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APPENDIX A
CALCULATION FOR CATALYST PREPARATION
Calculation of SifTi Atomic Ration for TS-1

The calculation is based on weight of Sodium Silicalite (Na2o SIC2HO) in
B1 and B2 solutions (Topic 4.1.2).

Molecular Weight of Si = 28,0855
Molecular Weight of SC» = 60,0843
Weight percent of Sio2 in sodium Silicate = 285

Using Sodium Silicate 69 g with 45 g of water as BL solution.

- (Mw.ofSi) . (L mole)
mole 051 Used T00 ¥ (M. 0f Si02) X (M.w.0f i)

69 x (28.5/100) x (1/60.0843)
0.3273

For example, to prepare TS-1 at ST atomic ratio of 32 hy using
[0(0 2)3 34forTisource.

Molecular Weight of i = 4188
Molecular Weight of Ti[o (CH2)sCHgl4 -~ = 340.36
Weight percent purity of Ti[o (CH2)3CHsps = 97

SITi atomic ratio = 32
mole of Ti[0(CH23CH34 required = 0.3273/32
1.02 x 102 mole
amount of Ti[o (CH2)3CH34 1.02 x 102 x 340.36 (100/97)

35889 ¢
which used in Al and A2 solutions.



APPENDIXB

DATA AND CALCULATION OF ACID SITE

Table B 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
1 0.0283
8 0.0234
9 0.0159

Calulation of total acid sites
For example, sample No.|, 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
= 775016 x0.0392
= 3.0411 ml



1

2. Calculation for adsorbed volume of 15%NH3

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

3. Total acid sties are calculated fromthe following equation

(Adsorbed volume, ml)x 101.325 Pa
’8'314X|0~3K'-?/n%I'J1X298 KX (weight of catalyst,g)

Total acid sites =

For sample No.2,, 0.1009 g of this sample was measured, therefore

0.4562 mix 101.325 Pa
8.314x 103 '}zﬁFn'dl'Ax 298 Kx (0.1000q)

= 186.55 pmol HVg

Total acid sites =

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 ahove.

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

- - _ 14 peak area 8
Theratioofweak acid = et B AL e 10089
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From Fig. 5.13., 14 peak area and 2rdpeak area are equal to 0.0482 and 0.0332,
respectively.

The ratio of weak acid " 00824503 X.00%

= 5921 %
therefore, the ratio of strongacid = 100-59.21 %
= 40.79 %
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APPENDIX ¢

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.
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Figure c.I The calibration curve of benzene.
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Figure C.2 The calibration curve of phenol.
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APPENDIX D

CALCULATION OF BENZENE CONVERSION

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

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

benzene conversion (%) = 00x9-\-’-9@|-!1m° fphenol__g_l_J_r_[Q gcle penod
overall mole of benzene passed through

reactor during cycle period

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

mole of phenol = ((area of phenol peak from integrator plot on GC-9A)  (D2)
xIx10'13)

where mole of benzene can be measured employing the calibration curve of benzene
in Figure .|, Appendixc.,i.e.,

mole ofbenzene = ((area of phenol peak from integrator plot on GC-9A) (D3)
x2x10'13)



APPENDIX E

DATA OF EXPERIMENTS

Table El Data of Figure 5.21

Reaction time Benzene conversion (%)
(min) SITi=60 SiTi=40 SiTi=3 SiTi=22
30 0.0029 0.002 0.0012
75 0.0024 0.0029
90 0.0053 0.0041
105 0.0078 0.0055 0.0088
120 0.0111 0.012 0.0081
150 0.0208 0.0179
165 0.0464 0.0363 0.0176
195 0.053 0.0259
210 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



Table E2 Data of Figure 5.22

Reaction time Benzene conversion (%)
(min) unpretreatment pretre?ntr;:coerltwith
3molar  5molar
30 0.002 0.0658 0.0998
75 0.0468 0.1382
90 0.0041 0.1036
105 0.0055 0.1181
120 0.012 0.1279
150 0.0208 0.1277
165 0.0464 0.1102
195 0.053 0.1195
225 0.0519 0.098 0.1173
240 0.0932
285 0.1079 0.1036 0.1294
315 0.1045 0.1157
330 0.1141
390 0.1099 0.1407
435 0.1251 0.1494
480 0.1593 0.1667
555 0.1623
570 0.1699 0.2151

600 0.2299 0.2114 0.2251



Table E3 Data of Figure 5.23

Reaction time Benzene conversion (%)

(min) unpretreatment pretreatrr?(re]n;l/vith M
30 0.0029 0.0238
75 0.029
90 0.0053

105 0.0078

120 0.0111

150 0.0284
165 0.02
210 0.0198
225 0.0097 0.0204
240

285 0.0114 0.0302
315 0.0279
390 : 0.0128
435 0.0077

480 0.0199 0.0283
555 0.0092 0.0144

600 0.0137 0.0217



Table E4 Data of Figure 5.24

Reaction time Benzene conversion (%)
(min) unpretreatment pretreatment with 5M HNO3
30 0.0012 0.0653
75 0.0024 0.1409
105 0.0088
120 0.2305
150 0.0179
165 0.0363
240 0.1175 0.2855
285 0.2597
315 0.1383
330 0.1272
390 0.1385 0.1495
435 0.1706 0.1485
480 0.1633 0.2458
555 0.1586 0.182
570 0.1699 0.0944

600 0.1641 0.1014



Table E5 Data of Figure 5.25

Reaction time Benzene conversion (%)
(min) unpretreatment pretreatment with 5M HNO3
30 0.0422
75 0.0029 0.0757
105 0.2305
120 0.0081 0.075
165 0.0176 0.1216
195 0.0259 0.0957
210 0.0281 0.0743
240 0.0337 0.0979
285 0.0288
390 0.0181 0.0705
435 0.03 0.0813
480 0.0211 0.049
570 0.0373 0.1143

600 0.1149



APPENDIXF

MATERIAL SAFETY DATA SHEET OF
BENZENE AND HYDROGENPEROXIDE

Benzene
Safety data for benzene

General

Synonyms: benzol, phenyl hydride, coal naphtha
Molecular formula: COHO

Physical data

Appearance: colourless liquid

Melting point: 5.5 °C

Boiling point: 80 °C

Specific gravity: 0.87

Vapour pressure: 74.6 mm Hgat 20 ¢
Flashpoint: -11 °C

Explosion limits: 1.3 % - s %
Autoignition temperature: 561 ¢

Stability

Stable. Substances to be avoided include strong oxidizing agents, sulphuric
acid, nitric acid. Highly flammable.
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Toxicology

This material is a known carcinogen. The risks of using it in the laboratory
must be fully assessed before work begins. TLV 10 ppm. Short-term exposure may
cause avariety ofeffects, including nausea, vomiting, dizziness, narcosis, reduction in
blood pressure, CNS depression. Skin contact may lead to dermatitis. Long-term
exposure may lead to irreversible effects. Severe eye irritant. Skin and respiratory
irritant.

Personal protection

Safety glasses, gloves, good ventilation. Thought should be given to using an
alternative, safer product,

Hydrogen Peroxide, 30% solution

Safety data for hydrogen peroxide, 30% solution

General

Synonyms: albone 30, albone 35, albone 50, albone 70, albone 35cg, albone
50cg, albone 70cg, interox, kastone, perone 30, perone 35, perone 50. Data also
applies to solutions o f similar strength.

Note: Typical concentrations lie in the range 3%-35%. Solutions of much
higher concentration (e.g. 60% and above) present significantly increased risks, and
should not be used unless such strength is absolutely essential.
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Physical data

Appearance: colourless liquid
Melting point: ca. -28 °C

Boiling point: ca. 114 ¢

Specific gravity: typically near 1.19
Vapour pressure: 23.3at 30 ¢

Stability

Unstable - readily decomposes to water and oxygen. Light sensitive. May
develop pressure in the bottle - take care when opening. Forms potentially explosive
compounds with ketones, ethers, alcohols, hydrazine, glycerine, aniline, sodium
borate, urea, sodium carbonate, triethylamine, sodium fluoride, sodium pyrophosphate
and carboxylic acid anhydrides. Materials to avoid include combustibles, strong
reducing agents, most common metals, organic materials, metallic salts, alkali, porous
materials, especially wood, asbestos, soil, rust, strong oxidizing agents.

Toxicology

Toxic. Corrosive - can causes serious bums. Eye contact can cause serious
injury, possibly blindness. Harmful by inhalation, ingestion and skin contact. Typical
OEL 1ppm.

Personal protection

Safety glasses are essential; acid-resistant gloves are suggested. Suitable
ventilation.
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