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W ZSM-5 BEPEBEEPOHEEERE "

aEE KBt BmK KEF FEL MNN=E
(ALRRFASE R, JER 100871)
ME FHEBEERFRTEFABEERAFRRS R GaZSM-5 S TH H (LS
Wi 00 BT 41 0 o B SR R RS B, T 1458cm ! M MATREY Ga HahXM75
teb . SFER T RTMEB LY Ga FOERN Ga Bt EX KR LIRS BEw. SREE 5 Ga

ARARGHRER BULEAE B Ga PLOERRESE) RS SRNEN Ga P OHPIRN
9 1 e A TR

XWiN:  GaZSM-5 M4,  FRAEML MRS

GaZSM-5 #.o TR ER B a TROF LRI L EW Pk oh B4 H
fi, §lATradiE ATLmRAFTALEFHEAENGE T CHATLER, A4S
SR, MAUBALME TS A Mk, L REELY, TERARAMAXR
iGN Ga Bl ISM-5 B LG, Ga MR EIBALTHROBMILIAR, FREXNLY
ERA R4l CRILA 45 12 & Zhangl &5 kS4B RO, B (TAALE) it
P, Ga BT R A4, £ T Ga ERFoahANAGRALEENS W Horiny
BARA A 5 bk W R e b RS L 2 Ga Pousk AT AL, Naccache #
ti 3660cm ™% | Kanazirev #2 # 3250cm ™" 7l fo CO <LM#44 2155cm ! oLak 4 8 4
1" % Shpiroll) I8 G é9vres B M8 45 1458 , 146lcm ! BB F. RIRLRGFNFLE S
W%, Wlde, 3660cm~' B AMied, HARAAL Ga 4 FEM; 3250cm™ AitAie Ga
APt Rt AL ¥ Ml ey &b, HER P AL AENSOAL F LA Sk
MM, Fimathiirs) Ga M2 s du. AL EAKTRAKE, MEBETH
(R RALMVAT T B Ga 4§69 GaHZSM-5 3.5 65 FAhiLik gk, # 5 b of K 4 £ 74
Woedd AR 2. EH T 1458cm ' MM B Th it Ga R F LG ER- P FAET
W D09 SR EL A B e 69 T p Ao Ga 940 & 2 S 4040 4E 49 $i oy,

1 3%
(1) M1k #lod#l & 0 sbégih (Si0,/A1,0,) 4 8)3% 25 . 30, 52.7 69 NH Z5M-5 #

LEF MmN Gas(504)s ik 20, £ 383K #-F, 823K B4 3h 485 GaZSM-5
;.
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(2) Bk 7P ATk A 60mg40-60 BM4H LK FETUMEGRARTA. UHEHA
AR, i 50mLomin Y, @A SRR EOT A, Bk A 0.6mL. T, A0RE, HE
B AEBAY82K. REFWE im fAZRLmTEsReNABEIEER. 4
& > 4o H it LD B LR (conv) | FRUE (Y,) P FRRIHR (54)

(3) wtok oA i oh K8 B — X ARG HELA 200 CTHRABLTAN 1x
10-Pa , A Moo X EBLM £ 1-2x107'Pa. A # § 4 b 569 [FS- 25 & FT-IR fL4%#,
i AE R 2em L,

(4) ik 4 . 48 X— X H4:# (TEM-DEX): £%# DEX #4Lé9 8 & * JEOL200
A e b AT

(5) TPR %%: A RR4 L (No/Hy=9), ikid 30mL-min~", # &k # 15K-min~", #
Jo ¥ 200mg,.

2 BR5i¢e

3.1 GaZSM-5(52.7) BARIFHITE FE It Stk moms i £T 4 MR s THIRE e BE R X K
211 AHEERRER GalSM-5 BEARHSR

£ 550 CTF BT F BT b R E S AR AN ERARTR NS, AOK
£ 4R R T A 1.

® | FRATFREEN GaZSM-5 #RRRRFEFRILER

Table 1 Conversion of propane on GaZSM-5 samples with various extents of reduction

treatntents

Couversion Yield (100 = W) Sclectivity (100 xW)

No.  Treatments (100 = H) C;+C: ©Cy Aromatics " Aromatics Ci4+Ca
O Air, 30min. 42.5 24.6 9.44 831 19.6 57.9
I tp!" Hybmin. 568 208 10.0 5.7 45.2 38.7
| 1p, HzBmin. 61.3 18.0 5.03 7.0 61.8 25.4
I Hiiomin.dp, G6.3 18,1 5.54 42.2 63.7 27.3
IV H.15min.5p 4.7 182 4.46 51.2 68.5 24.5

V  H;lbmin.,10p

regeneration T3.7 18.5  4.65 5.2 68.5 25.2

1) The pulae number of propane I:EII’T‘iInl: of Hy treatment

pEEAY, HAHICRAEN P PHRBLE, FEE R RN, A,
W, M2, BAC ., Cp., Cy) dekbiPudk. XTHEAGT, MHTHRERL
dhikm, GaZSM-5 5P 280U Gag0s BEAE AL TIHAD Ga dof, HATHRLA
At Ga H ¥ AWLILiEA, M Ga AN MAHEMT Ga gt b 1211

A SIS A R A ZSM-5 .5 (HZ) timtep A Moo LR LE 1. Tk, 5§
IFZSM-5 4atk, GaZSM-5 #h.5 &9 Lewis BH fevl it % S T42 F A 1450cm™" MHif 45 2]
468 cm ™' Wi, #METRERELGIES, 1450cm™ H AT A% FANHLHRA
WK 1870cm 1 H A AT, iMookl MHic o i (PY-TR) b & ALic ¥ s9oi e & Al'Y, 4k
¥k 2 Fiaw.
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Fig.2 Relationship between aromati-

B FREERERN Ga(1.9) Z(52.7) &%
# PY-IR i#
Flg.1 PY-IR spectra of Ga(1.8)
2(62.7) Zeolite with different
extent of reduction (HZ-HZSM

_5}

gation activity and A4 of
GaZSM-5 samples after reduec-
tion with different extents

C: Coversion, Ya: aromatic yield

¥} 2PY IR W ESTUHOTRME A
Table 2 The ahsorbance of different bands in the PY-IR spectra of GaZSM 5 samples

No. Sample Avasg Asana Alsas Ausza Ajazs
0y As Tablel .268 0,317 0,850 1.311 1.47T4
0y Ny Ghr 0.348 0.315 0,809 1.288 1.461
1 As Table 1 1.422 0.518 0.675 1.307 1.326
1| As Table 1 0.553 0.651 0677 1.238 1.212
Imn As Table 1 0.521 0.862 0.582 1.410 1.212
Y As Table 1 0.519 1.000 0,472 1417 1.108
v As Table 1 0,441 0.917 0.431 1.347 1.049

MA 2 TA S, M GaZSM-5 # 6 1C RAL A 493w (M5 O BV KA,
Avasy RARGF MG TR, 5 HZ 04000, Totind, 1450cm™! B FEH L E
Ha 5 4aH 469 Lewis B F w5t 4E M BFT & £ 69.  Ajgse RIMITRACEE AT W0
o, HEFHLERGEmEFA LA (B 2). FEGAA, 1458em~  ARFELAR
SR P AzER P oA GaPouTE, BHEXLR — £ Lewis By, A H
ko, 1648cm~! LA Aot A TR P bOAMAT =L, CRALA TR PO CHE
WAL AR R 650 mf L. 125 Ga®F TRt A BKAA TR D% £, 1636em™ ik
Ml B S A HFLHRAHGHE, veAEATRPOH £ 4] | 1624em ! A
MM R AL A AR e LT K, R B AT A AR TR P v J Ao Lewis B
modl BT AEFTE, O, 40 Oy Hubts#BAAR T, HUVIEMAEFTRLATHER
(RS0 °C) B ) Ga s it i Ao B P oo L K 69 Bhoh).

2.1.2 A6] Ga & B CaZSM-5(52.7) #:&
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(450 °C) HiE] 2 Ga s f Ao sl Fou 4k 69 Foh,
2.1.2 AF] Ga T8y GaZSM-5(52.7) BE&

AHT—Firk 1468cm ' JLEPsEA i Ga F#bigbw, X TERE Ga &
¥4 GaZSM-5(52.7) H#b 8y PY-IR @4 5 XL £ H 3 75 TR 550CHLR
20inin 5 &7 #FJa65 PY-IR #.
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B4 Ay 5 GaldSM-5#am Y, #0 Ga
B3 FE Ga $88 GaZSM-5 &% (H; & ROEE
EWfE) 8 PY-IR H Fig.d Ayyse vs ¥y and Ga content of
Fig.3 PY-IR spectra of GaZ5M-5 Ze- GaZSM-5 zeolites

olites (afier reduction by H:)

with different Ga content

A) HZSM 5 B} Ga(0.5)Z; C)

Ga(L.Z: D) Ga(1.9)Z

ME 3T, HIANRESHH 05% 48E, A& 1458cm™! MBI A%, HEH
S¥EHm MASTAIS, RO REM2MN A 5 Ga ¥ A F MY
ERLE 4, B4 A, MERLRENDG Ga 4 F38Mm, A Jm; B Y, &%
Mo VA LSRR VLRI, 1458em ! M AR A SFHILAEFRE PO 8 Ga oA
IR G, ©T LA RAIE Ga F P
2.2 8i0,/ALO; ¥ GaZSM-5 #HED Ga EMPOKRINER
BT Ga AE54 W ¥H 1.9% & RFlak4attd) GaZSM-5 #0421 R AL Y

kybE = RR PO R LR iR A R Bl ik, SR TR S AT A,
T — R 69 Stk R M 510,/ AL Oy thiimdm K R, Ajgss AR EG T, &
WO, REA Ga F48F], RAARTRALRA, GaZSM-5 #5057 4A R é) Ga T o®AT
Bldh, Si0g/ /AL Oy 4., A &, LR GaPuf $. X EB-FT 510:/A10;
U GaFM P L AT TR A3 PH Y, /Yy, ALzHFUE5RITRALMEINGR
My Bl dr . AL /A, A40E 6 GaZSM-5 Hde b Ga FM P oM wiamT
UaZSM-5 #0p A 2T B4R “H 3" A A& Ga FHF OF 5w LBRIERAZR Ga thH
W= F o fd A A H Ga FM P FRL, KA, LS ERIE RALEWY
Wk Ga S0 Powas i ddd Rk, 1Tl tb4o TAREE . Si0,/AL0; &, #.5G
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T, RN Ga b 9MA Gag03 REAMA T HILES, Ga03 # LIl
o) K A2 B) Si0g /AL Oy bt TR 4], & Si0; /AL O, te{kdt B8, Ga ## £ £ Ga, 0,
K58 MAALETHoHIAD, ik 1 k. &F Gas0; 69 A DR, &H
Fhtihd Ga FH T ORY. ®E 5i0,/AL0; ABKN, 5 LREAAR, ALK
Rab s Ep W4t 69 Ga APt ALK, SAA MR ELR S8 Ga iE M Pou,

B3SO/ A0, X GaZSM-5 REEMR A BUENEDR
Talile: 3 The effect of 510, /Al 04 ratio on the aromatization activity and Aygse of GaZSM -5

satnples
§i0; /Al (35 ratio 25 30 52.7
Aromatic yield for tﬂe firat Pulse/ ¥, 52.0 2T 8.31
Muximinvm aromatic yield/¥a,, 65.4 58.0 51.2
Seletivity for the firat pulse/S .4, 67.0 48.5 19.6
Mudminm aromatic seletivity /5, T4.8 .3 £8.5
Rativ of ¥4 [¥a, 0.80 0.56 0.16
Ratio of $4_ /54, 0.90 0.69 0.28
Arasn {[resh rample)/ A, 0.96 0.71 0.32
Agase {minx. b/ A 1.14 1.08 1.00
Ratio of 4,/ 4, 0.84 0,65 r32

A TEM & 6 XA 4882 44208 B 4029 &) GaZSM-5 .54 0049 T Fl B4 72 B 404
L Ga 5 ¥R HEFERF (K 4), 5105/A1,0; thiz K898 5%, Ga 4 Frudishsh, 99
Gia #o4F 5 $ARHF, BTHRESLH $4) Ga FH P

] 4 FE Si02/A1,05 M GaZSM-5 AEAEMEBRZAN FMr o) Ga g
Table 4 Ga content of GaZSM -5 zeolite with different 5i0;/Al; 05 ratio of arbitrarily
selected erystal particles and parts
Ga content (107 x W)

_ Sample 1 2 k] 4 ] 6 T )
Gal1.9)Z(25) 2.23 1.7T0 3.18 2.51 1.4B 1.44 .71 1.81
Gu[1.9)E(52.7) 1.70 4.14 0 0 0 0 0.78 0

2.3 XF GaZSM-5 #hh Ga jEMEDPOHHE

Ga FH P AR Ga B4 HY Ga, T FTH LB AL 45 A8k B E
AL, GaFHP oFd) Ga TlARTHELT UK S, FRRGFR AT

(1) AT RaLsE o) GaZSM-5(25) # e ¥ —Fkit 69 F ik R i R ik R g
Faudh BO%(A 3). X A9, ALTRY Ga PR HEHLEN, X GaFHbu
HEUd 43 GakAAlL BERLCREERMBARELIEE Ga ot —F 440 Ga
Ei eI i

(2) A 1T, BT B4k ®) & FMLEma it (IV) 5EAL 0 CHLERR
$o-nkrb e g (MR V) REAmEF]. R4E e [ XA K446 TPR KB (L F), 550CE
AL AL R AL B &) GaZSM-5 .5 P8 Ga W FHHILAH B Ga. £ 0CHLEY
£ =Rk m s, A9 +3 4 Ga 89 Ga PraAER.
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(2) MA L TR, BERLCHAEHGFHLERGER (V) 5ERB0CHLEEAE
F b oggn (V) X54AF. BEH 0 d£40N4 TPR %58 (LT), 550C%F
A AL AL IE ) GalSM-5 H.5F 85 Ga 44 FHHLA B Ga. 2 550CHLEH
¥ —mkF AR M & ER, AR 13 4 Ga 49 Ga Pk,

(3) &1, 3 &AERN, MIERLRAR G0, FHLAEEITW, LITRAR
I &, 49, £ 500 ‘Cet.bie Hy 4865 GaZSM-5 #3 ¥ Ga #4f LT RAMKY. &
kT R B AP, AARALTERIRY, LAY Ga PURTRESRN Ga ik
. EALHY, MBS Ga Poua R ML,

AT -V kg LR, #7 T ToaEE: L Ga(l.9)Z(52.7), £ 550 CH#
LG, L@ f—wPeyFEi®, H6.0%AEHH W) il Hy T 600 C4 22 0.5h
Vio i 4% 2] 38.2%(W). HaAe TR 600 CAR 1h BFieik &4 37.2%(W),
AR R ER. LG TPR(AAAEITR) £ (B 5) A%, ML mE 430
fir 526 °C i L R (a), Ga #MRIE /. BP b A=k TPR EHHEAL 600 TE
A& 1h £49 TPR . S A9, N H, a8 FHLT Ga R =45 1
. BT vddfi 4o, £ H,600 CARE Ga MM A, 27X 600 CHARE Ga E5 4
A (3 A). MARAFHLERL KB, HAHH Ga &M Ga Fuditar®mEF 4
CALPEILAER. RE_HOMERNTRALR, RAANSERENFT, AELILE

hALgt f a9 B £ B
BT
3 i
(1) ertoiof 4o 2] 8 P 1458cm™!
mﬂ FeF i 69 vk % R AR A T 02 3 AL AL EL Y
/) Ga M P Hater & i 69 8126554 FF
" Pk Al %, T AR Ga i
hﬁ\ oy
e ——— (2) ZSM-5 # & &) 5i0,/Al 05 Hu
" ok GaZSM-5 B4 ¥ Ga M+ uHk
W5 Ga(1.8)Z(52.7) #&8 TPR i EEEA. SiO/ALO; i, BiLE
Fig.5 TPR profiles of Ga(1.9) A GagR P, ERERLES
Z(52.7)sample feEA R S EM PS5 5i0,/A1;0;
ta) Adter activation n air for 1hr at e R SRR, A BT RAEEEEE L0y
fﬁifﬁih] TP the oxidatation in aie } 4 Ga ;.g-'}:t#lﬂf
fur Thir ab 873K o (3) B Ga H4&Hr Ga Fh ¥ oy

eAZ Bk F AL RLELE P s e 1R A

Y A IR P e i R S R A T .

# %5 xR
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Formation and Characterization of Ga Active Site in GaZSM-5 Zeolite

She Ligin - Zhn Gaoshong 'Wen Ruiwue  Zhang Changjun  Li Xuanwen Lin Xingyun
{ Department of Chemistry, Peking University, Beijing 100871)

Abstract 'The process of the formation of the Ga active site in GaZSM-5 zeolite (pre-
pnred by impregnation) and the enhancement of the aromatization activity following suc-
cessive increasing extent of reduction of Ga species were observed by the IR spectra of
pyridine adsorption and pulse microreaction system respectively. The results show that
absorbance of the band near 1458cm ™! can be correlated with the aromatization activity
awdl Ga content of GaZSM-5 zeolite, so it can be assigned to a pyridine complex with Ga
netive site, The effect of 5i0;/Al;05 ratio on the formation of Ga active site was also
studied. It was found that the sample with lower 5i0;/Al;0; ratio could form more Ga
nctivesites, After measuring the aromatzation activity by pulse microreaction and deter-
mining the valence state of Ga sites by TPR, the authors suggest that both the high and

Lhe low valence Ga active sites can play the role of the active sites in C;Hg aromatization.

Keywords: GaZS5M-5 zeolite, C3Hg aromatization, IR spectra of pyridine adsorption
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