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Fig.1 Propane conversion and propylene selectivity over a series
of PtM/n-AIN catalysts
(Reaction conditions: Temperature=590 °C; Space velocity=4800
mLe g *h™'; Feed gas:  17.2 kPa C3H, 21.5 kPa H,,
62.6 kPa N,; Reaction time=1.5 h)
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Table 1 Propane conversion and products selectivity of a series of catalysts

Conversion of

Selectivity of Product /%

Catalyst

C3Hy/% C.H, C,H, C,H, CH,

Pt /n-AIN 16.5 85.9 3.5 45 6.1
Pt/n—-AIN 332 88.6 1.8 5.3 43
Zn/n—-AIN 3.4 77.8 14.2 0.5 7.3
PiZn/n—-AIN 36.9 98.5 0.1 0.8 0.6
PiSn/n—AIN 30.1 96.8 0.4 1.6 1.2
PtIn/n—AIN 31.6 98.1 0.2 1.0 0.7
PiGa/n-AIN 30.1 98.7 0.2 0.6 0.5
Pt/ y —ALO, 37.2 90.5 0.9 49 3.7
PiZn/ y -ALO, 36.6 98.3 0.4 0.8 0.6

Reaction conditions: Temperature=590 °C; Space velocity=4800 mLy, gl

Feed gas: 17.2 kPa C;Hg, 21.5 kPa H,, 62.6 kPa N,
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BACETR R, EREIE Y 4.5 h RO #
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RGBT G 1 BRI, F X — X [E]
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Fig.2 Propane conversion and propylene selectivity as
a function of reaction time
(Reaction conditions: Temperature=590 °C; Space velocity=4800
mLQHx'gm,_I h™'; Feed gas: 17.2 kPa C;H,,
21.5 kPa H,, 62.6 kPa N,)

14 i 245 7 258 (RDEAASE IS ) P BP0 i AR R) B P9
A ) AR R M RE VM B EE B R bR . DL PLiE
R FEAEVEAL T PUn-AIN AL 71 DL S R 51 PtM/n-AIN
PR 25 7= 23 i I 3 PAAR AR LE AT, PiZn/
n-AINAEAL T B 7R T d5e 5 DS I 28 7= 36 2550

F, A% PUn-AIN K& HAl PtM/n-AIN AL 5], PiZn/
n- AINEAR) 1 A ) B P i B 2 7 S5 ARG 2 i i
F(E3), RUZMARNE AR DR e, 45

(EEANE YL Vs /bt A E E s 7

700

PtZn

660
*

620 -

580 - PtIn

PtGn
540 PtSn

Productivity /( gcy, g, h™)

Pt

500
0.05 0.06 0.07 0.08 0.09 0.10

Deactivation rate / h™
13 Z 51 PI/n—AIN AL 1 P I 23 7 4 5 2R R
AL

Fig.3 Productivity and deactivation rate constant of propylene of
a series of PtM/n—AIN catalysts

(Reaction conditions: Temperature=590 °C; Space velocity=4800

mL g *h™'; Feed gas: 17.2 kPa C3Hj, 21.5 kPa H,,

62.6 kPa N,; Reaction time=6 h)
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Fig.4 XRD patterns of n-AlN(a) and <y -AL,0,(b) supported catalysts



sl

AR FIRAEIRSD Przn/ 90K AIN ALY 5 0 SRR BBl S M RERT 52 399

BRI/, W86 n-AIN S B H — 2 SR ] IS )8 O £F
PR S5 R EACER AT, TS ORI 3 B A A AR
YRR, FeUH n-AIN 3R ZE B B A4l i . 2k P
ZJa, BN n-AIN B FARYAR NS, I8 &
BB, S4in-AINSAAXTH, BT RS
A E A (AION B3 ALO,), FE 2 A /K I W= 5t
I TR - AIN R YK i L AR . T AION A1 ALO;,
YIAR IR ST A TCEE X Ay AN AR, PR 4
B B R AE AR N AL-O/N. TR B B2, R
P2 JE AR XRD B B TRl IHE T4 & P )
AR S I6(2 6 =39.8° ), UG T P AIAT 06 5
JEAR 5 Y 2 X 2L Py Al T PRS2 | 0k R A
/N T7E PtZn/n-AIN f XRD &, 350G W3 af
I T4 8 P AT SR, I I B Zn B3R A S
FEHE T PR 538 XF LRI 4-b HR Py y -ALO; Al
PtZn/ vy -ALO; WU XRD &, ¥ JCHH i 4 )& Pey A i
B, R Zn YR BESEIE T n-AIN I K

fife, ALY TE 2 FIRHESE T PtZn TEHEYIFR 53
RIS AE .

T 345 PrZn/n-AIN LRI TOESE R, K
FH SEM %5 & TEM 38 X} %] 4 n-AIN 2544 F1 PtZn/
n-AIN AL FIHEAT T X5 Le s . anlEl 5-a B, %)
i n-AIN ZR I TR B SREMRIES , T8
RPN 1 wm, SR SEM B A 7R ix s 8
SERF IR R A . 1K 7-a TR HR-TEM B8 &
HE— 2P S S AR AR W R 54 TR 5L R
~100 nm [UERIE BUKE . MWL PiZn/n-AIN HEALF ()
SEM HR ([l 5-b) a1, A 0EPEL 7 Pl Zn 5
HEALRIPIES R A T —E BRI |, B T /NRGE
REMIRG Z | BURDRLAS B 0 2R, oWl
b PR A T TR R 1 Jm 0 2R TR ) 1 R AN H ]
FRRGS Y , X ISR ) AR AR IR T
n-AIN T 1Y A KA, TR RS Tk 2 im A
BT B KA

5 n-AIN 21K (a) 55 PiZn/n-AIN AL (b) 19 SEM B
Fig.5 SEM images of n-AIN support (a) and PtZn/n-AIN catalyst(b)
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Fig.6 Nitrogen adsorption-desorption isotherms of n-AIN, Pt/n-AIN and PtZn/n-AlIN (a) and BJH pore size distribution (b)
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Fig.7 (a) HR-TEM image of n-AIN support; (b) representative
AC-STEM image; (c) EDX-mapping images of PtZn/n-AIN
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Fig.8 Zn 2p;,, Al 1s, N ls and O Ls XPS spectra of the PtZn/
n-AlN catalyst
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Self-hydrolysis-driven Synthesis of Nanocrystalline Aluminum Nitride
Supported Platinum-Zinc Catalyst for Propane Dehydrogenation

ZHANG Jin-he, ZHANG Chang-wu, WANG Xin-ge, CHENG Jia-wei, Shi Lei’
( School of Chemical Engineering, Dalian University of Technology, Dalian 116024, China )

Abstract: Using nanocrystalline aluminum nitride (n-AIN) as support, a series of PtM/n-AIN catalysts were prepared
by incipient impregnation method, where M is one of Zn, Sn, In, and Ga. Catalytic test in propane dehydrogenation
showed that zinc was the best promoter, which simultaneously enhancedthe activity, selectivity and stability of Pt/
n-AIN catalyst in propane dehydrogenation. X-ray powder diffraction (XRD), scanning electron microscopy (SEM)
and N, physical adsorption revealed that aqueous solution impregnation triggered the hydrolysis of n-AIN surface,
and etched a large amount of mesoporous space. Also, zinc promoter accelerated such a process, and remarkably
promoted the dispersing state of platinum. Aberration-corrected scanning transmission electron microscopy (AC-
STEM) combined with x-ray photoelectron spectroscopy (XPS) disclosed that the low-dimensional Pt-Zn alloy clusters
with a size of 1~2 nm were catalytically active phases of the PtZn/n-AIN catalyst.

Key words: propane; catalytic dehydrogenation; aluminum nitride; self-hydrolysis; PtZn cluster
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