HWAHAK KONGHAK Vol. 39, No. 3, June, 2001, pp. 279-284
(Journal of the Korean Institute of Chemical Engineers)

ergz[o[=0| x|2HEl M2ZI0|E dolMel o-Xylene2| eiALSt 8IS

* *%
ARSI L PSR mU A

(20014 24 164 <, 2008 54 102 A)

Alkenylation of o-Xylene with 1,3-Butadiene on Alkali Cation Exchanged Zeolites

Jeon-Tae Kim, Young Sang Cho, Yong Gun Shul* and Young Dae Kim**

Clean Technology Research Center, KIST, Seoul 136-791, Korea
*Department of Chemical Engineering, Yonsei University, Seoul 120-749, Korea
**Faculty of Applied Chemistry, Chonnam National University, Gwangju 500-757, Korea
(Received 16 February 2001; accepted 10 May 2001)

2 o

edggjol2o] X)ghE A LelolE X B YE Ev|E AFE-Sle] PENGA Y % 91 2,6-NDCA2] #-7)¢1 5-(o-tolyl)-pentene
E Az f8 deRA S doliy gl ool XFEojRl Al gEe|E & H«] 71491 B4 0] o-xylene&?} 1,3-butadiene
~tele] alkenlyationdh-g-2 ¥4 2 5-(o-tolyl)-penteng] Aol vX= J3FES 75 Oiu} = 95 %@ﬂq%o] 2
3 ATl E EFvj AollA] 73RS E8l o-xylened 1,3-butadiend] alkenlyatl 3 o}oﬂE} etz o]L0] %]

6 01l I pymole] TPD AT Fol 395110h, elolh o] AR ALl Sl B9 S B 7

97
&%

al

d 75
o

= e g4 AR s o-xylenell F 7 ol4+<] 1,3-butadiend ZAFHE AL
23]# 5-(o-tolyl)-penteng] A& =7} 7+As)9 )

1del % BRel @780l BAske AoR Uekgor, @/t we Seeleo R A4S aslEel Pol 4

bk g97141s] 9ol B7bskk. eRelslls] ol S71E4E alkenylationdhge] vhg o] STk Ho= ek

 4971de] Z7HE5E 5-(o-olyl)-pentens o] e o] F7kshe o= Uekgich et 449s1el R Cot A8
1:1

AL GBS0l P4

Abstract — The gas phase alkenylation of o-xylene with 1,3-butadiene was studied on the alkali cation exchanged zeolites X
and Y. The alkenylation product, 5-(o-tolyl)-pentene, is a major precursor of 2,6-dimethylnaphthalene which is the raw mate-
rial of polyethylene naphthalate (PEN). The relation between the basicity of the alkali cation exchanged zeolites and the alk-
enylation activity and selectivity was investigated. It was found by TPD analysis that there were two kinds of basitisites on t
alkali cation exchanged zeolites: one was weak and the other was strong. The activity of alkenylation of o-xylene increased
with the amount of the weak basic sites, while the selectivity of 5-(o-tolyl)-pentene enhanced with the amount of the strong
basic sites on the catalysts.
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Fig. 1. Schematic diagram of the gas phase reaction apparatus.
1. N, cylinder 6. Vaporizer
2. 1,3-butadiene cylinder 7. Preheater
3. Moisture trap 8. Temperature controller
4. 1,3-butadiene preheater 9. Gas phase reactor
5. Mass flow meter 10. Condenser
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Table 1. Physical properties of NaX and NaY

NaX Nay
Surface area(BET) 617%y 705 nilg
Specific pore volume 0.40 cclg 0.45 cclg
Average pore diameter 19.75 A 19.37 A
Cavity diameter 7.4 A 7.4 A

Table 2. Exchanged amount of alkali cations in zeolite X and Y

Exchanged amount(wt%) Si/Al  Exchanged

Catalyst .

Li Na K Rb Cs ratio %
LiX 1.24 5.69 1.5 36.46
NaX 11.2 1.5 100
KX 2.95 11.7 1.5 60.9
RbX 3.61 19.9 15 47.41
CsX 3.95 245 15 37.47
LiY 1.03 3.57 2.3 47.11
NaY 7.23 2.3 100
KY 091 217 2.3 89.33
RbY 2.22 14.7 2.3 54.60
CsY 2.16 19.1 2.3 45.62
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Fig. 2. Activity and OTP yield changes with the reaction time in th
alkenylation of o-xylene with 1,3-butadiene on NaX and Na
(W/F=166 g - hr/mol, temp.=22%C, o-xylene/1,3-butadiene=1).
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Fig. 3. Effect of reaction temperature on the activity and OTP yield in
the alkenylation of o-xylene on NaX(W/F=166 g - hr/mol, o-xylene/
1,3-butadiene=1).
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Conversion/Yield(%)

catalyst wt.(g)
feed rate of reactants(mole/hr)

W/ F=

Fig ol Vel whewd Snjste] JEA70] SR 718
7P0Pﬂ Aeke vkt A&l S7HERE A7)
Znff GAJ4] Wbt A em Agkon}, FEA|7To
&g o] BhgA7k mhet §A3] FhAsle] 3.5% 7k
1 8 o3 AAFRA] &3t OTRRS] HHl=r= HEA7H0]
Aodte 2R VT

eJr 1,3-butadiend] = v]d] w WS 9 O

71 A3 1,3-butadiend] Y82 LA T o-xylene e

%ﬁﬂ T3 =815 WA AT /‘e%‘% ‘:‘r. olmj WS 93}
2 W/F=166 g hr/mol= 27g A+ 4% Y513} 0-Xylene
3-butadiend ¥F-EH]=1:1, 2:1, 4:1, 6: & HIA|A A2
}93194:4 2 AZE Fig. 5l VFERRITE. AEHE 2 OTP yield®

& X393 %38 20014 63

rlm

I

2 k) rl

L J}Nv

o b f 2w
? X
£

J>' olo

i
i
Olt

HeR
=
73

e rn m&
n_%

s

0;:'.

3

o
o
0Kl

o||

Conversion/Yield (%)

—— Conversion
-~ Yield

L - e

0 1 L
1 2 4 6

o-Xylene/Butadiene

Fig. 5. Effect of molar ratio of o-xylene and 1,3-butadiene on the acti
ity and OTP yield in the alkenylation on NaX(W/F=166 g - hr
mol, temp.=225°C).

5 2H7 271 me} Slske slo] #AHI

3-2. 0 M=

G FEoleo] Xk Aol E FujEe] d71H 9] #x) Al
718 &9317] 93 probezr] AH3EZQ] pyrroleg: AHEsle] TPDE

o] &5t de ANE GT|o]o] AT A ZHo|E X} Al&ito]
E Yo g8l Fig. 6 et} dubx oz TPDAA] 97148 &4
ARR-EolR] = COytERTIE 7HE EA=E AMEH o-xylen@Jr AR

715 ZF= pyrroles AFESFS T Pyrroles A3 o]-f= pyrrole?]
CQ, Brthe ko] Foldte o-xylene} & © FALSE 03715 2494
AN F3 S-S B AoR 7|tso] AHE-slTh

G FEolo] X Ao E Zul g 1HA W I £ X
& A% Ax g F50129 A& g AlETolE xHA Y
Wl 227 & AoR L}E}}ﬁﬂ’/‘r 224 OWLFJ 1*‘”] 1

%5}9} 7] %llir‘ %‘_E‘JP ‘?l%*éﬂ] 037% s

HgG@WH%7%IﬁiﬂﬂEXﬂ A% 5 SR QE
o] EAehs Ao AAHUT F 100-250°Col] Abolef] A HXF
A7V 250°C ofel REshe AR71R T BRI ok
7179) @& LiX>NaX>KX9 o8 97 F40]29 g71%7}t
2RS4 E ZylEhe ZloE vElsdt) v 71 7] 24_4 2ke KX > NaX
>LiX4] oz Gz 5029 971=7 S it Sk
Zo= vehgeh wlebr Naxel Hlad v AR|Fel 97159 |xe
G7EIE B Liclee] A4 kr1d ] M F71e 49718
& 7ad W, A1t B Kol A% ohdr1He WA

rr

Eﬂz—yx_ o, o

FHassla 71 el WS Skslart. ol#e A1 A4ETh
= Neel2 it Ad oz Yo (me) 97158 7B Li(K)ol&o] A
gl AAE Ro AsHE.

&1, Fig. 6(bpl= LiY, NaY 2 RbYEujol Al pyrrole?) €24
2o JeRRQT) Zeolite Xob -S-AFSHA 7 7|A T ok 7)Aol BAlehe
Aoz vERLoL) okedy|A W 7kedr|de] vehls 2} o7t vt
& 2(50 °C F=)o.& o]0} vehbth. %d 7138 50-200°C Al
off FE sk vl FA718-E 200°C ol REsE 218 Btk



o-Xylene] &A'd3} Hkg- 283

Peakheight/A.U.

Peakheight/A.U.

0 100 200 300 400 500
Temperature (°C)

Fig. 6. TPD desorption profiles of pyrrole from various alkali cation
exchanged zeolites X and zeolites Y.
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Table 3. Activity of alkali cation exchanged zeolites X

Catalyst % Conversion OTPyield OTP selectivity
Exchanged (mol%) (mol%) (mol%)

LiX 36.5 2.64 2.15 81.7

NaX - 0.86 0.74 86.5

KX 60.9 0.10 0.10 100

RbX 47.4 0.12 0.09 72.9

CsX 375 0.11 0.03 32.0
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Table 4. Activity of alkali cation exchanged zeolites Y

Catalyst % Conversion OTP yield OTP selectivity
Exchanged (mol%) (mol%) (mol%)

Liy 47.1 3.80 2.66 70

NaY - 1.77 1.54 87

KY 89.3 0.05 - -

RbY 54.6 1.98 1.02 51.5

CsY 45.6 0.05 - -
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