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Synthesis of Hydrotalcite-like Compounds Intercalated by 12-
Phosphorus Tungsten Heteropoly Acid and Catalytic Performance
on the Epoxidation of Fatty Acid Methyl Esters

Li, Xiaolei Jiang, Pingping™ Lu, Yun Zhang, Weijie Dong, Yuming
(School of Chemical and Material Engineering, Jiangnan University, Wuxi 214122, Jiangsu)

Abstract A kind of effective hydrotalcite-like catalysts which can be used in the epoxidation of fatty acid
methyl esters were exploited in this work. The hydrotalcite-like compounds were synthesized by using the
coprecipitation method, and then a novel pillared-hydrotalcite was obtained through ion-exchange method.
Then, the catalyst activity was tested by epoxidation of fatty acid methyl esters without carboxylic acid, and
the results indicate that pillared-hydrotalcite shows better catalytic performance. The effects of reaction time,
temperature and catalyst reusability on the epoxidation of fatty acid methyl esters were discussed in detail.
The conversion and selectivity of epoxy products reach 56.1% and 59.4% respectively at 60 “C for 16 h.
After recycling 4 times, the recycle utility rate was still over 90%. Finally, the mechanism of interaction be-
tween the catalyst and oxidant was investigated.

Keywords pillared hydrotalcite-like compound; ion-exchange; epoxidation; fatty acid methyl esters

KB AR A AN P 520 B PR AL B PR A A & Crpgg IOVIA. ANVATIE TR G, VPR Y PP e I
S SN B AR L, 32 AR ) PR B XU B A 1) ATHR R, SO SK A IR 0 AR 07 1R T I I A 1
A Ll AR e AT SR IR B, AN T H Ak V. NEWTR R~ 350 7 508 CioHs60,, A
S NHEAT. W IRBESR IBEE— AL Crpp 2 1W], EEE P BN 0wt -3 €10 4112 A DV T = 10 A8 o S 5719 A U

* E-mail: ppjiang@jiangnan.edu.cn
Received August 26, 2011; revised November 10, 2011; accepted November 25, 2011.
Project supported by the National Natural Science Foundation of China (Nos. 20771046 and 20903048) and the Academy and Research Institutes (BY2010118)
in Jiangsu Province of China.
[ 5 A SRR 243 4 (Nos. 20771046, 20903048) FIVL 454 = 2 WF A BB 34 4x(No. BY2010118) % Bh I H .



No. 5 PN 12-EES A 2 TR ST A0 5 1S HEA I T TR Y I 4 545

FLIAET, AL R FRIRES, WV b R A ] g
G th 2% 72 A KRR IR M IR K, H A R ™ IR (1) R )
U At 2 o R AR SR
AW S RN L = AR BRTEL TP B4
JR AR O S A L 71 ERAR LA A v PR AR A
B R IR, AR AR S % R
SRR KA — R A R ARG 2
HamESE N, AR AR A EE TR T LR R 1)
W A o R R AR, KT A R B 5
19 il I FR A B, BRGNS, RARKIE A
(RFEAE > 130 MgeAly(OH)14CO34H,0M",

=2 TR AR B 8 RE /K3 A & LA A TE R 1 —
T BIAPRL. e K T I RS AC AR, A
% BR AR B 25 1 AR K A J2 100 (9 B 28 7 1 1 4 1y U
T2 2 R S IL e it Bt Rtk RE & 2 2 B 1
AR 5 TRVRY 5 G5 AR R s 1) LA 85 B, 02 2 IR ) B8 1|
NOKHE A )z 8], A] LALR] I e K i A F 2 2 1 S L3R 1)
HEACPERE, JFOGEA 2 RRIE M &, 40 55 (RIS PR HE 45
s L R R AR D AT N T R AR A N
O T B R LEIORIGIE . FREIR IR ok L3
FHF A LA KB BE AN UL R LA S IR R 8 A S

AR T FE T V54 AT R AR R S8 7K A A 77,
T B AR A T 12-B S 2 2 IR B B TR K
WA, RAF T G5 MRS B0 S R R R K A 2
MORL, R ILR AR TR IR R BE N g iy 1 FR s 1 44 A
IR, A KB AN LRI WAL A 0 IR i AR
AR AL T —Fr %

1 R

1.1 KT 5E

THERAT . THIREE. A9MRN. WA A, TRE. ML
TN AL E(TBHP, 65% /K V)25 k73 Hr 4 (AR),
S A 25 42 Ak 2 a0 A PR A ). R SO R P ) A

A, ) @)
H H H H

OR/F +/o'?/|3 d/o’?/I2 “OW e
7/ \ 7/ \ / \ 7 \
o 0o ¢ ¢ o

ion exchange
—_—

118 g/100 g, H-RAFAEYIRENE AT PR A w] F2 fit

%=k ABB BOMEM 4 7] FTIR2000-104 {# 1] 41
HPICTEA b TR P KBH A R W] M16525X 5
AT Ab RS E AR A PR DT A W) TU-1901 XL
JEHREAI AT WAt A By W] ICPS-7500 15
WAk B ARSI
1.2 XWiHiE
1.2.1 FHBARA K KiE B 694 &

R R EIE A 10 1.5 [ AI(NO;);*9H,0
(3.75 g), Mg(NO3),*6H,0 (3.85 g), W% 50 mL /K(A&
SCHTREIIKIEN TG CO, 281K T, 1334 R
B A; EENEEAEN, [FRE A R K R
3 BB BOKE 4 1.50 mol/L); 76 NL A4 K, kst
50 mL /KI9PY FUBE R RIS I A B, SRZIBEEE,
PRI I, AR pH 4 9.50+0.01; A ¥ INoE
ERRpRT, SRJGAE 65 COKA RHLHERRAIL 24 h, G R
NV 2 b v, B S AR AR TP R 100 CTEE 48
h, £33 [ @8 K B 25K A Mg, - AL(OH), I
(NO; ),*mH,0 ( NO;5 -LDHs) {1471,

122 12-B548 7 % BARARIE KR B 049 %) &

K H & IR - CWEAIOE, Hl 12-B545 2
R BRI B A R B MR A — 4, N8 1K
filt, IMANIRERIR S 2 TR A N, RN IRA E G I
WA Bk, B2, 0 KRR EZE R T,
RURTAS 2= 12-B 2 2 1R, ¥ i, e R
VAL TR, ZE R, IO SR N B A TR,
RT3 Nas[PW 120u0]. W7 A i 1 210108 443 1 B 7K V5L

I — 52 5 F 3 NO3 -LDHs 45k A 4 B 2K,
TEBERE T BAS N N — 52 5= 1) B IR IR A K . T
FEERIRAE 60 CARKW THIFERRAL 24 h, RIERRACIVE
Bea b, MR IEE 80 C T 48 h, 33| A MR
R 12-BES 2% 2 IRAR AT /K8 A Mg AL (OH), I
[PW,04 115 #mH,0 (Q° -LDHs)ffE {471,

o0 0. 0 0
M

M2 M
N\ N
g o g o

NZ/

(@]

o, O_ 0O 0O
R 9 R i
0O O O O O

BB AR R K A

Figure 1 Simulation diagram of ion exchange method
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Figure 2 XRD patterns of catalysts
(a) Represents NO; -LDHs, b, ¢, d represent different mass ratio of
Na3[PW,04] to NO; -LDHs, b: 0.5;¢: 1;d: 2
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Figure 3 FT-IR spectra of catalysts
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Table 1 ICP data for catalysts

The content of metallic element/%

Catalyst
Mg Al W
NOj -LDHs 9.0 6.7 0
Q' -LDHs 5.9 6.6 52.6
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Table 2 Epoxidation of fatty acid methyl esters with different

catalysts

Catalyst ~ Conversion/% Selectivity/%  Yield/%
Q37-LDHS 56.1 59.4 333
NO; -LDHs 21.4 52.9 11.3
Mg(OH), 3.6 15.9 0.6
Al(OH); 43 13.2 0.6
Na;[PW,,04] 17.9 38.1 6.8

Reaction conditions: 10 g fatty acid methyl esters; 7 mL TBHP; 0.025 g cata-
lyst; 15 mL CH;OH; reaction temperature, 60°C; reaction time, 16 h.
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Table 3 Effect of reaction temperature on epoxidation of fatty
acid methyl esters

Temperature/’C ~ Conversion/% Selectivity/% Yield/%

30 53 3.6 0.2
40 13.0 7.3 0.9
50 53.0 56.0 29.7
60 56.1 59.4 333
70 61.1 43.8 26.8

Reaction conditions: 10 g fatty acid methyl esters; 7 mL TBHP; 0.025 g cata-
lyst; 15 mL CH3OH; reaction time, 16 h.
2.2.3  ROLES A At ER AN R # 7 )

R4 JE AR A AL, FEAN A SN I )
AL IR T EE A A AL 0. th3R 4 WTLLAH, 10 h
AR, JIg D5 % RS P 0 XU A 78 70 AR TN Ta], 4k
HIGAG; SV TR, PR IAE K A R K A
TPIR S AR 2 185, TR R %, B T ™
Yk Fet. BTLL, fEMEA R, RAVINEIESE 16 h
BOWBAR, EFENEAEL A AT R EFAE 50% LA E.

R4 NI TADA IR S 5
Table 4 Effect of reaction time on epoxidation of fatty acid
methyl esters

Time/h Conversion/% Selectivity/%  Yield/%
6 13.5 6.8 0.9
10 24.8 9.2 2.3
16 56.1 59.4 333
20 59.6 48.8 290.1
24 60.9 47.1 28.7

Reaction conditions: 10 g fatty acid methyl esters; 7 mL TBHP; 0.025 g cata-
lyst; 15 mL CH;OH; reaction temperature, 60 C.
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Table 5 Effect of catalyst reuse on epoxidation of fatty acid
methyl esters

Recycle time Yield/% Recycle utility rate/%
1 (fresh) 333 100
2 324 97.1
3 31.1 93.4
4 30.5 91.6

Reaction conditions: 10 g fatty acid methyl esters; 7 mL TBHP; 0.025 g cata-
lyst; 15 mL CH3;OH; reaction temperature, 60 ‘C; reaction time, 16 h.
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Figure 6 Mechanism of epoxidation by AI-OH
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Figure 7 Mechanism of epoxidation by [PW1,04]*
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Figure 8 FT-IR spectra of fresh and recovered catalysts
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