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Abstract: The precursors of the hydrotalcite (HT) and the Co-containing hydrotalcite-like compounds (HTLcs) us-
ing coprecipitation method and the mixed oxides of 2Mg/Al, Co/Mg/Al, 1.5C0/0.5Mg/Al and 2Co/Al using calci-
nation of the precursors were prepared. Various measured methods, such as BET, XRD, TG-DTA, TPR, FT-IR,
microcalorimetric adsorption and isopropanol catalytic reaction were used to study the physico-chemical proper-
ties of these samples. The results showed that the specific surface areas of the mixed oxides derived from the HT
and HTLes precursors are larger whereas decreased with the increase of the Co content in the sample. After the
cobalt cations were introduced into the HT structure, due to the redox properties of the cobalt cations, the binding
abilities of the HT layers attracted the interlayer anions were weakened, which thence enabled that the thermal
decomposition temperature and the thermostability were descended, and after calcination, which resulted in the
specific surface areas of the Co-containing mixed oxides are lower than that of the 2Mg/Al sample. In TPR pro-
cess, the 2Mg/Al sample is not reduced, while the reduction of the Co-containing mixed oxide is via a path of
Co™ to Co™ and then to Co’. The surface of the mixed oxide was showed to contain the acidic sites and the basic
sites, and with the change of the Co content in sample the acidic sites and the basic sites were gained some ad-
justments. The FT-IR indicated that on the surface of the Co-containing mixed oxide the Lewis acid sites were the
main and the Bronsted acid sites were the less. The acetone selectivity of the isopropanol catalytic reaction was
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the highest, which indicated that the redox surface sites on these samples were in the dominant position. Due to

the addition of Co and the enhancement of the Co content in these samples,

catalytic reaction was increased also.

the conversion of the isopropanol

Key words: Co/Mg/Al mixed oxide; isopropanol catalytic reaction; TPR; XRD analysis; microcalorimetric adsorption
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Table 1 Results of Sy and XRD analyses of different Co/Mg/Al mixed oxide samples
Sample Co / mol% Sper / (m?-g™) Result of XRD analysis

2Mg/Al 0 214.0 MgO

Co/Mg/Al 33.3 100.5 MgALO,, Co,AlO,, Co;0,, CoALO,, MgCo,0,
1.5C0/0.5Mg/Al 50.0 78.1 MgALO,, Co,AlO,, Co;0,4, CoALO,, MgCo,0,
2Co/Al 66.7 76.1 Co304, CoAlLLO,, CoAlO,
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Fig.2 XRD patterns of the four precursor samples
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PR I TR AE T R AL PIAE i R K
AR 0 B IO SR A SR — %o 5 4 S g HH BT S PR
ML AL b o 32 2 2 TR S/ 7E T 160 CIY, YA
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Table 2 Catalytic activities of isopropanol on mixed oxide samples
Isopropanol conversion / % Selectivity / %
Catalyst o content Propylene Acetone Diisopropyl ether
/ mol% Air N,

Air N, Air N, Air N,

2Mg/Al 0 0.1 2.8 11 7.7 89 91.2 0 1.1
Co/Mg/Al 333 2.9 6.1 1 2.7 99 97.3 0 0.0
1.5C0/0.5Mg/Al 50.0 7.7 42 6.1 100 93.9 0 0.0
2Co/Al 66.7 11.3 6.0 0.3 15.8 99.7 83.2 0 1.0

Reaction temperature is 160 °C in air while 240 °C in N,.

B il PR 5 TR T 1 AL R AL 5 SR L 2 Mg/ AL B i g 4 4L
FEAL TR PE AR AL 0.1 mol% , B 25 4 1Y A HI & & 0
B, 5N EERG AT PG N, 2Co/ AL FE ) AL
s P (11.3 mol% . 3R 2 iy = i 6% , )
LA B, Z S5 N IR A O R LR A R R
I b ANAETE S B AR D B XUy 526 T
DL R AR AR R 08 20 o] A B 7K B g, 2Mg/ AL A
il A TS RS T BEE R 11.0%, 1t A RE S 60 TR 0 1 %
PEABARAL KK R 1.0% .0, F1 0.3% ., R 11 P4 i 356 5%
PE B 2Mg/Al B i 2 89.0% LA Ak, HAAh AR i #RAR 5
~100% ., R I, 375 A8 ¢ B AE 3 SE A 3R 1 1 1Y) 57 DI B
58 SR I 1 R A B 2 R, B Co A
FE B I RN RF i 00 RS SR 1A T, S DI A Ak
(G AL R A IE 3 K1Y, Co (AR FH 2 3R i 28 1 11
AL I T SN (R e A X R R TPR s i1 i
B Co FEMMBEBL S LR, Co 7t i 38 5P th fr 1
FaE R, 2 PR AaE RS 240
CIF, 2Mg/Al S5 FE 1 55 T8 B AL BG4 2R . 2Mg/
ALFE it B HEAL TS MBI O 2.8 mol%, T Co Y =
ANKE AL S T BE AR AR R AR 3G K, IRy 6.1 4.2
6.0 mol% , Z&WTERE & vl i) Jim AR i S5 T e 4 £k
Befk o MR 2 ik B AT LUE B, 5 N ik
) 356 £ M [ 2Mg/AL T 2Co/AL B SRR MG . R A
L1%F 1.0%50 , o be a4 o % R WITEfE AL 7] %
AT 1) 5 P9 3 SR AR W 0 b B L1 5 A B g A A
FEFNAE T 189 43 7 18] 119 JBE 7K 5 17 e Ay Bk 559 8 A A7
TE o 2Mg/Al ¥ 5 I P SEFEME R 7.7% , T AR AE
B TR A e B PEAR K 2.7% .6.1% 11 15.8% , X ] J&
P i 2 T 1 TR 2 2 TR i Ak S TR I K 2B A
I, 5 A WL B AR R R AR R YE A, DA
2Co/Al ¥ 5 1 W B 2140 L R AV & E 2L B TR {7
AR 55 S50 5 45 AR EPIE A, ARG, A ISP TR )

P MK N 91.2% 97.3% 93.9% F1 83.2% , #F# & .
(AL T 48 R B ZE AU T 240 CIFRE 26 Tm g
SR I R S T ) AR A SR AT I s TR

3 & i

FAFLUUEE LA T HT FI5 Co A9 HTLes R,
5 B8 5 il B 2Mg/Al Co/Mg/Al [ 1.5C0/0.5Mg/Al K
2Co/Al SFIR A AL PIHE o 2Mg/Al HT & Co/Mg/Al
HTLc B TG-DTA Wl & & WITE DTA th . 7E 235 CK
237 CHYHE— AW IE I i T2 (A1 45 & 7K R3S
KBRS 3 A 415 °C K 335°C A5 A~ M AR J2:
HF 2 CO> 8 FHIZEE M /) OH- B T 43 i
Co INAJG 55 AW IR I R BRI, BET 45 R 3% 1] .
i HT 1 HTLes Hij A4 1 % 091 5 A ALY 1 Sy 82
Kb Co & MBS INMFEAL, 78 HT 5] A Co*
BRI T Co B 7 I E AL IE J5 s 1 I 85 1 K
A ZX BT RS R T, DA A TS0 A T B
A E EREAL, SBUS RS R RIR & ALY
Suer FEAS B 2Mg/AL BE G 1Y Sper 11K, 24 Co 1975 5
W2, Sper MFRIRRL AL AT K . XRD 45 R EH . 5 L
JE B SEUF A HT A HTLes; B85 il G 5 46 1
RA S D B AE 2 +3 M EG P 4H . TPR il
TE R W] 2Mg/Al HE AN AR SRR A A
e 2 +3 M Al e e AR R +2 Hr, A T K
G J A e WA B A i R W L TEVR A R A R T
I AEAE TR NI AL 5 B R Y AN B
A LAER A AR IR AT 2 9R A R B AL A
SEIL R W] 2Co/Al BRI I L BRJE F 2 B FRR
5 TR A AR I b SR e B A B TR R 1) 2 5
i, U Ak S DA IR S0 P T 1 A A
FEU L TN B B I AR & R3S I, T
R AR ER S - DI I T



- 50 - x Hl

-

9521 %

2 %2 ik

[1] Cavani F, Trifird F, Vaccari A. Catal. Today, 1991,11:173~
301

[2] Dula R, Weisto K, Stoch ], et al. Appl. Catal. A, 2002,230:
281~291

[3] Tichit D, Lutic D, Coq B, et al. J. Catal., 2003,219:167~175

[4] Climent M J, Corma A, Iborra S, et al. J. Catal., 2004,221:
474~482

[5] Carpentier J, Lamonier J F, Siffert S, et al. Appl. A, 2002,
234:91~101

[6] Padmasri A H, Venugopal A, Durga Kumari V, et al. J. Mol.
Catal. A, 2002,188:255~265

[7] Takehira K, Shishido T, Wang P, et al. J. Catal., 2004,221:
43~54

[8] LIU Yu(X] %), YANG Xiang-Guang (47 11 ), ZHANG
Zhong-Liang (7% . R), et al. Cuihua Xuebao (Chinese J.
Catal.), 1999,20:450~454

[9] FENG Yong-Jun(i% 4l %), LI Dian-Qing(Z= B ), LI Chun-
Xi(Z#=), et al. Huavue Xuebao(Acta Chimica Sinica),
2003,61:78~83

[10]XT Huan(Jf  #X), HE Jing(ff]  ##) Evans D G, et al. Wuji
Huaxue Xuebao(Chinese J. Inorg. Chem.), 2004,20:1217 ~
1222

[11]Kannan S, Swamy C S. Catal. Today, 1999,53:725~737

[12]Khassin A A, Yurieva T M, Kustova G N, et al. J. Mol.
Catal. A, 2001,168:193~207

[13])Jyothi T M, Raja T, Sreekumar K, et al. J Mol. Catal. A,
2000,157:193~198

[14]Kloprogge J T, Frost R L. Appl. Catal. A, 1999,184:61~71

[15]XTAO Yi(H  #k), MA Jun(® 38), YANG Xi-Yao(# %
58). Cuihua Xuebao(Chinese J. Catal.), 1999,20:495~498

[16]Chmielarz L, Kustrowski P, Rafalska-tasocha A, et al. Appl.
Catal. B, 2002,35:195~210

[17]Palomares A E, Loépez-Nieto J] M, Lazaro F J, et al. Appl.
Catal. B, 1999,20:257~266

[18]Coq B, Tichit D, Ribet S. J. Catal., 2000,189:117~128

[19]Chmielarz L, Kustrowski P, Rafalska-t.asocha A, et al. Ther-
mochimica Acta, 2003,395:225~236

[20]Kannan S, Rives V, Knozinger H. J. Solid State Chem., 2004,
177:319~331

[21]ZHAO Dan(#  #%), LIU Chang-Hou(X| £ J5), WANG Li-
Qiu(E 2 HK). Cuihua Xuebao(Chinese J. Catal.), 2003,24:
595~599

[22]Tu M, Shen J Y, Chen Y. Thermochimica Acta, 1997,302:
117~124

[23]Handy B E, Sharma S B, Spiewak B E, et al. Meas. Sci.
Technol., 1993.,4:1350~1356

[24]LIU Xue-Jun(X]%: %), GU Xiao-Dong(Jii % 7<), SHEN Jian-
Yi(Pk & —). Cuihua Xuebao(Chinese J. Catal.), 2003,24:
674~680

[25]YIN Yuan-Geng(F*TTHR) Chief Editor: Research Methods of
Heterogeneous Catalyst (% #A4E AL 7 &9 BF 5T 7 %), Beijing:
Chemical Industry Press, 1988,58~61

[26]Cardona-Martinez N, Dumesic J A. Adv. Catal., 1992,38:
149~244

[27]Shen J Y, Kobe J] M, Chen Y, et al. Langmuir, 1994.10:
3902~3908

[28]Shen J Y, Tu M, Hu C. J. Solid State Chem., 1998,137:
295~301

[29]Gervasini A, Fenyvesi J, Auroux A. Catal. Lett., 1997.43:
219~228

[30]Haffad D, Chambellan A, Lavalley J C. J. Mol. Catal. A,
2001,168:153~164

[31]Kulkarni D, Wachs I E. Appl. Catal. A, 2002,237:121~137

[32]GU Xiao-Dong(Jiii ¢ %), CHEN Hui(% %), SHEN Jian-Yi
(kA8 —). Cuihua Xuebao(Chinese J. Catal.), 2003,24:385~
886



