
CHAPTER 3

EXPERIMENTS

3 . 1  Reaction -  media

The r e a c t iv i t y  o f sodium ions in  e th e r i f ic a t io n  re a c tio n  o f 
ce llu lo se  was stud ied by using various common organic so lven ts as 
rea c tion  media. The so lvents were chosen according to th e ir  charac
t e r is t i c  natures as fo llow s  ะ

3 .1 .1  p o la r and non-po la r p rope rtie s
3 . 1 . 2  b o il in g  p o in t and ra te  o f evaporation
3 . 1 . 3  exten t o f harmfulnass on contact
They were a lso chosen w ith  respect to  a v a i la b i l i t y  in  lo c a l 

market, economics and re u s a b i l i ty .
In  e th e r i f ic a t io n , a lcoho ls  are fre qu en tly  used as reac tion  

media fo r  most chemical trans fo rm ation  both in  la b o ra t ir ie s  and in  
in d u s t r ia l processes. To search fo r  more s c ie n t i f ic  in fo rm a tion , 
th is  work was th is  perfprmed by using a lcoho ls and o ther organic  
solvents in c lu d in g  both p o la r and non-po la r. Some ty p ic a l rea c tion  
media used in  th is  experiment were as fo llow s  ;

p o la r methyl e th y l ketone
acetone
iso -p ro p y l a lcoho l 
n -p ropy l a lcoho l
e th y l a lcoho l
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non-po la r benzene 
to luene  
cyclohexane 
n-hexane

3.2 Experimental Procedure

Throughout th is  work, the experiments were ca rr ie d  out in  the 
same manner but w ith  various re a c tio n  media, d if fe re n t  re a c tio n  times
and a t d if fe re n t  temperatures. Treated co tton  fuzz was used a3 source 
o f c e llu lo s e . Juice m ixer (b lender) was used fo r  p u lv e r iz e r as recom
mended by K. v/atanabe and M. Nakamura (22). Two sets o f samples were 
prepared in  th is  experiment. One se t was allowed the e th e r i f ic a t io n  
to  proceed a t 26 + 2°c fo r  1, 3» 5 and 7 days. The o ther was conducted 
a t h ighe r temperature (44 + 2°c) in  an automatic incuba to r when tempera
tu re  f lu c tu a te d  w ith in  a narrow range.

In  p ra c tic e , a mole o f c e llu lo s e  was w e ll mixed w ith  each in d i
v id ua l rea c tion  medium as l is te d  in  3*1* With continuous s t i r r in g ,  2 
moles o f sodium hydroxide were added. The m ixtu re was cooled by using  
ice -w a te r i f  heat evolved du ring  m ix ing . Then one mole o f monochloro- 
ace tic  acid was added and w e ll mixed fo r  about 15 m inutes. The m ixture  
was tra n s fe rre d  to a beaker which was covered by th in  p la s t ic  sheet and 
kept a t 26 + 2°c fo r  1, 3, 5 and 7 days. A fte r  each pe riod , the product 
was sampled and f i l t e r e d  through the Buchner funne l and, then, soaked 
in  methyl a lco ho l. At th is  p o in t, the a c id ity  o r a lk a l in i t y  o f soaked s o lu t

ion  (methyl a lcoho l) was inspected by using Bromothymol blue in d ic a to r .



1 1

I f  the s o lu tio n  was acid  (ye llow  c o lo r ) , i t  was neu tra liz ed  by sodium 
hydroxide so lu tio n . I f  the s o lu t io n  was basic (blue c o lo r ) , i t  was 
thus n eu tra liz ed  by hyd roch lo ric  a c id . A fte r  ob ta in ing  n eu tra l s o lu tio n  
(green c o lo r ) , the m ixture was f i l t e r e d  and washed fo r  several times 
w ith  methyl a lcoho l to remove sodium ch lo rid e  obtained as reac tion  by
product. The product was, then, a i r  d ried  and kept in  des icca to r.

Another set o f samples was prepared in  the same manner as men
tioned above but the e th e r i f ic a t io n  was allowed to proceed a t 44 + 2°c 
in  automatic co n tro lle d  incuba to r (Ba ird  & Tadlock L td ).

3.3 R e a c tiv ity  o f Sodium Ions in  the System

At present, d ir e c t -  and ind irec t-m ethods are two a va ila b le  
methods fo r  determ ina tion o f bound a lk a l i  invo lved  in  a lk a l i  treatment 
o f ce llu lo se  and fo r  de term ina tion the composition o f a lk a l i  c e llu lo se
(6 ) . The disadvantage o f the tv/o methods is  the d i f f i c u l t y  in  perform
ing  the experiment and an understanding o f the chemical im p lic a tio n s  
o f the s tru c tu re  o f a lk a l i  c e llu lo s e .

Since our main purpose o f th is  study is  one concentrated to the 
e th e r i f ic a t io n  reac tion  o f c e llu lo s e . Therefore, fu r th e r  e th e r i f ic a t io n  
a f te r  a lk a l i  treatment o f c e llu lo se  was ca rr ie d  out by using monochloro- 
a ce tic  a c id . Neglect the mechanism from which a lk a l i  c e llu lo se  formed 
(e ith e r  CgH^02(0K)p.0Na or CgHy0o(0H)2.0H.Na0H), and o f the e rro rs  due 
to  experimental com p lica tion as p re v ious ly  mentioned, the degree of 
s u b s t itu t io n  (D .s . )  o f sodium carboxymethyl group (-CHpCOONa) in  a lk a l i  
ce llu lo se  a t the end o f the f i r s t  day o f each sampl8 is  used to p re d ic t
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the exten t o f the r e a c t iv i t y  o f sodium ions o r a lk a l i  in  form ing  
a lk a l i  c e llu lo s e . The D .S .'s  o f samples w ith  the long’er rea c tion  times 
are a lso used to p re d ic t the induc ing  tendency o r promotion fo r  fu r th e r  
e th e r i f ic a t io n  o f ce llu lo se  in  the system. In  o ther words, D.3. is  
assumed to be a scale fo r  ju s t i f y in g  the r e a c t iv i t y  o f sodium ions in  
e th e r i f ic a t io n  reac tion  o f c e llu lo s e .

In  p ra c tic e , about 0.5 E o f product in  n ic k e l c ru c ib le  o f 
known weight was d ried  a t 110°c by using vacuum d rye r (K a rl Kolb- 
S c ie n t if ic  Technical S upp lies). A fte r  5 hours, the n ic k e l c ru c ib le  
and i t s  cover were removed from d rye r and kept in  des icca to r u n t i l  
they became coo l. The crucib le con ta in ing  sample and cover were 
then weighed. The moisture content o f the sample can be ca lcu la ted  
by using equation (4 ) .

The vacuum d ried  sample in  n ic ke l c ru c ib le  was ig n ite d  w ith  
Bunsen burner u n t i l  wh ite s o lid  appeared. The c ru c ib le  and cover
were c a re fu lly  placed in to  a beaker con ta in ing  hot water and were
then b o ile d . A fte r  white s o lid  was complete ly d isso lved the c ru c ib le  
and i t s  cover were removed from so lu tio n  and w e ll washed w ith
d is t i l l e d  water. Add 10 cm  ̂ o f ช .2 IT 1^2ร0  ̂ in  the so lu tio n  then
i t  was evaporated to about 100 enr . A fte r  coo lin g , the s o lu tio n
was t i t r a te d  w ith  standard NaOH (about 0.2H) and w ith  phenolphtha-
le in  as in d ic a to r . The D .s .  o f the product can thus be ca lcu la ted
by using equation (6 ).
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