
C H A P T E R  I I I

E X P E R IM E N T A L

3.1 M a te ria ls

1. B io-ethanol concentration 99.5%  (Sapthip Co., Ltd.)
2. SA PO -34 catalyst (T ianjin Chem ist Scientific Ltd.)
3. N H 4 -ZSM - 5  zeolite (Si0 2/A l2 0 3  =  40)
4. D eionized w ater
4. Q uartz W ool
5. A lum ina Ball
6 . H elium  gas (H igh purity)
7. G allium  (III) nitrate hexahydrate (G a(N 0 3 )3 *6 H 2 0 )
8 . G erm anium  (IV) oxide
9. T in  (II) chloride (SnCl2 *2H2 0 )
10. A ntim ony Trichloride (S b C f)
11. C arbon disulfide (CS2)

3.2 E q u ip m e n t

1. Isotherm al fixed bed stainless steel U-tube reactor
2. A gilent T echnologies 6890, Gas C hrom atography (G C)
3. V arian CP-3800, Sim ulated D istillation Gas C hrom atography 

(SIM D IST GC)
4. A gilent©  7890, Gas C hrom atography-M ass Spectrom etry, T im e o f  Flight 

(G C -TO F)
5. X -R ay Fluorescence spectrophotom eter (X R F)
6 . T herm o Finnigan Sorptom atic 1990, Surface A rea A nalyzer (SA A )
7. O x fo rd /6111, Scanning Electron M icroscope (SEM )
8 . C ondensing flask
9. H ydraulic pellet m achine
10. Sieves, M esh 20-40
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11. R igaku, X -ray D iffraction Spectroscopy (X R D )
12. M ass flow  controller
13. T em perature program  controller
14. Syringe pum p
15. T edlar bag

3.3 M eth od o lo g y

3.3.1 Catalyst preparation
The catalyst preparation o f  this research  w ork w as div ided in two 

m ain parts. T he first one is on the oxides o f  Ga, Ge, รท, and Sb loaded on a SA PO - 
34 catalyst by  solid-solid w etting m ethod. The second part w as on the H ZSM -5 
catalyst treated  w ith  K O H  solutions at various concentrations.

F irst o f  all, the SAPO-34 catalyst used in  th is w ork  w as supplied from  
Tianjin  C hem ist Scientific L im ited. It w as dried overn ight at 110 °c and calcined 
w ith  the heating  rate o f  10 "C/min to reach 400 °c and kept at this tem perature for 2 
hours in order to rem ove im purities from  the catalyst. A n appropriate am ount o f  
G aC b, G eC l2 , S nC h or SbCft was individually m ixed  w ith  SA PO -34 by physical 
m ixing m ethod to obtain the elem ental loading percentages o f  3% , and 5%. Then, the 
catalysts w ere calcined at 400 °c for 2 hours. Before being used in the reactor, the 
catalysts w ere pelletized by a hydraulic pelletizer m achine. A fterw ards, the pellets 
were crushed and sieved in the range o f  20 to 40 m eshes. The catalyst preparation 
procedure can  be sim plified into the diagram  as show n below ;

Dry the SA PO -34 catalyst at 110 °c overnight
r ;

C alcine in air at 400 ”c  for 2  hours
“ “  j

M ix either Ga, Ge, รท or Sb w ith SA PO -34 w ith  varied 
percentages o f  elem ental loading using solid-solid  w etting m ethod

C alcine in air at 400 c  for 2 hours
1
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Pelletize the catalysts using a hydraulic pelletizer m achine

7C rush and sieve the pellets in the range o f  20-40 m eshes

For the second part, a HZSM -5 catalyst w as m odified  by alkaline 
treatm ent. T he treatm ent steps consisted o f  ion-exchanging 10 g o f  com m ercial 
F1ZSM-5 catalysts (SiO2/Al2O3=40, m olar ratio) w ith  150 ml o f  K O H  solutions w ith 
various concentrations (0.1 M , 0.5 M , and 0.9 M ) and stirring at 80 °c overnight. 
A fter that, the slurry w as rapidly cooled to room  tem perature, filtered, and then 
w ashed w ith  distilled w ater. The rem aining solid w as dried overn ight at 110 °c and 
calcined, w ith  the heating rate o f  10 °c/m in, upto 500 °c and kept at this tem perature 
for 5 hours. Finally, H ZSM -5 catalysts treated w ith  K O H  solutions w ere pelletized 
by a hydraulic  pelletizer m achine, and then the pellets w ere crushed and sieved in the 
range o f  20  to 40 m eshes. The preparation procedure can be sim plified into the 
diagram  as show n below;

Treat the HZSM -5 catalyst w ith a K O H  solution

7 .7 ,Stir at 8 0  c  and keep overnight
7

Cool the slurry rapidly to room  tem perature, filter, 
and w ash the catalyst w ith distilled  w ater
7  โ  T  7 1D ry the catalyst at 110 c  overnight
7  1 7Calcine in air at 500 c  for 5 hours

I
Pelletize the catalyst using a hydraulic pelletizer m achine 

C rush and sieve the pellet in the range o f  20-40 m eshes

3.3.2  Catalytic reaction
The catalytic reaction w as carried out in an isotherm al fixed-bed 

stainless steel U -tube reactor at atm ospheric pressure. Three gram s o f  a catalyst 
sam ple w as loaded into the m iddle part o f  the reactor and held in p lace using quartz 
w ool support. The bio-ethanol was fed into the helium  stream  flow  passing through
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the catalyst bed  using a syringe pum p at LHSV 0.5 h ' 1 and for 45 m inutes. The 
reaction tem perature w as controlled at 400 °c by tem perature controllers. The 
reaction p roducts w ere passed through a condenser in order to drop the liquid 
com ponents. The gaseous products leave from  the reactor w as kept in a gas sam pling 
bag w ere analyzed by a gas chrom atography w ith a flam e ionization detector (FID). 
M oreover, the oils w ere extracted from  the aqueous liquid products using 2 m l o f  
carbon d isu lfide (C S 2). A fter that, the extracted oils w ere analyzed by using the 
SIM D IST G C  and G C-TO F.

3.3.3 Product analysis
3 .3 .3 .1  G a s C h ro m a to g ra p h y  (G C)

The gaseous product leaving from  the reactor w as kept in a 
gas sam pling bag and then analyzed by a gas chrom atograph (A gilent T echnologies 
6890 N etw ork  GC system ) using an H P-PLO T Q colum n (30 m  X 0.32 m m  ID and 
20 pm  film  thicknesses) equipped w ith  a flam e ionization detector (FID ) to 
determ ine hydrocarbon  gases; nam ely, C H 4 , C 2H 6 , C 2 H 4 , C 3H 8 , C 4H 10, and C 4 H 8 . A  
D B W A X  colum n installed in parallel and also equipped w ith  the FID w as em ployed 
to determ ine oxygenate com ponents.

3 .3 .3 .2  S im u la te d  D is tilla tio n  G as C h ro m a to g ra p h y  (S IM D IS T  G C ) 
All m altenes and their petroleum  fractions (gasoline,

kerosene, gas oil, light vacuum  gasoil, and heavy vacuum  gas oil) w ere analyzed by a 
V arian C P-3800 sim ulated distillation gas chrom atography (SIM D IST GC), 
conform ed w ith  A STM  D 2887 m ethod for true boiling point curves. A  liquid sam ple 
w as injected to the SIM D IST GC after dilution w ith  carbon disulphide (CS 2 ). The 
conditions w ere set as follows: initial tem perature o f  30 ๐c ,  tim e at initial 
tem perature o f  0.01 m in, heating rate o f  20°c /m in , final tem perature o f  320 °c, and
8.50 m inute holding tim e.

3 .3 .3 .5  G a s C h ro m a to g ra p h y -M a ss  S p ec tro m etry , T im e o f  F lig h t
(G C -T O F )

The oils and aqueous products from  the catalytic dehydration 
w ere identified  for their com positions using a Gas C hrom atography equipped w ith  a 
M ass Spectrom etry o f  T im e o f  Flight type (G C -TO F), A gilent 7890 w ith  2D
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dim ension m ode. H elium  was used as the carried gas, and n itrogen was used in the 
cooling system . The conditions w ere set as follows: initial tem perature o f  80 ° c ,  tim e 
at initial tem perature o f  2 m inute, 4 °c /m in  heating rate, final tem perature o f  270 °c 
held for 5 m inutes, and split ratio at 1:50.

3.3 .4  C atalyst characterization
3 .3 .4 .1  S u r fa ce  a rea  a n a ly ze r  (SAA )

The B runauer-E m m ett-T eller (BET) technique was 
perform ed to determ ine the specific surface area, the total pore volum e, and the pore 
size o f  catalysts by using a Therm o Finnigan/Sorptom atic 1 9 9 0  surface area 
analyzer, w hich is based on the physical adsorption o f  nitrogen gas. A sam ple was 
initially out-gassed to rem ove the hum idity  and volatile  com ponents adsorbed on the 
catalyst surface under vacuum  at 3 0 0  "c for at least 18  hours p rio r to analysis. The 
specific surface area and the pore size o f  catalyst w ere obtained from  the tw enty-tw o- 
point n itrogen  adsorption and desorption isotherm  plot. The pore size distribution 
was calcu lated  using the H orvath K aw azoe (HK) m ethod.

3 .3 .4 .2  S c a n n in g  E le c tro n  M ic ro sc o p e  (SE M )
The m icrostructure o f  a catalyst sam ple w as exam ined using 

a Scanning E lectron M icroscope (SEM : JEO L/JSM  5200). The SEM  takes the 
advantage o f  electrons that are backscattered or em itted from the specim en surface. 
The sam ples w ere p laced on a stub and coated w ith  gold by using an ion sputtering 
device. T he specim en w as scanned w ith  a narrow  beam  o f  electrons, and the back- 
scattered electrons w ere m easured by an electron detector. The intensity o f  a second 
any electron  beam  w as m odulated, and the im age w as form ed on a TV  screen.

3 .3 .4 .3  X -r a y  D iffra c tio n  S p e c tro sc o p y  (X R D )
The oxide o f  catalyst w as analyzed by a B ruker X -Ray 

diffractom eter system  (D 8  A dvance) equipped w ith  a 2.2 k w  Cu anode long fine 
focus ceram ic X -ray tube for generating a C uK a radiation  (1.5405 Â). The detector 
scanned the peak position  from  the sam ple as a function  o f  2 0  by starting at the 1 0 ° 
to 50° (20) range and a scan speed o f  0.02° (20)/O.6 second. The data from  XRD 
were analyzed and recorded by an on-line com puter.
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3 .3 .4 .4  X -R a y  F lu o re scen ce  (X R F )
X -ray fluorescence spectrom etry (AXIOS PW 4400) is a non

destructive analytical technique used to identify and determ ine the concentrations o f 
elem ents present in the solid and pow der sam ples. X R F is capable o f  m easuring all 
elem ents from  beryllium  to uranium  and beyond, at trace levels often below  one part 
per m illion  and up to 100 %. A little am ount o f  ground sam ples was generally 
needed special preparation-although m aterials should be presented to the 
spectrom eter in a hom ogeneous, reproducible form. The conditions w ere set as 
follows: internal flow  o f  4.10 1/min, external flow  o f  2.49 1/min, cabinet tem perature 
o f  29.97 °c, prim ary tem perature o f  19.00 °c, vacuum  o f  10.10 Pa, x-ray generation 
o f 50 k v  (60 m A ), 150 m o f  collim ator, angle o f  10.0002 degree, gas flow  0.90 1/h, 
and gas pressure o f  1020.8 hPa.
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