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Synthesis of Nickel Aluminophosphate Mesoporous Catalytic Material via Solid
State Reaction at Low Temperature and Its Formation Mechanism
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Abstact: Nickel aluminophosphate (NiAIPO) mesoporous catalytic material is successfully prepared by solid-state
reaction of nickel(I) chloride hexahydrate (NiCl,+6H,0), aluminium chloride hexahydrate (AICl;-6H,0) and
sodium dihydrogen phosphate dihydrate (NaH,PO,-2H,0) with cetyltrimethylammonium bromide (CTAB) as a
template agent. The textural properties of the materials were characterized by the X-ray diffraction, high
resolution transmission electron microscopy, Ny-physisorption at 77 K, Fourier transform infrared spectroscopy
and the element content was determined by inductively couple plasma atomic emission sportrometry (ICP-AES).
The proposal formation mechanism of mesoporous NiAIPO material was investigated. The results show that nickel
has been incorporated into the framework of aluminophosphate (AIPO), the nickel content is 5.15wt% . The
NiAIPO mesoporous material is composed of the worm-like, amorphism and haxehedraon structure, the specific
surface area of 157.3 m?-g~", pore size distribution centre of 3.65 nm and 5.3 nm. Meanwhile, the stretching

vibration peak (983.7 cm™) of P(A])-O-Ni bond in the catalytic material are obtained.
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Fig.1 XRD patterns of the sample
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Fig.2 Nitrogen adsorption-desorption isotherm plot (a) and pore size distribution curve (b) of the sample
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Fig.5 Infrared spectra of the samples
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Fig.6  Proposal mechanism of mesopore formation via solid state reaction

1A Bl TR R (0 4% BRUE 38, A2 B 7K g 2F — 20
&3t CTAB FI N W % i, 45 Ni2r  AIP*FI PO,
Sy S AU CTA*[Ni, AJPO, i 3K A4 Wt I #E 47 FL
faf VEIC 1717 A B4 5 1) CTAB 1R T A= B NacCl
XFAF I B [Ni, AIJPO, ¥ Fh A7 #F — 22 /9 BH 5% 1E
FHEA 4L B T i oK RS S R CTAB 245 1k, B
TR TG AR AR (9 53 B, 52 W [Ni, ALJPO, #IFP 1A T A K |
W IC I E5H , FEL R CTAB By 2 | Wi i
HCTA[Ni, AlJPO, Hif 9K 14 fry Ha iy 1 il B 3R | fifi 45
— 8 43 Bk B A TE B ES (N>, A R ZE 37 Sy 3
o 1) -5 17 0B A — S R AL B NG
ORETE | xR SR G R R IR R FL AR KNS —
e, AR B T A T AL PR AR KNS —
L) 2 T RS R T BB AR 25 5K, B B W IR A
ANGEA I TR A Ry 35 4o 80 Y — L8 2 0 ) Bk 1k
W, I A L A N 5]

3 & it

i# 1 NiCl,-6H,0 . AlCl;-6H,0 5 NaH,PO,-2H,0
(] ) [ AH S I, FEREAR A CTAB IIAER T, B &
BT HUIR T T B R AN B AL R A LA R, B
EMES FHATHERBETR, BT EN
5.15wt% , A FLIBE R AR AR A 1R 2 22 S oS T IR 2544
H BET LR AL(157.3 m?-g™), e v JLFLAR 50 A
B TPAE 5.3 F1 3.65 nm , X AR AT 45 K ICHLY)

G ¥ 1) 9 [ AR sz 0oz 1 g 8 PRAE M 5 Bl (ko) A AL AA
R BT 32k T 3 N AR S ARL Y 2% D BOP Qi R
A AR S T AR AR AR B FL AR AL R B T

SE k.

[1] Campelo J M, Garcia A, Luna D, et al. Appl. Catal., 1982,3
(4):315~325

[2] Satoshi S, Fumio N, Tomohiro N. Appl. Catal. A: General,
1996,139:1~4

[3] Campelo J] M, Garcia A, Luna D, et al. J. Catal., 1986,97:
108~120

[4] REN Yong-Li(fE: 7k #), LIU Guo-Zhu(X E %), WANG Li(E£
%), et al. Chin. J. Catal.(Cuihua Xuebao), 2004,25(5):357 ~
362

[5] Sem P, Mohapatralva S K. J. Catal., 2005,233:276~287

[6] ZHOU Xing(J& %), ZHAO Xin-Bin(i# #7 4%), YU Hong-
Ming(ARELW), et al. J. Inorg. Mater.(Wuji Cailiao Xuebao),
2008.,23(3):587~591

[7] Subrahmanyam Ch, Louis B, Rainone F, et al. Appl. Catal.
A: General, 2003,241:205~215

[8] Hartman M, Kevan L. Chem. Rev., 1999,99(3):635~664

[9] Zubieta J. Comments Inorg. Chem., 1994,16(3):153~183

[10]Finn R C, Zubieta J, Haushalter R C. Prog. Inorg. Chem.,
2003,51:421~601

[11]Soler-Illia G J, Sanchez C, Lebean B, et al. Chem. Rewv.,
2002,102:4093~4138



804 M

A

5025 %

[12]DUAN Shu-E(BilUK). (Chin.) J. Xi'an Inst. Technol.(Xi'an
Gongye Xueyuan Xuebao), 2000,20(1):62~66

[13]Rudzinski W, Everett D H. Adsorption on Gases on Hetero-
geneous Surfaces. London: Harcourt Brace Jovanovich, 1992.

[14]LIU Li-Cheng (X 37 i), LI Hui-Quan (% £ i), CAI Wei-
Quan (%% TLAL), et al. Acta Phys.-Chim. Sin.(Wuli Huaxue
Xuebao), 2005,21(11):1311~1314

[15]Rokita M, Handke M, Mozgawa W. J. Mol. Struct., 2000,
555:351~356

[16]Frunza L, Pelgrims J, Leeman H, et al. J. Phys. Chem. B,
2001,105:2677~2686

[17]REN Yong-Li(E 7K Fl), LIU Guo-Zhu (X! [ #£), MI Zheng-
Tao(KHL ). Chemistry(Huaxue Tongbao), 2004,6:433~438

[18]Bellotto M, Rebours B. Clause O, et al. J. Phys. Chem.,
1996,100(20):8535~8542

[19]Oliver S, Kuperman A, Coombs N, et al. Nature, 1995,378:
47~50

[20]Bu X, Feng P, Stucky G D. Science, 1997,278:2080~2085

[21]Li W, Zhang M, Zhang J L, et al. Front. Chem. China, 2006,
4:438~442

[22]YU Jing(T*  #). Thesis for the Doctorate of Dalian Univer-
sity of Technology(RX £ T X 51+ ). 2008.



