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Abslract-Propylene aromatization reaction was performed on various MFI type zeolites containing Ga species. The 
Ga was introduced into the zeolites by substitution (Ga-MFI), ion exchange (GIZ) and physical mixing (GPZ). A com- 
mercialized zeolite (PQZSM-5) was also used for compal-ison. Tile catalysts prepared were chal-actelized by using XRF, 
XPS, sin-face area measurement, NH3-TPD, and H2-TPR. Thi-ough tile Ga substitution, the acidity of tile modified 
catalysts was decreased, and dehydrogenation and aromatization reactions occurred more easily. The lattice Ga did 
not react well with hydi-ogen contrary to tile Ga located at file outside of the lattice. It was also fomld that Ga-MFI 
catalysts facilitate alkylation reactions. 
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I N T R O D U C T I O N  2C3H~ 'C~+3H~ 

Tile bi-funcfionality of G-a,MFI zeolite makes it all effective cata- 
lyst for the arornatization of light hydrocarbons. It has been repeat- 
edly shoml that Ga facilitates the dehydrogenation of the I i~t  hy- 
drocarbons, while add sites fadlitate the al-omatization of tile de- 
hydrogenated olefm species [Crnep et al., 1988]. However, there is 
still a con~-ovei~y about which Ga ks respomible for tile dehydro- 
geilation of the light hydrocm-bons-the Ga substituted in the zeolite 
fi-ame work [Kanal and Kawata, 1990; Oda and Sayo, 1986] or the 
Ga located outside tile zeolite fi-al-ne [Choudt~axy and Devadas, 1998; 
Bayense et al., 1991 ; Khedakov et al., 1990]. Ln generaI, the arorna- 
tization of light alkanes takes place via con-esponding alkene inter- 
mediates. It has been also generally known in tile al-omatizafion of 
propylene that metalosilicates show higher selectivity to aromatics 
than HZSM-5. Inui et al. [1985] explained tim result by consider- 
ing that tile HZSM-5 possessing high hydrogen-~a-amfen-ing ability 
hy&ogenates propylene to propane using the hy&ogen produced 
in tile process of the amortizatioi1 

Ga-substituted HZSIvl-5 shows better selectivity to arornatics in 
propylene aromatization t i m  HZSM-5. Jia et al. [1993] explained 
til_is phenomenon by a reversible adsoiption and desozpfion of hy- 
drogen on Ga, together with a change in hydrogen ~ransfemng ability 
owing to tile Ga substitution. There is also another explanation for 
that phenomenon. With an acid catalyst (such as HZSM-5), a cor- 
responding palaffm is produced in the course of an olefm a-omati- 
zation because of hydrogen-ti~asfew_ng reactiom between tile ole- 
fm and mrbornum ions, as shown in Eq. (1), while with an acid cat- 
alyst contaimlg Ga tile al-onlatization takes place via a different re- 
action path without producing conespondmg imraffin, as stlown in 
Eq. (2) [Ono et al., 1987; Kltagawa et al., 1986]. 

5C3H ~ "C6H~+3C4H ~ (I) 
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(2) 

In tiffs study, valious IviFI zeolites containing Ga were l~-elmred 
and characterized by a number of analytical methods. Then, the cat- 
alysts prepared were applied to tile propylene al-onlatization to ex- 
amine their catalytic activity. 

EXPERIMENTAL 

1. Preparation of Zeolite Catalysts 
The zeolites used m this work were i~-epal-ed under a~nosphez-ic 

pressure ['Park et al., 2001 ]. A commercialized zeolite (N~-ZSM- 
5, PQ Co.) was also used for compm-isoi1 

Tile mateiiaLs for tile synthesis of Ga,MYI were Ludox-AS40 
(Du Pont Chem. Co.) as a silica source, sodkma alvrninate (Sva- 
jeong Chem. Co.) as an alumina source, @a(NO3)3 (Al&ich Chem. 
Co.) as a Ga source, Na�9 as all alkali and inorgalaic cation source 
(Junsei Chem Co.) and tetra-propyI ammonium bromide (TPABr) 
as an organic teraplate (Dongkyung Hwasung Co.). 

The zeolites were synthesized under atmospheric pressure in a 
1.5 L Teflon reactor equipped with a condenser and stinei; and the 
reactor was heated with all oil bati1. 

The gel cornposition of reaction mixtures used for the synthesis 
of Ga-IviFI and ZSM-5 was detemlined based on tile amount of 
SiO2 of the aSiQ-b(Ga203 or A1203)-cNa20<tTPA20-eH20. Ludox- 
AS40, 50 ~ %  NaOH solutioil, and distilled water were mixed in 
broker I, while distilled water, 50wt% NaOH solution, and G-a(NO3)3 
were mixed in beaker V. After the solution of beaker 1I was poured 
into beaker I under agitating, then TPABr was added. The mixed 
solution was moved into the 1.5 L Teflon reactor and reacted at 100 
~ After a given period of crystallization, the product was filtered 
and washed with distilIed water until the filtrate beca'ne neu~al. 
The solid residue of the flllration was then dried at 110 ~ and stored 
in a desiccator. 
2. Catalyst Characterization 

The weight percentage of Ga was determined by XR_F (Rigaku 
3270). For XRF analysis, samples and standard samples were pre- 
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pared by using Na2CO3, SiQ, Oa203 and A1203 (all fi-om Johmon 
Matt_hey Co., >99.99~ and LiB4Ov (Claisse Inc.) was used as a 
raeltmg agent. 

xq~s analysis was peffolmed by using ESCALAB 220i. For xq~s 
analysis, samples were prepared by pressing the catalysts into a thin 
disk of 1 1ran thickness. Con-ection for charging effects was made 
with the C(ls) peak at 285.0 eV from adventitious carbon. 

N2 BET surface areas and micropore areas of the catalysts were 
measured with a Micromeritics ASAP2000 analyze1: 

NH3-TPD and H2-TPR analyses were conducted by using a Ivli- 
cromeritics 2900. For NH3-TPD analysis, 0.3 g of  a catalyst was 
loaded in a quartz reactor and heated under ah (40 ml/min) up to 
600 ~ and at this teanperature the ah was switched to AI; then the 
catalyst was cooled to 100 ~ At 100 ~ pure NH3 gas was intro- 
duced into the reactor and adsorbed on the catalyst for 1 h. Then, 
to remove physically adsorbed NH3 tile catalyst was purged with 
Ar (100 mI/mm) at 100 ~ for 1 h. Finally, the catalyst was heated 
to 600 ~ under flowing Ar (50 mI/mm) at a rote of 10 ~ to 
measure the amount of tile desorbed NH3 with TCD. 

H2-TPR analysis was performed with 0.3 g of a catalyst in a quartz 
reactor. Tile catalyst was heated to 650 ~ with a flow of 40 M air/ 
ram, and the air was switched to Ar at tile sane temperature, and 
then the catalyst was cooled to room temperature. Then, the cata- 
lyst was reduced with a flow of 40 mI/mm of a 10% HJAr mixed 
gas with tempera~-e raised to 650 ~ at a ramping rate of 10 ~ 
min, to measure the consumed hydrogen with TCD. 
3. Propylene Aromatization 
3-1. Catalysts Prelreatment 

In order to use the prepared catalysts, Oa-IviFI and ZSIvl-5, in 
the propylene a-omatization, the prepared catalysts were txetreated 
as follows. For Ga-MFI catalyst, the pretxtred catalysts were cal- 
cined in air at 550~ to remove tile oiganic template, and the cat- 
alysts became Na,type, and the Na-type catalysts were ion-exdlaged 
two times with 0.6 N HC1 solution at 60 ~ for 2 h to obtain H-type 

Ga,MFI. Then, the OadviFI was used as a catalyst for tx-opylene 
aromat, zation. ZSIvl-5 catalyst was also pretreated by the same pro- 
ce&~-e mentioned above to obtain HZSM-5. Tile HZSIvl-5 was used 
as a catalyst or used to prepare GPZ or GIZ catalysts. GPZ catalysts 
were prepared by physical mixing of HZSIvl-5 and OaO(OH) fol- 
lowed by calcina~bn in air at 550 ~ to obtain @a20,fi-tZSM-5 (@PZ). 
And, GIZ catalysts were also prelmred by ion exchange of HZSM- 
5 with @a('NO3) 3 solution ~vice at 60 ~ and calcined at 550 ~ in 
air to obtain Ga,HZSIvl-5 (GIZ). For compaison, coiranercial NIG- 
ZSM-5 (PQ Co.) was purchased and calcined in air at 550 ~ to 
obtain HZSM-5 (PQZSM-5) and used as catalysts. 
3-2. thopylene Aromatization 

Propylene a-omatization reaction was performed by using 1 g of 
a catalyst in a quartz reactor (OD, 10ram). The catalyst was acti- 
vated under air (40 mI/min) by increasing the temperature at a rate 
of 10 ~ fi-om room te~-aperaW~-e to 550 ~ and holding at this 
te~nperamre for 2 h. Then, the reactor was purged with He, and pro- 
pylene was flowing at a space veIccity of 2,400 cm3g-lh -1. Finally, 
the reaction was can-ied out at 500 ~ Tile products were analyzed 
with a GC (ChromFak 9001) equipped with two capillary columns. 

RESULTS AND DISCUSSION 

1. Physicochemical Properties of Catalysts 
The prel:~-ed catalysts were denoted as follows, &pending on 

the Si/Ga2 or Si/A12 ratios and pre~eatment The catalysts pretxtred 
in t t~ work were  calcined and then ion-exchanged with 0.6 N HC1 
sokaions to convert them into H-type zeolites. The Ga-MFI cata- 
lysts whose Si/Oa2 ratios were 100 and 60 were called Oa-IviFI(A) 
and @a-MFI(B), respectively; the HZSIVI-5 catalyst whose Si/A~ 
ratios were 110 and 70 were called HZSM-5(A) and HZSIvl-5(B), 
respectively. Tile NH4-ZSIvl-5 pva-cbased fi-om PQ Co. was calcined 
to convert it into HZSlVl-5, and they were called PQZSIvl-5(A) and 
PQZSIvl-5(B) according to their Si/Ala i~tios, 112 and 75, respective- 

Table 1. Characteristics of various catalysts 

G a wt% 
Catalyst** 

by XRF 

Desorption tempera~re BET surface area Binding energy (eV)* 
by NH3-TPD (m2/g) by XPS 

Low (~ High (~ Total area Micropore area Ga(2p3) O(ls) Si(2p) 

Ga-MFI(A) 2.18 188 379 426.7 267.1 
HZSM-5(A) 189 422 494.8 254.0 
PQZSM-5(A) 200 422 359.1 128.8 
OlZ(A) 1.57 201 440 430.1 217.6 
1.5GPZ(A) 1.51 203 426 442.7 216.8 
Ga, MFI(B) 3.82 190 391 473.1 263.5 
HZSM-5(B) 212 447 425.9 247.2 
PQZSM-5(B) 216 445 395.7 202.4 
GIZ(B) 2.16 213 440 409.8 204.8 

1.2GPZ(B) 1.23 208 444 400.8 210.6 
2.0GPZ(B) 2.03 208 444 395.4 205.2 

1119.2 532.7 104.0 
533.1 103.6 

1119.2 

1118.9 
1119.6 
1119.6 

532.3 103.6 
533.1 103.7 
533.1 103.7 
532.5 103.5 

532.5 103.6 

*Referenced to the binding energy of C(ls), 285 eV. 
**Ga-MFI(A, B): gallosilicates, Si/Ga2 = 110(A), 60(B); HZSM-5(A, B): Si/AI2 = 110(A), 70(B), synthesized at atmospheric pressure; 
PQZSM-5(A, B): Si/AI2 = l12(A), 75(B), purchased from pQ Co.; GIZ(A, B): Ga > ion-exchanged with HZSM-5(A) and (B); GPZ(A, 
B): GaO(OH) was physically mLxed with HZSM-5(A) and (B). 
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Fig. 1. XPS spectra of Ga(2P3); (a) 12GPZ(B), (b) Ga-MFI(B) and 
(c) GIZ(B) catalysts (referenced to C(ls)). 
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Fig. 2. NH3-TPD cmwes for (a) Ga-MFI(A), (b) HZSM-5(A), (c) 
PQZSM-5(A), (d) 1.5GPZ(A) and (e) GIZ(A). 

ly. The HZSIvl-5(A) was ion-exchanged with Ga(NO3)3 and it was 
called GIZ(A), and HZSM-5(B) was ion-exchanged with Ga(NO3)3 
and it was also called GIZ(B). The catalyst prepa-ed by physical 
mgxmg of HZSM-5(A) and CJaO(OH) and calcined m air was called 
1.5GPZ(A), in which Ga content was controlled to be 1.5 wt%. And, 
the catalysts Ixepared by physical mixing of t-T_ZSM-5(B) and GaO 
(OH) and calcined in air were called 1.2GPZ(B) and 2.0GPZ(B), 
depending on the Ga contents, 1.2 and 2.0 wt%, respectively. 

The physicochemicaI Ix-opel-ties of the catalysts Ix-epm-ed here 
a-e suamnarized in Table 1. When HZSM-5 (Si/AI2=60) is ion-ex- 
changed by Ga s+, the maximum anmunt of exchangeable Ga is re- 
ported to be 1.2 wt% [Jacobs et al., 1981]. However, the amounts 
of exchanged Ga were 1.57 and 2.16 wt% as shown in Table 1. This 
can be ataibuted to the existence of un-~xchanged G-a existing in 
the pore of the catalysts. In the XPS specmrn of GIZ(B), as shown 
in Fig. 1, two ~ S  peaks, con-esponding to G a ( 2 P 3 )  , w e r e  obsen~ed 
Among these two peaks, one peak, appeanng at 1119.6 eV, has the 
sane binding energy ruth 1.2GPZ(B), prepared via physical mix- 
ing This stands for the existence of un-exd~a~ged Ga species in 
the catalyst. From these results, it appears that m the process of the 
Ga ion-exctmge the excess Ga may be left in the pore of the cat, 
alyst. 

As shown in Table 1, the binding eneigies of Ga (2P3) were dif- 
ferent, depending upon the Ga state existing-the binding eneigies 
of Ga-MEI(A) and Ga-MICI(B) were both 1119.2 eV; the binding 
energies of the Ga ion-exd~a~ged one, GIZ(B), were 1118.9 and 
1119.6 eV; and the binding energy of  the physically mixed one, 
1.2GPZ(B), was 1119.6 eV However, these differences in the bind- 
ing energies are msigmficant. 

NH3-TPD experiment was conducted to examine the acidity of 
the catalysts, and the results are represented in Figs. 2 and 3. As 
seen in Fig. 2, the Ga-MFI(A) catalyst shows a distinct difference 
in the desorption temperature, that is, about 40 ~ lower when corn- 
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Fig. 3. NH~-TPD cm'ves for (a) Ga-MFI(B), (b) HZSM-5(B), (c) 
PQZSM-5(B), (d) 1.2GPZ(B) and (e) GIZ(B). 

pared with the others. T t~  phenomenon was also found with Ga, 
IvIFI(B) catalyst, as shown in Fig. 3. From these results, it appears 
that the acidity of the HZSIvl-5 catalyst is lowered by the Ga sub- 
stitution. 

When compaing Fig. 2 and Fig. 3, it can be seen that the de- 
sorption peaks of Fig. 3 shift to a higher tempera~re. It implies that 
the acidity of the catalysts increases with decreasing Si/Ga2 or Si/ 
AI2 ratios. 

The surface areas of the catalysts are listed m Table 1. The sur- 
face areas of the HZSIvl-5 catalysts prepared in t t~  study under at- 
mospheric pressure were 30-100 mVg larger than those of the corn- 

Korean J. Chem. Eng.(Vol. 19, No. 3) 
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Fig. 4. H2-TPR curves for (a) Ga20~, (b) 1.2GPZ(B), (c) GIZ(B), 
(d) Ga-MFI(B) and (e) HZSM-5(B). 

lnercialized ones (PQ Co.). And, micropore areas of the HZSIvl-5 
prepared under atmospheric pressure were also 40-120 m2/g larger 
thai  those of tile commercialized ones. The total surface area of 
Ga,MFI(A) was smaller than that of ZSM-5(A), whereas the mi- 
cropore surface area of Ga-IvIFI(A) was larger than that of ZSM- 
5(A), indicatitg a well developed pore s truc~e of the Ga,MFI cat- 
alyst_ When Ga was inlroduced into ZSIvl-5, the surface areas of 
the Ga introduced ZSM-5 catalysts were generally reduced. 

H2-TPR experiment was conducted with Ga-IvIFI(B), HZSM- 
5(]3), Ga203, 1.2GPZ(B) and GIZ(B) catalysts, and the results are in 
Fig. 4. It t~as been generaIly laloml that @a2Q does not reduce well 
even m a hy&ogen environment. Jacobs et al. [1989] reported that 
Oa2Q supported on ZSIvl-5 was partially reduced at 883 K Tl~-ough 
the H2-TPD expeziment, it was obsel~ed that hydrogen consump- 
tion was large with Ga203 and GPZ(B) catalysts above 600 ~ but 
small with @a-IviFI(B) and HZSM-5(B). This indicates that lattice 
Ga dees not reduce well contrary to the Ga located at tile outside 
of  the lattice. 
2. Pl~pylene Al~matization 

To examine the catalytic activities of the catalysts, a propylene 
aromatization reaction was performed with vaious catalysts at 500 ~ 
with a space velocity of 2,400 cm3g-~h -~. Product disNbutioi~s with 
Ga-MFI(A), HZSM-5(A), PQZSIvl-5(A), 2.0GPZ(A) and GIZ(A) 
catalysts are listed in Table 2. With the @a-MFI(A) catalyst, conve~-- 

Table 2. Product distribution of propylene aromatization reactions with various catalysts 

\ \  Cataiyst 
Products distribution (wt%) 

Conversion (%) 

Ga-MFI(A) HZSM-5(A) PQZSM-5(A) 2.0GPZ(A) GIZ(A) 

89.0 84.9 84.3 92.7 91.6 

Methane 1.1 1.1 1.1 1.4 1.4 
Ethane 1.7 2.5 2.2 3.3 2.5 

Ethylene 5.1 5.4 6 2.7 5.3 
Propane 10.5 19.8 17.7 18.3 15.8 
Propylene 9.6 9.5 11.3 4.9 7.6 
/-Butane 8.8 8.5 7.9 8.3 8.8 
n-Butane 3.7 5.7 5.3 5.3 4.7 
Butene 4.4 4.1 5.0 2.1 3.1 
CS*-Aliphatic 7.9 8.7 11.0 6.0 7.4 
Benzene 3.9 3.8 3.4 4.7 5.0 
Toluene 18.3 12.8 12.2 16.2 17.1 
Ethylbenzene 1.7 1.3 1.2 1.6 1.4 
p,m-Xylene 11.5 9.6 9.3 12.6 12.3 
o-Xylene 3.6 3.0 2.7 4.0 3.7 
m-Ethyltoluene 2.3 1.3 1.2 1.9 1.5 

p-Ethyltoluene 1.1 0.6 0.7 0.9 0.7 
1,3,5-tri-MeBe 0.2 
o-Ethyltoluene 0.4 
1,2,4-tri-TMeBe 2.5 1.2 0.9 2.0 1.9 
Cg§ 0.5 
Indane 0.5 
Naphtha 2.8 

Total 100 100 100 100 100 

Total aromatics 44.8 33.5 31.6 44.7 43.6 

Selecfivity to BTX in totai aromatics 82.9 87.2 87.2 83.8 87.5 

May, 2002 



Propylene Aromatization on Ga-MFI Zeolites 

Table 3. Product distribution of propylene aromatization reactions with various catalysts 

415 

\ 
\ Cat~yst 

Product distribution (wt%) 
Ga-MFI(B) HZSM-5(B) PQZSM-5(B) 1.2GPZ(B) 2.0GPZ(B) GIZ(B) 

Conversion (%) 92.5 96.0 91.0 96.6 96.1 99.3 

Methane 1.5 2.6 1.7 3.0 2.7 6.4 
Ethane 2.3 4.4 3.1 4.2 3.9 4.7 
Ethylene 4.5 2.2 4 2.7 3.0 1.0 
Propane 11.4 25.9 24.2 21.1 19.9 17.4 
Propylene 7.1 3.8 8.2 2.9 3.3 1.0 
/-Butane 8.5 5.7 6.7 5.0 5.9 1.1 
n-Butane 3.6 4.1 4.8 4.0 4.5 1.5 
Butene 3.0 1.1 2.4 1.1 1.2 
CS+-Aliphafic 6.7 2.3 4.5 2.4 3.4 
Bez:zene 4.9 7 5.0 8.3 7.4 12.1 
Toluene 20.4 17.5 15.2 20.2 20.2 28.3 
Ethylbenzene 1.8 1.1 1.2 1.2 1.2 0.8 
p,m-Xylene 12.7 10.3 10.7 12.6 13.0 14.1 
o-Xylene 4.0 3.3 3.4 4.0 4.1 4.6 
m-Ethyltoluene 2.4 0.9 1.2 1.0 1.1 0.7 
p-Ethyltoluene 1.1 0.5 0.6 0.5 0.5 0.3 
1,3,5-/ri-MeBe 0.6 0.5 0.4 0.6 0.6 0.7 
o-Ethyltoluene 0.5 0.3 0.3 0.3 0.3 
1,2,4-/ri-MeBe 3.0 1.6 1.6 1.9 2 2.6 
C~'+-Aromatics 1.5 1.5 0.7 0.5 
Indane 0.5 0.4 0.4 1.2 
Naphtha 3.2 0.4 1.5 0.8 1.1 

TotaI 100 100 100 100 100 100 

TotaI aromatics 51.5 44.4 39.6 52.0 51.2 64.7 

Selectivity to BTX in total aromatcs 81.6 85.8 86.6 86.8 87.5 91.4 

sion and total selectivity to aromatics were 89 and 45%, respectively. 
These values are higher t i m  those obsm~ed for HZSIvl-5(A) and 
PQZSM-5(A). However, selectivity to BTX with Ga-IvIFI(A) was 
83%, which was lower than those with HZSIvl-5(A) and PQZSIvl- 
5(A). With the Ga-IvIFI(A) catalyst, the percentage of propane pro- 
&~ced was about the half of the ones of HZSM-5(A) and PQZSIvl- 
5(A). At:d, the iso/nom:al ratios of butane produced were 2.4 with 
Ga-IvIFI(A) and 1.5 with HZSM-5(A) and PQZSM-5(A). It is we11 
known that the sh-onger the aciclity becomes, the easier the hydro- 
genafion and dealkylation become [Ono et aI., 1987; Wang et aI., 
1990; Kitagawa et al., 1 986; lVleriaudean and Naccache, 1995]. These 
catalysts, HZSIvl-5(A) and PQZSM-5(A), showed a relatively stron- 
ger aci~ty that: Ga,MFI(A) as shown in Fig. 2. From these results 
it is clear that the @a,MFI(A) 5acilitates dehydrogenation and pro- 
pylene aromatization, whereas the HZSM-5(A) and PQZSM-5(A) 
catalysts do the hydrogenation of propylene and the dealkylation 
of aromatics. It is also found that the Ga substitution increases the 
propylene aron:atizatio::, and increases the iso/nonnal ratios of the 
butane produced 

For the 2.0GPZ(A) and GIZ(A) catalysts, which were prel~-ed 
by mixing HZSM-5(A) and GazO 3 and by Ga ion-exdnarge, respec- 
tvely, conversions and selectvites to aromatics were increased m 
c o m l ,  ison with HZSM-5(A) catalyst. Howevei; selectivity to BTX 
was decreased to 84% with 2. 0GPZ(A) catalyst and unchanged with 

GIZ(A) catalyst. With these catalysts the percentage of propane pro- 
duced was reduced m comlm:ison with HZSIvl-5(A) catalyst, and 
the iso/normal ratios of butane prcduced were increased to 1.6 with 
2.0GPZ(A) and 1.9 with GIP(A). With the 2.0GPZ(A) catalyst, more 
aromatic compounds were produced Pro::: these results, it is found 
that the physical mixing of Ga203 with HZSM-N(A) increases the 
prowlea:e aromatization, dehydrogenation, and a-omatics alkyla, 
tion reactions. 

Product disNbutio:~s with Ga,MFI(B), HZSM-5(B), PQZSM- 
5(B), 1.2GPZ(B), 2.0GPZ(B) and GIZ(B) catalysts are listed in Table 
3. Through comparing Tables 2 and 3, it is noticed that the hydro- 
genation of olefins inca-eases with increasing acidity. With 1.2GPZ(B) 
and 2.0GPZ(B) catalysts, which were prepared by physical mixing 
of OaeO 3 and HZSM-5(B), propane and ethane were decreased and 
ethylene and aromatics were increased, inclicafing that the addition 
of Cra retarded hy&ogenaton reaction and increased the selectivity 
to a-on:atics. Ga,MFI(B) showed higher total aromatics selectivity 
and lower light alkanes selectivity than HZSM-5(B). This inclicates 
that ruth the Ga substitution both the dehydrogenation and the aro- 
maazaton are facilitated according to the Eq. (2) given above. 

From Tables 2 and 3, the following is concluded. In the propy- 
Iene aromatizaton reaction, product distributions are not affected 
l a g @  by the Si/Ga~ ratios in the Ga,MF: catalyst, but are affected 
by the SgAI 2 ratio with HZSM-5 catalyst_ Dehydrogenation and 
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a-omatization reactions occur more easily with @a-IviFI catalysts 
than with HZSIvl-5 catalysts. The hydrogenation of olefms and the 
deaIkylation of aromatics ~ccu:- more easily with HZSIvl-5 cata- 
lysts than with Ga-h/WI catalysts, and these reactions are affected 
by the acidity of the catalysts. With the addition of Ga~Q to HZSM- 
5, some iml:r m conve:~ion, aomatics selectivity and al- 
kylation are observed. 

CONCLUSIONS 

From the NI-t3-TPD experiment it is found that Ga,h/WI catalyst 
reveals lower acidity than HZSM-5 catalysts. From the H2-TPR ex- 
periment it is found that the lattice @a does not react welI with hy- 
ddrogen contrary to the @a existing outside of the lattice. When l:O- 
pylene aromatization was performed with Ga-IvIFI and HZSM-5 
catalysts having similar Si/ivi2 (ivi=Ga or AI) ratios, the a-omatics 
selectivity with Ga,h/WI catalyst was about 10% higher than that 
with HZSIvl-5 catalyst. The percentage ofBTX prcduced with Ga- 
IviFI catalyst was about 5% lower tha: that with HZSM-5 catalyst; 
moreover, the percentage of the produced light alkanes (less than 
C3) with @a-IviFI was about 50% less than that with HZSIvl-5 cat, 
alyst This would stem fi-om the characteristics of Ga-IviFI-Ga facili- 
tates dehydrogenation reaction and the reduced acidity of the Ga- 
IviFI catalyst makes the alkylation reaction easier. This shows that 
it would be worthwhile to study alkylation reactions with @a,medi- 
fled zeolite catalysts. 
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