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1.1 EEFIHRER T &

K AR LTI il , BARDIRIT . 4%
Mg/Al=2, Ga Fa(EHEATI)0, 1%, 2%, 5%,
FREL 10.0 ¢ Mg(NO,), - 6H,0, 7.76 g AI(NO,), -
9H,0 Fl—E & Ga(NO,), - 9H,0 ¥ T 100 mL #
4k, FREL 4.38 ¢ Na,CO, Fll 3.82 ¢ NaOH #% T
100 mL #BAE7K ; K FC B 07 TR 183 28 221 3 n
FESS 3 MBI R 100 mL BAEK, [RlAT
AW R, VS pH S 10, LI b # b 4E 55 ok
10, FRERVA R N 52 58, B0 N se Be A R B 2
B, 80 °C FHEHE 12 h, S sg B4 2k,
FHZEBK BRI T, BT, 132K A Ak, 251
firg o Mg (A1) O, Mg(Ga) (Al) 0-1% ., Mg(Ga)
(A1) 0-2% . Mg(Ga) (Al) 0-5%, 43 HIMCE Ga & it
(EEEH) N0, 1%, 2%, 5%.

1.2 PtSn-Mg( Ga) (Al) O /7RSI &

FREL 0.5 g K, PtCl B, %% T 100 mL #E4
K, el A K, PtCl % ¥ ; FREL 0.1 ¢ Na,SnO, 1A,
WET 100 mL B 2K, 7 BOfE 2, B AL
NaSnO, ¥ K. PtSn 4 J& Bl A HT 25 - 32 4 1 i A7
%, FIECE 1 1.65 mL K,PtCl A1 2.7 mL Na,SnO,i#
W5 1.0 g KIFAERMAIA 100 mL F4iKH, Pt &
H(ERAD)0.5%, Sn/Pt LN 0.5, Z kiR
BWRAE 70 CHEBRIMIAASE T & s 24 h, (HR
AW PCl, A Sn0,> 5K A 2 E B E T 72
Gy A8t SOV AR R SR A B R RSk, IF
FHEBE KBRS, 7464 100 °C T4 12 h
PSR S, TR AE (Hy/Ar=1/19) T
600 C it J5t 3 h, #4545 24 PtSn-Mg (Al) O,
PtSn-Mg( Ga) (A1) 0-1% . PtSn-Mg(Ga) ( Al) 0-2% .
PtSn-Mg( Ga) ( Al) 0-5%.

1.3 Wit & = 57 L FI M BE I

VR O S N 2 A [ R W 8 e v 2
B, OB A E TN, A EA 10 mm,
AL 0 Py e i B A7 & 100 mg, A
JH Alicat Jii & i s T2 il OB i, P be ALt
SN FERS N CiHg - N, =20 : 80 IRAA, TNkE

S (CLH/N,) HidE N 40 mL/min, OB FEANA
AR NA AR, RNJGETT Y& A1 Agilent
7890 TEL AT, ZEATEM S A 3 MR R, 2
ANTNIE R A K 2 A, oA e R rh
ZAOTERE S B 5 HEA S FID K 5, T A
C1-C5 3k, 7MW A AR S g 5 25
Ja#EABIPIAS TCD Al £, Horp—A> TCD A )
ST H,, 55— TCD K g8 7 T4 N, |
CO . CO,%5S 4.
PR SR AR RE T B AN LT X

C,H,, - C,H,,,
(LSRR S —— Sg m S 100%
3 8in
N C3H60ul
WEEERENE = x 100%

C3Hg, — CyH,,

Hrr, CyHy, F1 CyHy 28548 A FAR R H 4k
WRE L, C Hy,, 38 H T AR P 1 3 5
1.4 EUFIREFE

XRD( X-ray diffraction) & F faf 22 X’ Pert Pro
MPD(PW 3040/60) % | LA Cu K, (A=0.154) N4+
J5, B 40 kV, BHREC 40 mA, 5 °~80 °F
SN 2 (°) /min, FHEK 0.02 °.

KH H A JEM-2100F 5555 & 6 i i B
(TEM) WML FIES . PiSn 75 Ak I 1534
RiAZ, NE LR R 200 kV. AL ) 28 35 R B s 0
TETCK S, SRJE A BOE S ) 1, #EfT40 4. X
LB TFRERE (XPS) FH AL R H 4l 7,
K H Escalab 250Xi RIS HLFRETE NS, WA TE AN
Al Koo, FE AL AGINERIEEE R 5~ 10 nm, $EH
JE A 15 kV, #EF N 10 mA, B2 ESE/NT 2%
107 Pa. MAAS 2] 45 K FFH XPS Peak K AFiE47 41
LA

2 BRIt

2.1 Mg(Al) O fEAEMEBI R it S R RZ i 5=

B 1k Mg ( Al) O 7K 3 A 2R A A B e 1 A 17 28
PtSn £685 19 XRD &4, IR 1 AT LIE H Mg(Al) O
TR A B T KM A B B AR R AE 16 ( PDF#035-
0964 ) , i ia g RUAS T A0, Ui WA AR 19 45
A PR 8. KA Mg (Al) O 78 11.7° 40 1Y
(003) 4T A dy, 4 0.75 nm. A TAEIEE d,,, 2
5K AZEE 2 BH | HPDE R ZE R
HINE ¥ Z BIMAEEAEH 1A 6. 78 60.9° 4k (110)
AR TAIEE d,,0 9 0.15 nm, d,,, S WA 2 4 ) B s 1



5541 i3

YA . BEEROKI A B TR PrSn A PIBEE S0 5

361

PR R LR T HP R, 526 R R
A LA RO AR S

PtSn-Mg(ADO

N A

m

LDHs|PDF # 035-0964 |
il
40 5

30

Intensity/ (a.u)

MgO PDF#45-0946

1
0 60 70 80

10 20

20/(° )

Bl 1 Mg( Al) O 7K A3 3ARTE RS Beri M 7138 PtSn
RebeIa ity XRD [&]3i%
Fig.1 XRD patterns of Mg( Al) O LDHs and the
calcined PtSn-Mg( Al) O catalyst
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Je 7K T AT RRIEAT S AR 2%, O Tk A
FERIR S R 2B A A /K FE M E B B 1, M
R RGN G 2 ARG W 56 72 1 = 4
ik, WWRIRG &8 S S5 4. K bea FE i e
35.0°, 43.5°F162.9°4b 1 F1 3 4N, 43.5°F162.9°4k
IS R I T BE A MgO 19 (200) F1(220)
4 AR U6 ( PDF#45-0946 ) | Ti7E 35.0° 40 1 Bl —
AN | PRI X AN I8 1 RS2 MO B S AR %, MgO Ay
(111) FFRAFIETE 36.9°4b, 2240 # il REJE R BE40 A
[ Mg AL (OH) , + 4H,0] FYFRAEIE. BLAN, gk Pt
F1Sn J5, XRD FE35A KU E] Pr A1 Sn 9 #1947
U AT RE R R TR RO 8 /N sl vk B IR

& 2 J AL PiSn-Mg( Al) O TN bl A 5 ) Bt
Pt (R A8 Ak B TR Bt 2 A SR R s e 6. AL 2 ()
ATLAE W, WA@Y, RN )5 B
B AR 36.6% , BEA VI [RIIE ) T B 1k

100 | ®
-w
95 |
90 L =
PtSn-Mg(ADO —=— Without H,
5 L —e— With H,
0 1 1 1 1 1 1 1
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12 M AL O f1J BRE 2 S B T AT R T FCHE LS 0 () s f
(b) PN e BE R 18] A2 1
Fig.2 (a) Propane conversion and (b) propylene selectivity of propane dehydrogenation reaction for Mg( Al) O

with H, and without H, atmosphere

Reaction condition: m_, =100 mg, T=550 °C, H,/C,;H,= 0 and 0.5 : 1, WHSV=9.43 h™'

R TR, VIR B FBERRBIME, £ 40 min LS
BTG, FAIN 2 h, WAL R 6%/
A BTEFRFR I H i, P I A 4R e A R
h 43.8% , BEAE SV A AE A | AR PR BE 4R RE 7R
— AR E B B, OB 2 h R, NkEERIE RN
29.1%. H, A RSS9 i BURK 2 B, AT ffi 45
TSIV P I S A 1) K i 4R .

M 2(b) AT LIFE H, PiSn-Mg( Al) O #EALF
FEFRVS M AR AInE R, R A

AR R, WA AR IR 99% LA |,
— B fE , SERETERSA TR, ORFTR A H,,
P = P B B T A H, 1. SCIeaE R
W1, BT H, B A B AT BT ER T
2.2 Mg(Ga) (Al) O 1EAEEBI A IR S R B R
WE 3(a) FraaKIEA Mg(Ga) (Al)O )
XRD 3% E. IE 3(a) HaJLIF H Mg( Al) O /KA
I T K A MR RRAIE U6 ( PDF#035-0964 )
MBI & E Y Ga ZJFIE B Mg(Ga) (Al) O
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(a)

Mg(Ga)(ADO-5%

Mg(Ga)(AD)O-2%
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M
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LDHs PDF # 035-0964

1o IR
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Kl 3 Al Ga F A Mg(Ga) (Al) O ZK A1 BARTE (a) KEBEHTHN(b) H128 PiSn KBS 9 XRD 3
Fig.3 XRD patterns of Mg(Ga) (Al)O LDHs and the calcined PtSn-Mg( Ga) (Al) O catalyst

KM, SRR —, 35R E ILEE R K A
BRI, W3R 1 s, —RINIARF Ga & &1 Mg
(Ga) (Al) O /K ¥ A 7E 11.7° 4 4 (003) & T 18] BE
dos 2974 0.76 nm. 7 60.9° &b (110) & i [l #E d,,, 24

90.15 nm, do, B, IS EOFEA B Ga & &k
AR &AL, ULE A B Ga MY INA IR 2
BERRKI A 1) AR5, i Ga B A 2 IR
THERA AL BIOLE, FRASFE A K I A 254

%1 AF Ga &8 Mg(Ga) (Al) O KiBAIHEHEHSE
Table 1 The structural parameters of Mg( Ga) ( Al) O LDHs with different Ga contents

003 110
20/(°) dygs/ M 20/(°) d,pp/nm
MgAlO 11.7 0.75 60.9 0.15
Mg(Ga) (Al)0-1% 11.7 0.76 60.9 0.15
Mg(Ga) (Al) 0-2% 11.7 0.76 60.9 0.15
Mg(Ga) (Al)0-5% 11.7 0.76 60.9 0.15

& 3(b) A Mg(Ga) (Al)O /K ¥ £ 1E 1%, PiSn
B2 0B 505 ) XRD RS, SRR LUE H R
PR IE BE AR KR A R S P 2R BT A AR AT
TE 43.5°H1 62.9°4b HBLW N0, RN A MO
(200) F1(220) 45 flAH, MgO B9 (111) FRAFIETE
36.9°4k, TR BeIG AL 35.0°40 HBL T — M
VLI XA I A & MO B ARG, 285017 ] g J2
B A [ Mg, AL, (OH ), + 4H, O] (1) 55 1F 14,
Mg ( Al) OZK# A 7638 SRR Be T, Ribe =42
AL B TR G 1) MO [ R 25 0. 224 7 5 3% e
ik 1000 °C B, K5 Be 7™ W) 2 45 S BAF 1) MgO FloR
A1 MgAL O JRAY . BiJaA N kB, 764 Mok
WA R, A Ga™ i, BETE B = 0K W A
Mg(Ga) (A)O, = JC/K M A H Ga & HURHE 4>

AP FUEHB 2R Ga AN, MXRD 458 I, 1)
SR 0B S G Mg (AL) O 7K A 454, i #ETE
KA, Ga B AR KIS A
45K, Bt LR R e R R IR MgO 4544, B
Ga BT Al B F LU F A IE 200 A MO T2 h [
wRER T H L, AR R Mg(Ga) (A1) O
KA TE S ER PiSn J5 (19 XRD FlE A —3, i
Ga MIMATF A 28 5 e J B b 1 i L 5 4, 2
BUEM T AR Ga J&7E I T 408 LHUR Mg, = B
OYEUAE BRI BEARARIL R MO Y4544

Bifi 5 K A [F] Ga & 51 Mg (Ga) (Al) O i %%
PtSn JG /B TR BE M S, i K 5 &7 H,
L7 A 254 b ATRY. AnE 4 BioR, TR BER
U IS 11 A5 £ 1 PR ot 2 A S R A B R 1. DA
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IR AT LAE AT AR A T 1R B BUER A — A
BWRENERE, Y ca TR(HEEHT ML) KO,
1% . 2% F1 5%, 3%t e 1 238 04 v IR A e Ay
PtSn-Mg(Ga) ( Al) O-1% > PtSn-Mg( Al) O > PiSn-
Mg(Ga) (Al)0-2% > PiSn-Mg( Ga) ( Al) 0-5%. {1k
# PtSn-Mg( Ga) ( Al) 0-1% HA A i 74 o it &0 T
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20 +
—a— PtSn—Mg(Ga)(Al)O-5%
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0 Lt | 1 1 1 1

10 |
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120

Selectivity/ %

PE, SONAIERI, PIbesE bR HR 46.5%, [ 2 h
J5, AL RANA 37.5%. XFT PiSn-Mg(Al) O,
PIRER S0 B e Ak 2R N 43.8% , bl % 2 1y s (1] 4iE
K, HEALTE M REAE R E — D BRRE I B, [2 h
5, BERAL RN 29.1%. %t T PiSn-Mg( Ga) (Al)
0-2% , TNt i = W) 46 5% AL 320 27.0%, #%

i =54

(b)

100

95

90 L

A\
A\)

—=—PtSn-Mg(Ga)(ADO-5%
——PtSn-Mg(Ga)(ADO-2%
—4+—PtSn-Mg(Ga)(ADO-1%
—v—PtSn-Mg(A)O

0 1 1 1 1 1 1 1
0 20 40 60 80 100 120
Time/min

Kl 4 R[A) Ga Bt i Mg( Ga) (AL) O AE A I P B B US4 (a) PRGERE AL 3R (b)) PR R
Fig.4 (a) Propane conversion and (b) propylene selectivity of propane dehydrogenation reaction for
Mg( Ga) (Al) O with different Ga contents
Reaction condition; m_, =100 mg, T=550 °C, H,/C,;Hy= 0.5: 1, WHSV=9.43 h™'

AR, N AR IL T A8k, A4
FFE 27.0% 4. XFF PtSn-Mg(Ga) (Al) 0-5%, N
B SR IR AR N 25.7% , Bt # N AT,
AL FRE, ROV E] 2 h J5, el & 5%
RN 21.9%. SLH LSRR, BiE Ga BINA,
RER A R N S It SR N, 2 Ga & S 4K 2234 n
I, PBEEEALR I R . B 4(b) iR, FTrA i
AFNAE R I g ot A rh 2 B 3 e e Rk, 343K
F98%LA I, BiBA Ga By In AXHEAL R e PR A
KK M. S0 25 KK W], M PtSn-Mg (Ga)
(AL) O PIBENE S0 M BE B B A2 B AL R 2004 Ga
BRI,
2.3 S5 AKX PtSn-Mg( Ga) ( Al) O-1%A) 21
& 2 Hixt PtSn-Mg( A1) O F PR ke B 06 PR 2k 7
WEFE, ABUFARH H, 190 A REA% 410 i B (1) B
B, AT AR ) 2 0 (45 S Iz 1) 8 S 1 e A
B MR HE . PR o o el AR JROREC R H, AT CL H
HEE IR L, E— 2R S A AXT PiSn-Mg( Ga)
(AL) O-1% 4k 770 4 1k 73 e It Ve B 19 52 il 52
Bt A Hy/ CH MBS R 0 2 1, 0.25 ¢ 1,
0.5:1,0.75: 1. N 5(a) WAl IFH, H,/C H,

fIBE R FE AT PiSn-Mg ( Ga) ( Al) O-1% 14k 57144k 1§
BEf S MEREA W A SZ . R RSN HL, BT LR,
B H,/C,H B EEJR N 0 ¢ 1 I, A0 59 16 P 7E
2 hilki#i )\ 46.6% T &= 14.1%. MibiE H, & 2R
Wit s, 24 H,/CoHBE R H Ry 0.25 ¢ 1 1, N BEME
SHALRIN 45.1% FR#EE] 30%. Fi# H,/C, Hy 1 EE
JREL 0.5 = 1 I, AR 0% B2 Ry 36 1 4 5 e f K
-, WAL RN 46.5% e 47, IV 2 h )&, $EAER
WIRA 37.6%. (A MG HEE H,/CH BEIR A4k Sk
WA (0.75 = 1), AT B R T T AS T B AR,
WAL R N 39.7%, N2 h JG, Fib R4 F51E
32.0%. SCHG4E R F A H, A BESN bt ke i it
R I SR BT B, S A SRR B AR
B, i B S A R e v A B, DA T 400 A R 1 2
W, YA & Rt e, 2 mA
S AR N ] R T Il AT, AR Sl &
AR AL LA P MR A b, T A5 5
LR AW FEAIK.

MES(b) 4T H,/C H B EE IR LX) PiSn-
Mg( Ga) (Al) O-1% Ak AL PR BE i S0 N M e 51k
(RRZI . SIS TR s B e 5 B B A R T
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100—5()ilillil!!““‘
95
90 - A
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0 L L L 1 L L 1
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B 5 AR e FT B PR b BRI S0 I 9 () PRBERE R30I (b)) PR 18 1k
Fig.5 (a) Propane conversion and (b) propylene selectivity of propane dehydrogenation reaction for

Mg(Ga) (Al) O with different molar ratio of Hyand C,H,

Reaction condition; m_, =100 mg, T=550 °C, WHSV=9.43 h™'

NS, Hy/CyH BEAR BT I, D 4 19 6 P
BIRTF 98% , I TCH G52 ).
2.4 IREXT PtSn-Mg( Ga) ( Al) O-1%1%BE 2N

B EUR— RSN, I BE X Bk I
N RE B B . R 2 A T R i R AL
# PtSn-Mg(Ga) (Al) O INEEli 2 HERERIRZ I, 45

e 6 iR, mERTE, 2558 R 600 °C N i B
AR e AR B, MR EE LRl 52.5%,
KR 2 h 5, B RATRA 49.0%. 2SR R 550 C
I, WIHRHALER K 46.5% , RN 2 h )&, #EALR N
37.6 %. SGIRIE N 500 C I, HlbREAR, WIthEE
U 31.2%, KR 2 h Ja, A6 RAK SR 4k 15 1

60
(a) 100 L® S
50 M m
95 |
40 M
® ®
B z
NP ey a o TN L
z =]
S 20 7]
© —a—500 °C s —a—500 °C
10 | ——550C —e—550 °C
—a—600 C —a—600 °C
0 U 1 1 1 1 1 1 0 I 1 I I I L 1
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time/min Time/min

Pl 6 L IE XS A e LA I 60N () INERE AR (b)) TN PR AR ) S

Fig.6 (a)Propane conversion and (b) propylene selectivity of propane dehydrogenation reaction for

Mg(Ga) (Al)O in the different reaction temperature
Reaction condition; m,_, =100 mg, H,/C;H,= 0.5: 1, WHSV=9.43 h™'

29.9%. WEASIR AT, TR e % A = Bt B I B2 1 34
INT3E . AFR A BBy, s B2 REAE K. [R] i
UL T AT S N A s A RE D/, A %
Bt — B AT, 2 SN A I KT s Bk, A

Kl 6(b) Frzs, 600 °C iR 4 1) 3k B PEAK T 550
C, XM TESBEMET, BAS S C—Ci#
AT, MNIMA B CH, B, S5 8000 1 i e B
WS A REAR. ILZR & % IBRERE, NIRRT M



55 4 1) o ITAE . BEEROKI AT AR AR B AR PiSn AYTRE I SR LIS 365

VEREME, BEBE T 550 CAE AR A3 1 52N T

2.5 Ga B AFERS P H, X Wi S s %
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60 | (2) —a— PtSn—Mg(Ga)(A)O-1% H, : C;Hy=0.5 : 1
—e— PtSn-Mg(Ga)(A)O-1% H, : C;H=0 : 1
50 L —— PtSn-Mg(ADO H,: C;H=0.5: 1
—v— PtSn-Mg(A)O H,: CH=0:1

40

30 +

Conversion/%

20

10

Selectivity/%

0 20 40 60 80 100 120
Time/min

A PERE. MAEEEFTIR A H,, 2 Hy/CH Y
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Fig.7 (a) Propane conversion and (b) propylene selectivity of propane dehydrogenation reaction for

Mg( Al) O and Mg(Ga) (Al) O hydrotalcites as supports and with different molar ratio of H, and C;H,

Reaction condition: m_, =100 mg, T=550 C, WHSV=9.43 h™'
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PiSn-Mg( Ga) (Al) 0-1% catalysts in stability tests
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The Performance of Propane Dehydrogenation over PtSn Metal
Loaded on Calcined Mg-Al Layered Double Hydrotalcite

ZHANG Qiao, ZHANG Ke-ting, WANG Chen-guang” , MA Long-long "
(Key Laboratory of Renewable Energy, Guangzhou Institute of Energy Conversion,
Chinese Academy of Sciences, Guangzhou 510640, China)

Abstract: Magnesium aluminum layered double hydrotalcite ( LDHs) are layered solids containing positively
charged layers and exchangeable interlayered negative charge. Using the properties of exchangeability of LDHs, this
paper study the performance of propane dehydrogenation reaction over calcined magnesium aluminum layered double
hydrotalcite (LDHs) support where platinum and tin loaded by ion exchange method. Addition of Ga in magnesium
aluminum hydrotalcite supports can affect the activity of propane dehydrogenation. When the content of gallium was
1% , propane dehydrogenation shows best the activity, the initial propane conversion is 46.5% , and still 37.5% af-
ter 2 h. The different H,/C,H; molar ratio also affect the activity of propane dehydrogenation. The results show that
propane dehydrogenation reaction has the best activity when the H,/C,H; mole ratio is 0.5 : 1. The addition of H,
in the feed gas can enhance the selectivity of propylene. Alkanes dehydrogenation is an endothermic reaction, thus
the temperature also affect the activities of alkane dehydrogenation reaction. The results show that the higher the
temperature have the higher conversion of propane dehydrogenation reaction. Stability tests show that the propane
conversion has still 23.5% after 40 hours, indicating that the catalyst has a good stability.

Key words: magnesium aluminum layered double hydrotalcite ; propane dehydrogenation reaction ; the mole ratio of

H, and C,Hq



