Korean Chem. Eng. Res., Vol. 43, No. 5, October, 2005, pp. 560-565

HMI=ZI0|E Beta, USY, Mordenite Z0|E 0[ZS+ Methylnaphthalene2]
EdAMES U
WEL - ulR7| - WAS - Mol - ofHel’

Shrslsld el 38)7|e
305-600 EH@/\] -?r/\é—']’- 7&]—.‘_(1;: 100
*uerfeta gaygastt
136-701 A4 A4 eehs 57F 1

(200591 89 102 <=, 20051 92 20 AE)

Transmethylation of Methylnaphthalene Over Beta, USY and Mordenite
Zeolite Catalysts

Jung-Nam Park, Yong-Ki Park, Jin-Ook Baeg, Suk-In Hong* and Chul Wee Lee'

Advanced Chemical Technology Division, Korea Research Institute of Chemical Technology (KRICT),
100, Jang-dong, Yusung-gu, Daejeon 305-600, Korea

*Department of Chemical & Biological Engineering, Korea University, 1,5-Ka, Anam-dong, Sungbuk-gu, Seoul 136-701, Korea

(Received 10 August 2005; accepted 20 September 2005)

OF
=

hed
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Abstract — Catalytic performances of zeolite catalysts such as H-mordenite(HM), H-Beta(Hf3), H-USY(HUSY) for
the transmethylation between 1-methylnaphthalene(1-MN) and 2-methylnaphthalene(2-MN) were investigated in a
fixed-bed flow reactor. HB showed higher and more stable conversion than others to exhibit a high and stable 2-MN/1-MN
ratio of 2.3 and 2,6-DMN/2,7-DMN ratio of 1.3 at the 1% hour of time on stream under the reaction conditions as fol-
lows: reaction temperature of 350 °C, reaction pressure of 1.5 MPa, WHSV of 2.7 g;,,,/g,,ch and the molar ratio of 1-
MN and 2-MN of 1:1. The catalytic behavior has been discussed in relation with the catalyst pore structure and acidity.
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2,6-dimethyInaphthalene(2,6-DMN) 145 WE= Za|H 52
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Scheme 1. Mode of transmethylation between 1-MN and 2-MN.
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Table 1. BET surface areas of catalysts

Catalyst HUSY HM HB,s HBsq
Si0,/Al,0, 80 25 25 300
BET (m%g)  Total 774 450 617 524
Micro® 522 399 390 353
Meso® 252 51 227 171

“Micropore refers to < 2.0 nm (diameter) pores.
®Mesopore refers to 2.0-60 nm pores.
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Fig. 1. Home-made device of high-pressure fixed-bed flow reactor.
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Fig. 2. NH;-TPD profile of various catalysts.
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Table 2. Comparison of catalytic performance of various zeolite catalysts®

HUSY HM HB,s HBs49
TOS (h) 1 5 1 5 1 5 1 5
MN Conv. (mole%) 36.8 3.1 53 0.2 16.7 4.0 6.7 23
Total product distribution (mole %)
Benzene 0.6 <0.05 28 0.3 12 04 0.3 0.1
Toluene 27 0.1 04 <0.05 1.8 0.3 0.9 0.1
Xylene 12.4 0.6 0.2 <0.05 0.6 0.1 0.2 <0.05
T™MB 0.9 <0.05 0 0 0.3 <0.05 0.6 0.3
TetraMB 0.2 <0.05 0 0 0.1 <0.05 0.1 0.1
NA 7.4 1.0 0.6 0 47 12 1.8 0.5
PMB 1.1 0.3 0.1 0 0.5 0.3 0.3 0.1
2-MN 438 542 63.3 525 57.8 65.8 62.6 59.9
1-MN 194 427 314 473 25.5 30.2 30.8 37.8
EN 0.2 <0.05 <0.05 0 0.2 <0.05 0.1 0.1
DMN 7.9 0.7 0.6 0 6.1 1.1 1.7 0.6
PMN 34 0.3 0.5 0 1.2 0.5 0.6 04
2-MN/1-MN 23 13 20 1.1 23 22 20 1.6
2,6-DMN/2,7-DMN 0.9 0.8 1.4 - 1.3 1.3 1.4 1.2
DMN Selectivity (mole%) 214 20.7 10.8 0 36.6 28.5 25.8 28.1
B,B-Selectivity (mole%) 40.7 40.0 45.6 - 42.5 395 38.1 34.4
DMN Yield (mole%) 7.9 0.7 0.6 0 6.1 1.1 1.7 0.6

“Reaction conditions: reaction temperature=350 °C, reaction pressure=1.5 MPa, WHSV=2.7 g, ., /g ,-h, 2-MN:1-MN=1:1.

O3l A== xylene@t 22 A ES] AR E7F HByy HM, supercagetol] F=17F THEolA] A EHA 9ol dofuli= Ak
HUSYX T} =90t} t50] HB,olA 2] DMN E3E8-8 Hp,,H T} < B8 A7E AR S5 e U Fulsde g
HEE 3 IAIRFIA] 350 358k}, o] 218k HB kvt 58 S EE HUSYE 2,6-/2,7-DMN H]7} 180} 2H2- -8 Jehfic) vE
7= HBysi= 22 Aol E Alg722 Hol JE2s Fig. 2 HM2- Z7] @AIQD 93 & 1A7kellA] 352 2,6-DMN/2,7-DMN
oA Bl AAY Z4zke] uf3k 2] gt /ol WAlsh B 1.44 35S BRI, A2 n)ggdsy) [8) so] whg F sA)E
o] Q= o7 Heolr} w3l HM, HUSYS} thE Alg1%=5 2t ol M= - e 0.27%2] MN Agke-S BT} o9} 2 HM
+ HB,s& supercage §lo] & Ala=, 12709 A7) Qe e 9] uke /gL HME aLfst Alrzeel AbPdel 7118k 2o
oF 3AMITFEE 7 AL Q7] Wil ole|k AlEEe] Ao 2 dME). Fig. 204 AAISE blel o] F2 1x1le] Ad <t
HB,s o] 352 G4 ##o] Q= Z o= Ittt HUSY?) oA - oFo] et Abdoe] 313 YL FHRE F=0) o5k At
79 HB,sHtt 27] A2 FRANE ¥kg- & 5A7F 32t A7 Ao Alg-g gorg ZreloN A% nj@dss doyl=
3 H| A 371 Lottt o3 HUSYS n&Ad= Al Z10 7 Wt}

Table 3. Catalytic performance of Hf,5 as a function of time-on-stream®
Total product distribution (%)

TOS () Benzene  Toluene Xylene TMB TetraMB NA PMB 2-MN 1-MN EN DMN PMN
1 12 1.8 0.6 0.3 0.1 4.7 05 57.8 255 0.2 6.1 12

3 0.7 0.6 0.1 0.1 <0.05 1.9 03 66.0 278 0.1 1.8 0.6

5 0.4 0.3 0.1 <0.05 <0.05 12 0.3 65.8 30.2 <0.05 1.1 0.5

7 03 0.2 0.1 <0.05 <0.05 0.1 02 62.5 352 <0.05 0.8 0.5

TOS (h) DMN distribution (%) MNConv. 241 2,627 DMNSel. B.B-Sel. DMN Yield

2,7 2,6 1,7 1.3 6 23 14 15 12 18 (%) -MN  -DMN (%) (%) (%)

1 164 215 137 106 202 46 16 33 37 44 167 23 1.3 36.6 Nns 6.1
3 169 229 140 123 188 37 12 28 41 33 6.2 2.4 1.4 293 434 1.8
5 165 219 141 136 191 33 16 28 27 44 4.0 22 1.3 285 416 1.1
7 144 190 143 164 196 22 22 31 29 59 23 1.8 1.3 34.6 35.7 0.8

“Reaction conditions: reaction temperature=350 °C, reaction pressure=1.5 MPa, WHSV=2.7 ..., /g ,-h, 2-MN:1-MN=1:1.
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Table 32> HP,s2l FHulld/del thsh Alzke] mE JdE no
FT} Al7ko] E713o) wkel MN A$HET} 2-/1-MN H|:= 748}
At HHS F 2-MNZ} 1-MNQ| #3E7} 742} 58-66% 9} 25-35%
9] 3 HolwA 1-MNQ| ®ESAdo] 2-MN KU} =9tr), FEdt
DMN o]Ada] 39} B.B-DMN o] 2] Aeizi= AJ7lo] x|t
of we} 7FAslic). vhdAe 1,4-, 1,8-DMN#} 28 ¢,a-DMN ©]
AAEF 1.3+, L.7-DMNF} 22 o, B-DMNOIAE2- Algte] A
ol wlg} STt 023t AR w-3-A oA HWEl Y7} B
ARl A= 2-MNEL o f1F|9l = 1-MNe| I A8l E
A vds) 2 dle] BA-DMNYL} o, o T a, B X5 X3
3= DMN o] Al7 o @ol AES & 4 T} Fig. 32 &
ATl ARESE 45T AlSEto|E Fulo talA Algtel] wE
2-MN/1-MNH[E YERAATE. 2} Fulle] 2-MN/1-MNH|:= MN 2
& AEdo]l AATE & A HB,olA 8] 2-MN/1-MN
H|7} Al Aol = o2 Fullero) o FYsial =2 ¢S &
Ql3lSit). oli= HB,7) ¥ =2 &S HoldA 1-MNo| EdllA
Helslzlo] AAHEE DMNY v YHEER HIEoE A
oJm]gic},

4.4 E

19t 7% BF2 437104 MeOH H= TMBE} 7242 o
gohA] §lo] 1-MNF 2-MNARe| 2] EfAES) vhe-S FaiA]
DMN ©dA1E 2§ vekst stase] AAES gRlskqit
HB, s W25 350 °C, ¥H3-9H2 1.5 Mpa, ZA] A%k 9-g-E2
WHSV 2.7 g4,/8.0ch. W3 1-MNZF2-MN2] E31] 1:1, 1A
F IARE A3 & oE FHojje) nuskals w AiF R 2
16.7% 2] MNAZHE-S 1. ©1, 2-MN/1-MN=2.3, 2,6-DMN/2,7-
DMN=1.3, DMN A®% 36.6%, B.p-AB%E 42.5%, DMN &
6.1%°] A7E Helvh Su] @Y= Ak F) e &
e A7 kel 2T Rk ofu} Al&Elo|E AR #

AR BT 5 9k

b3

)

sfetsst Hl43d M5 2005E 103

72 A

B Aqe syt 71238 AR (FA S RO1-2003-
(e}

000-10069-0)2] Ygko 7 | HFL T}

1. Song, C. and Schobert, H. H., “Opportunities for Developing
Specialty Chemicals and Advanced Materials from Coals.” Fuel
Proc. Technol., 34(2), 157-196(1993).

2. Inui, T. and Pu, S. B., “Separation of 2,6-Dimethylnaphthalene
from a Mixture of its Isomers using Lithium-incorporated Zeo-
lite Y Synthesized by Rapid Crystallization Method.” Separa-
tions Technol., 5(4), 229-237(1995).

. Tanabe, K. and Holderich, W. F., “Industrial Application of Solid
Acid-base Catalysts.” Appl. Catal. A, 181(2), 399-434(1999).

4. Hagen, G. P. and Hung, D. T., “Selective Production of 2,6-dim-
ethylnaphthalene.” U.S. Patent No. 5,670,704(1997).

5. Pu, S.-B. and Inui, T., “Synthesis of 2,6-dimethylnaphthalene
by Methylation of Methylnaphthalene on Various Medium
and Large-Pore Zeolite Catalysts.” Appl.Catal. A, 146(2),
305-316(1996).

6. Fraenkel, D., Cherniavsky, M., Ittah, B. and Levy, M., “Shape-
selective Alkylation of Naphthalene and Methylnaphthalene with
Methanol over H-ZSM-5 Zeolite Catalysts.” J. Catal., 101(2), 273-
283(1986).

7. Komatsu, T., Araki, Y., Namba, S. and Yashima, T., “Selective
Formation of 2,6-dimethylnaphthalene from 2-methylnaphtha-
lene on ZSM-5 and Metallosilicates with MFI Structure.’ Stud.
Surf. Sci. Catal., 84(1), 1821-1828(1994).

8. Inui, T., Pu, S.-B. and Kugai, J.-1., “Selective Neutralization of
Acid Sites on the External Surface of H-ZSM-5 Crystallites by a
Mechanochemical Method for Methylation of Methylnaphtha-
lene?” Appl. Catal. A, 146(2), 285-296(1996).

9. Park, J.-N., Wang, J., Lee, C. W. and Park, S.-E., “Methylation of
Naphthalene with Methanol over Beta, Mordenite, ZSM-12 and
MCM-22 Zeolite Catalysts.” Bull. Korean Chem. Soc., 23(7),
1011-1013(2002).

10. Pazzuconi, G., Terzoni, G., Perego, C. and Bellussi, G., “Selec-
tive Alkylation of Naphthalene to 2,6-dimethylnaphthalene
Catalyzed by MTW Zeolite!” Stud. Surf. Sci. Catal., 135(1), 25-0-03
(2001).

. Tsutsui, T., Tjichi, K., Inomata, T., Setiadi, Kojima, T. and Sato,
K., “Enhancement of Conversion and Selectivity by Tempera-
ture-swing Unsteady-state Reaction Method in Shape-selective
Methylation of Methylnaphthalene with ZSM-52" Chem. Engin.
Science, 59(19), 3993-3999(2004).

12. Weitkamp, J. and Neuber, M., “Shape Selective Reaction of
Alkylnaphthalenes in Zeolite Catalysts.” Stud. Surf. Sci. Catal.,
60(1), 291-301(1991).

13. Park, J.-N., Wang, J., Kim, H. Y., Lee, J. K. and Lee, C. W.,
“Gas Phase Methylation of 2-Methylnaphthalene by 1,2,4-
Trimethylbenzene/Methanol Over Various Zeolitic Cata-
lysts.” Prog. Catal. Res., Chapter 3, Nova Science Publisher
(2005).

14. Park, J.-N., Wang, J., Hong, S.-I. and Lee, C.W., “Effect of

w

1

j—



A&Eo]E Beta, USY, Mordenite FH1E ©]-83F Methylnaphthalene®] EziAEs) Hkg- 565

Dealumination of Zeolite Catalysts on Methylation of 2-methyl- 16. Chen, T., Kang, N. Y., Lee, C. W., Kim, H. Y., Hong, S. B., Roh,
naphthalene in a High-pressure Fixed-bed Flow Reactor;” Appl. H. D. and Park, Y.-K., “Three-step Reactions for Selective Pro-
Catal. A, 292(1), 68-75(2005). duction of 2,6-rich Dimethylnaphthalene from 2,7-rich Dimeth-

15. Santilli, D. S. and Chen, C.-Y., “Method of Making 2,6-dimeth- ylnaphthalene?’ Catal. Today, 93(1), 371-376(2004).
ylnaphthalene from Other Dimethylnaphthalene Isomers and 17. Motoyuki, M., Yamamoto, K., Sapre, A. V., Williams, J. P. M.
from Dimethyltetralins/Dimethyldecalins with a Methyl Group and Donnelly, S. P., “Process for Preparing 2,6-dialkylnaphtha-
on Each Ring}" U.S. patent No. 6,015,930(2000). lene;” U.S. Patent No. 6,121,501(2000).

Korean Chem. Eng. Res., Vol. 43, No. 5, October, 2005



