
CHAPTER III 
EXPERIMENTAL

3.1 Materials

C ata lysts u sed  in th is  research  w ere im pregnated  C a O /S B A -1 5 , 
im p regnated  B a O /S B A -1 5 , im p regnated  C a0 /A l20 3 , im p regnated  B a 0 /A l20 3, 
S IL D  C a 0 /A l20 3; and S IL D  B a 0 /A 1 2 0 3 . B arium  nitrate (99 .5% ), ca lc iu m  nitrate 
tetrahydrate (> 9 9 .0 %  (K T )), a m m o n iu m  h yd rox id e so lu tio n  2 8 .0 -3 0 .0 %  N H 3 
b asis, a lu m in u m  o x id e  p e lle ts , tetraethyl or th o silica te  (T E O S ) (9 9 .9 9 9 % ), y -  
A120 31 and p lu ron ic  P 1 2 3  (E 0 2oP0 7 oE0 2o) w ere u sed  in th ese  sy n th e ses . A ll o f  
them  w ere  ob ta in ed  from  S 1G M A -A L D R 1C H .

3.2 Preparation of the Catalysts

3 .2 .1  S y n th es is  o f  S B A -1 5  support
F irstly , 2  g  o f  PI 23  ( E 0 20P 0 7o E 0 2o) as a tem plate w a s  d isso lv e d  in 

6 0  m l HC1 so lu tio n  at room  tem perature. T hen , 4 .2 5  g  tetraethyl o r th o silica te  
(T E O S ) w a s  ad d ed  d ro p w ise  under stirring at 4 0  ๐c  for 2 4  h. S u b seq u en tly , th e  
resu ltin g  m ix tu re w a s  a g ed  at 4 0  °c for 2 4  h w ith o u t stirring. T h e  fin a l aq u eo u s  
so lu tio n  w a s  transferred in to  a  T e flo n -lin e d  s ta in le ss  stee l a u to c la v e , sea led  
t igh tly , and  treated  h yd ro th erm ally  at 100 °c for 2 4  h. T h e a u to c la v e  w a s  c o o le d  
d o w n  naturally . T h e p rod u ct w a s  filtered  and then  w a sh ed  w ith  d e io n iz e d  w ater. 
A fter  that, th e  product w a s  dried  at 8 0  °c overn igh t. In order to  ob ta in  the pure 
m eso p o ro u s  s il ic a  S B A -1 5 , the surfactant tem plate w a s  rem oved  b y  ca lc in a tio n  at 
5 5 0  °c for 5h .
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3.2.2 Impregnation of Cap or BaO
For impregnation method, lg of SBA-15 or AI2O3 support was 

impregnated by calculated amount of barium nitrate or calcium nitrate 
tetrahydrate aqueous solutions. The amount of barium oxide or calcium oxide 
incorporated to the support, after drying in air at 80 °c and calcination at 520 ๐c  
(or 550 °c for calcium oxide) for 5 h.

3.2.3 S1LD of Cap or BaO on ALCft
The 1st S1LD solution containing the desired hydroxyl species was 

comprised of 4.3% ± 0.2% NFI4OH, pH=l 1.0 (Sigma-Aldrich), 25% ethanol, and 
70.7% water by volume. And the 2nd SILD solutions containing the desired 
cationic complex were comprised of 0.01 M Ca(NC>3)2 or Ba(NC>3)2 (Aldrich) in 
25% ethanol and 75% DI water by volume. The rinse solution in the SILD of 
barium oxide or calcium oxide was 75% DI water with 25% ethanol by volume.

Firstly, 3 g of AI2O3 was placed in 120 ml of rinse solution. After 1 
h, the rinse solution was replaced with 120 ml of 1st SILD solution. Then, left 
AI2O3 in the 1st SILD solution for 1 h. Next, 1st SILD solution was substituted 
with 2nd SILD solution and ALO3 was left again for lh. Repeat the previous 
procedure for 5 cycles. Then, SILD AI2O3 was dried at 80 ๐c  for 24h. Finally, the 
catalyst was calcined at 450 ๐c  to form BaO or 550 °c to form CaO.

3.3 Equipment

3.3.1 Reactor
A 250 ml three-necked flask equipped with a reflux condenser, a 

thermometer and a sampling port were used in this experiment. The heating 
mantle which suit with the three-necked flask was used to provide heat and the 
temperature was digitally controlled by a temperature controller equipped with a 
thermo couple. The nitrogen gas was uninterruptedly fed into the system to 
provide the inert atmosphere during reaction and to carry the water that formed 
during the reaction out from the system. The magnetic stirrer was used to provide 
agitation. The experimental set-up was shown in Figure 3.1
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Figure 3.2 High Performance Liquid Chromatography (HPLC).
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3.3.2 High Performance Liquid Chromatography (HPLC)
The Shimadzu high pressure liquid chromatography with RJD-10A 

refractive detector was used to analyze diglycerol product samples. The size of 
chromatographic was 4.6 mmX150 mmx5 pm. The mobile phase was 
acetonitrile/water mixture (85:15 vol/vol) at a flow rate of 0.2 ml/min. High 
Performance Liquid Chromatography (HPLC) was shown in Figure 3.2

3.4 Methodology

3.4.1 Reaction
Fifty grams of glycerol was weighed and placed in a 3-neck flask. 

Then, the flask was heated to 150 °c for 30 minutes under nitrogen atmosphere. 
After that, the flask was heated to 250 ๐c  and 2 wt% of catalyst was added into 
the reactor. The reaction was performed under nitrogen atmosphere and stirring 
condition. Sample was taken out every hour and the reaction time is 8 h. Then, the 
reactor was cooled down to room temperature.

3.4.2 Products quantification
Analysis of the products was done by using HPLC. The 

temperature of column was 40 °c, and 0.1 g of product was diluted with mobile 
phase in 25 ml volumetric flask before injected to HPLC and the injection volume 
is 2 0  pi.

The glycerol and diglycerol were quantified by comparing the RID 
signal for each glycerol and diglycerol of the HPLC chromatogram of 
polyglycerols products with the RID signal of each glycerol and diglycerol 
standard.

The glycerol conversion was defined as a portion of weight of 
glycerol used ,which was calculated from the approximate fifty grams of sample 
(from experimental section) deduct with the remaining of glycerol that was 
calculated from HPLC chromatogram (from peak area convert to amount of 
glycerol in grams), to weight of starting glycerol (fifty grams) as shown in 
Equation (3.1).
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Glycerol conversion (พt%) = Weight of glveerol used-----—------ X 100 (3.1)Weight of starting glycerol

The diglycerol selectivity was defined as a portion of weight of 
diglycerol, which was determined by using 1TPLC, to weight of product (exclude 
remaining glycerol) as shown in Equation (3.2).

Diglycerol Selectivity (wt%) Weight of diglvcerol= ไ ; - - -  - X 100 (3.2) Weight of product

The diglycerol Yield was defined as a portion of weight of 
diglycerol, which was determined by using HPLC, to weight of starting glycerol 
as shown in Equation (3.3).

Diglycerol Yield (wt%) Weight of diglvcerol-  1, , , ,  1 1 *100 (3.3) Weight of starting glycerol
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