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Abstract—The activities of Y -zeolite catalysts were studied in alkylation of toluene with methanol to produce
xylene isomers. The experiments were carried out continuously over fixed bed catalysts and reactants were fed
by a micropump. The amount of total xylene decreased with time-on-stream, while the selectivity of p-xylene
increased. In order to reduce the deactivition rate, catalysts were treated with water vapor or strong acids. It has
been found that the modified catalysts by treatment show higher activities and lower deactivation rate than the
corresponding untreated caltalysts. It has also been shown that the distribution of xylene isomers is dependent
on the concentration of Bronsted acid of the catalysts employed. Moreover, the formation of m-xylene increased
when the catalysts were treated with strong acids.
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Fig. 1. Composition and yield of xylene isomers
vs. time-on-stream on FeY-zeolite cata-

lyst.
ol £ @ ¥A} AARezM Labo] BALoZ uh
Hehe Ag GEH o gdeh 129 o[ gl 93w
e 2yA,

NN SN 7
/Si\ /Al*\ /Sl* Al\ —H——a
00 00 o’ !
i i
0 0
N O S
Si N sl oA
7 No o 00 o o

= 3 AU Al ez Bkl A4 H =

olc} o 7|4 H,0+ g4 CH,OH+H*— CHy +
H,00ll ¢JsilA A sl= 7iQld] : OH & Lewis 4t
o7 ALstxm e Siteh 23] BAH S F4
sto, He = ™l e 09 #&dle] o & 3
o] B4HA g A}, olzid Aoz wwigle}

dg27lelE Fole] o] wimH ot w3
Al 7ke] 73 3hitell wheh B AMA F7beb tigo] of =
A A 5 AL FAFHE Rolrhrh wbE A el
g gta Ay gl whE g7t a3t Baes
o} Aol ubE ZA4FTIt EHE SrtehA Hol £
wfo] Fio] Faslw Heor FAHc #42f 7t
47 go]l Hfollw FAschrE srabshAl sle AL,
Q-H

diffusion control ol &J&}e] light coket+ -Ful7|A]
ol Aol ojdte] AN AAsE AF(6)9 &

4
Aol oA P45 2 o4 & FAsA R+

ol
oflt
ox
ful
fu
bn
nlf
_(‘)L
rir
g
ox
|o
b
e
ofL

o
-

o
o

o] A A 52 2AS

Aol 24 o] ubg 2o N
stz HbEAIZE 45 El
& AxE ol QUoh ol ofstE Hofof &b
Aol YuPozH AFe 277t d¥ =244
kinetic diameter”} 7}3 2t p-zlUalo] Ay A
2z AFE wAYes] 47 Wl Aoz p-
Aodalel el B Aoz A7 o-Adal
2ol wlz old AFE AMY p-AQae
ZAwstol| o3le] g FAY A4 E RE A o

o BA 90 AR AR o ALol pe

ol vl sto] A Wi
qF-&- Z 7loll 3= p- &b
m-A<dallo] Zohabe A B kol Slshod m. Aol
ol Uojutrl @Eow A

g 4 olch o7& McCauly®} Lien(8)ol 3l
ol A3t whgor Ausich ol &l ofstd 4l
Ao ol A

3t wb-&2 BAkel 9Jsted FAlsicky g
e, A F4A7E FA 7 Eofde ma
2 BolA o 2YE FAstn, =2
+oll intramolecular 1,2 shift7} doivfwi  wil Al
22| ?01 A FAA HoiA Yateke Aol
€ 718 Aoz olojuyr)s} ot of

=
w
wn
LT A o
M Ev
f
\8
o
o
ox
wo I
o
2
b
e
é
rn'.
o]o
I
N

2 afn
B [

2E3 B4 54 zbe] A e po 2l o
249 A% ShatebAl Fobsh abwl, mebolal e
tha Fobstebr A8 gbasta ook om o34
Bt Halo)| ot Al Farel Wty olgr p-#t
odale]l A Frz Aol g Aol

doistd HYgaeleld Adal EgFe TS
B £ Ade] wgeseld m-ztdalle] ha g

HWAHAK KONGHAK Vol. 24, No. 5, October 1986



418 358 24 ol
2 oo p-AaA L Ao FAR 2L Bech
Ade AE 2w, doiatd 243t Y
e z24 ¢ 2t AL % 4 gon, Ba ¥E
2 Agzolole A BB B e o4
A5 H$E F Yol & 47 Utk wepd p-
Agael Au4dE Folr] AMAE Ad 2719
B4 ¥E7h Waslel, ® w435} ol s s

p-Adale] Aol Fatdez FoiE & 4
At

3-2. EFN/OEISS 4|2 Hoje| EHH
o] gdoll olxl= B&

MnY & & A}83te] EFo /ollvbEo Eu] st
B @438 S50 oHy YL v|Ae7HE Fig 2
of Jeliich 284 FAFE AN 27
FES EFal /g 07t 19 Wb Foh
e g F of 1417%e] ARAFE o]k
el A Euizl 29 Wit B4l & &+ A

r;

ot 2 Azbe dbgAlzbel AFHE4F A=, o

AL ofubs oet-o] AgetolE Huf oA 3l

dhgo] & ddoju}r] dlfog dZHA(8) F F
7}

1
Qdee] EFalol ulsto] sirkgol BE 7
Dol 2E AHY B4 ASdEE7

=4

].
of olEgol Bad H4ol T ARE F- Aoz

°

ARk debd EFdlol vsed olEgel 4L
. 25 o
x
2 ol /5° ® T/M-1
g 4 O T/M=2
F
2 15t
>
9 o
K ) \9\0\0\
3 10f e o,
E \. \0\0
° AN
i .
: S ~
£ ~o—o.
0 1 i Y i 3 1

1 2 3 4 5 6
Time-on-stream (hr)
Effect of mole ratio of toluene to meth-
anol on the yield of total xylene on Mn-
Y-zeolite catalyst with time-on-stream.

Fig. 2.

siatmst H243 M55 198647 10

shed - 43} -

A

T

Intensity (arb. units)

0
200 4(;0 660 8[;{) 1000
Kinetic energy (eV)
Fig.3. AES spectra of MnY-zeolite catalyst
(a) before and (b) after reaction.

AA 45 Zoio] FAANEET} FLT FolE
Bl o] EMM eade] FHE F49 3 40}
o A}&Zu]E AES (Perkin-Elmer, PHI558)
Aslgich g AF o] MaY SoiE £48 Ast
Fig. 3ol 2oizlch uigAd o AxE
of sistsl: 92}t 272 eVollA ulLdtA vehbs
ube (Fig. 3(a)), 6417 wb3-39] AxnE wwl o}

vl w4

% 27 vhebdo}(Fig. 3(b). olz4 wgel A4
He Fob wade] Y45 n Yee Ao o
% ek A7 Ao ol Fxo) wa ¥




5ol GRSl Y-AGelolE Zule] Fao] Y AT 419

a5 veplle AL 37159 Co, v CORe et

ol FAsUY oz F24

A5 el4Ao| carbide ¥ €l

2 A E olF Aol oA

o7 Hof 2 *—Jﬁ“éc’ﬂ*‘] P4 ehad e

ite el A
Zojo] gz

Fig. 4 o elfigd

= 7}\"‘1‘% ANz Fei7} <F

£
M
ot
2
£
hus
LT

o

AR

600 m*/ge] T AL 7Fx 2 glewd whal, wHg 6
AlZk FollE ok 200m*/go 2 AU STE & F
Ark o) AL F2 AAYHANAE FoljAFo]
44 4oz a9l wlEd Holch =-SF of
2A 72 = Aol A ez Zojo] Fuid
o] 43 wststm el oA ojnlx wimA
277} e AFEo] HSEFo) A7l shaAd
ofsled AlFQF7t w37 wj oz AzEc

g, Evlo] ZedAo] Fof 4o w4

EE &%
Zo o] o] Foje L7t G FL L+ 9
ot o] Az¥E, &
¥ oubgo] gygAde Fa A Lelo]lE 2 super cage
Holl EAES &4 4 Uk F
per cage®t small cage (sodalite W] 2}) 7} Zx]3}=dl,
°] small cage HollA = dl-&& F-2L=7]9 Ad e

2 odshe] YY) EApFol Bolsbd #3e ¥
4 g7l WEel Bad WAl B g4 e
60 130

S
500+ 125 =
—_— o
2 £
¥ L7 420 ¢
\% 400 =N ;.5
= 300 LN Z
< L ~ 1 _
: \. | 15 E
<, . . S~ ©
u;; 200+ D) ® 10
AN 5
100+ . {5 &

.\.\"

0t . 0
1 2 3 4 5 6
Time-on-stream (hr)

Fig. 4. Relation between surface area and acti-

vity of MnY-zeolite catalyst with time
-on-stream.

., Al&eto] EollE su-

X
2 30t
g
o @® Total xylene
< 25¢ . A o-xylene
g [0 m-xylene
B > p-xylene
g 20t /
2
>
>
T 15t
% "D\ — 0@
& 10t
E / A o
o O~
= st / / ,Aﬁa\ -5_.8__0—_3‘0
S e
ag

—A—=—A—-A—
—g A a A—A_ A
?9 0 1 N [l 1 1 1
=

1 2 3 4 5 6
Time-on-stream (hr)

Fig.5. Effect of pretreatment with water at

5007 for 1hr.on yields of total xylene

isomers on MnY-zeolite catalyst.

£ super cageol|nt 9]&3}& uwld 3 2l
A £ small cage® Boddlm2 (Fudd 244 AR
& N, EAS] 2717} 27] W foll) Fof o) s
S57F Bdzo] Folry Lxud Aoz F
AspAl dehbe Aoz 42 ol 9o,
FH 538+ e A, olgd dE A oA
of A o] FAjol ub-goll Hofste] b

A7 Rolete AE SHA3 WA &

2},

3-3. 37| M2|& MnY 042 §#A
F71A 28 MnY Zoj9] 844 Fig. 50 JEl
LH?J« . A HAL A MnY 291E w23

FAA7 2, 500ClA 147 B4 4+F7]H ] A

7l o, FHbAl Aaz Adedd odE 23
FTEY 2oz of] &34 5 Ao A3l
ot olu Fof hi LWHSVE w53 £ 34
2.11 g-feed/hr/g-cato|ch. Fig. 2 & 4ZF71A &
3HA] @2 MnY Folof sl (T/M=13 slmsf %
W), NGRS Aeks] FolEU LTS & 4
At 7|4 FA ARG E A} Faq AL FF7

Az dg W, Folo Zatde] A4 A :.i}[ 10, 11]
FAl el



Y- A gebol £ 7§, obaas)

4271A27 Fez4 Al o

Folg o} Ao 2ol 3- 1

o4 o1Fa whel o] LAbRl oz e Babdol 4

4ol 2 8l”le] gleh A geolEol e LAY

s} Babg el 5ol e geHel AFe ols] g
21} (12).

@ o-Aolale) FAL, +E A A o}
Fohoh fAlE ARE deln Yesi(13),
of Aol e} 457132l shxl b Holel 7
%w%xpwﬂﬂﬂéﬂﬂﬂ%%ﬁ#mﬂ ¥ 5

o Eoael, 4375 A2dd
W3} o- Apedals] A4
SERERIEE
z Qs v

oo rlo

_Vl
r

-z]-o

:u
=

Aol &

) X
A g
o4 8
o gjo
o
Jp
L
o ¥
et
N
%
5.3 s < o
ole + w
o
- L
—
>
e
o
B)
O}
Ok

»Ou
=

o
wjo
e
L
rie
rn‘.
2
=
\)

uo

—'1=r
(
fz
I
2
L.
< ol
o
el
fz
o

{

£
)
1153
—
[
»Ob
=

o ko
=)
T
o

Mo ®

b

)
L
N
-
olN
S
2
G
o}
-
R

a2 o DoHe &2
" o o rlo N
T N,
¥ 4
B T )
o U ey

© um ol e

L 2 2
N

% I‘U‘O —_ =z

oy R

o?ﬂ_ - fz
N
R

Nlr - 33
X F o &

- 22

—L o o 10
ul > W

-— — - }N
£ o

R ° Ir

2o, &

32 = oo =

i £ 2 £

PR
[o
b

3-14,
o&lﬁ}.oi A}.;ela]s].
H3lE Fig. 6o velgl
1 A} 7+ io} 10N 9 oiA\_ 4
o] LWHSV & k3% +3 wliok Fd5tA 2.11 g-

S

Ax{2|3F MnY =0l 9}
R ERT R

feed/hr/g-catololch A 437 Hejgh Z=jn
oz o st AGER FasUSE 4 F AUk
Fig. 5 9b= <8 ZolstAl velvtes 42 m-#

o
olo
>
N
2

w0 5
ru
3

1
N
B3
e
23
(o

‘(3(_:’

L ah ol glof 4 WAl xhalal

o)
-
i

X247 M52 198611 10

ot
10
(\

0&

35
@ Total xylene
30F / e o-xylene
/. ) T m-xylene
L -xyl

-~ p-xylene

25F
.\.—.\.\.\

20t ~e

15 /U/ cﬁ\ﬂ
\D\

O~
10F _//%o\,\ %\ch

Yield of total xylene and xylene isomers(mole %)

vl
5F :2/6 “\2:2 —e—a. 2 :
0 : ) . . ; ,
1 2 3 | 5 6
Time-on-stream (hr)
Fig. 6. Effect of pretreatment with acid(10 N

HC)) at 500°C for 1hr.on yields of to-
tal xylene and xylene isomers on ..nY

-zeolite catalyst .

Alzl wratolfe} Fald ez AAdg zhola) g o4
2 5hul-3-
2.9 BAlol

jj:‘_ uH =

Az e o4

ola 249 o 4 Ak
ALz el g o —’F%
QL&) 2Hasle A

of H5atet &, ofehel Holx A

o
olN
N
-5
[0
o
rir

of
2>
2

3k

o

ALAD i“{ AJ ni

%ol ] o)

£ A
Fsle Hrole)

|
|

F4ole M7b Aloz el 4 43
ol estel ZHH 2 slol BATS 2745 7hx
o7] WEoz A7uck(4),
M*Z+HCl = M*Cl-+ZH*
FHARE 2o} 2Haete & shle gloloz ALA
ol olah FAbge) A AALT AT £ giek

£, ol ohuleh 7ol EohE 7abA o)
7] wholl 2 vhe Aol glukshv AabAelE & A
£ dealumination @ Ato] o]} Si/Ale]
Zobsted ol ol B Sl ZAhE Mot
oA v glg oz ¥eld

=4
¥] & gtol

715}

3-5,
Fig. 7ol H2]8l=] 9t 4438 MnY S} £Z7)A
g MnY, 2] Ak el g
2F3-4] Zhol] upE p-apelal ol

p- Xt 2l of MelAd




ERollel oAtk Y-ASalolE Zofe o g A7 421

35 A A MY S
71/0‘ B _ MnY treated with water ©
§ 301 e ) .) ‘MnY treated with acid \E
< -2 N £
= B =4 o 4100 <
ks A g 2
g (A "D "‘.ﬁ o\o\o -E %
% 20 d . 480 g o
> i \ 3 5
= A Bl
< 15 , b 460 & ~
S ,’O s~ Rog TusATAAT :‘
- m & i =
° 10k 44A ) S L —l—r_40 it
= P SE k]
2 ;Al . 9 - e o =
> sk OO TTeTe i @ a M 2 ¢
a =Y
~a_ 4. g
0 1 s Il 1 L 40 O
1 2 3 4 5 6
Time-on-stream (hr)
Fig. 7. Yield of total xylene and composition of

Wik,
el g

p-xylene vs.time-on-stream on various
MnY-zeolite catalysts.

oA Ao g FAE e £F7

Zofjof sfrdsef, o

AR MnY Zehshel o] £703he vehiz 9
oh ol HelsiAl b $4% MnY Folel 3
1

whg4 7ol o 3417k Ao W% poAolAe 4

1o
o

o
L
A
ox

o £
gi'
PSS

<] =

ek 55% 24 A& Holm Qlrh ol o

(oF 24%) M vh= %3] 2 ghelv) 2 4

9 F10% olstz olv] H

olm g AlgdH oz w89 ofAle] okl
5]

4o, g sl 4

3
=
2=
o
o
>
o
o
_!O

NS
LS
]
2
e
=
1o,
2

H, olzM o 4 Ak el sl we} p
Aelale] $27) Febd e o 4+ dow, ol: B
Aol oldt ol At on AHT & ek &
o4 AFeehz BAA FEob o A o)
Aol o] 4 A shakGol kel olibr) wEol B
4o FEAE AL 2 AR A EollAE
g 6427 BAFE oldel BAR e
Aoz moAdlozel o4 ushgol 3t
we odolibe e, BAbRe ¥EA AU A
4 MnY Folol 4l whad §4ol ool B
el FEIh Folrond HEAZ 347 Fol

& aASE o5t BA FEZ Qlalel ol
shebgo] Al ok ololubs] whel, 9 p-xtalal

Aol 9§ A% FRYAL WL e
F ek ol dFHFe| & Aol A
F3a ¥ o, o-Aolal e Barel ¥E 8 ol
oodekg B W ¢ 4 drh whebd moxol

P
'o
b
]
i
jd
+
4
A
fd
o

3 steric hindrance |
HA o-zpdall Nche p-apdalle]l of Aoz w
o) 44 solvh o4 Ash ol A2l FAlo| o
of h7] W Eol patelalel Y S o7 $lated
£oaAs s e A B Al et 2
289 9 4 3ok Fig 8oldE o4 d by 8ol
12boll whet oAl el kol sla
of ¥b-3A] 7ol Ty m-xpAdalel =4S oo}
ok adlold M Ay dalxLale] 2 H
HAg dojlx dls AHedd Fx59 BAakel I
A zkeleh, Zev B Akol zchakxia}
= m-ztdalle]l ol dog bk ok sh7] wfFoll m-
olgle] AL AT+ ¢ls ez Molch
7b Fofoll el s wbg 7ok 6 4] 7F ubgAl7] &
of #hodal ol Aol 4L Table 1o 4aich
Table 114 ¥+ 7148 o-z}lal & B4tel 5=
6

of b4 e Qe won, B

a
B

oo o
>

-

(et « LA
35 A A MnY X
_7(0 #l "1 MnY treated with water %
30 4 Xo MnY treated with acid E
X ;/ ;\ 2
o - AN
—g 250 A D\ b\o 4100 %’
E £ oS - \CLO\Q\ .3
2 2 / \,_ = ©
2 0] SR O~q_l80 w 2
3 . . N Q}_,
< !
S PV NP {60 &
= = : —=—0_ -—
bl TR —&— 1)
NES =SS —=8=p-
S w0 2&\1\& 0 ¢
S N =
517 N 120 ¢
oAl g
0 R ) _ o ©

1 2 3 1 5 6
Time-on-stream (hr)
Fig. 8. Yield of total xylene and composition of
m-xylene vs.time-on-stream on various
MnY-zeolite catalysts.

HWAHAK KONGHAK Vol. 24, Ne. 5, October 1986




422 }34 - 24E - oI5k

Table 1. Comparison of composition in the pro-
duct of xylene over various MnY-zeo-
lite catalysts.

Composition (mole %)
Catalyst o-xylene  m-xylene p-xvlene

I F I F 1 F

MnY -zeolite 22.2 25.4 47.7 32,5 30.1 42.1

(not treated)

MnY -zeolite 17.8 24.1 48.8 35.4 33.4 39.5
(treated w/water)
MnY -zeolite 25,4 21.6 54.0 53.0 20.6 25.4

{treated w/acid)

Thermodynamic

equilibrium []_6] 24.5 510 24.5

I : Initial composition (after 0.5 hr. reacted)
F: Final composition (after 6 hrs. reacted)

2. $%7142 o ZA4AYE #L o, £ Mn-
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%%224mw°V”uL4Tgﬂ Frhsigl o,
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ol A4 s
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st 2 dFE FA
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242 MnY o) 3¢ 231 ok 55%°Isich
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