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Abstract — Catalytic conversions of propylene, propane and n-pentane to aromatic hydrocarbons over gallium-
substituted silicalites were studied. Temperature-programmed desorptions (TPD) with ammonia and propylene and
intracrystalline effective diffusivity measurements of reactants were carried out to investigate the catalytic properties of
gallozeolites for each reaction. The selectivity for aromatic compounds was higher over the gallium-substituted
catalysts than over HZSM-5 and the effect of gallium onthe selectivity for aromatic compounds was found to be in the
order of propane > n-pentane > propylene. It was explained that the higher selectivity for aromatic compounds over
gallozeolites might be attributed to great adsorption strengths of olefins and high effective diffusivities of lower hydro-
carbons.
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W83 QB0 EAoll= gas sampler 7} FAH =
gas chromatograph(Model G.C,-6AM, Shimad-
zu Co., Japan)2 AM83lgli #4727+ data pro-
cessor (Chromatopac C-R1B, Shimadzu Co.,
Japan)& °l83ieh, ¥4 columnd FHERE
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A 220C74A] 15C/min & &A1 7T,
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Conversion(X) =

Number of moles of feed consumed
Number of moles of feed
Selectivity (S) =

Number of moles of hydrocarbon
produced X Number of C atoms

Number of moles of feed X a

X100

X100

Yield(Y)=XXS
where, a . propylene and propane=3
n-pentane=>5

3. 23 9 nE

3-1. g#o| xjgtel xlg2lolE ZHoje| M

Table loll+ ¢9duts =78 deisie] dejglete]
ES] A2 YRE AFoE AIAA AR e}
olE Zufe] =3} FAS A sldct, 4wl 2§
o] X% GaSil-1& Z4EAQ] Aej7lele| v} vl
3 IS RodFo] 48 A AFTEE 2
g2 G Aoz Azisv g ok Ga.0:9 ¥
55 Eo A= GaSil-2&+ ZEY ko] Ehovt
Fwdde] A zHasiedch, Fig. 1ol HZSM-5 AL

sistze H2TH M3z 198917 6E

Table 1. Chemical composition and surface areas
of Ga-containing ZSM-5 catalysts

Composition [wt%] Weight ratio Surface area
2
Si0, Ga05 AlLO; Ga/Si SVUAI ™78

Catalyst

GaSil-1 903 195 — 0014 -— 376
GaSil-2 76.3 16.0 — 0.133 — 260
Silicalite 92.5 ~ - - - 381
HZSM-5 908 —~ 121 — 63 385

aap4 1.0U

Fig. 1. Scanning electron microscope photo-
graphs of HZSM-5 and GaSil-2.
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Fig. 2. XRD patterns of the HZSM-5 and GaSil-2.
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Fig. 3. TPD spectra of ammonia from HZSM-5
and Ga-substituted catalysts.
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Fig. 4. Rates of sorption of propane on HZSM-5
and Ga-substituted catalysts at 25°C.

Table 2. Effective diffusivities of hydrocarbons,
cm%ec~1x 1012

Gas adsorbed GaSil-1 GaSil-2 HZSM-5
C;Hg 245 2.20 0.45
C-Hg 2.17 1.66 0.92
n-CsHy, 1.21 1.71 0.44
CeH 3.05 3.90 0.59
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Fig. 5. TPD spectra of propylene from HZSM-5
and Ga-=substituted catalysts.
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Fig. 6. Conversion and selectivities of hydrocar-
bons in conversion of propylene over Ga-
Sil-2 catalyst at various temperatures.
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Fig. 7. Conversion and selectivities of hydrocar-
bons in conversion of propane over GaSil-2
catalyst at various temperatures.
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Fig. 8. Conversion and yield of aromatics in
conversion of propane over GaSil-2 cata-
lyst with various contact times at 550°C.
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Fig. 9. Conversion and selectivities of hydrocar-
bons in conversion of n-pentane over Ga-
Sil-2 catalysts at various temperatures.
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Table 3. Conversion of low hydrocarbons over ZSM-5

Reactant C3H5 C3H8 D'CsH 12

Catalyst HZSM-5 GaSil-1  GaSil-2 HZSM-5 GaSil-1 GaSil-2 HZSM-5 GaSil-1  GaSil-2

Conversion[%] 88.6 83.7 87.2 17.4 14.6 32.6 79.1 35.9 83.9

Yield of Aromatics 48.6 59.6 60.8 4.3 3.7 22.0 26.3 7.0 45.7

Product Distribution
CH,+CyHg 4.8 1.9 2.1 18.0 22.7 10.3 11.2 11.6 9.1
C,H +C3Hg 5.1 4.3 4.2 33.5 42.8 16.3 22.1 374 17.2
CaHg 195 6.9 9.0 - - - 19.7 12.8 9.3
C4Hg+C4Hy, 12.5 12.1 12.1 19.2 7.7 4.6 13.9 20.4 9.9
Cs* 3.3 44 3.0 4.8 1.1 1.3 - - -
Aromatics 54.8 70.5 69.7 244 25.8 67.6 33.1 17.8 54.5

* Reaction Temperature; 550 °C

** W/F; C3Hg, C3Hg=12.7 [g-cat-hr/g-mole], n-CsH;3=40.7 [g-cat-hr/g-mole]
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of Zeghuch 4A Lahsln = oful A4H 2a|HUe)
e F7hrgo] Aasly] Wolet Azd,

3-4: ZEO| g xlFalo|E Holo| v Ry

550Cel4 HZSM-5 % ZEo| A5 A &ejole
ZolollA] dojAl Eldpa Ao AHE HZE
Table 30l wl@atect,

Zzzdy Azugold AZFEL HZSM-5=
GaSil-2>GaSil-1 Fv| <oloion}, =3RS
of g 8L GaSil-22GaSil-1>HZSM-5 %o
e,z p-sieke] AfuSolA FojdAde
GaSil-2>HZSM-5>GaSil-1 £2.8 Asg3} vz
BHgheol tidh -89 ¥4 Aldo] Ui}, zew
gl Aol A vleln Zaste] AHE: 2o ¥
= Fojrcl HZSM-5 ool €#8] Eg9kon] =
2334 n-weke] Aguk-gol A AF &8 (C,H, +
C.He)9l Ags: GaSil-1 Fuloi A 713 E9kch, A
Zelo| 2o} Zhe AlZo Aol AFLalne] APukg
& gy len go| 7o) Solg) wlgo
23to] AAET), weld Zzdale A Sakgol A
< Zegy 3 AAdse A whgAle 4 (3)3
He ez ¥ause] glci[2],

5C,H,-CH,+3C,H, (3)

Zzg AgurSols HZSM-5 o7} o}E Zuf
of u|dled =z le] Mesr} Etomg HZSM-S5 &

y

o

RE

I
°]

Y &

SietE3E H2TH X35 19893 6%

olo] AbAo)A 4] (3)2} 2 dbgo] Ro] AFE L A
22 A7, W 2] TEE ZajoE zz
o] A¥sst wvtn eEsghEe] Au>sE Fo}
HZSM-5 Zuio} ohE kg7 7ol 9sle =i=3lg)
o] A4ty RejAr}, Z2gajle] A w4is
= A (@)l o wlAle] A=Y AFsietne] WA
ol 2 agEo] HAH 4 o},

2C,H,~»CH,+3H, 4)

AA 'duo] 9fdled uhgo] AYsE AR o|EF
o7 uEEsgEe] AYEE 100%7 slojob die},
a2} GaSil-2 3 GaSil-1 Zvljol|A] u}lep2813hE-o
A s 70%3N HZISM-5 o) Bcos Eo
100%9 AHE= ¥o|z] §gict, Aol i AL
go]E Foflollv AMA I FAlol| B FAA o] Zo)
Kot A (3) " (4)8F Zo] Aol ukg-3) ofgE w4
4 ibgo| B fEle] dojupr] wiFel =] AYs
stomld whakEslgh e s e Erobn 2o &
3] ZHgo] wo| Bol3lE GaSil-2 ZulollA] oljgl &
Abo] FEEslct,

Z 233 n-sleke] AghRgolA alekEshEe w
Fdeoll 2d HFEalHe] BAHL o]Fo] Fitso
AAsE 2o Hauslw glr[2], GaSil-2 ZufolA
Z 203 n-slgke] Asgo] sl & olfE ZEel
Bol 'gasoe] b 3] wifolal AzEc 2 A
Holl A HFH eldl-4} HZSM-51} GaSil Zoljo
A AE]7| gold & ol ZofolAu} Zaday>
n-Sgt>Z 239 goirh, aehf 7zt uhg-EollA Aste
ol 7k & Fvle YA Uk =2Halof A

rr



Gallozeolite Zvfol o3 A Fekshss el PZagezs] APNS 267
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ZHgct,

ZHgo] Bolgle o7} HZSM-5 Feiur} uigks
3}3hEol o3 Ad"Es) ¥oh, zagee] SeuEA
& (Fig, 5)olA ZFe] 2gd 2ol slslgra 53
Lal|ge] Asatgo] FEAHor FHin ® ZAFol
A 3hE widbrse] B R Wi vl
HEssl wolA dadnd nejshibge] 35 e
2 AdgE 4 gith, ALlE EojoA A==
B Az AAE Adde A2 2e AW
2% 2AZ F2 Adysle] 313, 14] ZEol A
3 Al gelo|E FullojlA] Y3EsEo Ao 3
T = Folo] " 753 4 miseaote] 4
3A4L Asx aeislojof & Aoz A7),

e e

i, d £

1. Az7lelole] A2l o4l BEel AR Fof
7} Righrse] ARGl PPESLES AYEs}
¥oich, Z2gae) Aoy 2Ee Aol
Aolx BHHolglort, Z2solv} skt 2L et
de) Aol E 2Ee Yakol FL Fohold 3
P58} A¥Es} E5kch

2. o] AV Solol A HFEGE Ahyol

2 ot Yra F4Pol SATL Wes 53

o3} 45248 A7k HZSMS Swluch 2o
Aelsigieh, & gHlNs) ST FA2 AT B
sk mels Ahs4sl Fobh GRSHYES A9y B
Al Phs 9 3 shelgis,

#& A

2 Q7] £9E Asto] ATE AL FA Ex
2ol A& 2HAHE =AY,

NOMENCLATURE

o

intracrystalline effective diffusivity [cm?/sec]
adsorption amount [mg/g]

equilibrium adsorption amount {mg/g]
radius of catalyst particle [cm]

time [sec]

-~

A2
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