
C H A P T E R  I I I

E X P E R I M E N T A L

C h e m ic a ls

1. R e f in e d  p a lm  o il, io d in e  v a lu e  5 2 , L a m  S o o n  (T h a ila n d )  C o ., L td .
2. G la c ia l a c e t ic  a c id , A R  g ra d e , B D H .
3. H y d r o g e n  p e r o x id e  s o lu tio n , 5 0 %  c o m m e rc ia l  g ra d e .

4 . S u lfu r ic  a c id , 9 5 -9 7 %  G R  g ra d e , M e rk .
5. H y d r o g e n  b ro m id e , 4 8 %  R P E  g ra d e , C a r lo  E rb a .
6 . I o d in e  t r ic h lo r id e , Z u r  S y n th è s e  9 7 % , M e rk .
7. I o d in e  re su b l im e d , R P E  g r a d e  9 9 .9 % , C a r lo  E rb a .
8 . S o d iu m  th io s u lf a te ,  G R  g r a d e  9 9 .5 % , M e rk .
9. P o ta s s iu m  io d id e , G R  g r a d e  9 9 .5 % , M e rk .
10. C ry s ta l  v io le t ,  R P E  g ra d e , C a r lo  E rb a .

11. S ta r c h  s o lu b le , M  &  B
12. C a r b o n  te t r a c h lo r id e ,  9 9 .8 %  G R  g r a d e  M e rk .
13. B e n z e n e , 9 9 .7 %  G R  g ra d e , M e rk .
14. H e x a n e , A n a ly z e d , B a k e r .
15. S o d iu m  h y d r o g e n  c a r b o n a te ,  A C S  9 9 .7 % , R ie d e l d e  H a e n .
16. B is  (2 -e th y l  h e x y l)  p h th a la te ,  C h e m ik a , F lu k a .
17. E p o x y  D  8 1 , B a r o s ta b , o x ira n e  o x y g e n  m o re  th a n  6 % , io d in e  v a lu e  

m o r e  th a n  3.
18. C W M  3 2 , B a ro s ta b .
19. S K  6 , B a ro s ta b .
2 0 . P V C  K 6 6 , T P C
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G la s s w a r e

1. F o u r - n e c k e d  f la sk , 5 0 0  m l, P y re x .
2. R e f lu x  c o n d e n s e r ,  P y re x .
3. A d d i t io n a l  fu n n e l, P y re x .

4 . T h e r m o m e te r  100°c.

5. I o d in e  f la sk , 5 0 0  m l, K im a x .
6 . E r le n m e y e r  f la sk , 5 0  m l, P y re x .
7. B u re t ,  W ite g .
8 . P ip e t ,  W ite g .

E q u ip m e n t

1. M e c h a n ic a l  s t i r r e r  w i th  a  h a l f  m o o n -s h a p e d  te f lo n  s ti r r in g  b la d e , B a ird  &  
T a t lo c k ,  U K .

2. W a te r  b a th  a n d  r o ta v a p o r ,  B u c h i 4 6 1 , S w itz e r la n d .
3. F o u r i e r  T ra n s fo rm  In f r a re d  S p e c t ro m e te r  (F T IR ) , B io r a d  S P C  3 2 0 0 .
4 . P r o to n  N u c le a r M a g n e t ic R e s o n a n c e ( H N M R ) , V a r ia n E M -3 6 0 L , A u s tra lia .
5. U n iv e rs a l  T e s t in g  M a c h in e , In s tro n  1 0 26 , U S A .

6 . I m p a c t  T e s te r ,  Y a s u d a , Ja p a n .
7 . S h o re  D u r o m e te r  H a r d n e s s  T y p e  A -2 , T h e  S h o re  I n s t r u m e n t  &  M F G  C o .,  L td .,  

U S A .

8 . T w o  ro ll m ill, T h r o p p , G e rm a n y .
9. C o m p re s s io n  m o ld in g , C h a ic h a re o n  C o ., L td .,  T h a ila n d .
10. Q U V  A c c e le ra te d  W e a th e r in g  T e s te r ,  T h e  Q  P a n e l C o m p a n y , U S A .

11. E x t r a c t io n  S e t, G e rh a rd t ,  G e rm a n y .

12. O v e n , m a x im u m  te m p e r a tu r e  2 5 0 ° c ,  M e m m e rt , G e rm a n y .
13. T h e rm a l  A n a ly z e r , S e ta ra m  9 2 , F ra n c e .
14. 13C N M R  N u c le a r  M a g n e t ic  R e s o n a n c e
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P r o c e d u r e

T h e  in  s itu  p e r a c e t ic  a c id  e p o x id a tio n  w ith  su lfu r ic  a c id  c a ta ly s t  w a s  u s e d  to  
s y n th e s iz e  e p o x id iz e d  p a lm  oil. In  o r d e r  to  g e t  h ig h  e p o x id e  c o n te n ts ,  m a n y  r e a c t io n  
v a r ia b le s  w e r e  te s te d .

1. S y n th e s is  o f  e p o x id iz e d  p a lm  oil.

A b o u t  10 0  g ra m s  o f  th e  re f in e d  p a lm  oil w ith  a n  io d in e  v a lu e  o f  5 2 , w e r e  
m ix e d  w ith  1 0 0 %  g la c ia l a c e t ic  a c id  a n d  h e x a n e  in  a  f o u r  n e c k e d  f la s k  f i t te d  w ith  a 
m e c h a n ic a l s t i r r e r ,  a  re f lu x  c o n d e n s e r ,  a  th e rm o m e te r  a n d  a n  a d d it io n a l fu n n e l. T h e  
m ix tu re  w a s  h e a te d  in  a  w a te r  b a th  w h ile  a g i ta t io n  w a s  p ro v id e d  b y  a  te f lo n  s ti r r in g  
b la d e  a t  a  s p e e d  o f  2 0 0  r e v o lu t io n s  p e r  m in u te  ( rp m ) . A t a  d e s i re d  t e m p e r a tu r e ,  o f

5 0 - 5 5 ° C ,  5 0 %  h y d ro g e n  p e ro x id e  s o lu tio n  m ix e d  w ith  su lfu r ic  a c id  w a s  a d d e d
d r o p w is e  a t  a  u n ifo rm  r a te  o v e r  o n e  h o u r . D u r in g  a d d in g  h y d ro g e n  p e r o x id e

s o lu t io n , th e  te m p e r a tu r e  in c re a s e d  g ra d u a lly  to  7 0 ° c .  T h e  r e a c t io n  w a s  s to p p e d  a t  
th e  8 th  h o u r . T h e  m ix tu re  w a s  p o u r e d  in to  a  5 0 0 -m l s e p a r a to ry  fu n n e l, th e  
a q u e o u s  la y e r  w a s  s e p a r a te d  a n d  d is c a rd e d . A  p o r t io n  o f  2 0 0  m l o f  th e  s a tu ra te d  
s o d iu m  b ic a rb o n a te  s o lu t io n  w a s  filled  to  th e  o il la y e r  to  n e u tra l iz e  th e  re m a in in g  a c id  
a n d  f o l lo w e d  b y a d d in g  e a c h  p o r t io n  w ith  1 0 0 m l o f  w a rm  w a te r  u n ti l i t  w a s  f re e  

f ro m  a c id s ; th e n  it w a s  d is s o lv e d  in  e th e r  a n d  th e  w a te r  p o r t io n  w a s  d is c a rd e d . 
A n h y d r o u s  m a g n e s iu m  s u lfa te  w a s  filled  to  a b s o rb e d  t r a c e  w a te r  th a t  r e m a in e d  a n d  
f i l te re d . F in a lly  th e  e th e r  a n d  h e x a n e  w e r e  r e m o v e d  b y  v a c u u m  e v a p o r a t io n  ( 1 2 ,1 3 ) .  
T h e  p r o d u c t ,  th e  e p o x id iz e d  p a lm  o il, w a s  a n a ly z e d  fo r io d in e  v a lu e , o x ir a n e  o x y g e n  
a n d  c h a r a c te r iz e d  b y  F o u r ie r  T ra n s fo rm  In f r a re d  S p e c t ro m e te r  ( F T I R ) ,  P r o to n  
N u c le a r M a g n e t ic  R e s o n a n c e  a n d  C a rb o n  N u c le a r  M a g n e t ic  R e s o n a n c e  (C N M R ).

2. S tu d y  o f  V a r ia b le  E f fe c ts  o n  E p o x id a tio n  o f  P a lm  O il
T h e r e  w e r e  7 v a r ia b le s  i.e . th e  a m o u n t o f  5 0 %  h y d r o g e n  p e r o x id e , g la c ia l 

a c e t ic  a c id , c o n c e n t r a te  su lfu r ic  a c id  a n d  so lv e n t, a n d  th e  r e a c t io n  c o n d i tio n s :
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t e m p e r a tu r e ,  a g i ta t io n  s p e e d  a n d  re a c t io n  tim e  in v o lv e d  w ith  th e  e x te n t  a n d  th e  a m o u n t 
o f  e p o x id a tio n . T h e  s te p s  to  s tu d y  th e  v a r ia b le s  a r e  a s  fo llo w s .

2 .1  T h e  2 ^  F a c to r ia l  D e s ig n .

T h e  c o r r e la t io n  o f  h y d ro g e n  p e ro x id e , a c e tic  a c id  a n d  s o lv e n t to  y ie ld  th e  

h ig h e s t  o x ir a n e  o x y g e n  in  e p o x id iz e d  p a lm  oil w a s  s tu d ie d  b y  a  2 ^  f a c to r ia l  d e s ig n  
u s in g  tw o  le v e ls  o f  c h e m ic a l c o n c e n t ra t io n s  as , lo w  a n d  h igh . D u p l ic a t io n  
e x p e r im e n ts  w e r e  d o n e  f o r  e a c h  lev e l o f  th e  c o n c e n t ra t io n  (2 1 ) . T h e  a m o u n t  o f  th e

c h e m ic a ls  w a s  in d ic a te d  in  s e c tio n s  2 .1 .1 -2 .1 .4 .  T h e  2 ^  f a c to r ia l  d e s ig n  e x p e r im e n ts  
w e r e  c a r r ie d  o u t  a s  in  T a b le  3 .1 , th e  p r o c e d u r e  o f  w h ic h  w a s  th e  s a m e  a s  S e c t io n  1.

2 .1 .1  H y d r o g e n  P e ro x id e  ( H 2 O 2 ) w a s  0 .7  a n d  1.8 m o le  p e r  m o le  o f  th e  

u n s a tu r a te d  d o u b le  b o n d s  in p a lm  oil.
2 .1 .2  A c e tic  A c id  ( H O A c )  w a s  0 .1 5  a n d  0 .8  m o le  p e r  m o le  o f  th e  d o u b le  

b o n d s  in  p a lm  oil.

2 .1 .3  S u lfu r ic  a c id  ( H 2 S O 4 ) w a s  0 .5  a n d  2 %  b y  w e ig h t  o f  p a lm  oil.

2 .1 .4  H e x a n e , a s  so lv e n t ( C g H  1 4 ) w a s  15 a n d  3 0 %  b y  w e ig h t  o f  p a lm

oil.
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T a b le  3 .1  T h e 2 4  fa c to r ia l  d e s ig n  e x p e rim e n t.

Experiment
number

The amount of chemicals
H20 2a1 HOAcb H2S 04c c 6H14d

1 0.7 0.15 0.5 5

2 0.7 0.15 0.5 30
3 0.7 0.15 2.0 5
4 0.7 0.15 2.0 30

5 0.7 0.8 0.5 5

6 0.7 0.8 0.5 30

7 0.7 0.8 2.0 5

8 0.7 0.8 2.0 30

9 1.5 0.15 0.5 5

10 1.5 0.15 0.5 30

11 1.5 0.15 2.0 5

12 1.5 0.15 2.0 30

13 1.5 0.8 0.5 5

14 1.5 0.8 0.5 30

15 1.5 0.8 2.0 5

16 1.5 0.8 2.0 30

a,b The quantity of แ 2 <ว2  and HOAc are mole per mole of the double 
bonds in palm oil.

c The quantity of แ 2 ร(ว4 is % by weight of palm oil. 

d The quantity of CgH-14 is % by weight of palm oil.

T h e  r e s u l t s  w e r e  c a lc u la te d  b y  th e  s ta t is t ic a l  m e th o d  to  d e te rm in e  th e  s ig n if ic a n t 
p a r a m e te r ( c h e m ic a l)  a f fe c tin g  th e y ie ld  o f  o x ira n e  o x y g e n . C o n s e q u e n t ly ,  th e  
a m o u n ts  o f  th e  in f lu e n tia l p a r a m e te r  w e re  in v e s t ig a te d  a s  s h o w n  in  T a b le  3 .2 . 
T h e  r a c t io n  c o n d i t io n s  w e r e  th e  s a m e  a s  in  S e c tio n  1.
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Table 3.2 Effect o f  chemical concentrations on oxirane oxygen content.

Chemical The corresponding concentration

H20 2a 0.8 1.0 1.3 1.5

HOAca 0.3 0.5 0.6 0.8

H2S 04b 0.5 1.0 2.0 -

a The quantities of แ 2<ว2 and HOAc are mole per mole of the double bonds in palm
oil.

b The quantity of แ 2ร<ว4 is % by weight of palm oil.

The reaction conditions were also studied by fo llow ing the additional parameters in 

Section 2.1.5 to 2.1.7.

2.1.5 The Temperature. The temperature was varied while fix ing the 

other conditions as constant. The amount o f  H 2O2 is 1.5 mole per mole o f  the

unsaturated in palm oil, H O Ac is 0.8 mole per mole o f  the unsaturated and H 2 SO4 is 

2% by weight o f  palm. The range o f  the temperature was indicated in Table 3.3.

2.1.6 The Agitation speed. The reaction conditions were the same as 

Section 2.1.5 except that the temperature range was 50-55°C, and agitation speed 

was varied as in Table 3.3.

2.1.7 The Reaction Time. The agitation speed o f  200 rpm was used and 

the other conditions were the same as Section 2 . 1 .6. The reaction time was varied as 

defined in Table3.3. A fte r adding hydrogen peroxide, the reaction m ixture was 

removed each hour and was analyzed for iodine value and oxirane oxygen. A t 10 hours o f  

the reaction time, the iodine value decreased to 1 -2 , indicating completion o f  the 

reaction, then the reaction was ceased accordingly.
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Table 3.3 The level of reaction condition.

Reaction Levels of the parameters

parameters 1 2 3 4 5 6 7 8 9 1 0

Temperature, 40-45 50-55 60-65 70-75 ...............................................

°c
Agitation 200 300 500 .........................................................

speed, rpm

Reaction 1 2 3 4 5 6 7 8 9 1 0

time, hr

3. Determination o f  Oxirane Oxygen.

The oxirane oxygen content in epoxidized palm oil was determined in 

accordance w ith  A .o .c .s .  Method Cd 9-57 (22). The procedure was as follows: 

The epoxidized palm oil was weighed accurately to ±0.001 gram in the range o f  

0.3-0.5 grams into a 50 ml Erlenmeyer flask. It  was dissolved in 10 ml o f  benzene, 

and 0.1 ml o f  0.1% crystal violet indicator in glacial acetic acid was added. The 

solution was stirred w ith a magnetic stirrer and titrated w ith  the standard solution 

o f  0.1 N  hydrogen bromide in glacial acetic acid. The buret tip  was inserted into a 

one-hole rubber stopper, which was attached to the flask just above the solution to 

avoid the loss o f  the hydrogen bromide. The colour o f  the end point was bluish-green 

that persisted fo r 30 minutes. The amount o f  oxirane oxygen in % was calculated 

by the fo llow ing  equation.

Oxirane Oxygen, % = T X  N  X  1.60 (3.1)

พ

where T  = volume o f  hydrogen bromide in ml.

N  = concentration o f  hydrogen bromide solution in normality.

พ  = weight o f  epoxidized palm oil in gram.
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4. Determination o f  Iodine Value by W iis Method.

W ijs method was used to determine the iodine value o f  the epoxidized palm oil. 

This method was in accordance w ith  the A .o .c .s  O fficial Method Tg 1-64 (23). The 

epoxidized palm oil was weighed accurately as recommended in Table 3.4, and 

dissolved in 10 ml o f  carbon tetrachloride in a 500 ml Iodine flask. 20 ml o f  W ijs 

solution was added, the flask was sealed w ith  a glass stopper. The flask was kept fo r 

30 min in a dark place. A fte r that, 15 ml o f  10% o f  potassium iodide solution and 

100 ml o f  distilled water were filled and the solution was titrated w ith  the 

standardized 0.1 N  sodium thiosulfate solution, starch indicator was added. The end 

point was a color change from  blue to colourless. The blank was carried out in the 

same manner, w ithout the epoxidized palm oil. Calculation o f  the iodine value is 

the fo llow ing:

Iodine Value = (B-Sl X N X 12.69 (3.2)

พ
where ธ = The volume of sodium thiosulfate solution required for the blank in ml. 

ร  = The volume of sodium thiosulfate solution required for the test in ml.

N = The concentrationof sodium thiosulfate solution in normality.

พ  = The weight of epoxidized palm oil in gram.

Table 3.4 The recommended weight of sample for determining iodine value.

Iodine Value Recommended weight, grams

0-10 2 .0-2 .5

20 1.0

30 0.65

40 0.50

50 0.40

60 0.34
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5. Characterization by FTIR.

The epoxidized palm oil was filled into a liquid cell o f  the FTIR. The spectrum 

was run from  wavenumber o f  4000 to 400 cm "l w ith  a scan time 16 and resolution 8.

6. Characterization by H N M R

The epoxidized palm oil was dissolved in deuterium ch loroform (C D C l3) and 

run fo r H N M R  spectrum at the temperature of25°C  and the frequency o f  60 M Hz.

7. Characterization by C N M R .

The epoxidized palm oil was dissolved in deuterium ch loroform (C D C l3) and 

run fo r C N M R  spectrum.

8. E ffect o f  Epoxidized Palm oil on PVC sheet.

The epoxidized palm oil was compounded w ith  PVC resin K 66 bis(2-ethylhexl) 

phthalate DOP) and barium-cadmium-zinc stearate. The properties o f  compounded 

PVC were performed.

8.1 Experimental PVC Compounding.

PVC resin K 66 was compounded w ith  the epoxidized palm oil that is used 

as a secondary plasticizer, while DOP as a primary plasticizer and Ba-Cd-Zn stearate as 

stabilizer; the form ula was shown in Table 3.5 (25).

Table 3.5 The formulation o f  PVC compound.

Ingredient Amount, parts

PVC 100
DOP 30-60
EPO 2-3
Ba-Cd-Zn 2-2.5
Stearate

The2^ factorial design was provided fo r the compounding as shown in Table 3.6. The 

process was: the PVC, DOP, EPO and stabilizer were mixed together and milled on a
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tw o -ro ll m ill at the temperature o f  150°c fo r 15 minutes; the mixture was melted and 

a PVC sheet was obtained. The sheet was molded in a mold size o f  150x150x3 mm3 at 

the temperature o f  170-175°c fo r 5 minutes w ithout pressure and fo r 5 minutes 

w ith  a pressure o f  200 psi. The PVC sheet was then cooled (25).

Table 3.6 The 2 3 factorial design o f PVC compound.

Formulation Amount of the ingredients, parts

NO. DOP EPO Ba-Cd-Zn

1 30 2 2

2 30 2 2.5

3 30 3 2
4 30 3 2.5

5 60 2 2

6 60 2 2.5

7 60 3 2

8 60 3 2.5

The amount of the PVC was fixed at 100 parts.

8.2 Mechanical Properties o f  the PVC Sheet.

The compoundedPVC sheets were tested fo r mechanical properties to find a 

correlation w ith  the amount o f  the epoxidized palm oil incorporated.

8.2.1 Tensile properties. Tensile strength and elongation were 

performed according to A S T M  D 638 (26). PVC sheet was cut into type IV  

specimen that has the narrow part o f  6 mm wide, the minimum cross section area o f  

the narrow part was measured. The gage length was 25 mm and the speed o f  the 

cross head motion o f  the universal testing machine was 50 mm/min. Tensile 

strength and elongation at yield and at breaking point were recorded. Seven 

specimens were tested and an average o f  tensile strength and elongation were 

calculated.
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8.2.2 Hardness. The Shore Durometer Hardness type A  was used fo r 

testing PVC hardness according to A STM  D 2240 (27). The PVC sheets were 6 

mm thick. The ten measurements were carried out to obtain its average.

8.2.3 Izod impact strength. The test method was performed by fo llow ing 

A S T M  D  256 (28). The PVC sheet was cut to a specimen o f  10.0 mm wide, 12.7 mm 

thick, and 60.3 mm long. The specimen was then notched toa Vshape. The impact 

property was tested by Yasuda impact tester w ith a hammer capacity o f  2.7 jouis. 

The seven specimens were tested and the average o f  the impact strength was 

calculated.

8.2.4 Flexural strength. A  universal testing machine was provided fo r this 

test, which is conformed to A STM  D 790 method I (three-points loading system) (29). 

The PVC sheet was cut into 80 mm long, 25 mm wide, and 3.2 mm thick. The 

specimen was subjected on the support span o f  50 mm. The rate o f  cross head motion 

was 1.3 mm/min. The results were recorded and calculated fo r the average.

8.3 Conventional PVC Compounding.

The epoxidized palm oil was compounded w ith  PVC and additives by the 

same method in Section 8.1. The amount o f  ingredients was as shown in Table 3.7 

(25). The commercial epoxidizedsoybean oil (Epoxy D 81) was also used to 

compound w ith  PVC fo r comparision w ith  the neat PVC compounding, i.e. w ithout 

epoxidized oil.

Table 3.7 The conventional formulation o f  PVC compound.

Ingredient The amoumt, parts

PVC K 66 100

DOP 40

Epoxidized oil 5

Ba-Cd-Zn stearate 2
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8.3.1 Mechanical Properties o f  the Conventional Formulation PVC 

Sheets. The mechanical properties o f  PVC sheets that were tested was the same as 

Section 8.2.

8.3.2 Transition Temperature. The Differential Scanning Calorimeter 

(DSC) was used to run the thermal transition from minus 100°c to 200°c, at a heating 

rate o f  10°c /m in  using liquid nitrogenas a low  temperature control.

8.3.3 Thermal Stability. Thermogravimetric Analyzer (T G A ) o f  Setaram 

was used: fo r this purpose the PVC was heated from 2 0 °c  to 8 0 0 °c  on the TG A  

and the weight loss at each temperature was recorded. Additionally, A S T M  D 4202 

(30) was also used to find the time that PVC was degraded by heat. The tube 

containing the PVC sheet and connecting to Congo red paper was heated to the 

temperature o f  180°c. The time at which the colour o f  Congo red paper changed to 

v io le t was recorded to indicate the heat stability o f  the PVC sheet.

8.3.4 Weathering stability. PVC sheets were tested fo r weathering and u v  

stabilities by the Q U V  accelerated weathering tester. The cycle o f  testing was a u v  

exposure at 60°c fo r 6 hours and followed by a condensation exposure fo r 4 hours(31). 

The aging timeswere 1, 2,3, and 4 weeks; and the mechanical properties were tested 

to  compare w ith  the non-aging PVC sheet.

8.3.5 Plasticizer M igration. Two types o f  plasticizer m igration were 

evaluated. The first type o f  the test is the plasticizer migration to solvent, The PVC 

sheet was extracted w ith  hexane and the weight loss after 8 hours was determined. 

The second was method plasticizer migration by volatilisation. The PVC sheet was

heated atthe temperature o f  8 0 °c  in an oven for 1, 2, 3 and 4 days and weight loss 

was calculated (3).
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