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3.1. Membrane preparation

3.1.1. Chemicals

A ll chem icals in  these  experim ents are listed  w ith  grade o f  purity  and 
m anufacturers as show n in  T able  3.1.

Table 3.1 Source o f  chem icals

Chemicals Grade of purity Manufacturers

T etrapropylam m onium 9 8 % Fluka, Sw itzerland.
brom ide (TPA B r)
Sodium  hydroxide (N aO H ) 9 8 % J.T. B aker Inc., บ .ร .A.
Ludox (S i0 2 collo idal) 40 %  พ /พ A ldrich  C hem ical Co., Inc., U .S.A.
S ilica fum ed  ( S i0 2) Purity B D H  C hem ical Ltd., England.
O xygen gas ( 0 2) H igh purity TIG  Co., L td., Thailand.
N itrogen  gas (N 2) H igh purity TIG  Co., L td., Thailand.
H elium  gas (H e) H igh purity TIG  Co., L td., Thailand.
H ydrogen gas (H 2) H igh purity TIG  Co., L td., Thailand.
A ir zero - TIG  Co., Ltd., Thailand.
O-Xylene 9 9 % Fluka, Sw itzerland.
m -X ylene 9 9 % Fluka, Sw itzerland.
p-X ylene 9 9 % Fluka, Sw itzerland.
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3.1.2. Equipment

T he m ain  equipm ent for the experim ents are show n in T able 3.2. 

Table 3.2 M ain  equipm ent

Equipment Model Manufacturers

A utoclave 276A C 2 T304 P arr Instrum ent C om pany, บ .S.A.
Furnace V C T F 4 V ecstar, U.K.
Sim ultaneous - STA  409C N etzsch, G erm an.
T herm oanalyzer
Scanning E lectron  - JS M  6400 Jeol, Japan.
M icroscope
X -ray  D iffractom eter JD X  8030 Jeol, Japan.
G as C hrom atograph 3800 V arian C hrom atography System s,

U.S.A.

3.1.3. Procedures

T he m em brane w as p repared  as follows:

3.1.3.1 Support treatment

The borosilicate  glass disc supports 1-cm. in d iam eter w ith  pore  sizes 
16-40 pm . and 2-cm. d iam eter w ith  pore sizes 4-5.5 pm . and  10-16 pm . w ere used. 
B efore  use, the  support w as ground for sm ooth surface. A fter th a t it w as c leaned  w ith  
dilu ted , hot hydrochloric acid, fo llow ed by rinsing w ith  deionized  w ater several tim es. 
T hen, it w as cleaned  by boiling  in xylene for th irty  m inutes, subsequen tly  w ith  a 
m ix ture o f  H 20 2 (30% ) : N H 4O H  (25% ) : H 20  = 1 : 1 : 5  parts by  volum e fo r fifteen  
m inutes at 80 °c. Finally, it w as rinsed w ith  hot deionized w ater and  d ried  a t 170 °c 
[21], In  case o f  the silica fiber support, the support w as not ground. O ther as those o f  
the borosilicate  glass disc support treatm ents o f  support w ere the  sam e.
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3.1.3.2 Membrane synthesis

T he hydrotherm al synthesis o f  a silicalite  m em brane w as p erfo rm ed  as 
follow s; L udox w as added to  a stirred  m ixture o f  tetrapropylam m onium  b ro m ide  
(TPA B r) and  sodium  hydroxide solution, to give a hydrogel w ith  a com position  o f  
0 .1T P A B r-0 .05N a20 - S i 0 2-80H 20  [7], T hen the hydrogel w as p laced  in  T eflon -lined  
stain less steel autoclave. The support on above w as p laced  in  the  m idd le  o f  the  
autoclave by hanging  on the  stand  as show n in Figure 3.1. The au toclave w as p laced  
in ho t a ir oven at 170 ° c  for 48 hours. A fter the com pletion  o f  crystallization  und er 
autogenous pressure w ithout stirring, the autoclave w as cooled  dow n and  the  support 
w as recovered. T he silicalite  m em brane on the support w as w ashed  w ith  deionized  
w ater and  d ried  a t 100 °c . A fter tha t the m em brane w as calc ined  a t 500 ° c  fo r 6 hours 
w ith  a ir flow  and  coo led  down.

A utoclave
Stand
H older
Support

Figure 3.1 T he support w as p laced  in the m iddle o f  the autoclave by hang ing  on  the  
stand.

3.2. Membrane characterization

T he m em brane w as characterized  by the  follow ing techniques:

3.2.1 Thermogravimetric Analysis (TGA) [22]

Thermogravimetric analysis was used to determine the suitable temperature
for the decomposition of the templates inside the pores of silicalite membrane, and
for the calcination. The experiments were carried out on a Netzsch type STA 409C



35

3.2.2 Scanning Electron Microscopy (SEM)

Scanning E lec tro n  M icroscopy w as used particularly  for the  exam in ation  o f  
the topology o f  cata lyst surfaces and the m orphology o f  particles and  crystals [23], 
The experim ents w ere carried  out on  a  Jeol type 6400 Scanning M icroscope.

3.2.3 X-ray Diffraction (XRD)

X -ray D iffrac tion  w as used to  indicate the uniqueness in  structure, as the  
d iffraction  pattern  is a  fingerprin t o f  individual zeolite  structures. T he X R D  
m easurem ents w ere scanned  in the  ranges o f  5° <  20 <  60°. They w ere p erfo rm ed  o n  a 
Jeol type JD X  8030 X -ray D iffrac tom eter w ith  a C u X -ray tube.

3.3. Separation process

T he silicalite  m em brane w as synthesized on the support w hich  h ad  been  
jo in ed  w ith  3-w ay Pyrex  g lass tube, ca lled  a cell, as show n in F igure 3.2.

Simultaneous Thermoanalyzer under a flow of argon in the temperature ranges of 25-
820 °c with a heating rate of 10 °c/min.

Figure 3.2 The cells for gas separation process. A: joined by gas welding; B: joined
by epoxy resin.
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This cell was installed outside the gas chromatography (GC) and heated by the
heating element. This system is shown in Figure 3.3

Sam ple

F ig u re  3.3 S chem atic  o f  gas separation  process. A: Line o f  the carrier gas (H e); B: 
cell w rapped  by the heating  e lem ent; C: GC gas sam pling valve.

T he cell w as connected  w ith  gas sam pling valve and w rapped  by the heating  
elem ent. T he conditions o f  the  separation  w ere 140 ° c  w ith  carrier gas pressure o f  1 
bar. M ixed  xylenes w as in jected  for leak checking. The sam ples o f  p-xylene and  
o-xylene w ere in jected  to  test the separation  perform ance o f  th is m em brane. T he 
perm eates flow ed through the loop o f  gas sam pling valve, a fter that, they w ere 
in jected  into  the  cap illary  co lum n connecting  w ith  the FID detector. T he conditions o f  
G C for analysis o f  the  perm eates w ere show n in A ppendix  A l.

In case o f  packed  colum n, m ixed  xylenes w hich w eight ratios o f  p-, m - and  o- 
xylenes w ere 1 : 1 : 1, 1 : 2 : 1 and  1 : 1 : 2 .  The carrier gas pressure w as 0.5 bar. T he 
procedures are s im ilar to those in  the  capillary  colum n. D etectors w ere TC D  and FID. 
T he conditions o f  GC w ere show n in A ppendix  A2.


	CHAPTER III EXPERIMENTAL
	3.1. Membrane preparation
	3.2. Membrane characterization
	3.3. Separation process


