
C H A P T E R  4

RESULTS AND DISCUSSION

I t  is  c le a r  th a t the e x te n t o f the r e a c t i v i t y  o f sodium  
io n s  in  th is  e xpe rim en ta l system and the e t h e r i f ic a t io n  o f c e l lu lo s e  
u s in g  im m ed ia te ly  prepared sodium c h lo ro a ce ta te  as e th e r i f y in g  agent 
do r e a l ly  depend on va r io u s  re a c t io n  v a r ia b le s -  tem pe ra tu re , re a c t io n  
tim e and re a c t io n  medium. From th is  e xpe rim en t, the r e s u lts  ob ta ined  
are shown in  Tables 1-9 and in  g ra p h ic a l re p re s e n ta tio n s  (see F igu res  
1 -33* For easy unde rs ta nd in g , th  r e s u lts  are in te rp re te d  and 
d iscussed as fo llo w s :

4.1 At 26 + 2°c

4 . 1 . 1  R on -po la r o rg an ic  s o lve n ts  as re a c t io n  media

N on -po la r s o lv e n ts , such as benzene, to lu e n e , c y c lo 
hexane and n-hexane , are used as re a c t io n  media. The U .S . 's  o f  the  
p roduc ts  ob ta ined  from  such re a c t io n  media are shown in  Table 1 and 
t h e i r  g ra p h ic a l re p re se n ta tio n s  are p resen ted  in  F igu res  1 -4 . The 
r e a c t i v i t y  o f  sodium ions in  the system in  terms o f D . s .  shows s l ig h t  
d if fe re n c e  (w ith  about 0 .0 2 1  between the maximum va lue  to  the minimum 
one) among n o n -p o la r media, the  r e a c t i v i t y  o f sodium ions  is  in  the  
fo l lo w in g  dec reas ing  o rd e r: benzene ( d . s . 0. 515) ,  to lu ene  ( d . s . 0. 502) ,  
cyclohexane ( d . s . 0 . 4 9 7 ) ,  n-hexane (d . s . 0 , 4 9 4 ) .
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The re s u lts  obtained (see Table 1 and Figures 1-5) show th a t 
the promotion o f fu r th e r  e th e r i f ic a t io n  increases w ith  longer reac tion  
tim e. The D.s. above 0.500 is  obtained on the f i r s t  day fo r  benzene 
and toluene and on the th ir d  day fo r  a l l  non-po la r media used under 
the experimental cond itio ns . A f te r  7 days, the product w ith  h ighest 
D.S. ( 0 . 70 7 ) is  obtained fo r  benzene whereas the D .S .'s  o f others  
are 0.686, 0.663 and 0 . 659»

In  sho rt, benzene (compared w ith  to luene, cyclohexane and 
n-hexane) is  one th a t can be used as reac tion  medium w ith  p re fe rred  
(no t the bes t) r e a c t iv i t y  o f sodium ions and s a t is f ie d  promotion fo r  
fu r th e r  e th e r i f ic a t io n  o f c e llu lo s e .

Table 1 D .S .'s  o f the products obtained from experiment using non
p o la r organic so lvents as reac tion  media and various reac tion  
times a t 26 + 2°c

Reaction medium D. สั.
Reaction time (day)

1 3 5 7
benzene 0.515 0.638 0.675 0.707

toluene 0.502 0.620 0.670 0 .686
cyclohexane 0.497 0.630 0.662 0.663

n-hexane 0.494 0 .6 17 0.645 0.659

*  D.S. l is t e d  w ith  2 . 155* o f o v e ra l l  e x p e r im e n ta l-e r ro r .
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1.2 Polar organic so lvan ts as rea c tion  media

Among the common po la r organic so lven ts , methyl e th y l-  
ketone, acetone, iso -p rop y l a lcoho l, n -p ropy l a lcoho l Sind e th y l-  
a lcoho l are chosen fo r  re a c tio n  media in  th is  work. The D .S .'s  o f 
the products obtained from the mentioned reac tion  media are shown in  
Table 2 and th e ir  g raph ica l rep resen ta tions are presented in  F igures
6-11. Such represen ta tions show th a t the r e a c t iv i t ie s  o f sodium ions  
in  these various reac tion  media are qu ite  d if fe re n t .  From Figure 11, 
the r e a c t iv i t ie s  o f sodium ions in  the ketones systems are h ighe r then 
ones in  a lcoho ls . Considering a lcoho ls as reac tion  media, the 
appearances o f graphs are the same but w ith  very s l ig h t  d iffe re n ce  in  
ว .ร . fo r  iso -p ro p y l a lcoho l. For ketones as reac tion  media, the 
r e a c t iv i t y  o f sodium ions is  h igh  when methyl e th y l ketone is  used 
as rea c tion  medium. I t  is  a lso  h igher than one obtained from benzene. 
Acetone gives h ighe r 13.ร. value than a lcoho ls but less than one 
obtained from methyl e th y l ketone. I n o ther words, the r e a c t iv i t y  
o f sodium ions in  acetone is  b e tte r  than ones in  a lcoho ls but worse 
than one in  methyl e th y l ketone. The exten t o f r e a c t iv i t ie s  o f sodium 
ions are in  the fo llo w in g  order ไ. methyl e th y l ketone (ว .3 . 0 . 643) )" 
acetone (ว .ร . 0 . 1 7 4 ) y  is o -p ro p y l a lcoho l (ว .ร . 0 .029 ) > e th y l a lcoho l 
(ว .ร . 0.021) »  n -p ropy l a lcoho l (ว .ร . 0 .020).

From the re su lt in  Figure 11, the fu rther e therifica tio n
is  sharply increased whon methyl ethyl ketone is  used. After 7 days
of e therifica tio n , the ว .ร .,ร of the products are 0.880, 0. 205, 0. 042,
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0.041 cA-id. 0 .041 fo r  methyl e th y l ketone, acetone, .iso-p ropyl a lcoho l, 
n -p ropy l a lcoho l and e th y l a lcoho l re sp e c tive ly .

From 4 .1 .1  and 4 .1 .2 , i t  is  c le a r th a t D .S ., a t 26 + 2°c, 
o f the products obtained from non-po lar so lvents as rea c tion  media is  
b e tte r  then ones from po la r media (except methyl e th y l ke tone).
Benzene and methyl e th y l ketone are good rea c tion  media in  terms o f 
both the r e a c t iv i t y  o f sodium ions and the promotion o f fu r th e r  
e th e r if ic a t io n  o f c e llu lo s e . However, methyl e th y l ketone is  b e tte r  
rea c tio n  medium fo r  e th e r i f ic a t io n  o f ce llu lo se  a t 26 + 2°c than 
benzene.

Table 2 D .S .'s  o f the products obtained from experiment using po la r
organic so lvents as rea c tion  media and various reac tion  times 
a t 26 + 2°c

Reaction medium D.s
Reaction time (day)

1 3 5 7

methyl e th y l ketone 0.643 0.788 0.868 0.880
acetone 0 .1 7 4 0.187 0 .1 9 5 0.205

is o -p ro p y l a lcoho l 0.029 0.035 0.038 0.042

n -p ropy l a lcoho l 0 .020 0.029 0 .0 3 1 0 .041

e th y l a lcoho l 0.021 0.028 0.032 0 .0 41

D.S. l is t e d  w ith  2.20^' o f o v e ra l l  e x p e r im e n ta l-e r ro r .
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4»2 A l 44 "J" 2~c

4 .2 .1  N o n -p o la r  o r g a n ic  s o lv e n ts  as r e a c t io n  m ed ia

B enzene , to lu e n e ,  c y c lo h e x a n e  and n -h e x a n e  a re  a ls o  

u sed  t o  s tu d y  th e  r e a c t i v i t y  o f  so d ium  io n s  and th e  p ro m o t io n  o f  

f u r t h e r  e t h e r i f i c a t i o n  o f  c e l l u l o s e  a t  a b o u t 1 8 °c  h ig h e r  th a n  room  
te m p e ra tu re  (26 + 2 ° c ) .  The บ . ธ . , ร o f  th e  p r o d u c ts  o b ta in e d  f ro m  

th e  v a r io u s  r e a c t - j n  m ed ia  a re  shown i n  T a b le  3 and i n  g r a p h ic a l  

r e p r e s e n ta t io n s  (s e e  F ig u r e s  1 2 - 1 5 ) .  The r e a c t i v i t i e s  o f  so d ium  io n s  

a re  above  0.500 ( e x c e p t  one f r o m  c y c lo h e x a n e )  and a re  c l e a r l y  d i f f e r e n t  

f r o m  each  o th e r  (s e e  F ig u r e  1 6 ) ,  The e x te n t  o f  r e a c t i v i t i e s  o f  sod ium  

io n s  i n  v a r io u s  m ed ia  a re  as f o l l o w s ;  benzene  ( d . s . 0 . 642) ,  to lu e n e  

( d . s . 0 . 573 ) ,  n -h e x a n e  ( d . s . 0 . 5 3 1 )» c y c lo h e x a n e  ( d . s , 0 . 494) .  From

F ig u r e s  1 2 -1 6 , th e  in d u c in g  te n d e n c y  o f  e t h e r i f i c a t i o n  d e c re a s e s  3 , f t e r  

3 da ys  e x c e p t i n  to lu e n e  (d e c re a s e s  a f t e r  5 d a y s ) .  I n  b e n ze n e , n -h e x - ' 

ane and c y c lo h e x a n e  m e d ia , th e  maximum v a lu e  o f  D .s .  a re  o b ta in e d  on  
th e  t h i r d  da y  o f  e t h e r i f i c a t i o n  w he rea s  to lu e n e  g iv e s  maximum v a lu e  

o f  D .S . on th e  f i f t h  d a y . The maximum v a lu e s  o f  D .s .  a re  0.664 ( i n  

b e n ze n e , 3 d a y s ) ,  0.594 ( i n  t o lu e n e ,  5 d a y s ) ,  O .58O ( i n  n -h e x a n e , 3 d a y s j  

and 0.527 ( i n  c y c lo h e x a n e , 3 d a y s ) .
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T a b le  3 D .S . 's  o f  th e  p r o d u c ts  o b ta in e d  fro m  e x p e r im e n t u s in g

n o n - p o la r  o r g a n ic  s o lv e n t s  as r e a c t i o n  m ed ia  and v a r io u s  

r e a c t io n  t im e s  a t  44 + 2°c

R e a c t io n  medium D. s f

R e a c t io n t im e  (d a y )

1 3 5 7

benzene 0.642 0.664 0.644 0.592

to lu e n e 0.573 0.586 0.594 0.559

c y c lo h e x a n e 0 .4 9 4 0.523 0.527 0.513

n -h e xa n e 0.531 0 .5 8 0 0.564 0 .551

D .ร . l i s t e d  w ith  2 . 5 0 % o f  o v e r a l l  e x p e r im e n t a l - e r r o r .
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4 . 2 . 2  P o la r  o r g a n ic  s o lv e n t s  as r e a c t io n  m ed ia

P o la r  s o lv e n ts  ( i . e .  m e th y l e t h y l  k e to n e ,  a c e to n e , i s o 

p r o p y l  a lc o h o l ,  n - p r o p y l  a lc o h o l  and e t h y l  a lc o h o l )  a re  a g a in  u sed  as  

r e a c t i o n  m e d ia . The D .S . 's  o f  th e  p r o d u c ts  o b ta in e d  a re  shown i n  

T a b le  4 and t h e i r  g r a p h ic a l  r e p r e s e n ta t io n s  a re  p re s e n te d  i n  F ig u r e s  

1 7 -2 2 . The r e p r e s e n ta t io n s  show t h a t  th e  r e a c t i v i t i e s  o f  sod ium  io n s  

i n  th e s e  r e a c t io n  m ed ia  a re  o b v io u s ly  d i f f e r e n t .  F rom  F ig u r e  2 2 , th e  

r e a c t i v i t i e s  o f  sod ium  io n s  i n  th e  k e to n e s  s ys tem  a re  h ig h e r  th a n  ones  

i n  a lc o h o ls .  F o r  a lc o h o ls  as r e a c t i o n  m e d ia , th e  a p p e a ra n ce s  o f  

g ra p h s  o f  n - p r o p y l  and i s o - p r o p y l  a lc o h o ls  a re  th e  same and th e  D .S . 's  

v a lu e s  fro m  b o th  s y s tem s  s l i g h t l y  in c r e a s e  w i t h  in c r e a s in g  th e  r e a c t io n  

t im e s .  I n  e t h y l  a lc o h o l ,  th e  D .S . 's  o f  th e  p r o d u c ts  seem to  in c r e a s e  

r a p i d l y  w i t h  c o m p a r is o n  to  th o s e  i n  n - p r o p y l  and is o - p r o p y l  a lc o h o ls .

F o r  k e to n e s  as  r e a c t io n  m e d ia , th e  r e a c t i v i t y  o f  so d ium  io n s  i s  h ig h  

when m e th y l e t h y l  k e to n e  i s  u se d  as r e a c t i o n  m ed ium . A ce to n e  a ls o  g iv e s  

h ig h e r  D .s .v a lu e s  th a n  a lc o h o ls  b u t  le s s  th a n  m e th y l e t h y l  k e to n e .

The e x te n t  o f  r e a c t i v i t i e s  o f  sod ium  io n s  a re  m e th y l e t h y l  k e to n e  

( d . s . O0655) y  a c e to n e  ( D . s .  0 .0 8 7 ) ( >  e t h y l  a lc o h o l  ( d . s . 0 . 0 8 3 ) >  

n - p r o p y l  a lc o h o l  ( d . s . 0 . 029) y  i s o - p r o p y l  a lc o h o l  ( :D .S . 0 . 024) .

From  th e  r e s u l t  i n  F ig u r e  22 , th e  f u r t h e r  e t h e r i f i c a t i o n  

on th e  t h i r d  d a y  i s  s h a r p ly  in c r e a s e d  ( a b o u t  7 t im e s  o f  th e  f i r s t  d a y )  

when a c e to n e  i s  u sed  th o u g h  i t s  D .s .  on th e  f i r s t  d a y  i s  much lo w e r  

( a b o u t  7 .5  t im e s )  th a n  one o b ta in e d  f ro m  m e th y l e t h y l  k e to n e .

A f t e r  7 days  o f  e t h e r i f i c a t i o n ,  th e  D .S . 's  o f  th e  p r o d u c ts



a r e  0 .7 58 5 0 . 688, 0 . 578 , 0.051 a n d  0.040 f o r  m e t h y l  e t h y l  k e t o n e ,  

a c e t o n e ,  e t h y l  a l c o h o l ,  n - p r o p y l  a l c o h o l  a n d  i s o - p r o p y l  a l c o h o l  

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

F r o m  4 . 2 .1  a n d  4 . 2 . 2 , t h e  r e a c t i v i t i e s  o f  s o d i u m  i o n s  

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

n o n - p o l a r  s o l v e n t s .  F o r  i n d u c i n g  t e n d e n c y  o f  f u r t h e r  e t h e r i f i c a t i o n  

o f  c e l l u l o s e ,  i t  i s ,  h o w e v e r ,  f o u n d  t h a t  t h e  m e t h y l  e t h y l  k e t o n e  a n d  

a c e t o n e  a r e  b e t t e r  r e a c t i o n  m e d i a  t h a n  t h o s e  n o n - p o l a r  s o l v e n t s  a n d  

t h e  a l c o h o l s .  I n  t e r m s  o f  t h e  r e a c t i v i t y  o f  s o d i u m  i o n s ,  b e n z e n e  

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

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

o f  c e l l u l o s e  t h a n  t h e  l a t t e r .

T a b l e  4 D . S . ' s  o f  t h e  p r o d u c t s  o b t a i n e d  f r o m  e x p e r i m e n t  u s i n g  p o l a r

o r g a n i c  s o l v e n t s  a s  r e a c t i o n  m e d i a  a n d  v a r i o u s  r e a c t i o n  t i m e s  

a t  44 + 2°c

R e a c t i o n  m e d i u m D R
*  

ว 0
i

R e a c t i o n t i m e  ( d a y )

1 5 5
! 7

m e t h y l  e t h y l  k e t o n e 0.655 0.646 0.692 0 .7 3 8

a c e t o n e 0 .0 8 7 0.615 0.655 0.688

i s o - p r o p y l  a l c o h o l 0.024 0.052 0.035 0.040

n - p r o p y l  a l c o h o l 0.029 0.036 0.055 0.051

e t h y l  a l c o h o l 0 .0 8 5 0.296 0.547 0 .3 7 8

* D .s .  l i s t e d  w i t h  2 .8 1 %  o f  o v e r a l l  e x p e r im e n t a l - e r r o r
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4.3 N o n -p o la r  O rg a n ic  S o lv e n ts  v s .  P o la r  O rg a n ic  S o lv e n ts

C o n s id e r in g  te m p e ra tu re  a s  r e a c t io n  v a r ia b le  f o r  e t h e r i f i c a t i o n  

u s in g  r e a c t i o n  m ed ia  o f  th e  same c h a r a c t e r i s t i c  n a tu r e  ( n o n - p o la r -  o r  

p o l a r - ) ,  th e  r e s u l t s  o b ta in e d  ca n  be d is c u s s e d  as f o l l o w s  ะ

4 . 3 . 1  N o n -p o la r  r e a c t io n  m ed ia

N o n -p o la r  r e a c t io n  m ed ia  (b e n z e n e , to lu e n e ,  c y c lo h e x a n e  

and n -h e x a n e )  a re  u sed  f o r  e t h e r i f i c a t i o n  o f  c e l l u l o s e .  The e f f e c t  

o f  te m p e ra tu re  on th e  r e a c t i v i t y  o f  sod ium  io n s  as D .S . 's  o f  th e  

p r o d u c ts  a re  shown i n  T a b le  5 and  t h e i r  g r a p h ic a l  r e p r e s e n ta t io n s  a re  

p re s e n te d  i n  F ig u r e s  2 3 -2 6 .

F o r  b e n ze n e , th e  r e a c t i v i t y  o f  s o d ium  io n s  a t  44 + 2°c 
i s  h ig h e r  th a n  one a t  26 + 2°c (3 e e  F ig u r e  2 3 ) .  Kovæ ve r, th e  in d u c in g  

te n d e n c y  o f  f u r t h e r  e t h e r i f i c a t i o n  a t  26 + 2°c i s  m ore th a n  one a t  

44 + 2°c . T h a t i s  th e  D„ธ . , ร o f  th e  p r o d u c ts  o b ta in e d  a t  26 + 2°c 
in c r e a s e  w i t h  in c r e a s in g  r e a c t i o n  t im e s  w he re a s  th e  D .S . 's  o f  th e  

p r o d u c ts  o b ta in e d  a t  44 + 2°c d ro p  a f t e r  3 d a ys  o f  e t h e r i f i c a t i o n .  A t  

44 + 2°c, th e  maximum D .s 0 v a lu e  ( c . 664) i s  o b ta in e d  on th e  t h i r d  da y  

o f  e t h e r i f i c a t i o n .  A f t e r  D .S . 's  o f  th e  p r o d u c ts  a re  th e  same on a b o u t  

th e  f o u r t h  d a y , D . s . '3  o b ta in e d  a t  26 + 2°c a re  h ig h e r  th a n  one o b ta in e d  

a t  44 + 2 °c .
A s im i l a r  i n t e r p r e t a t i o n  o f  th e  r e s u l t  i s  a ls o  o b ta in e d  

f o r  to lu e n e  and n -h e x a n e  e x c e p t th e  f o l l o w in g  d i f f e r e n c e s  (s e e  F ig u r e s

24 and 2 6 ) .
( 1 ) .  The in d u c in g  te n d e n c ie s  o f  f u r t h e r  e t h e r i f i c a t i o n
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a t  th e  tw o  te m p e ra tu re s  g iv e  th e  p r o d u c ts  o f  th e  same D o S ,'ร , 0.580 
and 0.560 f o r  a p p r o x im a te ly  2.2  and 1 .8  d a ys  o f  e t h e r i f i c a t i o n  i n  

to lu e n e  and n -h e x a n e  r e s p e c t i v e ly .

( 2 )  . A t  26 + 2°c, th e  D . s . 'ร o f  th e  p r o d u c ts  in c r e a s e  

w i t h  in c r e a s in g  r e a c t io n  t im e ,  f o r  b o th  to lu e n e  and n -h e x a n e .

The D . S . 'ร o b ta in e d  a t  44 + 2 °c  a ls o  in c r e a s e  f o r  c e r 

t a i n  p e r io d  w i t h  in c r e a s in g  r e a c t i o n  t im e  and d e c re a s in g  i n  D . s . ' ร 

o c c u r  a f t e r  5 da ys  o f  e t h e r i f i c a t i o n  i n  to lu e n e  and a f t e r  3 d a ys  i n  

n -h e x a n e .

( 3 )  . A t  44 + 2°c, th e  maximum D .s .  v a lu e s  a re  o b ta in e d  

as 0.549 on th e  f i f t h  day  o f  e t h e r i f i c a t i o n  i n  to lu e n e  and 0 .5 8 0  on 

th e  t h i r d  d a y  o f  e t h e r i f i c a t i o n  i n  n -h e x a n e .

F o r  c y c lo h e x a n e , th e  r e a c t i v i t y  o f  so d ium  io n s  a t  

44 + 2 °c  and i n  c y c lo h e x a n e  m edium  i s  a b o u t 0 . 61% lo w e r  th a n  one  

o b ta in e d  a t  26 + 2 ° c .  S in c e  th e  d e c re a s in g  o f  D .s .  i s ,  i n  f a c t ,  v e r y  

i n s i g n i c a n t ,  th e  r e s u l t  o b ta in e d  can  be p o s s ib ly  i n t e r p r e t e d  t h a t  

t h e r e  i s  no d i f f e r e n c e  i n  r e a c t i v i t y  o f  so d ium  io n s  due to  th e  tw o  

d i f f e r e n t  te m p e ra tu re s  used  f o r  e t h e r i f i c a t i o n  o f  c e l l u l o s e  (s e e  

F ig u re  25 ) .  The a p pe a ra n ce  o f  g ra p h  when c y c lo h e x a n e  i s  used  as  r e 

a c t io n  medium  o b v io u s ly  d i f f e r s  fro m  ones o f  b e n ze n e , to lu e n e  and  

n -h e x a n e  (s e e  F ig u r e s  23 -  2 6 ) .  The in d u c in g  te n d e n c y  o f  f u r t h e r  

e t h e r i f i c a t i o n  a t  26 + 2°c i s  b e t t e r  th a n  ones a t  44 + 2°c, th e  

maximum D .s .  v a lu e  o f  th e  p r o d u c t  i s  0.527 on th e  f i f t h  d a y  o f  e t h e r i 

f i c a t i o n  and th e  d e c re a s in g  i n  D . s . 1ร o c c u r  a f t e r  5 d a ys  o f  e t h e r i f i 

c a t i o n .
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I n  s h o r t ,  t h e  r e a c t i v i t i e s  o f  s o d i u m  i o n s  i n  e t h e r i f i c a t i o n  

r e a c t i o n  a t  4 4  ±  2 ° c  i n  b e n z e n e ,  t o l u e n e  a n d  n - h e x a n e  a r e  h i g h e r  t h a n  

o n e s  a t  26 +  2°c w h e r e a s  t h e  r e a c t i v i t y  o f  s o d i u m  i o n s  i n  c y c l o h e x a n e  

m e d i u m  i s  a p p r o x i m a t e l y  t h e  s a m e  a t  t h e  t w o  d i f f e r e n t  t e m p e r a t u r e s »  H o w 

e v e r ,  t h e  i n d u c i n g  t e n d e n c i e s  o f  f u r t h e r  e t h e r i f i c a t i o n s  a t  26 +  2 ° G  i n  

s u c h  s y s t e m s  a r e  b e t t e r  t h a n  o n e s  p e r f o r m e d  a t  4 4  +  2°c.

T a b l e  5  C o m p a r i s o n  o f  D . S . ' s  o f  t h e  p r o d u c t s  o b t a i n e d  a t  26 +  2 ° c  a n d  

a t  44 +  2 ° c  f o r  n o n - p o l a r  o r g a n i c  s o l v e n t s  a s  r e a c t i o n  m e d i a »

R e c a t io n  medium D .3 . o b ta in e d  on th e  f i r s t  d a y D i f f e r e n c e  i n  D .s .  ‘

T e m p e ra tu re  (°c )
26 + 2 44 + 2

benzene 0 .515 0.642 0.127

to lu e n e 0.502 0.573 0.071

c y c lo h e x a n e 0 .4 9 7 0.494 0.003

n -h e xa n e 0.494 0.531 0.037

D .ร .  l i s t e d  w i t h  2 . 469? o f  o v e r a l l  e x p e r im e n t a l - e r r o r .
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F IG U R E  23 CO M PAR ISON  OF D . S . ' s  OF THE PRODUCTS O B T A IN E D  A T

26 +  2°c AND AT 44 +  2°c
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F IG U R E  24 CO M PAR ISON  OF D . S . ' s  OF THE PRODUCTS O B T A IN E D  A T

26 + 2 °c AND A T  44 + 2 °c
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4-3-2 Polar reaction media

T h e  s a m e  p o l a r  s o l v e n t s  a s  p r e v i o u s l y  m e n t i o n e d  a r e  u s e d  

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

จ . ร . ' ร  o f  t h e  p r o d u c t s  o b t a i n e d  a r e  s h o w n  i n  T a b l e  6 .  T h e  c o m p a r i s o n  

o f  D .ร . , ร  o f  t h e  p r o d u c t s  o b t a i n e d  a t  26 + 2°c a n d  a t  4 4  + 2°c a r e  

a l s o  s h o w n  b y  g r a p h i c a l  r e p r e s e n t a t i o n s  ( s e e  F i g u r e s  2 7  -  31 ) .  F r o m  

g r a p h i c a l  r e p r e s e n t a t i o n s  o b t a i n e d ,  t h e  a p p e a r a n c e  o f  g r a p h s  o b t a i n e d  

a m o n g  v a r i o u s  r e a c t i o n  m e d i a  u s e d  a r e  u n i q u e  a n d  i n d i v i d u a l l y  c h a r a c 

t e r i s t i c .

F o r  e t h e r i f i c a t i o n  o f  c e l l u l o s e  i n  m e t h y l  e t h y l  k e t o n e ,  

t h e  r e a c t i v i t y  o f  s o d i u m  i o n s  a t  4 4  +  2°c i s  s l i g h t l y  h i g h e r  t h a n  o n e  

a t  2 6  +  2°c ( s e e  F i g u r e  2 7 ) .  T h e  D . S . ' s  o f  t h e  p r o d u c t s  o b t a i n e d  a t  

2 6  +  2 ° c  w i t h i n  t h e  p e r i o d  o f  7  d a y s  o f  e t h e r i f i c a t i o n  i n c r e a s e  w i t h  

i n c r e a s i n g  t i m e .  A t  4 4  +  2°c, t h e  D .s . o f  t h e  p r o d u c t  w i t h  3  d a y s  o f  

e t h e r i f i c a t i o n  d e c r e a s e s  f r o m  0.655 t o  0.646  a n d  t h e n  i n c r e a s e s  w i t h  

i n c r e a s i n g  t i m e .  I t  i s , t h e r e f o r e ,  t h e  c u r v a t u r e  o f  t h e  g r a p h s  o b t a i n e d  

a t  2 6  +  2°c a n d  a t  4 4  +  2 ° c  a r e  i n  o p p o s i t e  d i r e c t i o n .  T h i s  a p p e a r a n c e  

i s  d i f f e r e n t  f r o m  o t h e r s  o b t a i n e d  b y  t h i s  w o r k  e s p e c i a l l y  t h e  a p p e a r a n c e

o f  g r a p h  o b t a i n e d  a t  44 + 2°c i s  u n i q u e .  B e c a u s e  o f  s u c h  u n i q u e  a p p e a 

r a n c e ,  t h e  s o l u t i o n  r e l a t e d  t o  t h e  e x t e n t  o f  i n d u c i n g  t e n d e n c y  01 f u r 

t h e r  e t h e r i f i c a t i o n  i s  i n  q u e s t i o n  -  t h a t  i s  h o w  f a r  D . s .  o f  t h e  p r o d u c t  

c a n  b e  e n d e d .  A n  e x p e r i m e n t  f o r  f i n d i n g  f a c t  a n d  f o r  a n s w e r i n g  t h i s  

q u e s t i o n  w i l l  b e  d i s c u s s e d  l a t e r  ( s e e  4 . 4 ) .



For a ce to n e  a s  r e a c t io n  medium, th e  r e a c t i v i t y  o f  

30dium io n s  shows o p p o s ite  phenomena from one in  m ethyl e th y l  k e to n e  
( s e e  F igu re 2 8 ). The r e a c t i v i t y  o f  sodium  io n s  a t  26 + 2°G i s  b e t t e r  
than one a t  44 ±  2 °c b u t th e  in d u c in g  ten d en cy  o f  fu r th e r  e t h e r i f i c a 
t io n  a t  44 + 2°c i s  b e t t e r  than ones a t  26 + 2°c. A fte r  7 days o f  
e t h e r i f i c a t i o n  a t  44 ±  2°c, th e  D .s. i s  0.688 which i s  th e  th ir d  o f  
h ig h  D .S . o b ta in e d  by t h i s  exp erim en t w hereas th e  f i r s t  and secon d  ones  
are 0 .8 8 0 ,  0 .7 3 8  o b ta in ed  from m ethyl e t h y l  k e to n e  a t  26 + 2°c and a t  
44 + 2°c r e s p e c t iv e ly .

For is o -p r o p y l  a lc o h o l  a s  r e a c t io n  medium, th e  same v a lu e s  
o f  D .S . ' s  o f  th e  p rod u cts are  o b ta in e d  ( s e e  F ig u re  2 9 ) .  A ccord in g  to  
th e  same r e a c t io n  tim e u sed , th e r e  i s  no e f f e c t  o f  tem perature on the  
change o f  th e  D .S . ' s  o f  e t h e r i f i c a t i o n  p r o d u c ts .

For n -p ro p y l a lc o h o l  a s r e a c t io n  medium, th e  D .S . ' s  have  
s l i g h t l y  a f f e c t e d  in d u c in g  by d i f f e r e n t  tem p eratu re and v ery  s l i g h t l y  
in c r e a s e  w ith  in c r e a s in g  tim e ( s e e  F ig u re  3 0 )* The r e a c t i v i t y  o f  sodium  
io n s  i s ,  th u s , a lm o st th e  sam e.

For e th y l  a lc o h o l  as r e a c t io n  medium, th e  same appearance  
a s in  th e  p rop y l a lc o h o ls  o c c u r s  when e t h e r i f i c a t i o n  was perform ed a t  
26 + 2°c. As th e  tem perature in c r e a s e s  from 26 + 2°c to  44 + 2°c, the  
r e a c t i v i t y  o f  sodium io n s  i s  in c r e a s e d  about fo u r  tim es (from  0 .0 2 1  to  
0 .0 8 3 )  and D .S . ' s  o f  th e  p r o d u cts  in c r e a s e  r a p id ly .  T h is in c r e a s in g  
o f  D .S . i s  g iv e n  th e  p rod u ct w ith  D .s .  0 .3 7 8  a f t e r  7 days o f  e t h e r i f i 
c a t io n .  The appearance o f  cu rve a t  44 + 2°c i s  s im i la r  to  one o f  a ce to n e
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bu t th e  D .S . ' s  o f  th e  p ro d u cts  s lo w ly  in c r e a s e  than th o se  from a c e to n e .  
The d i f f e r e n c e  o f  D .s . v a lu e s  betw een  26 + 2 °c  and 44 + 2 °c  i s  in  th e  
f o l lo w in g  ord er a c e to n e  e t h y l  a lc o h o l  m ethyl e th y l  k e to n e  
n -p ro p y l a lc o h o l  is o -p r o p y l  a lc o h o l ( s e e  T able 6 ) .

T able 6 Comparison o f  D .S . ' s  o f  th e  p ro d u cts  o b ta in ed  a t  26 + 2 °c

and a t  44 + 2 °c  f o r  p o la r  o rg a n ic  s o lv e n ts  a s  r e a c t io n  m edia .

j
R ea ctio n  medium D .o . o b ta in e d  on th e  f i r s t  day 

Tem perature (°c )

D if fe r e n c e  in  D.s.

26+2 44+2

m ethyl e th y l  k eto n e 0.643 0.655 0 .0 1 2

a ce to n e 0 .174 0 .0 8 7 0 .0 8 7

i s o -p r o p y l  a lc o h o l 0.029 0.024 0.005

n -p r o p y l a lc o h o l 0 .0 2 0 0.029 0.009

e th y l  a lc o h o l 0 .0 2 1 0 .083- 0.062

D .S . l i s t e d  w i t h  2 .6 1 %  o f  o v e r a l l  e x p e r im e n t a l - e r r o r .
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4.4  Maximum D .s . of the Produce Obtained at 44 ± 2°c w ith E t h e r i f i 

ca tio n  in  Methyl E th y l Ketone.

As po inted  out in  4 .3 .2 ,  the appearance o f g ra p h ica l repre

sen tatio n  in  F igu re  27 i s  unique fo r  one obtained at 44 + 2°c with  

e t h e r if ic a t io n  in  methyl e th y l ketone. Accord ing  to such appearance, 

i t  i s  c e r t a in ly  drawn out two p o s s ib i l i t ie s  as fo llo w s;

(1 )  . D .S . o f the product w i l l  in crease  w ithout dropping.

Th is  increasing ' should be le s s  than 1 .0  or p o s s ib ly  approach to 1 .0 .

(2 )  . I f  there is  dropping in  D .ร . ,  i t s  maximum is  able to 

observe at any c e rta in  tim e.

As regards to the two p o s s ib i l i t i e s ,  the extent o f in du cin g  

tendency o f fu rth e r  e t h e r if ic a t io n  at 44 + 2°c i s  in  question  fo r  how 

fa r  D .S. of the product can be. To search fo r  the fa c t ,  an other e x p e ri

ment was perform ed. Because o f running out of the treated  pulp  form erly  

used, the new batch o f tr.mated pu lp  was, a t  th is  stage, used in  the 

experiment conducted with the same manner as p re v io u s ly  d e scrib e d .

Since D .s . o f the product depends on se v e ra l fa c to rs  in c lu d in g  the na

ture o f c e llu lo s e  used as raw m a te r ia l. The experiment was a lso  c a rr ie d  

out a t 26 + 2°c fo r  1 , 3 j 5 and 7 da.;, ร in  order to check whether the 

now treated  pulp  m aintains the same appearance o f g ra p h ica l representa

t io n  as the previous r e s u lt  (F igure  2 7 ) or not.

By p lo t t in g  the re s u lt  in  Table 7, the appearance o f graph 

obtained from e t h e r if ic a t io n  o f new treated  pulp w ith in  the period  of 

7 days at 26  + 2 °c i s  s im ila r  to one p re v io u s ly  obtained but w ith  small 

d iffe re n c e  in  D .s . values (see F igure  3 2 ). These d iffe re n c e s  due to
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nature o f ce llu lose used as raw m ate ria l. However, such differences does 
not condemn fo r  the use o f ทบพ treated pulp as raw m ateria l in  c th e r i-  
cation in  th is  experiment. The s im ila r ity  in  appearance c f graphical 
representation o f h .ธ. values obtained from two d iffe re n t batches insure 
that each batch can be- represented each other in  re a c tiv ity  of sodium 
ions and in  extent o f inducing tendency o f fu rth e r e th e r if ic a tio n  
excluding the consideration in  .โ).ร. quantity between them.

Table 7 D .o .'s  o f the products obtained from new treated pulp by using
methyl e thyl ketone as reaction medium and e th e r if ic a tio n  at
26 + 2°c .

Reaction time (day) D.s?
1 0.702

3 0.838
5 0.886
7 0.897

I I . ร .  l is te d  w ith  2. 51# o f o v e ra ll e xp e rim e n ta l-e rro r.
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The now treated  pulp was, then, used as raw m a te ria l in  e th e r i

f ic a t io n  a t 44 + 2°c fo r  f i l l i n g  the gap derived  from the above mentioned 

p o s s ib i l i t i e s .  The experiment was repeated the former procedure w ith  

re a c tio n  time 1, 3> 5» 7 days and so on. The e t h e r if ic a t io n  was allow ed  

to proceed u n t i l  e ith e r  D .s . ap;roaches to 1 .0  or the dropping o f D .s. 

occurs.

From the r e s u lt ,  the r e a c t iv it y  o f sodium ions a t 44 + 2°c i s

h igher than an other at 26 + 2°c as same as i t  occurs when form er batch

of treated  pulp i s  used (see Tab les 6 -  ย ) .  The D .s. of the products

in creases  w ith re a c tio n  time d u rin g  the f i r s t  8 days and then decreases

v/ith the re a ctio n  time (see Table 8 and F igu re  53) • The maximum D .s . 

i s  0 .860. I t  i s  p o s s ib ly  to say that the optimum re a c tio n  time fo r  

maximum D .s . When methyl e th y l ketone i s  used as re a c tio n  medium should  

not be longer than 8 days.

Table 8 D .s . •ร o f the products obtained fx'om new treated  pulp by using  

methyl e th y l ketone as re a c tio n  medium and e t h e r if ic a t io n  at

44 ± 2°c.

Reaction time (day) D.S*

1 0 . 7 3 6

3 0 . 7 2 8

5 0 . 7 4 7

7 0.783

8 0 . 8 6 0

9 0 . 7 9 2

10 0 . 7 6 0

D .S . l i s t e d  w ith  2 . 4 2 °f0 o f  o v e r a l l  e x p e r im e n ta l- e r r o r .
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