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reaction conditions
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catalyst: HY, W/F: 120 g+hr/mol, toluene/methanol: 2.
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catalyst: HY, temperature: 225 °C, W/F: 120 g-hr/mdl,
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Fig., 2-7 Activity of CeY Catalyst

reaction conditions
temperature: 225 °C, W/F: 120 g-hr/mol,

toluene/methanol: 2,
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reaction conditions
temperature: 250 °C, W/F:

toluene/methanol: 2.

120 g+hr/mol,

total xylene
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Fig. 2-8 . Activity of CeY Catalyst
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Fig. 2-9 _ Activity of CeY Catalyst

reaction conditions
temperature: 300 °C, W/F: 120 g-hr/mol,

toluene/methanol: 2.
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- Fig. 2-10 Activity of NiY Catalyst
reaction conditions
temperature: 225 °C, W/F: 120 g-hr/mol,

toluene/methanol: 2.
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Fig. 2-11 Activity of NiY Catalyst
reaction conditions
temperature: 250 °C, W/F: 120 g-hr/mol,

toluene/methanol: 2.
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Fig. 2-12 Activity of NiY Catalyst
reaction conditions
temperature: 300 °C, W/F: 120 g-hr/mol,

toluene/methanol: 2.
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Fig. 2-13 . Activity pf SrY Catalyst
reaction conditions
temperature: 225 °C, W/F: 120 g-hr/mol,

toluene/methanol: 2.
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Fig. 2-14 Acfivity of SrY Catalyst

reaction conditions
temperature: 250 °C, W/F: 120 g-hr/mol,

toluene/methanol: 2.
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Fig. 2-15 Activity of SrY Catalyst
reaction conditions
temperature: 300 °C, W/F: 120 g-hr/mol,

toluene/methanol: 2.
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Fig. 2-16 Absorbancé of Pyridine Chemisorbed on NH4Y
Calcined atyvgrious ﬁpmperature
conditions of pyridine adsorption
temperature: 100 °C, vapour pressure: 15 mmHg,

time: 30 min., evacuated at 200 °C for 1 hr.
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Fig. 2-17 Activity of NH,Y Catalyst Calcined at 300 °C

4

reaction conditions
temperature: 225 °C, W/F: 120 g.hr/mol,

toluene/methanol: 2.
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Fig. 2-18 Activity of_NH4Y Catalyst Calcined at 400 °C

reaction conditions
temperature: 225 °C, W/F: 120 g+hr/mol,

toluene/methanol: 2.
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Y Catalyst Calcined at 500 °C

Fig. 2-19 Activity of NH4

reaction conditions
temperature: 225 °C, W/F: 120-g hr/mol,

toluene/methanol: 2.
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Fig. 2-20 Activity of NH,Y Catalyst Calcined at 606 5c

reaction conditions
temperature: 225 °C, W/F: 120 g+-hr/mol,

toluene/methanol: 2.



(46 )

N
@)
T

total xylene

yield (mol%)
o
I

| O
5.__
o) I
|
process time(hr)
Fig. 2-21 Activity of NH4Y Catalyst Calcined at 700 °C

reaction conditions
temperature: 225 °C, W/F: 120 g-hr/mol,

toluene/methanol: 2.
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Fig. 2-22 Relation of Calcination Temperature and the
Process Time at Which para Xylene‘Gpes over ortho Xylene
reaction conditions |
catalyst: NH4Y, temperature: 225 °C, W/F: 120 g-hr/mol,

toluene/methanol: 2.
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Fig. 2-23 Activity of NH4Y Recalcined at 500 °C after
being Calcined at 700 °C and Exposed to Water Vapour at
Room Temperature |

reaction conditions

temperature: 225 °C, W/F: 120 g-hr/mol,

toluene/methanol: 2.
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Fig. 2-24 Effect of Addition of Hydrogen Chloride on NH,Y ( 49% )
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Fig. 2-25 Effect of Addition of Hydrogen Chloride on MnY
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Fig. 2-26 Effect of Addition of Hydrogen Chloride on MnY
reaction conditions
temperature: 225 °C, W/F: 120 g-hr/mol,

toluene/methanol: 2
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Fig. 2-27 Infrared Spectra of Pyridine Adsorbed on MnY
(a): pyridine adsorbed at 100 °C and evacuated at 200 °C,

(b): hydrogen chloride adsorbed on (a) at room temperature

and evacuated at 100 °C
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Fig. 2-28 Relation of Xylene Yield and Relative Bronsted
Acidity

reaction conditfons

temperature{ 225 °C, W/F: 120 g-hr/mol,

toluene/methanol: 2.
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Fig. 3-1  Alkylation of Toluene with Ethyl Alcohol
reaction conditions -

catalyst: HY, W/F: 120 g-hr/mol, toluene/ethyl alcohol: 2.
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Fig. 3-2 Alkylation of Toluene with n-Propyl Alcohol
reaction conditions
catalyst: HY, W/F:.120 g-hr/mol, toluene/n-propyl

~alcohol: 2.
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Fig. 3-3 Alkylation of Toluene with iso-Propyl Alcohol
reaction conditions
catal?st: HY, W/F: 120 g-hr/mol, toluene/iso-propyl

alcohol: 2.
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Fig. 3-4 Alkylation of Toluene with n-Butyl Alcohol
reaction conditions
catalyst: HY, W/F: 120 g-hr/mol, toluene/n-butyl’

alcohol: 2.
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Fig. 3-5 Alkylation of Toluene with sec-Butyl Alcohol
reaction conditions
catalyst: HY, W/F: 120 g-hr/mol, toluene/sec-butyl

alcohol: 2.
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Fig. 3-6 Activity Change with Process Time in the
Alleation of Toluene with n-Butyl Alcohol

reaction conditions 7

catalyst: HY, temperature: 160 °C, W/Fi 120 g-hr/mol,

toluene/n-butyl alcohol: 2.
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Fig., 3. 7 Activity Change with Process Time in the

Alkylation of Toluene with n-Butyl Alcohol
reaction conditions
catalyst: MY, temperature: 160 °C, W/F: 120 g-hr/mol,

toluene/n-butyl alcohol: 2.
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Fig. 3- 9 Alkylation of Toluene with iso-Butyl Alcohol
reaction conditions
catalyst: MY, W/F: 120 g-hr/mol, toluene/iso-butyl

alcohol: 2.
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Fig. 4-2 Effect of Carrier Gas in the Alkylation of
Toluene with Formaldehyde

reaction conditions

catalyst: KX, temperature: 400 °C, W/F: 25 g+hr/mol,

toluene/formaldehyde: 4.2, HCHOaq concentration: 20 wt$%.
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4-3 Effect of Reaction Temperature in the Alkylation

Toluene with.Formaldehyde
reaction conditions
catalyst: KX, W/F: 25 g+hr/mol, toluene/formaldehyde: 4.2,

HCHOaq concentration: 20 wt%.
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Fig. 4- 4 Effect of Reaction Temperature in the Alkylation

of Toluene with Methanol
reaction conditions

catalyst: RbX, W/F: 50 g-hr/mol, toluene/methanol: 3.
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Fig. 4-5 Effect of Contact Time in the Alkylation of

Toluene with Formaldehyde
reaction conditions
catalyst: KX, temperature: 425 °C, toluene/formaldehyde:

4.2, HCHOaq concentration: 20 wt$.
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Effect of Contact Time in the Alkylation of

Toluene with Methanol

reaction conditions

catalyst: RbX, temperature: 425 °C, toluene/methanol:

3.



(96 )

ﬁ_w'r% At a ARFF R = b v TR Al R SIS T b
RN U R B3, > Fﬂ% T P 2:%: SO SR }—n;l‘_
Yo Aty FK A o TR LA o W) o v ('%‘J T, TR ALY Y
eAREE R Lt R, B -"Q:»\,};jq fiefd 2 )0 s 7
LEACR N BRIV RB IR T Ry v By, LOL4py
KL a 4&%5‘@ R jea TRT e g M o W/F=25 2, 490
0 V/FE=E0 v B K Y Roeviar prFur, THUN
R4 REF 3 W/E e K pE gty (B G] = ;");; , Tare1?d T
Fr A1 e Tae % e (€ 'z:' Bk CR 240 o K809 % &A%
(B Faot *ifo‘}{ Ltw) et 9%‘ 233820 H I,
) Pk TrAr S| 9 LB

FLT> 3 Rea T eTielr 34as 9 ) nzq e 1 % (¢
TLEBF o TN 2 4?\% T W 4T prw 4-% R,
Pt~ B %)= 4y R (SRR A A W 1%/?\% ARFL7 By T-Fw
AN A 4)&%‘; \F -’p%’ R L T 3, ke ’)’1\«9&\\/,{(/#! o T
MACRA Ao B K e ez AR $8pn ’ﬂ ek B <YL
VITYT R L3,
&) FiaTiiel Kbzt A

F T T e b Asfil o shf v BT Crpla g5 2 3
47« b, KPR Bk ST me ReLs Bra

TR 4 B T3, ekt RARR - B



€97 )

8- total Cg aromatics
o 6
- E
© styrene
— 4
()
; ethylbenzene

I o

o | | | | |

2 3 4 5 6
toluene/formalde hyde
Fig., 4-7 .Effect of Molar Ratio of Reactants in the

Alkylation of Toluene with Formaldehyde
reaction conditions
catalyst: KX, temperature: 425 °C, W/F: 25 g-hr/mol,

HCHOaq concentration: 20 wtg.
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Fig. 4-8 Effect of Molar Ratio of Reactants in the

catalyst: RbX, temperature: 425 °C, W/F: 50 g-hr/mol.
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Fig. 4-9 Effect of Concentration of Formaldehyde in the
Aqueous Solution

reaction conditions

catalyst: KX, temperature: 425 °C, W/F: 25 g-hr/mol,

toluene/formaldehyde: 6.
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Fig. 4-10 Effect of Addition of Water in the Alkylation

of Toluene with Formaldehyde
reaction conditions
catalyst: KX, temperature: 425 °C, W/F: 25 g-hr/mol,

toluene/formaldehyde: 6.
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Fig. 4-11 Effect of Addition of Water in the Alkylation
of Toluene with Methanol

reaction conditions

catalyst: KX, temperature: 425 °C, W/F: 25 g+-hr/mol,

toluene/methanol: 3.
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Conv. Yield Composition
Reaction :
trid tet4 Xylene triMeB
Temp. MeB| T B X MeB| p- m- 0-|135-(124-[123-
200 1321 9.2 tr |10.2 1.0{25.7|48.6] 257 {51.1|44.8] 4.1
250 410 139.8] 1.0[37.0 2.4123.9154.9/ 212 |35.2159.0| 5.8
300 430 154.2 2.3.43.7 2.8(23.9(54.8] 213 |32.3(61.5| 6.2
350 458 [54.2| 3.0144.1 3.0(23.8|54.5| 217 {26.3]|66.0| 7.7
400 614 142.0| 5.4[144.4 2.0123.1|56.2[207 |26.3165.8] 7.9
Fig. 6-1 Effect of Reaction Temperature
reaction conditions; catalyst: HM, W/F: 180 g+-hr/mol,
toluene/1,3,5-tri methylbenzene: 1.
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Fig. 6-2 Effect of Contact Time
reaction conditions
catalyst: HM, temperature: 300 °C,

toluene/1,3,5-tri methylbeniene: 1.
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Fig. 6-3 Effect of Molar Ratio of Reactants
(toluene/1,3,5-tri methylbenzene)

reaction conditions

catalyst: HM, temperature: 300 °C, W/F: 180 g-hr/mol.
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" Fig. 6-4 Activity of Each Isomer of Trimethylbenzene
reaction conditions
catalyst: HM, temperature: 300 °C, W/F: 180 g-hr/mol,

toluene/trimethylbenzene: 1.
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catalyst: HM, W/F: 180 g-hr/mol, toluene/m-ethyltoluene: 1.
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