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Ga® HZSM-5ol §A7 7] Feldl 248bA B9 Ga 714 HAR AH Ga0s AHHEE Galsd
HZSM-53} Beldo2 £G4 F n-2 4o} Aghigel dgaicich WSS Ga Y 2o)sh vlwst TEM o TPD
i7sbel Aol HZSM-58] ALY Gasl 243 Alole] B2 WEshdrh ¥ Gag T2 Wiel] =8lsted
gallosilicate 3 AT T $B5 shitEel g NS tastdow £YeE 9 Ga g A% JFE TAsha
Zohe) BN Aziel ARxo] HE Bgol H BYUE FIslch

Abstract—Since the species Ga in Ga/HZSM-5 would be converted to Ga;Os(the most stable oxidized state) if
calcined in air, HZSM-5 was mixed mechanically with Ga;0; and applied to the conversion of n-hexane. The experimen-
tal results of the catalytic reaction was compared with those over Ga/HZSM-5 catalyst. The mixture catalyst was
also characterized by TEM and TPD analysis. These results were combined together to elucidate the relationship
between the acid sites of HZSM-5 and active gallium species. Also, gallosilicate was synthesized hy introducing Ga
into the framework and applied to the conversion of #-hexane. Investigated here were the BTX selectivity, the influence
of the calcination temperature and the effect of Ga-impregnation. This information was then correlated with the catalytic

characteristics of gallosilicate to examine the active site for aromatization reaction.
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Fig. 1. TPD profiles of NH; from HZSM-5 and Ga-modified HZSM-
5 catalysts with Si/Al=26.
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Fig. 2. TPD profiles of NH; from gallosilicates(Si/Ga=50) calcined
at (a) 750°C and (b) 550°C, respectively.
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Fig. 3. n-Hexane conversion and product selectivities over 10 wt% Gar-
O;+HZSM-5(Si/Al=26) catalyst at various temperatures
(WHSV=3.16 hr ', N, flow=15 ml/min).
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Fig. 4. n-Hexane conversion and BTX distribution over various Ga;O;
+HZSM-5 catalysts at 550°C(WHSV:=3.16 hr ', N, flow=
15 ml/min).
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Table 1. n-Hexane conversion and BTX distribution over Ga-impregnated HZSM-5 catalysts and HZSM-5 mixed with Ga,0; at 500°C and

550°C(WHSV=3.16 hr!, N; flow=15 ml/min)

Reaction temp. Conv. BTX vyield BTX select. Yield(wt%)
(©) (Wt%) (wi%) (%) Benzene Toluene Xylene
Si/Al=161 Impregnated
4 wt% Ga 500 19.3 1.7 8.7 0.9 0.8 0
550 28.6 5.9 20.7 32 1.8 0.9
5 wt% Ga 500 13.6 0.9 6.7 0.6 04 0
550 21.0 4.2 15.7 29 13 0
Mixed
5 wt% Gax0; 500 1563 0 0 0 0 0
550 37.0 0 0 0 0 0
Si/Al=351 Impregnated
4 wt% Ga 500 59 0.1 1.8 0.1 0 0
550 242 6.9 283 44 1.6 0.8
5 wt% Ga 500 52 0 0 0 0 0
550 215 5.7 26.6 4.6 0.7 04
Mixed ‘
5 wt% Ga,0; 500 4.3 0 0 0 0 0
550 144 0 0 0 0 0
Si/Al=649 [mpregnated
4 wt% Ga 550 12.0 53 295 5.0 0.3 0
5 wt% Ga 550 311 6.7 29.0 6.2 04 0
Mixed
5 wt% Gay0; 550 43.3 05 6.5 0 0 0

3-2-3. Ga &2} g vl
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Table 2. n-Hexane conversion and BTX selectivity over gallosilicate,
HZSM-5, and Ga-impregnated HZSM-5 catalysts at three
different temperatures(t WHSV=3.16 hr ', N; flow=15 ml/

min)

Reaction temperature(C)

450 500 550

Gallosilicate Conv.(wt%) 7.1 23.9 55.6
(Si/Ga=50) BTX yield(wt%) 0.7 3.1 109
BTX select.(%) 10.1 19.9 19.6

HZSM-5 Conv.(wt%) 8.7 240 49.0
(Si/Al=99) BTX yield(wt%) 0 0 0.4
BTX select.(%) 0 0 0.9

1 wt% Conv.(wt%) 9.7 25.6 59.1
Ga/HZSM-5 BTX yield(wt%) 0 14 18.3
(Si/A1=99) BTX select.(%) 0 54 309
2 wt% Conv.(wt%) 76 226 46.7
Ga/HZSM-5 BTX yield(wt%) 0 1.0 7.2
(Si/Al1=99) BTX select.(%) 0 44 154
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Table 3. n-Hexane conversion and BTX distribution over gallosilicate
and Ga-impregnated gallosilicate catalysts calcined at two dif-
ferent temperatures(WHSV =3.16 hr~', N, flow= 15 ml/min)

Reaction oy BTX BTX Yield(wt%)

temp. yield select.
() (wt%) (wWt%) (%) Benzene Toluene Xylene

Gallosilicate 450 7.1 0.7 102 0.5 0.2 0
(5i/Ga=50) 500 239 3.1 129 2.2 0.9 0
(550T) 550 556 109 196 6.6 33 1.0

Impregnated 450 16.7 36 218 2.7 0.9 0
1 wt% Ga 500 410 129 315 8.3 31 1.6

550 672 238 354 15.1 55 3.1

Impregnated 450 19.0 3.0 157 2.2 08 O

3 wt% Ga 500 548 172 313 9.3 5.0 29
550 960 405 422 245 10.1 59

Gallosilicate 450 236 51 216 3.2 1.0 09
(Si/Ga=50) 500 59.7 187 314 10.9 42 3.6
(750CYy 550 87.7 370 422 211 9.6 6.3

Impregnated 450 13.0 31 240 1.8 0.7 0.7
1 wt% Ga 500 409 105 256 6.6 22 17

550 814 316 388 19.3 8.0 43

a) calcination temperature
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Table 4. n-Hexane conversion and product distribution over various
catalysts at 550°C(WHSV =142 hr ', N; flow=9.5 ml/min)

e Impregnated with  Mixed with
Si/Al=26 HZSM-5 1 wt% Ga 10 Wt% Ga,0,
Yieldwt%)

G, 28 46 39

Gy 16.1 11.1 114

C, 9.6 7.0 6.9

Gy~ 18.6 8.8 10.7

Cy 19.8 13.3 12.1

Cs 124 4.5 53

Cs 15 04 0.6

Benzene 2.8 16.9 16.5

Toluene 6.9 244 226

Xylene 2.6 8.2 79
Conversion(%) 935 99.2 978
BTX yield(wt%) 124 49.5 470
BTX selectivity(%) 13.3 49.8 48.0

R Impregnated with  Gallosilicate*
Si/Al=351 HZSM-5 4 wi% Ga (Si/Ga=50)
Yield(wt%)

C 25 09 41

(O 10.1 2.2 13.7

Cy 4.1 2.6 23

Cy~ 7.2 125 125

Cs 2.8 10.0 65

Cy 6.1 9.1 57

Cs 05 0.5 1.0

Benzene 0 9.1 30.3

Toluene 0 144 146

Xylene 0 54 8.0
Conversion(%) 22.0 86.3 98.7
BTX yield(wt%) 0 289 52.9
BTX selectivity(%) 0 334 53.6

*calcined at 750C
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Aghg 2 WS sghEe] Aol FEdEd Gag 3wt% ¥
AN 7Sl AR o WS 3HgEY YA == 750THA
2433 gallosilicate®} f-Abatdch zeivt 750C el 4 24414 gal-
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