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Fig. 1 Pore Structure of Typical 10 and 12 membered Zeolites
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Fig. 2 Mechanism of Shape Selective Cétalysis
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Table 1 The Isopropylation Catalyzed by Zeolites
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Reaction . Product Isomer Distribution Isomer Distribution
Catalyst Temp, Conv. Distribution (%) of IPBP (%) of DIBP (%)
(Si/Aly) 9] (%) IPBP DIBP 2- 3- 4- 4,4’- 3, 4'- 3,3~
HM (23) 180 16 89 11 7 20 74 75 16 2
250 48 73 27 5 24 71 78 14 2
HY (5.8) 200 76 60 40 36 23 41 5 8 7
250 83 61 33 7 48 45 11 22 13
HL (6.1) 200 82 54 36 39 18 43 10 8 6
250 84 53 47 29 25 46 10 13 6
SA (43) 180 67 62 38 36 15 49 16 9 5
250 84 48 39 18 32 50 25 26 8
HZSM-5 (50) 300 6 100 0 16 30 54 — - —

Conditions: Biphenyl (50mmol); Propene (100mmol); Solvent, trans-Decalin (20ml); Catalyst (1g);

Reaction Period (4h)
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Fig. 3 HM Catalyzed Isopropylation of Bi-  Fig.4 Effect of Temperature on HM Cata-
phenyl lyzed Isopropylation of Biphenyl
HM(23) 3g; Biphenyl 150mmol; Propene HM (23) 1g; Biphenyl 50mmol; Propene 100
750mmol;  Reaction Temperature 250°C. mmol; Reaction Temperature 250°C; Reac-

tion Period 4h.
Table 2 Effect of Alkene on HM Catalyzed Isopropylation of Biphenyl'®
R . Product Isomer Distribution Isomer Distribution
eaction i
Alkene Temp.  Conv. Composition (%) of MABP (%) of DABP (%)

© (%) MABP* DABP®  2- 3- 4- 4,4’- 3,4’- 3,3'-
Ethene 250 20 86 14 36 45 19 7 n.d° n.d

Propene 250 48 73 27 5 24 71 8 14 2

Butene- 1 220 35 82 17 3 13 821 82 T 6

2- Methylpropene 220 41 67 33 — 4 94(2% 100 - -
Hexene-1 220 39 91" 9 ( 2t 8f 90f (nd. nd nd
128 148 75% n.d. n.d. n.d.

Conditions: Biphenyl (50mmol); Alkene (100mmol); Solvent, trans-Decalin (20ml); HM (1g); Reaction

Period (4h)

a) Alkylbiphenyl. b) Dialkylbiphenyl. c) Not Determined. d) 2-t-Butylbiphenyl. e) 4-Isobutylbiphenyl.
f) 2-Hexylbiphenyl (2-HBP). h) 3-Hexylbiphenyl (3-HBP). i) 2-HBP : 3-HBP = 77 : 23.
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Fig. 5 Effect of Si/Al, Ratio of HM in Isopro-
pylation of Biphenyl
HM 1g; Biphenyl 50mmol; Propene 100

mmol; Reaction Temperature 250°C; Reac-
tion Period 4h.
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Fig. 6 Effect of the Modification with TBP on

Isopropylation of Biphenyl

HM(20), P-HM(20) 1g; Biphenyl 50mmol;
Propene 50mmol; Reaction Temperature
250°C.
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Fig.7 Effect of Temperature on HY Cata-
lyzed Isopropylation of Biphenyl

HY (5.8) 1g; Biphenyl 50mmol; Propene 100
mmol; Reaction Period 4h.
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Table 3 Zeolite Catalyzed Methylation of Naphthalene”’

Catalyst HZSM-5 (1) HZSM-5(I) HM?® HYP
Catalyst Wt (g) 0.5 0.5 5 5
WHSV (h7™") 3.16 316 118 1.18
Reaction Temp. (C) 400 400 400 450
Reaction Period (h) 0.5 3.33 05 1.33
Conversion (%) ~5 9 29 47
Product Composition (wt%)

MN 50.2 65.3 555 44.1

EN¢ 104 3.9 44 1.1

DMN 331 20.8 26.1 28.7

TMN 5.6 7.5 10.5 187

TTMN? 0.7 2.1 2.7 63

PMN® — 0.4 0.6 1.1
MN Isomer Distribution (%)

2- 89 89 65 63

1- 11 11 35 37
DMN Isomer Distribution (%)

2,6-+217- 65.6 80.8 35.1 322

1,3- 14.0 10.2 29.6 30.0

1,6- 12.9 7.8 179 182

2,3-+1,5-(+1,4-2) 5.4 1.2 115 133

1,2- 2.1 0.0 59 6.3

1,8- 0.0 0.0 0.0 0.0

Feed Composition : Naphthalene : MeOH : Mesitylene, 1:6.61 :3.57 (mol).

Si0,/Al,03: 20.2 (I), 64.0 (II).

a) Zeolon 200 (H). b) SK-40. c) Ethylnaphthalene. d) Tetramethylnaphthalene.

e) Polymethylnaphthalene.
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FIILYDTIVEFMURIETE, a- A 8-
Mk SRIBELRODOT, e UBBRE N

(10)

eSS 2 50, RIGEEZEL LD, RIGER
EA LT3 EXDEER - {EOEIAPEING 3,
ZOK, o, f MEEEOEIGI T vEMHIDK
XX ARMT B, LT VI =T L EE ST B
EHED a/f g2 FETII3THBH, TFn
R4 v 7o )L TiR, TosEL<Ry, &
NFN95, 657 Thb, CORREHOEIR, Kk
DERMEI R X, 7ok U ERIBTERIC R X
WidEa /8 BRIENHE SN S,
FT75LYD4 YT EMERIGICBOTEL S
A4 R OTBRRIC X D BRI OB BIRYEIC AR
HHNBEEO, FlZE, F7SL VDAY Fay
MERIRIC BT 594V 7aEnt 75 LY (DIPN)
DORMAESFER 4ITR L2, HMEM(25)) %
fil &4 3 ERIGIEH: BV, 2, 6- R 2 T-{&
RBSEICER LT, < OB, MO EHE I
FRAEERC 5, BRASIHGIRIGHIZIE—ETH
571 —F, HY RO HL TiZ 1, 4 - KD HEEHE
LK, #ic HY T RIS 1, 4- 'tk % ALE SR
BNCEERR L7z L L, RUSES & ticsiohiic
ER 13-, 2 6- K2 T- (hicEHALs 2 Em
BERD LT,

52 FEILFFA Mg

ENTFA M EAEL T E4 V7 o EILIERRIG
HOEO D, FOBKERESER S W £l
BFA4v7Feenrr72 L (PN > DIPN > + )
A4 FoErrt 78 L Y(TIPN) OIETH D, +
7% LY — IPN O RIGEEIC LB L TRORFRD
5, Si/Al LDIEOHM (11) Tida#icF 74
LYBHRL, RIGHEEfILI.. L L, Si/Al

Table 4 Zeolite Catalyzed Isopropylation of Naphthalene3®

Reaction Yield Isomer Distribution of DIPN (%)
Catalyst Temp. Period Conv. DIPN
(Si/Aly) () OO IC)) 13- 1,4- 1L,5- 16- 1,7- 26- 27-
HM (25.3) 240 2 356 5.7 73 51 33 48 38 5L7 240
240 8 683 184 53 38 19 71 61 508 249
HY (7.3) 240 2 948 439 323 144 82 147 135 85 84
240 8 961 477 237 06 02 68 49 326 312
160 2 900 405 151 398 131 110 155 28 27
160 8 948 454 200 360 127 116 130 33 34
HL (6.1) 240 2 922 425 231 321 100 112 162 38 34
240 8 951 425 399 79 67 153 163 67 72
160 2 666 235 144 380 124 101 186 29 27
160 8 882 395 166 403 119 96 159 31 26
HZSM-5 (70) 240 8 1.0 - — — - - — — —

Conditions: Naphthalene (0.27mol); Propene (0.52mol); Solvent, Undecane (240ml)

Catalyst (7g); Reaction Temperature (240°C).
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Fig. 8 Effect of Si/Al, Ratio of HM on Isomer Distribution of DIPN
Catalyst HM 7g (SiO5/Al;03 10.9 (A); 25.3 (B)); Propene 0.38—0.45mol; Reaction

Temperature 240°C.
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Fig.9 Isomer Distribution of DIPN in HY and HL Catalyzed Isopropylation of Naphthalene
Catalyst 7g. HY (A and B); Ultra Stable Y (C); HL(D) (SiO,/Al,03 5.6 (A); 5.9 (B); 6.0(C));
Porpene 0.38—0.45mol; Reaction Temperature 240°C(A, C and D); 160°C(B).
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The Selectivity of Zeolites in the Alkylation of Biphenyl and Naphthalene

Yoshihiro Suct
National Chemical Laboratory for Industry

In liquid phase isopropylation of biphenyl, para-selectivities are up to 70% for isopropylbi-
phenyl (IPBP), and 80% for diisopropylbiphenyl (DIBP) over HM, while catalyses of HY and
HL zeolites are nonselective. The alkylation with HM to give the least bulky isomer is control-
led shape-selectively by steric restriction of the transition state and by the entrance of IPBP
isomers to HM channels. Catalyses with HY and HL are controlled by the electron density of
reactant molecule and by the stability of product molecules because of relatively large pores
of these zeolites.

For the methylation of naphthalene, HZSM-5 shows high selectivity to form 2,6- and 2,7-
dimethylnaphthalene, while the catalyses of HM and HY are nonselective. The selectivity of
HZSM-5 is explained by shape selective catalysis in ZSM channels.

In the isopropylation of naphthalene, 2,6-Diisopropylnaphthalene (2,6-DIPN) is selectively
produced over HM, while the selectivity of 2,6-DIPN is low over HY and HL catalysts. In HY
catalysis at 240°C, a, ¢, a-Isomers (1,4-, 1,5-) and @, #-isomers (1,3-, 1,6-, 1,7-) are produced
preferentially in initial stage, whereas £, #-isomers (2,6-, 2,7-) increase as the conversion
increases. The results with HM show that ¢-positions cannot be attacked because of steric
restrictions with HM channels, and that 2,6-DIPN is more suited to diffuse in pores compared
with 2,7-DIPN. For the catalyses with HY and HL, a-positions are more active because of
their high electron densities, whereas isopropyl groups move to thermodynamically more
stable @-positions by isomerization, transalkylation and/or disproportionation because chan-
nels of HY and HL are enough for rearrangement of isopropyl groups.





