
CHAPTER III 
EXPERIMENTAL

3.1 Materials and Equipment

3.1.1 C h em ica ls
•  T e tra iso p ro p y l o rth o titan a te  (T IP T , T i(O C H (C H 3 )2)4 )
•  L au ry lam in e  h y d ro ch lo rid e  (L A H C , C H 3 (C H 2)i 1 N H 2 H C I)
•  A ce ty lace to n e  (A C A , C H 3 C O C H 2C O C H 3 )

•  S tro n tiu m  n itra te  (S r(N 0 3 ) 2 )
•  Z inc  n itra te  (Z N , Z n (N 0 3 )2 -6 H 2 0 )
•  C o p p er n itra te  (C u(NC>3 )2)
•  S ilv e r n itra te  (AgNCri)
•  P h en o l (C 6H 60 )
•  H y d ro ch lo ric  ac id  (HC1)
•  E th an o l (E tO H )
•  D is tilled  w a te r
•  4 -am in o an tip y rin e  (C h H [3 N 3 0 )
•  P o tass iu m  fe rricy an id e  (K.3 F e(C N )6 )

3 .1 .2  E q u ip m en t
•  X -ray  d iffra c tio n  (X R D , R ig ak u /R in t2 2 0 0  H V )
•  S u rface  a rea  an a ly ze r (S A A , Q u a n ta c h ro m e /A u to so rb  1)
•  T h erm o g rav im e tric -d iffe ren tia l th e rm al a n a ly z e r (T G -D T A ,
■  P e rk in  E lm er/P y ris  D iam o n d )
•  S can n in g  e lec tro n  m ic ro sco p e  (S E M , JO E L  JS M -5 2 0 0 )
■  eq u ip p ed  w ith  energ y  d isp e rs iv e  X -ray  (E D X ) a n a ly z e r
•  T ra n sm iss io n  e lec tro n  m ic ro sco p e  (T E M , JE O L  2 0 0 0  C X )
■  eq u ip p ed  w ith  energ y  d isp e rs iv e  X -ray  (E D X ) a n a ly z e r
•  H 2 ch em iso rp tio n  ap p ara tu s
•  U V -v is ib le  sp ec tro p h o to m e te r (S h im a d z u  UV-2550)
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•  u v  lig h t so u rce  ( 1 1-W att lo w -p re ssu re  m e rc u ry  lam p . P h ilip s)
•  O ven  (C A R B O L IT E /C W E  1100)
•  M ic ro cen trifu g e  (S p ec tro fu g e  24 D )
•  M ag n e tic  s tirre r

3.2 Experimental Procedures

3.2.1 M eso p o ro u s-A ssem b led  S rT ivZ n i_x0 3 N a n o c ry s ta l P h o to ca ta ly s t 
S y n th esis  by  a  S o l-G el P ro cess  w ith  the  A id  o f  a  S tru c tu re -D ire c tin g  S u rfac tan t

T h e  m eso p o ro u s-a ssem b led  S rT ixZ n i.x0 3 n a n o c ry s ta l p h o to ca ta ly s ts  
w ill be sy n th es ized  acco rd in g  to the fo llo w in g  p ro ced u re :

a. T he T IP T  and  A C A  w ill be  firstly  m ix ed  to g e th e r  an d  g en tly  sh ak en  
un til h o m o g en eo u s  m ix in g  at room  te m p e ra tu re  to  o b ta in  th e  T IP T - 
A C A  so lu tio n  A. S o lu tio n  A  m u st be p rep a re  in  v a r io u s  m o la r ra tio  o f  
T i-to -Z n  to  v ary  X  value  in  th e  S rT ixZni_xC>3 so lu tio n  (T h e  v a lue  o f  X  

in  S rT ixZ n ].xO 3 w ill be v a ry  from  0 to  1).
b. D isso lv e  S r ( N 0 3)2 an d  Z N  w ith  d is tille d  w ate r. A fte rw ard  an 

ap p ro p ria te  am o u n t o f  E tO H  w ill be a d d ed  in to  th e  so lu tio n  (the ratio  
o f E tO H :H 20  m ust be 3:2). W h en  E tO ff  an d  S r ( N 0 3)2-Z N  so lu tio n  is 
m ix  to g e th e r  the  su rfac tan t so lu tio n  o f  L A H C  w ill be  add ed  to  th e  
so lu tio n . T h is  final so lu tio n  m u st co n tin u o u s ly  s tir r in g  at ro o m  
tem p e ra tu re  to  ob ta in  c lea r  so lu tio n .( th is  so lu tio n  is so lu tio n  B)

c. T h e  so lu tio n  B w ill th en  be s low ly  a d d ed  to  th e  T IP T -A C A  so lu tio n  
w h ile  s tirr in g  co n tin u o u sly , w h ere  th e  m o la r  ra tio s  o f  (T IP T /Z N )-to - 
L A H C  an d  (T IP T /Z N )-to -A C A  are  4:1 and  1:1, re sp ec tiv e ly .

d. T h e  m ix tu re  w ill be kep t c o n tin u o u s ly  s tirr in g  a t 4 0  ๐c  fo r 4 h to  
o b ta in  tra n sp a re n t sol.

e. T hen , th e  so l-co n ta in in g  so lu tio n  w ill be p laced  in to  an  o v en  a t 80 ๐c  
fo r a w eek  in  o rd e r to o b ta in  co m p le te  gel fo rm a tio n .



28

f. T h e  g e l w ill be d ried  a t 80 ° c  to  e lim in a te  th e  so lv e n t fo r 2  d, w h ich  is 
m a in ly  d is tilled  w a te r  u sed  in  th e  p re p a ra tio n  o f  th e  L A H C -Z N  
so lu tio n , to  o b ta in  ze ro  gel (d ried  gel).

g. T h e  d ried  gel w ill be  fin a lly  ca lc in ed  a t v a rio u s  ca lc in a tio n  
te m p e ra tu re s  for 4 h  to  rem o v e  th e  T A H C  su rfa c ta n t an d  co n seq u en tly  
p ro d u c e  th e  d esired  SrTixZni-xCfi p h o to ca ta ly s ts .
(h .-k . a re  the  ad d itio n a l s teps fo r A g , C u , an d  P t lo ad in g  on  the 
m e so p o ro u s-a sse m b le d  S rT ixZ n i . x 0 3  by  a  p h o to c h e m ic a l d ep o sitio n  
(P C D )).

h. A  S rT ixZ n i _x 0 3  p h o to ca ta ly s t, w h ic h  is in itia lly  p rep a red  by  the  sol- 
gel m e th o d , w ill be  firstly  d isp e rse d  in  d is tille d  w a te r and  
u ltra so n ic a te d  fo r 15 m in .

i. T hen , a  d esired  a m o u n t o f  A g N 0 3, C u (N 0 3 )2, a n d  P tC l6 m e th an o l, 
and  d is tille d  w ate r w ill be add ed  to  o b ta in  50  v o l.%  aq u eo u s m eth an o l 
so lu tio n .

j. T h e  m ix tu re  w ill be m a g n e tica lly  s tirred  and  ir ra d ia te d  w ith  a  se t o f  11 
พ  lo w -p re ssu re  H g  lam ps.

k. A fte r th e  irrad ia tio n , th e  m e ta l-d e p o s ite d  p h o to c a ta ly s t p o w d e rs  w ill 
be re c o v e re d  by  filtra tio n , w ash ed  w ith  h o t d is til le d  w ate r, an d  d ried  
at 80 ๐c .
T he schem atic  o f  the  syn thesis o f  m eso p o ro u s-assem b led  SrTixZni_x0 3 

nanocrysta l p h o to ca ta ly sts  w ith o u t an d  w ith  m e ta l lo ad in g  b y  th e  P C D  m eth o d  is 
show n in  F igu re  3.1.
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ACA TIPT LAHC ZN H20  and E to n

Figure 3.1 Synthesis procedure for mesoporous-assembled SrTixZni_x0 3  

photocatalysts: (a) without metal loading and (b) with metal loading by PCD method.
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3.3 Photocatalyst Characterizations

a. The thermal decomposition behavior of the zero gels and the suitable 
thermal treating conditions will be investigated by using a TG-DTA 
apparatus (Shimadzu, DTG-50) with a heating rate of 10 ๐c  min' 1 in a 
static air atmosphere and with (X-AI2 O 3 powder as the reference.

b. The surface area will be meassured by BET surface area analyzer. The 
photocatalyst sample will be first outgassed to remove the humidity and 
volatile adsorbents adsorbed on surface under vacuum at 150 ๐c  for 4 h 
prior to the analysis. Then, N2 is purged to absorb on surface, measuring 
the quantity of gas adsorbed onto or desorbed from their solid surface at 
some equilibrium vapor pressure by static volumetric method. The solid 
sample is maintained at a constant temperature of the sample cell until 
the equilibrium is established. This volume-pressure data will be used to 
calculate the BET surface area.

c. X-ray diffraction (XRD) will be used to identify phases present in the 
samples by using a Rigaku RINT 2000 diffractometer equipped with a Ni 
filtered CuKa radiation source (k = 1.542 Â) of 40 kv and 30mV. A 
photocatalyst sample will be pressed into a hollow of glass holder and 
held in place by glass window. Then, it will be scanned in the 29 range of 
15 to 70° in the continuous mode with the rate of 5°/min. The XRD 
results show peak parameters, including the centroid 29, the full line 
width at half the maximum of intensity (P), d-value, and intensity. The 
mean crystallite size will be calculated from the XRD data from X-ray 
line broadening.

d. The sample morphology will be observed by a transmission electron 
microscope (TEM) and a scanning electron microscope (SEM). For 
TEM, The photocatalyst samples will be ground into fine powder and 
ultrasonically dispersed in ethanol. A small droplet of the suspension will 
be deposited on a copper grid with polyvinyl desicate, and the solvent 
will be evaporated prior to loading the sample into the microscope. TEM
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will be carried out in a JEOL 2000 cx operating at an accelerating 
voltage of 200 kv  in bright field mode. A beam is passed through a series 
of lenses to form a magnified image of a sample that is inserted in the 
area of the objective lens. The image from selected area is viewed 
through projection onto a view of screen. However, electron beams can 
be easily scattered by air molecules and TEM columns must be kepi 
under high vacuum. Additionally, the electromagnetic lens is used for 
focusing the electron beam. For SEM the sample will be coated with Pt 
before measurement for improving conductivity of sample.

e. UV-visible spectrophotometer will be used to identify light absorption 
ability of the photocatalysts. The analysis will be operated under 
scanning wavelength at 200-900 lim. And, it will also be used to measure 
the quantity of phenol by using absorbance mode and to follow 
degradation of phenol due to the cleavage of aromatic ring.

f. H2 chemisorption will be used to determine the metal dispersion on the 
photocatalyst surface. It will be performed in a conventionally made-up 
system connected to a thermal conductivity detector (TCD) using 50 mg 
of each photocatalyst sample at room temperature with 2 0 -pl pulses of 
the purified H2 . The result will be detected with the TCD connected 
online to a software to determine the irreversibly bound chemisorbed H2 , 
which should correspond to H2 adsorbed on the metal surface. To 
calculate the metal dispersion, it will be supposed that the adsorption 
stoichiometry is one H atom for one surface metal atom.
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3.4 Photocatalytic Experiment

Photocatalytic degradation of phenol will be performed in an open system 
with u v  light irradiation, as shown in Figure 3.2.

Figure 3.2 u v  light irradiation system for photocatalytic activity test.

The photocatalytic degradation of phenol will be carried out according to 
the following procedure:

a. A specified amount of the synthesized SrTixZni_x0 3  photocatalyst will 
be suspended in the aqueous solution of phenol under various reaction 
conditions by using magnetic stirrer within a reactor made of Pyrex 
glass.

b. Prior to the photocatalytic activity test, the continuously suspended 
mixture will be left for 30 min in dark environment to establish the 
adsorption equilibrium.

c. The reaction will be started by exposing the mixture with u v  light 
irradiation from 11 พ  mercury lamps.

d. The suspension will be withdrawn every 30 min and then centrifuged 
by a centrifugal machine to separate the photocatalyst powder out.

e. The liquid samples will be analyzed for the concentration of phenol by 
UV-visible spectrophotometer and TOC analyser. The pseudo-first

UV light 
source

Reaction
solution

UV light 
source
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order reaction kinetics will be used to obtain apparent reaction rate 
constant from the concentration data.
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