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HZSM-5 Fojabell A n-2)4be] whabZ s} whof SlojA| Waks shghEe) AR s 441717 $lste] HZSM-
5ol Gag FHAIA WY ofF AHATE TSIk Ga ol 2lzte] WS 5o dee: 4t
Re.m Si/Al B]7} £ 7ol = whaE s13hEel Aol $AHATE HISMS5 Zof 4ol e WakE slgtgol
33 YAES] HE Ryor) Ga FHEANME 23 AHER D=k WS sH5tEe YA Fold
sdet4l Si/AL ¥]7} e Aol Bl 12 % Hd YA EoiH 2t Si/Al ¥)7} & A fels WAle] 13}
HHA AR BEs e ol AL 25 A/C,o| vt Aol e AR #lF ek kAl Y=E
Fao e HAT A3 WIS g ANl BAGle] Ga A6l olsted Fa0) PAo] AA 27}
sttt ol2]’t Gao] 4 Al 7| 2hgol] o)3te] A7) WHGo2 AHF AP Bt Fole selH v S99
Aol F7HE T obge] S aTe]s) whge] 28] af ol WS sgtEel g o] g o
ghglc o] 24E Ly Haiste] o]UY)S Fulatel A n-#ate] Wbk} uhgel I WHEARE &
F3te] HZSM-59] 7-9} wliz, 7 Esieich

Abstract—HZSM-5 catalyst was synthesized and modified by impregnating Ga. The modified catalyst was
then applied for the aromatization of n-hexane to give rise to a substantial improvement in the selectivity
to aromatics. The aromatics were observed even over Ga/HZSM-5 of high Si/Al ratio. The aromatics turned
out to be the secondarv product in contrast to their being tertiary product over HZSM-5. With respect to
the aromatics formation the primary and major product was found to be toluene over Ga/HZSM-5 of low
Si/Al ratio whereas it was benzene over Ga/HZSM-5 of high Si/Al ratio. Evidently, this feature was related
to the ratio of the amount of propylene to that of Cs-hydrocarbons in the reaction mixture. The hydrogen
production was significantly increased by the introduction of Ga regardless of the formation of aromatics.
By virtue of the Ga’s role of hydrogen scavenger more olefins were formed by cracking reactions and the
dehydrocyclization seemed to be promoted. Apparently, this gave rise to the enhancement of the aromatizing
activity. From these results the reaction pathways were deduced for the n-hexane conversion over bifunctional
Ga/HZSM-5 catalyst and compared with those over HZSM-5 catalyst.
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Fig. 1. n-Hexane conversion and product selectivities over
1 wt% Ga/HZSM-5(Si/Al=26) catalyst at various
temperatures(WHSV=3.16 hr~', N, flow= 15 ml
/min).
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Fig. 2. n-Hexane conversion and product selectivities over

4 wt% Ga/HZSM-5(Si/Al1=351) catalyst at va-
rious temperatures(WHSV=3.16 hr™!, N; flow=
15 ml/min).
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Fig. 3. Product selectivities with n-hexane conversion over
1 wt% Ga/HZSM-5(Si/Al=26) catalyst at 550°C.

t}. HZSM-59] #-$-9} wlmsle] Bl Si/Al u]7} 269
7A-$obe 2] wislgadd Adgxed gleld & AolE
Bgsd WAE HZSM-5¢ Hlsle] ojgl, Z2 9, C,
Y G, halae dder) dopzl whgdel] oglal o
zzade deris Frlsle] AAA 02 Ga Tl
osle] A wh3lpA F WA o] Folalch
E3] z2gae ddxr) Frhsta Co Adzr} 3t
28l 7] Aol Gag A FufelMes 224
d/C,9) w7t @A Frlslolon TRAYn 27
Bo] JAAZOE Wol p-Fake] Z 7] AL At
w72 oty APsEe AoT Pokgich A
Si/Al ¥]7} & HZSM-5 Zufj Aboll e WS 3ghE
o] o] FAF A okgkor} Ga §A ol oo WY
Zof o] A$ol= WS 3gHE] Aol BEHUcL

3-2. HEEo Iy

s ggreel WeEs) b EA vl 550
CollH HEAIZHE Geistel HEE-E Mt 7bEA
n-olah QB3NP S sisch

Fig. 37} 4= Si/Al ®]7} 269) HZSM-5¢] Gag 1 wt%
FAA Zoiael A n-dare] AREol G e
Qo] deE 9 dele/Age9) v HtE vehd
Aolch. ok, olgh, ojdel R T2 HHEE 510
%2 PAHe WA fAsgo $PF s
go] 2A ZA1R Agele T2we] deE 1)
A stch ZzAd 9 C, Bakeae) ddEE o

‘2 A} L YR L 0
\ A}
\ \ =
\ o ©C v,
1.0 |- \\ vC, DC, A
\ u CS C4
\ ¢ C
=& o8} \ s
; o \ ® aromatics
= \
ol N
L .6 =
512 0.6 \ |
17 8 \\\ a o <
~N \\D /
04p-——Dzx~_¢9 /.-
~
o~ — \V\.\.A.
s ——— A fa}
~ - bt | ~
| -~ A N
0.2 -~ \gtzkgi 0
v .
\v TA
e et P QU A e 4
0.0 it St - S S B
0 20 40 60 80 100

CONVERSION (%)

Fig. 4. Product selectivities/conversion vs. n-hexane con-
version over 1 wt% Ga/HZSM-5(Si/Al=26) catal-
yst at 550°C.
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Table 1. n-Hexane conversion and BTX distribution over HZSM-5 and Ga/HZSM-5 catalysts with Si/Al=26(WHSV=3.

16 hr!, N, flow rate=15 ml/min)

©) (wt%) (Wt%) (%) Benzene Toluene Xylene ratio
HZSM-5 300 1.7 0 0 0 0 0 0.6
350 13.6 0 0 0 0 0 0.5
400 28.1 0 0 0 0 0 0.7
450 38.7 0.6 15 0 0.3 0.2 09
500 65.3 3.0 45 0.4 1.5 1.0 14
550 771 59 7.6 1.3 3.2 14 1.5
1 wt% 300 4.0 4.0 0 0 0 0 0.2
Ga 350 115 0 0 0 0 0 04
400 19.9 0.2 10 0 0.2 0 0.9
450 37.8 19 50 0.3 09 0.7 1.1
500 62.0 13.1 21.2 33 6.7 3.2 14
550 86.3 289 334 9.1 14.4 54 15
2 wt% 300 2.6 0 0 0 0 0 0.2
Ga 350 49 0 0 0 0 0 0.5
400 10.8 0 0 0 0 0 1.0
450 249 0.3 14 0.2 0.2 0 14
500 55.4 6.8 12.3 1.2 3.2 24 1.3
550 83.7 23.2 277 7.1 116 45 1.7
3 wt% 300 1.1 0 0 0 0 Q0 0.3
Ga 350 3.7 0 0 4] 0 0 0.7
400 10.2 0 0 0 0 0 12
450 229 05 2.3 0.2 04 0 1.6
500 484 6.1 126 15 30 16 1.5
550 70.6 17.6 249 6.3 8.0 33 22
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Table 2. n-Hexane conversion and BTX distribution over HZSM-5 and Ga/HZSM-5 catalysts with Si/Al=351 (WHSV =

3.16 hr ', N; flow rate=15 ml/min)

Temp. Conv. {3'11‘1)((1 Sgi?c(t. Yield(wt%) Cs /Cs
©) (wt%) (wt%) (%) Benzene Toluene Xylene ratio
HZ3M-5 450 1.2 0 0 0 0 0
500 44 0 0 0 0 0
550 10.5 0 0 0 0 0
1 wt% 450 14 0 0 0 0 0 30
Ga 500 6.3 0 0 0 0 0 17
550 241 43 17.8 2.5 13 0.5 1.8
2 wt% 450 1.2 0 0 0 0 0 1.6
Ga 500 6.8 0.2 27 0.2 0 0 18
550 23.8 5.6 235 3.7 12 0.7 15
3 wt% 450 11 0 0 0 0 0 0.8
Ga 500 10.2 11 104 0.8 0.3 0 1.7
550 249 6.9 275 4.7 14 08 1.3
4 wt% 450 19 0 0 0 0 0 2.0
Ga 500 59 0.1 18 0.1 0 0 1.7
550 242 6.9 28.3 44 16 0.8 14
5 wt% 450 0.9 0 0 0 0 0 1.1
Ga 500 52 0 0 0 0 0 1.6
550 215 57 26.6 4.6 0.7 04 1.2
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