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APPENDIX A

CALCULATION FOR CATALYST PREPARATION

Calculation of Si/Ti Atomic Ration for TS-1

The calculation is based on weight of Sodium Silicalite (Na2 0  SiC>2 H2O) in 
B1 and B2 solutions (Topic 4.1.2).

Molecular Weight of Si = 28.0855
Molecular Weight of SiC>2 = 60.0843
Weight percent of Si0 2  in sodium Silicate = 28.5

Using Sodium Silicate 69 g with 45 g of water as B1 solution.
mole of Si used ...(M. w. of Si) . (1 mole)

*XT00 x (M.w.of SiO2) x (M .w.of Si)
69 X (28.5/100) X (1/60.0843)
0.3273

For example, to prepare TS-1 at Si/Ti atomic ratio of 32 by using 
บ [0 (0 แ 2)3บ แ3]4 for Ti source.

Molecular Weight of Ti = 47.88
Molecular Weight of Ti[0 (CH2)3CH3]4 = 340.36
Weight percent purity of Ti[0 (CH2)3CH3]4 = 97

Si/Ti atomic ratio = 32
mole o f Ti[0(CH2)3CH3]4 required = 0.3273/32

1.02 X 10"2 mole
1.02 X 10' 2 X 340.36 (100/97) 
3.5889 g

amount of Ti[0 (CH2)3CH3]4

which used in A1 and A2 solutions.



APPENDIX B

DATA AND CALCULATION OF ACID SITE

Table B1 Reported total peak area from Micromeritrics Chemisorb 2750

Sample No. Reported total peak area

1 0.0392
2 0.0405
3 0.0425
4 0.0403
5 0.0153
6 0 .0211

7 0.0288
8 0.0234
9 0.0159

Calulation of total acid sites

For example, sample No.l, total acid site is calculated from the following step.

1. Conversion of total peak area to peak volume

conversion from Micromeritrics Chemisorb 2750 is equal to 77.5016 ml/area 
unit. Therefore, total peak volume is derived from

Total peak volume = 77.5016 X total peak area
= 77.5016 X 0.0392
= 3.0411 ml
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2. Calculation for adsorbed volume of 15% NH3

adsorbed volume of 15% NH3 = 0.15 X total peak volume 
= 0.15x3.0411 ml 
= 0.4562 ml

3. Total acid sties are calculated from the following equation

Total acid sites = (Adsorbed volume, ml)x 101.325 Pa
8 .314xl0~ 3 —a —-- 1 X 298 K X (weight o f catalyst,g)  ̂ K - //mol J

For sample N0 .2 , 0.1009 g o f this sample was measured, therefore

Total acid sites = 0.4562 mix 101.325 Pa
8.314x 10“3 -7 —- - —̂   ̂ K //mol

= 186.55 pmol HVg

X 298 Kx (0 .1000 g)

Calculation of acid site ratio

As known, the first peak from desorption is indicated as weak acid, relative 
with another peak and the second one is strong acid. Ratio of each acid site on 
catalyst surface is calculated from reported peak area of peak fitting program as 
shown above.

For example, sample No.l, the ratio of each acid site on catalyst surface is
calculated from the following equation.

_  1st peak area 1 _ _ 0,The ratio of weak acid = --------------- --—---------------  X 100 %summation of both peak areas
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From Fig. 5.13., 1st peak area and 2nd peak area are equal to 0.0482 and 0.0332,
respectively.

The ratio of weak acid -  0  0 4 8 2  x . 0 0 % 0.0482 + 0.0332
= 59.21 %

therefore, the ratio of strong acid = 100-59.21 % 
= 40.79 %
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APPENDIX c

CALIBRATION CURVES

This appendix shows the calibration curves for calculation of composition of 
reactant and products in hydroxylation of benzene reaction. The reactant is benzene 
and the main product is phenol.

The flame ionization detector, gas chromatography Shimadzu model 9A was 
used to analyze the concentration of benzene and phenol by using GP 10% SP-2100 
column.

Mole of reagent in y-axis and area reported by gas chromatography in x-axis 
are exhibited in the curves. The calibration curves of benzene and phenol are 
illustrated in the following figures.

Figure c . l  The calibration curve of benzene.
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Figure C.2 The calibration curve o f  phenol.



APPENDIX D

CALCULATION OF BENZENE CONVERSION

The catalyst performance for the hydroxylation o f  benzene was evaluated in 
terms of activity for benzene conversion.

Activity o f the catalyst performed in term of benzene conversion. Benzene 
conversion is defined as overall mole o f phenol during the cycle period with respect to 
overall mole o f  benzene in feed passed through reactor during the cycle period.

ร . 1 - -  overall mole o f  phenol during cycle period _  1.benzene conversion (%) = 100 X -------------f— -j—  — ------------& J  F (ว  1 )overall mole o f benzene passed through
reactor during cycle period

where mole o f  phenol can be measured employing the calibration curve o f phenol in 
Figure C.2, Appendix c.,i.e .,

mole o f  phenol = ((area o f phenol peak from integrator plot on GC-9A) (D2) 
x lx lO ’13)

where mole o f  benzene can be measured employing the calibration curve o f  benzene 
in Figure c . l ,  Appendix c.,i.e .,

mole o f  benzene = ((area o f  phenol peak from integrator plot on GC-9A) (D3) 
x 2x l0 '13)



APPENDIX E

DATA OF EXPERIMENTS

Table El Data o f Figure 5.21

Reaction time Benzene conversion (%)
(min) Si/Ti = 60 Si/Ti = 40 Si/Ti = 32 Si/Ti = 22

30 0.0029 0 .0 0 2 0 .0 0 1 2
75 0.0024 0.0029
90 0.0053 0.0041
105 0.0078 0.0055 0.0088
1 2 0 0.0111 0 .0 1 2 0.0081
150 0.0208 0.0179
165 0.0464 0.0363 0.0176
195 0.053 0.0259
2 1 0 0.0281
225 0.0097 0.0519
240 0.1175 0.0337
285 0.0114 0.1079 0.0288
315 0.1383
330 0.1272
390 0.1385 0.0181
435 0.0077 0.1706 0.03
480 0.0199 0.1593 0.1633 0.0211
555 0.0092 0.1586
570 0.1699 0.0373
600 0.0137 0.2299 0.1641

รุ:. O
JV



Table E2 Data o f  Figure 5.22

R ea ction  tim e  

(m in)
B en zen e co n v ersio n  (%)

unpretreatm ent pretreatn
m s

lent w ith  
f0 3

3 m olar 5 m olar
30 0 . 0 0 2 0 .0 6 5 8 0 .0 9 9 8
75 0 .0 4 6 8 0 .1 3 8 2
90 0.0041 0 .1 0 3 6
105 0 .0 0 5 5 0 .1 1 8 1
1 2 0 0 . 0 1 2 0 .1 2 7 9
150 0 .0 2 0 8 0 .1 2 7 7
165 0 .0 4 6 4 0 . 1 1 0 2

195 0 .053 0 .1 1 9 5
225 0 .0 5 1 9 0 .0 9 8 0 .1 1 7 3
240 0 .0 9 3 2
285 0 .1 0 7 9 0 .1 0 3 6 0 .1 2 9 4
315 0 .1 0 4 5 0 .1 1 5 7
330 0 .1 1 4 1
390 0 .1 0 9 9 0 .1 4 0 7
435 0 .1 2 5 1 0 .1 4 9 4
48 0 0 .159 3 0 .1 6 6 7
555 0 .1 6 2 3
570 0 .1 6 9 9 0 .2 1 5 1
600 0 .2 2 9 9 0 .2 1 1 4 0 .2 2 5 1



Table E3 Data o f  Figure 5.23

R ea ctio n  tim e B en zen e co n v ersio n  (%)
(m in ) unpretreatment pretreatm ent w ith  5M

h n o 3

3 0 0 .0 0 2 9 0 .0 2 3 8
7 5 0 .0 2 9
9 0 0 .0 0 5 3
10 5 0 .0 0 7 8
1 2 0 0.0111
1 5 0 0 .0 2 8 4
165 0 . 0 2

2 1 0 0 .0 1 9 8
2 2 5 0 .0 0 9 7 0 .0 2 0 4
2 4 0
2 8 5 0 .0 1 1 4 0 .0 3 0 2
3 1 5 0 .0 2 7 9
3 9 0 * 0 .0 1 2 8
4 3 5 0 .0 0 7 7
4 8 0 0 .0 1 9 9 0 .0 2 8 3
5 5 5 0 .0 0 9 2 0 .0 1 4 4
6 0 0 0 .0 1 3 7 0 .0 2 1 7



Table E4 Data o f  Figure 5.24

R eaction  tim e B en zen e co n v ersio n  (% )
(m in ) unpretreatm ent pretreatm ent w ith  5M  H N O 3

3 0 0 . 0 0 1 2 0 .0 6 5 3
75 0 .0 0 2 4 0 .1 4 0 9
105 0 .008 8
1 2 0 0 .2 3 0 5
150 0 .0 1 7 9
165 0.0363
2 4 0 0.1175 0 .2 8 5 5
2 8 5 0 .2 5 9 7
3 1 5 0.1383
3 3 0 0 .1 2 7 2
3 9 0 0.1385 0 .1 4 9 5
4 3 5 0 .1 7 0 6 0 .1 4 8 5
4 8 0 0.1633 0 .2 4 5 8
5 5 5 0 .1 5 8 6 0 .1 8 2
5 7 0 0 .1 6 9 9 0 .0 9 4 4
6 0 0 0.1641 0 .1 0 1 4



Table E5 Data o f Figure 5.25

R eaction  tim e B en zen e co n v ersio n  (%)
(m in ) unpretreatm ent pretreatm ent w ith  5M  H N O 3

3 0 0 .0 4 2 2
75 0 .0029 0 .0 7 5 7
105 0 .2 3 0 5
1 2 0 0.0081 0 .0 7 5
165 0 .017 6 0 .1 2 1 6
195 0 .025 9 0 .0 9 5 7
2 1 0 0.0281 0 .0 7 4 3
2 4 0 0 .033 7 0 .0 9 7 9
2 8 5 0 .0288
3 9 0 0.0181 0 .0 7 0 5
4 3 5 0.03 0 .0 8 1 3
4 8 0 0 . 0 2 1 1 0 .0 4 9
5 7 0 0.0373 0 .1 1 4 3
6 0 0 0 .1 1 4 9



APPENDIX F

MATERIAL SAFETY DATA SHEET OF 
BENZENE AND HYDROGENPEROXIDE

Benzene
Safety data for benzene 

General

Syn on ym s: b en zo l, p h en y l hydride, coa l naphtha  
M olecu lar form ula: CôHô

Physical data

A ppearance: co lou rless  liquid
M eltin g  point: 5.5 °c
B o ilin g  point: 80 °c
S p ec if ic  gravity: 0 .87
V ap ou r pressure: 7 4 .6  m m  H g at 2 0  ๐c
F la sh p o in t: -11 °c
E x p lo sio n  lim its: 1.3 %  - 8  %
A u to ig n itio n  tem perature: 561 ๐c

Stability

S tab le . Substances to  b e  avoided  include strong o x id iz in g  agents, sulphuric 
acid, n itric acid . H ig h ly  flam m able.
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Toxicology

T h is m aterial is  a  know n carcinogen. T he risks o f  u sin g  it in  the laboratory  
m ust be fu lly  a sse ssed  before w ork  begins. TL V  10  ppm . Short-term  exposure m ay  
cau se a variety  o f  e f fe c t s , including nausea, vo m itin g , d iz z in e ss , narcosis, reduction in  
b lo o d  pressure, C N S  d epression . Skin contact m a y  lead to  derm atitis. L ong-term  
exposure m a y  lead to  irreversible effects. Severe e y e  irritant. Skin and respiratory  
irritant.

Personal protection

S a fety  g la sse s , g lo v es , g o o d  ventilation. T h ou gh t sh o u ld  be g iv en  to u sin g  an  
alternative, safer p rod u ct.

Hydrogen Peroxide, 30% solution

Safety data for hydrogen peroxide, 30% solution

General

Synonym s: a lb o n e  30, albone 35 , albone 5 0 , a lbone 7 0 , a lb on e 35 cg , albone  
50 cg , a lbone 70 cg , in terox , kastone, perone 30 , perone 3 5 , perone 50. D ata a lso  
applies to so lu tion s o f  sim ilar strength.

N o te: T yp ica l concentrations lie  in  the ran ge 3% -35% . S o lu tio n s o f  m uch  
higher concentration  (e .g . 60%  and above) present s ig n ifica n tly  increased  risks, and  
should not b e  used u n le s s  such strength is  ab so lu te ly  essen tia l.
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Physical data

A ppearance: co lo u r less  liquid  
M eltin g  point: ca . -28 °c 
B o ilin g  point: c a . 114 ๐c  
S p ec ific  gravity: typ ica lly  near 1.19  
V apour pressure: 23.3 at 30 ๐c

Stability

U n stab le  - rea d ily  d ecom p oses to water and o x y g en . Light sen sitive . M ay  
d evelop  p ressure in th e  bottle - take care w h en  op en in g . F orm s p oten tia lly  ex p lo siv e  
com pounds w ith  k e to n es , ethers, a lcoh ols, hydrazine, g lycer in e , an iline, sod iu m  
borate, urea, sod iu m  carbonate, triethylam ine, sod iu m  flu orid e, sod iu m  pyrophosphate  
and carb oxy lic  acid anhydrides. M aterials to a v o id  in c lu d e  com b u stib les, strong 
reducing ag en ts , m ost com m o n  m etals, organic m aterials, m eta llic  sa lts, alkali, porous  
m aterials, e sp ec ia lly  w o o d , asbestos, soil, rust, strong o x id iz in g  agents.

Toxicology

T o x ic . C orrosive  - can cau ses serious b u m s. E ye con tact can  cause serious 
injury, p o ss ib ly  b lin d n ess. Harm ful by inhalation, in g estio n  an d  skin contact. T ypica l 
O E L  1 ppm .

Personal protection

S afety  g la sses  are essential; acid-resistant g lo v es  are su ggested . Suitable
ventilation .
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