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Study on the Catalytic Activity, Life Time and Deactivation of
Hydrotalcite-like Catalysts in Transesterification

WANG, Shu YU, Qin-Qin HUANG, Jin-Ming BAI, Rong-Xian LI, Guang-Xing*
(Department of Chemistry, Huazhong University of Science and Technology, Wuhan 430074)

Abstract The catalytic activities of five samples of hydrotalcite-like compounds (HTLC) with different
combinations of cation and the life time of ZnAl, MgAl-hydrotalcite catalysts have been investigated for
transesterification of DMC and PhOH. The results show that the catalytic performance of HTLC was related
to the character of involved cations. While the catalytic activity was influenced by trivalent cations, the life
time of catalysts was influenced by divalent cations. From the investigation of the reason for the deactivation
of hydrotalcite-like catalysts, it was found that the characteristic layered structure of HTLC was the key fac-
tor to their catalytic activities. Once the layered structure collapsed, the activities were lost. When the molar
ratio of PhOH to DMC was 2 . 1, the mass fraction of catalyst to the total reaction mass was 1% and the re-
action time last 8 h, MgAl-hydrotalcite showed the best catalytic performance: the conversion of DMC
reached 51.8%, the selectivity to DPC and MPC reached 94.2%, and the catalytic activity kept unchanged
after being used five times. The catalytic performance of MgAl-hydrotalcite was obviously better than the
other solid catalysts reported in this transesterification.

Keywords hydrotalcite-like compound; catalytic activity; life time; transesterification; dimethyl carbonate;
diphenyl carbonate
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300 C. AR AER T, MR 50 C. ROV
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Figure 1 XRD petterns of synthetic HTLC with different
cations
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R 1 AFPMHEFAE HTLC Mtk @
Tablel Catalytic activities of HTLC with different cations

2 KBTI
Table2 The polarizing powers of involved cations

Entry Catalyst Conversion/% Yield/% Selectivity/% cation AP F&' Pt Mg zn®  NiZ
DMC  DPC+MPC® AN® DPC+MPC PP 56 55 49 2.8 33 2.9
1 MgAI-CO; 518 488 3 94.2
2 ZnAl-COs o517 %31 46 920 TEAHRISEIR 451, FE— DB 22 T Atk
3 ZnFeCO; 354 3L9 35 %01 (Y MGAI-COs, ZNAI-CO; B2 4) MgAI-LDO
4 NiFeCO, 376 813 63 82 (layered double oxide, 75 % LDO), ZnAl-LDO FIILH
5 ZnCr-CO, 11.8 18 0 100

@ Experimental conditions: n(Phenol) : n(DMC)=2 : 1, w(cat.)=1.0%, time
=8 h; ® MPC: methyl phenyl carbonate; AN: anisole.

M3 LT LUE Y, AFIRHE 7414 1 HTLC X
DMC 15 % iy i 22 9t S I 359 47— 5 AL G PR . Bk
ZnCr-COs 4t, HEAFHE F41E1 HTLC b M
DMC AR BB R T 35%, H:rh MgAI-COs, ZnAl-CO;
RIS HEALTERE, AU R = (>51%), 1o H
IEREE LR (> 92%).
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JiiA . Buscal O AN [ BH B -1 146 7 (PP) S5 4 A6 ) 4 1
PRI AR TR T, DO B e ) S R TR v
FARHK, HESR 1 AR 74141 HTLC LR
AR 53R 2 thARTRBH & 7 kA 7, LA H,
DMC Hefb Aty =4 FHE 1 B Ae ) Z T R B H —
SERIDEME: & ARTKI ARG, & P KI A1
WPEIRZ, B Cr KA T P SR R A BH T
A T3 S AL P R 0 OG R AN

IR <5 e S SR AL P00 DMC L 2Ry IR AT 5 S N PR AL 7
P, 4RI 3.

R 3 MOAI, ZnAI-HT = A1 4 R S A A e 1 2
Table 3 Catalytic activities of calcined MgAl, ZnAl-HT and
their solid metal hydroxides

Yidd% Selectivity/
Entry Catalyst Conv./%DMC %
DPC+MPC® AN DPC+MPC
1 MgAI-LDO 10.1 8.2 19 81.2
2 ZnAl-LDO® 9.6 9.6 trace 100
3 Mg(OH), 5.3 42 11 79.2
4 Zn(OH), 6.5 6.5 trace 100
5 AI(OH); 6.4 6.4 trace 100

@ Experimental conditions: n(Phenol) : n(DMC)=2 : 1, w(cat.)=1.0%, time
=8 h; ® MPC: methyl phenyl carbonate; AN: anisole; ¢ MgAI-LDO,
ZnAl-LDO: calcined inair at 450 ‘C for 6 h.

SER IR, MgAI-LDO, ZnAl-LDO FIHAH N )4 &
LAY A 5 DMC BRAT# s S O EAL e, 54
IV ¥ HTLC AHEE R KRR, (K24 LDO )2 TR 2
JE— O FAHMN. LDH (f3mmepi e sy, W, &
THI R BRI AN J2 H HTLC fit bt pe i T 228 3%

2.2 ZnAl, MgAI-HT fE R & fr bt ik

EPEHEALTE BEELLF 1K) ZnAI-COs, MgAI-CO, 73 it

AT HAE R G dr e, A8 AT A A R0 I it g 5 B N

4 ZnAl, MgAI-HT 3R 5256 45 5 @
Table4 Results of recycle experiment of ZnAl, MgAI-HT

) ' nv./% rr Yield/% Selectivity/%

Caalyst Time used rgcactjeyr?/;) CgM C/) ’ ggn\%i/do DPC MPC AN. DPC+ |\:|y PC
1 — 50.0 11.8 34.6 3.6 92.8
ZnAI-COs 2 87 45.7 52.5 8.6 33.7 34 92.5
3 71 9.8 138 2.8 7.0 0.0 100
1 — 51.8 13.2 35.6 3.0 94.3
2 75 384 51.2 5.0 317 17 95.6
MgAI-CO; 3 64 333 52.0 4.3 26.5 25 92.6
4 57 30.8 54.0 5.0 24.5 13 95.7
5 51 28.6 56.1 5.7 21.1 18 93.8

3 Experimental conditions: n(Phenol) : N(DMC)=2 : 1, w(cat.)=1.0%, time=8 h;  corrected conversion: corrected by DMC conversion/recovery.
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Figure2 Comparison of XRD patterns of fresh and used MgAl,
ZnAI-HT
MgAl-used: after being used five times. ZnAl-used: After being used three
times.
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Figure3 Result of TG-DTA analysis of ZnAl-HT
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378 C, I iy TR A He S 1) e il P X 11

fH I 2 H Rl MgAI-HT ¥ XRD KSR LLE H, 7
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Figure5 IR spectraof MgAI-HT and used MgAI-HT

FLACAE FH RIS MQAI-HT (2L 43 B vy LR B
CO3 ™ -vs i 3 W 5 { i i WA Sk 10 5 D $ 437 #% (1383 —
1404 cmty; At FE AT HCUE kg — 25 DAy o R ) L A P
JfE 1495 cm by — B B M. R AR AR S I
MOAI-HT 1, 2 CO3~ [IHEFIXI FRIEBAK, 5 J2MR A
2 E RS, JEATE— MR A B RAS. R
TR, X 57 NI FE b 2R Bk N2 R, I8 43 1)
DAY A A B 1 T 45 B AR 2 ), S BEH o 2 R ER I K
K. [HIC MOAI-HT FZLAMGIE B E 3 S 2R R (1)
FFUER SO0, 33X AT R DR A 2R £ A 70 R TS s Ak
Tk v 25 A R R M T
24 MgAI-HT 5SHEELTIB LR

25 AT MOAI-HT L5z 31 STk H I8 f Ak 2% R4
U (R AR R (Entries 1, 2)F0[E {448 A7 (Entries 3~
B)TEREAS #e 5 B DPC N P Ak Ik BB LA, iR
HH S8 A G SCRRAE L L AT B IS P Edls. i3k 5

TR, A CARIE R [ A AT L PbsO/Zn0 HAT By
Lf () DPC ™ &, (HEBAFAER WL HNE AR, A ke S5k

75 T ¥ 55 SRR 0 B kR A B i, B T
M0O,/SIO,, TiO,/SIO, FFRIE & . 117 -5 I FH AL 57 AH
Et, MgAI-HT WILE 43 B RN P8 77 T A 0 A 34

K5 MAI-CO; 5 B AL AL L fiE LU
Table 5 Comparison of catalytic performances between
MgAI-CO; and some reported catalysts

Yield/% Selectivity/%Times
DPCMPC AN DPC+MPC used

Entry Catalyst

1 Sm(OTfs 311 21 12 %5 NA® 6
B

2 p-lgﬁzgd_:‘;SOgH 208 39.4Trace ~100 NA 7

3 MoOySO, 02 171 00 100 2 2

4 TiOJSIO, 06 317 33 868 NA 3

5 Pb0/Zn0 456 00 — 72 1 4

6 MgAI-CO, 132 356 3.0 943 5

2NA: not available.
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P AT 45 5 I 18 L 2 [ A A 7).
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A ) R NAFAE — SR O, A BH B8 1 AR e i % e
A EERAS e AT A I RS, 1T 5% 0 2 0 )
A8 . FRATTIA A a2k TR kg = A0 BH 5 1 16 P o ¢ 1
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PR AR PR AZ e S Ny A BH B 7 (R PR B i v E kSR
WA )\ T AR RS Ik, 1T HTLC 45 R e e M D B ke 1
RS R A 5 T

WX ZnAl, MgAI-HT 4 HI #7514 XRD, TG-DTA
HUAR 43, RIAEA 7R 2R3 P i DR 2 R kg L AR &4
FRIERE 2. BRI, AT HTLC (2R g5 M 22
HRA EMETEVER GBI 2, 76 SN R I 45 R3S
SEVEYGE T eI
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