r d a t i o n  is b e l i e v e d  t o  b e  c a u s e d  by t h e  f o r m a t i o n  of  S h i f f ' s  
b a s e s  i n  case o f  ammonia. 

INTRODUCTION 

It is w e l l  known t h a t  the  end-wise d e g r a d a t i o n  ("pee l ing")  

of p o l y s a c c h a r i d e s  p r o c e e d s  r a p i d l y  i n  a l k a l i n e  s o l u t i o n s  i n  t h e  

t e m p e r a t u r e  r a n g e  100" t o  13OoC.  The k i n e t i c s  of  t h i s  p r o c e s s  
3 

have been  e x t e n s i v e l y  c l a r i f i e d  f o r  h y d r o c e l l u l o s e ,  sof twood 

glucomannan and amylose5 above  pH 1 2 ,  b u t  n o  s y s t e m a t i c  s t u d i e s  

h a v e  been per formed a t  l o w e r  a l k a l i n i t i e s .  C o n s e q u e n t l y ,  a s t u d y  

w a s  u n d e r t a k e n  t o  c l a r i f y  t h e  k i n e t i c  p a t t e r n  of a l k a l i n e  p e e l i n g  

4 
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204 CHIANG AND SARKANEN 

of h y d r o c e l l u l o s e  in t h e  pH range  9 t o  11. During t h e  c o u r s e  of 

t h i s  s t u d y  it was found t h a t  ammonia e x e r t s  r e t a r d i n g  i n f l u e n c e  

on t h e  ra te  of p e e l i n g  in t h i s  pH range .  T h i s  phenomenon was 

then  s u b j e c t e d  t o  a s e p a r a t e  i n v e s t i g a t i o n .  

EXPERIMENTAL 

Buf fe r  S o l u t i o n s  

The b u f f e r  s o l u t i o n s  used i n  t h i s  s t u d y  were phosphate (pH 

11.1, 0.05 N NaOH and 0.386 N Na2HP04), b i c a r b o n a t e  (pH 10.2,  

0.175 N NaOH and 0 .250  N NaHC03), and borax  (pH 9.2,  0.16 N 

Na B 0 and 0.27 N CaC12). Bicarbonate  b u f f e r  s o l u t i o n  of pH 9.2 

was a l s o  prepared  by adding s o l i d  NaOH t o  0.40 N NaHC03 u n t i l  

t h e  pH reached t h e  s a i d  va lue .  These b u f f e r  s o l u t i o n s  were used 

wi thou t  d i l u t i o n .  

2 4 7  

P r e p a r a t i o n  and A l k a l i n e  Degrada t ion  of Hydroce l lu lose  

Hydroce l lu lose  was prepared  by hydro lyz ing  p u r i f i e d  c o t t o n  

c e l l u l o s e 6  wi th  2.5 N H C 1  ( a c i d / c e l l u l o s e  = 3011 by weight )  a t  

60°C under N 2  f o r  2 hour s .  

A l k a l i n e  deg rada t ion  of h y d r o c e l l u l o s e  was c a r r i e d  o u t  in 

45-1111 P a r r  a u t o c l a v e s .  A f t e r  b l a n k e t i n g  wi th  n i t r o g e n ,  t h e  

a u t o c l a v e s  c o n t a i n i n g  h y d r o c e l l u l o s e  (0.5 g OD weight )  and 25 m l  

of b u f f e r  s o l u t i o n  w e r e  s e a l e d  and i n s e r t e d  i n  a rocking  c y l i n -  

d r i c a l  aluminum block  prehea ted  t o  t h e  a p p r o p r i a t e  tempera ture .  

The h e a t i n g  of t h e  b lock  was c o n t r o l l e d  by a l i n e a r  tempera ture  

programmer and monitored by a thermocouple i n s e r t e d  i n t o  t h e  

h e a t i n g  b lock .  The tempera ture  i n s i d e  t h e  a u t o c l a v e  w a s  measured 

by a s e p a r a t e  thermocouple connected wi th  a d i g i t a l  thermometer 

and remained c o n s t a n t  w i t h i n  0.2"C. The ze ro  r e a c t i o n  t i m e ,  in 

each c a s e ,  was r eco rded  a t  a p o i n t  a t  which t h e  a u t o c l a v e s  had 

reached  t h e  s e l e c t e d  r e a c t i o n  tempera ture  i n d i c a t e d  by t h e  
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END-WISE DEGRADATION 205 

d i g i t a l  thermometer .  In e a c h  series o f  e x p e r i m e a t s ,  t h e  hea t -up  

time w a s  c o n t r o l l e d  t o  b e  8 m i n u t e s .  

When ammonia was added t o  t h e  b u f f e r  s o l u t i o n s ,  t h e  pHs were 

a d j u s t e d  t o  t h e  o r i g i n a l  l eve ls  by  a d d i n g  a c e t i c  a c i d .  The 

a l k a l i n e  d e g r a d a t i o n  was t h e n  c a r r i e d  o u t  i n  t h e  same manner as 

d e s c r i b e d  above.  

A f t e r  the  d e g r a d a t i o n  r e a c t i o n ,  t h e  s u s p e n s i o n  was a c i d i f i e d  

and f i l t e r e d ,  t h e  h y d r o c e l l u l o s e  was washed w i t h  1% ace t i c  a c i d ,  
f o l l o w e d  by water and s i r - d r i e d .  A m o i s t u r e  d e t e r m i n a t i o n  was 

made and p e r c e n t  w e i g h t  l o s s  f L )  c a l c u l a t e d ,  as  d e p i c t e d  i n  

F i g u r e  1. F i g u r e  2 shows t h e  d e g r a d a t i o n  of h y d r o c e l l u l o s e  w i t h  

t h e  p r e s e n c e  of ammonia. The c o m p l e t e  a l k a l i n e  p e e l i n g  o f  t h e  

h y d r o c e l l u l o s e  by 5% NaOH a t  100°C o r  by b u f f e r  s o l u t i o n s  a t  

140'C r e s u l t e d  i n  an i d e n t i c a l  w e i g h t  loss (L,) of  31.01 which 

d e c r e a s e d  t o  7.3% a f t e r  NaBH4-reduction. T h i s  7.3% w e i g h t  l o s s  

i s  p r o b a b l y  c a u s e d  by  t h e  d i s s o l u t i o n  of  o l i g o m e r i c  c e l l u l o s e  

h y d r o l y s i s  p r o d u c t s  i n  t h e  a l k a l i n e  medium and was s u h t r a c t e d  

f rom t h e  d e t e r m i n e d  w e i g h t  losses Lm and L. 

RESULTS AND DISCUSSION 

E f f e c t  o f  pH on t h e  Rate of  P e e l i n g  

For  the  p u r p o s e  of e v a l u a t i n g  t h e  rates of p e e l i n g  in t h e  pH 

r a n g e  9 t o  11,  w e i g h t  l o s s e s  o f  h y d r o c e l l u l o s e  were d e t e r m i n e d  

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

o f  t i m e .  The d a t a  o b t a i n e d  are shown in F i g u r e  1 and d e m o n s t r a t e  

t h a t  a l t h o u g h  d e c r e a s i n g  pH d o e s  c l e a r l y  re tard t h e  p e e l i n g  

r e a c t i o n ,  the  p r o c e s s  o c c u r s  r a p i d l y  even  a t  pH 9 a t  140°C. 

G e n e r a l l y ,  t h e  k i n e t i c s  of  p e e l i n g  of  h y d r o c e l l u l o s e  f o l l o w  

e q u a t i o n  (1). 3,5 

k t = " l n  5 
P L=-L 
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206 CHIANG AND SARKANEN 

Figure 1. Pee l ing  l o s s  of hydroce l lu lose  as  a funct ion of t i m e  
i n  three  b u f f e r  s o l u t i o n s  a t  140°C. 

2o I 
- 

140 “c pH 10 2 .  NaHCO, 

. 
cr, 
cr, e 

10 

5 
A Q 3 2 M  

O43M -. 
I I 

0 10 20 3 0  4 0  5 0  6 0  
Time , min 

Figure 2 .  E f f e c t  of ammonia on t h e  p e e l i n g  loss of hydrocel lu-  
l o s e  a t  pH 10 .2  and 140°C. 
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END-WISE DEGRADATION 207 

where k is t h e  r a t e  cons t an t  f o r  p ropaga t ion ,  Fn is t h e  number 

average  degradab le  cha in  l e n g t h  ( appr .  68 f o r  hydro- 

) and Lo. and L are t h e  pe rcen t  weight f r a c t i o n s  8,9,10 c e l l u l o s e  

l o s t  due t o  p e e l i n g  a f t e r  pro longed  r e a c t i o n  time and t i m e  t ,  

r e s p e c t i v e l y .  

P 

When d a t a  from p e e l i n g  exper iments  conducted i n  t h e  pH range  

0 t o  11 were a p p l i e d  t o  equa t ion  1, i t  was found t h a t  Lm v a l u e s  

were n e a r l y  u n a f f e c t e d  by t h e  pH of t h e  experiment and 

s a t i s f a c t o r y  s t r a i g h t - l i n e  r e l a t i o n s h i p s  cor responding  t o  

equa t ion  1 were ob ta ined  (F igu re  3) .  On t h i s  b a s i s ,  t h e  

propagat ion  r a t e  c o n s t a n t s  were computed and are given i n  Tab le  1 

t o g e t h e r  w i th  t h e  e s t ima ted  v a l u e  f o r  t h e  r a t e  cons t an t  a t  pH 1 4 ,  

e x t r a p o l a t e d  from runs  a t  lower tempera tures .  Corresponding 

r a t e  c o n s t a n t s  f o r  t h e  a l k a l i n e  deg rada t ion  of amylose were 
5 l i k e w i s e  e x t r a p o l a t e d  from p r e v i o u s l y  publ i shed  d a t a  a t  100°C 

and are inc luded  i n  Table  I .  The observed  r a t e  c o n s t a n t s  are 

shown i n  F i g u r e  4 ,  curve  1, as pe rcen tages  of t h e  va lue  a t  pH 14.  

In t h e  same diagram, d a t a  p o i n t s  from e a r l i e r  s t u d i e s  on 

h y d r o c e l l ~ l o s e ~  and amylose5 have been inc luded .  I t  can he seen 

t h a t  a l l  expe r imen ta l  p o i n t s  conform wi th  a common s igmoida l  

curve .  

The observed  d e c l i n e  i n  p e e l i n g  rate a t  lower pH l e v e l s  i s  

i n  conformi ty  wi th  t h e  p r o p o s i t i o n  t h a t  t h e  r e a c t i v e  s p e c i e s  i n  

p e e l i n g  i s  t h e  an ion  of t h e  r educ ing  end-group, a s  h a s  been 

proposed. T h i s  an ion  is probably  gene ra t ed  through t h e  d i s s o -  

c i a t i o n  of t h e  hemi -ace ta l i c  hydroxyl  group a t t ached  t o  carbon-1. 

The i n f l e c t i o n  p o i n t  i n  t h e  s igmoida l  cu rve  i n  F igu re  4 is  

p o s i t i o n e d  a t  pH 11 .7  cor responding  t o  t h e  pK-value f o r  t h e  

i o n i z a t i o n  of t h e  reducing  end-group. The cbserved pl? is of t h e  

c o r r e c t  o r d e r  of magnitude for t h e  i o n i z a t i o n  of a h e m i a c e t a l i c  

hydroxyl  h u t  would be  low f o r  t h e  d i r e c t  format ion  of an e n o l a t e  

i on  C-H-ionization a t  carbon-2. O v e r a l l ,  t h e  r e s u l t s  
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Figure 3. Rate plots, based on equation 1, f o r  the peeling of 
hydrocellulose in three buffer solutions at 1 4 0 O C .  

TABLE 1 

Rate Constants f o r  the Alkaline Degradation 
of Hydrocellulose and Arnylose at 140°C 

k (min-’) 
P Substrate PH‘ 

Hydrocellulose 14 (NaOH) 56 .aa  

11.1 (Na2HPd ) 15.64 

9 . 2  (h’aHCO 1 1.76 
9.2 (Na2B4 a 7) 0.15 

11 .6  (Na CO ) 21 .4a 

10.2 (Na?lC03f 5 . 0 9  

Amylose 14 (NaOH) 
13.5 (NaOH) 
12 (NaOH) 

b 79. 7b 

58.4 
7 4 .  

a: Rate constapts extrapolated using the activation gnergy of 
103 kJ mol- and experimental k values at 130°C. 

Rate constan_Is extrapolated using the activation eyergy of 
88 .7  kJ mol and experimental k values at 100°C. 
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END-WI S E DEGRADATION 209 

F i g u r e  4 .  Curve  1: P r o p a g a t i o n  r a t e  c o n s t a n t s ,  e x p r e s s e d  as 
p e r c e n t a g e s  o f  t h e  e x t r a p o l a t e d  c o n s t a n t  a t  pP 14,  shorn  as 
a f u n c t i o n  cjf pH. I: R e s u l t s  based  on e a r l i e r  s t u d y  by 
Haas e t  a l .  0: P r e s e n t  d a t a . A 5 :  Data e x t r a p o l a t e d  t o  
14OoC f o r  t h e  p e e l i n g  of amylose.  Curve  2 :  T h e o r e t i c a l  
c u r v e  based  on t h e  o b s e r v e d  i n f l e c t i o n  p o i n t  of Curve  1. 
Curve 3: Data for t h e  p e e l i n g  of h y d r o c e l l u l n s e  I n  t h e  
p r e s e n c e  of O.€ K ammonia. 

s u g g e s t  t h a t  t h e  r a t e  of p e e l i n g  a t  l o w e r  pH r a n g e  s h o u l d  b e  

governed by t h e  f o l l o w i n g  e x p r e s s i o n :  

Rate of  p r o p a g a t i o n  = k x [End group a n i o n ]  ( 2 )  
P 

I f  t h e  v a l i d i t y  of e q u a t i o n  2 e x t e n d s  t o  pH v a l u e s  lower  

t h a n  10, t h e  a n t i c i p a t e d  ra te  of  p e e l i n g  c a n  be  e s t i m a t e d  as a 

f u n c t i o n  of pH f rom t h e  r a t e  o b s e r v e d  a t  pH 11.0 and from t h e  

pK-value 11.7.  On t h i s  b a s i s ,  e x p e c t e d  v a l u e s  f o r  l o g  k a s  a 

f u n c t i o n  o f  pH s h o u l d  conform w i t h  t h e  s t r a i g h t  l i n e  1 i n  F i g u r e  

5. I t  c a n  b e  s e e n  t h a t  t h e  e x p e r i m e n t a l l y  d e t e r m i n e d  l o g  k - 
v a l u e s  a r e  s i g n i f i c a n t l y  h i g h e r  t h a n  t h o s e  p r e d i c t e d  by l i n e  1. 

The r e s u l t s  i n d i c a t e  t h a t  t h e  p e e l i n g  r a t e ,  f o r  some unknovn 

r e a s o n ,  d e c l i n e s  less t h a n  a n t i c i p a t e d  w i t h  a decrease i n  a l k a -  

l i n i t y  and may s t i l l  b e  s i g n i f i c a n t  i n  a n e u t r a l  s o l u t i o n .  

P 

P 

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



210 CHTANG AND SARXANEN 

I / 

8 9 10 I I  12 
PH 

Figure  5.  Log k as a f u n c t i o n  of pH. Curve 1: T h e o r e t i c a l  
cu rve .  Curvt! 2 : Exper imenta l  v a l u e s .  

T h i s  p o s s i b i l i t y  prompted u s  t o  i n v e s t i g a t e  t h e  p e e l i n g  

p r o c e s s  a t  p€! 7 .  Two r u n s  were conducted in a b u f f e r e d  s o l u t i o n  

a t  t e m p e r a t u r e s  a t  140" and 170°C.  The r e s u l t s  a r e  i l l u s t r a t e d  

i n  F i g u r e  6 and demonst ra te  t h a t  t h e  i n i t i a l  r a t e  of t h e  p e e l i n g  

r e a c t i o n  is indeed  s i g n i f i c a n t  a t  140°C and becomes q u i t e  r a p i d  

a t  170°C. However, t h e  p e e l i n g  p r o c e s s  levels o f f ,  i n  bo th  

cases, a t  lower  Lm v a l u e s  than  in r u n s  a t  pH 9 and above, making 

the comparison of r e s p e c t i v e  p ropaga t ion  rate c o n s t a n t s  

difficult. 

E f f e c t  of Ammonia on t h e  Rate  of P e e l i n g  

It was observed  t h a t  t h e  p re sence  of  ammonium sa l t s  i n  

m i l d l y  a l k a l i n e  s o l u t i o n s  r e t a r d e d  s t r o n g l y  t h e  rate of  p e e l i n g  

as  i l l u s t r a t e d  i n  F i g u r e  2 .  This o b s e r v a t i o n  w a s  t o t a l l y  un- 

expec ted  and w a s  t h e r e f o r e  s u b j e c t e d  t o  a d e t a i l e d  s tudy .  When 

p a r t i a l l y  pee led  h y d r o c e l l u l o s e  samples  were r ecove red  a f t e r  
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170 
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Figure  6 .  P e e l i n g  loss of h y d r o c e l l u l o s e  a s  a func t ion  of t i m e  
i n  a pH 7 b u f f e r  a t  140" and 170°C. 

exper iments  i l l u s t r a t e d  i n  F i g u r e  2 and sub jec t ed  t o  a s t anda rd  

a l k a l i n e  deg rada t ion ,  complete p e e l i n g  w a s  observed. Conse- 

quen t ly .  t h e  p re sence  of ammonia does  n o t  gene ra t e  s t a b i l i z e d  

end-groups but  must n e v e r t h e l e s s  modify them in  such a manner a s  

t o  reduce t h e  ra te  of pee l ing .  

The r e s u l t s  from s y s t e m a t i c  s t u d i e s  on the  r e t a r d a t i o n  of 

p e e l i n g  by ammonia a r e  shown i n  F igu re  7 .  I n  t h e  pH range 9 t o  

13, more than  95 p e r c e n t  r e d u c t i o n  i n  p e e l i n g  rate can be  

achieved  by t h e  a d d i t i o n  of s u f f i c i e n t  amounts of  ammonium s a l t s .  

I n  c o n t r a s t ,  even l a r g e  c o u c e n t r a t i o n s  of NH4 have r e l a t i v e l y  

minor e f f e c t  a t  pH 14. The r e l a t i v e  p e e l i n g  r a t e s  i n  s o l u t i o n s  

(0.8 M i n  NH4 ) a r e  shown as a f u n c t i o n  of pH i n  F igure  4 (curve  

3). The s igmoida l  form of curve  3 does  n o t  n e c e s s a r i l y  mean t h a t  

t h e  i o n i z a t i o n  c o n s t a n t  o f  the reduc ing  end groups has  been 

modi f ied .  It is e q u a l l y  p robab le  t h a t  ammonia may retard t h e  

p e e l i n g  p rocess  i n  t h e  pB r ange  11.0 t o  approximately 13.5. 
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+ 
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2 12 CHZANG AND W E N  

The unde r ly ing  chemica l  r e a c t i o n  is p robab ly  t h e  convers ion  of 

ca rbony l  groups i n  r educ ing  end-groups and i n  p e e l i n g  r e a c t i o n  

i n t e r m e d i a t e s  t o  t h e  co r re spond ing  S c h i f f ’ s  bases .  12,13 

I t  should be noted  t h a t  t h e  fo rma t ion  of S c h i f f ’ s  bases  no t  

on ly  r e t a r d s  t h e  i n i t i a l  r e a c t i o n  s t e p  (1 + 2) i n  p e e l i n g  bu t  

a l s o  is l i k e l y  t o  d e l a y  t h e  conve r s ion  of L-+?: 

3 - 1 - 2 - 
CHZOH FH*OH 

c-oe I 
11 

R 

-OH c=o A 
HO-7 + H::pH + H O 4 - H  7 

“ Y O  

+H3 IP 
H -OH z::; 

4 - H  
HO-+-H 

Degradation 
products 

H--(~=NH 

R R 

R , R‘ = The remaining portion of t he  glucan 

C s e q u e n t l y ,  t h e  r e l a t i o n s h i p  between t h e  r a t e  c o n s t a n t  f o  
+ 

p e e l i n g  and t h e  NH4- c o n c e n t r a t i o n  is complex. However, reason- 

a b l y  good e m p i r i c a l  s t r a i g h t - l i n e  c o r r e l a t i o n s  were found t o  

ex i s t  between t h e  l o g a r i t h m  of t h e  r a t i o  of normal over  r e t a r d e d  

p e e l i n g  r a t e  c o n s t a n t  and ammonia c o n c e n t r a t i o n  a t  i n d i v i d u a l  pH 

levels,  a s  shown i n  F i g u r e  8. These c o r r e l a t i o n s  may be u s e f u l  

i n  p r e d i c t i n g  t h e  e f f e c t  of ammonia on p e e l i n g  e s p e c i a l l y  s i n c e  

d a t a  f o r  pH 11 s u g g e s t  t h e  c o r r e l a t i o n s  t o  be  r easonab ly  indepen- 

d e n t  of t h e  r e a c t i o n  t empera tu re .  
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F i g u r e  7 .  R e t a r d a t i o n  of p e e l i n g  o f  h y d r o c e l l u l o s e  by ammonia in 
t h e  pH r a n g e  9-14. 

R e t a r d a t i o n  by Borate 

When t h e  p e e l i n g  of  h y d r o c e l l u l o s e  was c a r r i e d  o u t  a t  pH 

9 . 2 ,  a b n o r m a l l y  low r a t e s  were o b s e r v e d  when t h e  r e a c t i o n  was 

c o n d u c t e d  i n  a b o r a t e  b u f f e r  ( F i g u r e  9). The p r o p a g a t i o n  r a t e  

c o n s t a n t  w a s  a c t u a l l y  reduced  t o  8i: of  t h e  v a l u e  o b t a i n e d  i n  a 

b i c a r b o n a t e  b u f f e r .  The r e t a r d i n g  e f f e c t  a t  pH 9 i s  p r o b a b l y  

c a u s e d  hy t h e  r e v e r s i b l e  c o n v e r s i o n  o f  t h e  r e d u c i n g  end-groups t o  

t h e i r  b o r a t e  complexes .  

CONCLUSION 

E x p l o r a t o r y  s t u d i e s  c a r r i . e d  o u t  i n  t h i s  l a b o r a t o r y "  s u g g e s t  

s t r o n g l y  t h a t  t h e  p e e l i n g  of glucomannans i n  sof twood p a r a l l e l s  
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130E 
4PHl1 .1  

0 0.1 0 2  0.3 0.4 0 5  0 6  
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Figure 8 .  Empirical r e l a t i o n s h i p  between (Ln(k /k '>  and the  
concentratipn of ammonia. k and k are  thePraFe cons tants  
of p e e l i n g  r e a c t i o n  with  a$d withgut the  presence of am- 
monia, r e s p e c t i v e l y  . 

, N a H C 0 3 ,  p H = 9 2  

05 

04 

s 0 2  

01 

I /  Na2B407, p H = 9 . 2  Na2B407, p H = 9 . 2  

I I 

0 I 2 3 
Time,  hr 

Figure 9 .  Effect o f  0 .215  M Na2B40, on the  r a t e  of p e e l i n g  of 
hydroce l lu lose  a t  14OoC.  
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END-WISE DEGRADATION 2 15 

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

losses can  b e  e x p e c t e d  t o  o c c u r  whenever  wood i s  p u l p e d  u n d e r  

n e a r - n e u t r a l  c o n d i t i o n s .  It was a l so  o b s e r v e d  t h a t  b o t h  ammonia 

and b o r a t e  r e t a r d e d  t h e  p e e l i n g  of glucomannan as  t h e y  d i d  t h a t  

of h y d r o c e l l u l o s e .  

Some o f  t h e  o b s e r v a t i o n s  r e p o r t e d  i n  t h e  l i t e r a t u r e  can  

p r o b a b l y  b e  c r e d i t e d  t o  these r e t a r d a t i o n  e f f e c t s .  F o r  example,  

when DeHaas and  Lang15 pulped  sof twood c h i p s  a t  200°C. u s i n g  a 

c o m b i n a t i o n  o f  ammonia and aqueous  a c e t o n e ,  n e a r l y  90 perc .en t  of 

t h e  o r i g i n a l  glucomannan w a s  r e c o v e r e d  undegraded  in t h e  p u l p .  
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