Wizg oW g B O ¥ ¥ H Vol.12, No.2
1996 5 2 H ACTA PHYSICO - CHIMICA SINICA Feb., 1996

— . T T T — —— ————

Pt-Ga/HZSM-5 {7 EARSHL*

T R BEL R ¥ WeE KA
(FEREBRFLTAR, SRAF 830011)

ME  %HRT Pt/HZSM-5 . Ga/HISM-5 f Pt-Ga/HISM-5 E@ERNFMULEN. Kb
Pt-Ga/HZSM-5 MM E W RRNOPIRE SRR S RSE. HErAEER (TPR) &
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(1) LRI 2SM-5 MRS N 38, TRERAM. ZSM-5 [F¥ 45 NH,Cl Fi s 7
Ak % HZSM-5; HZSM-5 5 Ga(NO3)s HiliLIE-F2#kH & Ga/HZSM-5; HZSM-5
45 HoPtCly 3k FIIME S Pt/HZSM-5; HZSM-5 Ll —& fts) Ga(NOs)s #1 HoPtClg 3%
Wk 8 Pt-Ga/HZSM-5 RN MEHFITFH Ga/HZSM-5 itk A H,PtClg 7
WL L #S Pt-Ga/HZSM-5 S @ Ak, Ll B8R 550°C 225454 5 /it e
e (i SHERD Pt &Y 05%(FEM . FR); Ga S#tH 2.0%).

(2) HEALMIBYSREE TPR: #dlfE Ar+5%H,; BASPRAFFHA (16°Comin '), A TCD
o il S .

Ha fbse Wi : b mEtTF Chemisorh-2800 {b-2WefiH{Y bakdr. #pit 0.2~0.4g fedb,
673K 5[5 2h, #15¢ 1h, BT R, i Ho BE, REEREEA2310 6.66x10% | 1.33x10% |
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2.67x10° . 3.99x10°Pa. $—KW M 4 Tk % (Total amount), FiBH % 4B 30min B3
o8 "YW Bk, 75 3] O] i R (Reversible amount), 5 08 BRI 0 10T 3 0% BRI Y 28 4 o0 R BT 3
T ff i (Irreversible amount).

(3) BEG¥r RANEEEFEMURAER RESHRYEY 99.95%, 5 A7#HE
500-600°C, =% 9L-g~1-h~!. F 103 A ERBFETFR, Porapark Qs B HT,
TR

#* 1 H; 2 FERLERERMNERSREHER

Table 1 Effect of H; pretreatment of catalysts on CyHg aromatization

Catalyst Ga/HZ5M-5 Pt/HISM-5 Pt-Ga/HZSM-5
H: Pretreatment No Yes No Yes No Yes
Conv. CaHa(%) 55.43 54.12 87.93 81.09 64.87 B4.94

Sprx (%) 59.33 59.65 29.79 38.61 52.21 54,22

Yield prx(¥o) 32,99 32,28 26.19 34.40 33.87 48.77
Sch, 12.94 10.90 B.13 4.70 9.41 3.88
Scom, T.82 6.93 3.37 2.13 3.65 3.18
SeaH, 10.34 8.10 51.01 43.17 24.87 30.13
ScymH, 7.11 10.77 6.07 7.88 6.08 8.22
ScH, 0.71 1.95 0.98 1.31 1.00 0.18
Se Mg 1.54 1.70 0.66 1.21 1.25 0.38

Sy 22,49 21.98 6.86 8.99 18.58 20.80
S 28,18 27.96 15.36 19.83 25.38 26.35
Sy 7.28 8.20 5.97 T.67 6.87 4.56
Sox 1.58 1.52 1.60 2.13 1.38 2.50
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B 1 Pt-Ga/HZSM-5 iR L EARMARELOESR
Fig.1 Influence of temperature in the transformation of propane over
Pt-Ga/HZSM-5 catalyst
(a) CaHg Conversion, (b) Selectivity of aromatics
(1) Pt/HZ3M-5, (2) Pt-Ga/HZ5M-5, (3) Ga/HZSM-5,

2 LRREERFVHE
2.1 AE LR EARFEEEE

B 1 RAR LR PR ARk S B R s i 2. 78 BT BV IR BE
T, WL REFY: Pt/HZSM-5>Pt-Ga/HZSM-5>Ga/HZSM-5; F42 ki M FF Y :
Ga/HZSM-5>Pt-Ga/HZSM-5=Pt /HZSM-5. Pt A B Ga/HZSM-5 &, #5 T HHE5H{E
TETE, TR TR, RS SR R .
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Pt-Ga/HZSM-5 23 T8 mFEm i, H85454886 Pt-Ga/HZSM-5 L5 ivEs
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2.2 H: ARFLGERAERNARFELIER

H TAMASbh s Hy ok, ERENRIEERERGTHETH. S8 EEMAERR
AT TR YRR, FRER AEERA T A MEE L. ERERT, ¥k TE 550°C il H,
IR 2h, A Ar ¥, BEENSHTREN. SRFFE L

#1794, Ga/HZSM-5 EREMHIEHE (Conv. CyHs) K2R (Serx) B
AX, HCHy . CoHy, CoHe BETRE, CaiHg it HERERET AR ARRER,
TIPS EEREAE. Pt/HZSM-5 R [FE, MRESHEEEMNT TR, EF S8R0 B
m, HiEr-RER, FARPE, ZE8RE. 7 Pt-Ga/HZSM-5 LR A AR, £EEKH
b ERE, FRESEEMNERES, BT RAEERS, 2K, ARt HEGE
58 Pt/HZSM-5 45 Pt-Ga/HZSM-5, MEM RS EMAT, HEEEHPEE, 28, T
WM T B TEE, MASRACTIE, R EE RIS PR RS AT,
(EHPF R M ISR S, B S 3 S A P S b R 12 e v

B2 Pt/HZSM-5 B Pt-Ga/HZSM-5 #tH AR~ ElRE il gt
Fig.2 Change in the yield of products with reaction temperature in
propane conversion over Pt /HZSM-5 and Pt-Ga/HZSM-5
(o) Pt/HZSM-5, (&) Pt-Ga/HZSM-5

2.3 Pt-Ga/HZSM-5 ik Pt . Ga MIIBEHHEHR

B3 REMEEHE TPR EE. Pt/HZSM-5 fFLiR4Y 187°C FIFER 480°C 4 W~ EIR
B FRIDAK 187T°C 3 E AR S EEIER Pt 3R, [ 480°C EFE RS W L8
W AR S Pt k. Ga/HZSM-5 7 630°C 475k, &t (3] iAb Hy iR
Ga’ —Gat. Gat Bir-FRM UMY, REH-ESHEIHFREROE L BT Gat
H B EUE T FIREEE, S TR EEBAY Lewis Btk Gat HUR, {5k
PERG AN, FRAIBYE 0 Ga/HZSM-5 T[S 2 R AT R0, TIPTimst LR mpefE, XK
H Ga HFroE FLAAT RAEERUE ), 61T Ga MR a5 s b M R, e
— 5 (R0 TR S LR B LA PR A5 4R A

i Pt-Ga/HZSM-5 & TPR i £, FERSHBHERIB LN, #H1EL 190°C H
— AR, 2 560°C Hi B EATIFEE, X5 Pt/HZSM-5 # Ga/HZS5M-5 #yif [FEEs) A4
. Pt-Ga/HZSM-5 F#{EEF Fiely, Pt/HZSM-5 A0 FiE, s TIHEN Pt 5 Gatp
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FRAVSRAE LA, (R [ Ga BREER, #HER KRR 70°C, ERS TX# Pt f#l
4 Ga WFeIMNEfER,  Pt-Ga/HZSM-5 & H, i [/S ML BtEa B, i/ EX
FET. HEE1, 2ER 1 hEEEHNOESHERETE, Gaff Pt-Ga/HZSM-5 Ry EE
TR MR SRR T 5 R MRS, EMARRARYEELED —EEM, BT Ga i
REFEEL Pt B £. Fikl, Pt-Ga/HISM-5 B—4Mshisfkibil, Pt EREHKSE, Ga
HERGRHT AN EENEEFA. £ 2 RERSM Hy LERELEE.
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Table 2 The amounts of hydrogen absorbed on various catalysts

Total HRewver. Irrever.
Catalysts (mL-g~") (mL-g~!) {mL-g™")
Ga/HISM-5 0.0064 0.0055 0.0009
Pt/HZ5M-5 0,140 0.0412 0.0987
Pt-Ga/HZ5M-5 0.0034 0.0034 0

(T=298K  p=6.66x10°Pa)

Hi3 2 ATEE, PAG Pt/HZSM-5 fE{bH M EEE HHE, H, fH EREREERELE
Wl FEMOCHS Ho MEHURRTMAY.  Pt/HZSM-5 @R HIR, HKE Ho 7 Pt &R
RTTE MBI E TN, R RN MW L. Pt XA Pt-Ga/HZSM-5 R H H, f8
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Fig.3 TPR specira of various catalysts ik
{1) Ga/HZSM-5, (2) Pt/HZ5M-5. Fig.4 Conversion of propane on differ-
(3) Pt-Ga/HZ5M-5 (Co-ImP.], ent catalysts at various times on
(4) Pt-Ga/HZ5M-5 (Step ImP.} stream

2.4 Pt-Ga/HZSM-5 fiftRifiasH

4 2Bk T I R (2) RSN ER. BRI, 414 Pt-Ga/HZSM-5
HErara R Ga/HZSM-5 fy TES0AYHesll 7 )L B ERRAE () Pt g A FohcBeE T ik
s ER 7 X REY Pt MERWIEEEEREN SDNER: 5—FF, Pt BEHNE
KgAK 30A, W4 FIRILOEE K B, 3# Pt BN Hy 5 0, wEeflo ®, 14 H,
BEMTLO, BB, fER Op BERTL O, TSR, FLl, Pt 7F Pt-Ga/HZSM-5
WA T B A 0 20 T, S O T 20 0% Ak 0 B T
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Propane Aromatization over Pt-Ga/HZSM-5 Catalyst

Cao Rong  Hou Zhenshan Zhao Hong He Dijing  Chen Wenhai
(Xinjiang Institute of Chemistry, Chinese Academy of Sciences, Urumngi 830011)

Abstract Direct conversion of propane to aromatics was investigated on Pt/HZSM-
5, Ga/HZ5M-5 and Pt-Ga/HZS5M-5 catalysts. Platinum introduction into Ga/HZSM-5
resulted in an increase of both the activity and selectivity of propane aromatization. Tem-
perature programmed reduction (TPR) and volumetric chemisorption of Hs have been
used to provide insight into the functions of Ga and Pt in Pt-Ga/HZSM-5. Synergistic ac-
tion of Pt and Ga promotes the reduction of Ga** to Gat caunsing reduction temperature
of Ga sites shifting to a lower temperature and decreases remarkably the amounts of H,
adsorbed on Pt sites and thus decreases the ability of alkane hydrogenolysis. It was also
found that Pt in Pt-Ga/HZ5M-5 plays an important role to improve the catalystic stabil-
ity. Bifunctional roles of Pt and Ga were proposed to understand the catalytic behaviors

of Pt-Ga/HZSM-5.

Keywords: Propane, Aromatization, Pt-Ga/HZSM-5, TPR, Synergistic
hifunctional role, H, chemisorption
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