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Abstract: SnO>-supported 12-moly bdovanadophosphoric acid (PM01/SnO2) was prepared by a simple impregnation method and
characterized by X-ray diffraction (XRD) and scanning electron.micrescopy (SEM). n-Butyl furoate was synthesized under ultrasound
irradiation with PM012/SnO> as catalyst. Through single factor experiments, the effect of each factor on the yield of n-butyl furoate was
investigated. The optimal reaction conditions were as follows: the molar ratio of buty | alcohol to furoic acid was 3:1; the amount of cataly st was
0.50 g; the volume of water-carrying agent was 5 mL; ultrasound irradiation time was 15 min; ultrasound irradiation power was 200 W. Under
these conditions, the yield of n-butyl furoate reached 97.5%. Compared to other reported methods, this ultrasound-assisted sy nthesis of n-butyl
furoate catalyzed by PMo012/SnO2 had advantages such as shorter reaction time, high yield, and low energy consumption. The kinetic parameters
of the reaction.a 343 K, 353 K, and 363 K were measured, and the results indicated that the ultrasound-assisted sy nthesis of n-buty| furoate
catalyzed by PMo0:2/SnO2 followed second-order Kinetics, with an apparent activation energy of 27.85 kl/mol. Compared to simple
ultrasound-assisted esterification, PM012/SnO,-catalyzed esterification, and direct esterification in a hot water bath, the ultrasound-assisted
synthesis catalyzed by PMo1/SnO:significantly decreased the goparent activation energy of esterification, accelerated the catalytic reaction, and
improved ‘the yield of n-butyl furoate, owing to the potential synergistic effect between ultrasonic treatment and the catalytic action of
PM012/Sn0Oo,.

Key words: ultrasound; n-butyl furoate; PMo12/SnOo; catalytic reaction; kinetics

YRS EHA: 2014-06-02

HETRH: EREANFESTE 61262008,51202087, 51364009) ; HRIH FARFESIRE (12002005, 14J14048) ; #RGEHETTIE (12109, 13K094) ;
ARG RIESTIER 20126K2017) ; HRTE ESFRHZIRTE UsU0713)

EERN: BERZE (19740), &, L, B1%0%, EENETEATRIAIRA =S

BRAEE: ANGE (19740), B, #L, %, FTENEMREFRIR

126



M EmBHL

Modern Food Science and Technology

2014, Vol.30, No.12

VR — T B (A TR 2 N A Akt e
R I T e RO FUs2 3 1 NATHISGTEER®L, AR I T 1 A
FeGi & T 12 AR R S5 HURR AL, DIREIR AN
TR ONFEARNERE, KA I S B T
ARSI R, APz SR A Whn S 0200 B [ A
SRR AL TS R RG], BRI A B T #4
177 2] MR R 1E T, SIKBIL 1760~80% 7™ 3 Ty X
e sHE Mk AR S~ LU R AP B AR BV o pE A7),
KB J7 & 7TRIRIE Tl sl T
80~85% M) ™2 ; il K T AT A5 PR H] (3- R A k) - — K
LR IR EN AL, DL INFA TS 2 SRR 1
TR, SEBLT A 96.9% 1 R o M ISCHRIIRFE AT AL K
T EHEIMAE SR R NI A GEHIL3~4 h) | fE
FEREFBR o TR B A TEHLBRIEAL A (BRI )
HABKMEMNEN, SRR E SRR, ¥
M7 ft B A= o R INF P T JE LR AT b, b
BEF AN, AT B —Fh TR 5 bR
FRREIRIRIE T BRI &0k, B, ik
5 SEPHRIE 1 DU F AR RON AR, SR Bl idi s 1k
BRERIE T MR, SCBL T ™ AP S 1 H Ao

N r S AW Y AN ) O R T A T R
R RIERBOR . Biorik, BAERPIGE. mRcs
R e TN SRR VR P PR A i 2R s A S Ak
AN 10 1= N7 e 5 VAN = 1Y N e A S e S
A 20N, W R0 IS8 shE) AL, 5
TR TR 1, NI NI SR T AR AR (it
R ATIO N, T2 2 RRAEAMIL A BUR N Tl I
P i B S Y ELAI SR R A AN AR R 1A BT
PERES 120, (3 TR B A R SR 2 % IR OUfEAL
FE T AR BEEREEY, T RFK AR
(16381, AR ) PMowa/SnO2 fE(E AL 7, 25T
P B B ORRIR AT T iR FEXHE A IR AT 8] SRR AE
FROSEAIE LS SRR PRIER SEIERIT 7TT SRV T . B R
VOJ5 e L EAGTTIR & AR ThA L KGRI
EAENPRR L T R PR MR R, 1S9 T SRR
& LA PR N ) A AT TR

1 MRERE

11 SZERMR 5 k4

SEEOATRL: HEREN. BERR AN, A, R
M. JToKOEE. ETEE. K. SNSRI Nmral
ERF, W E EEERFI

AR A HAsH G A: (KQ-250DEAY)
B LT AR AER A IR A 7l; CMS-QP2010plus <(AH 4

- PSR (AUY1208Y) , HAR R EAE: Bl
ProH (QWAIRD) , BIlRsAER 1) s X-GH4W
A (XRD, Dimax-3CHL) , HAHHAH;
P EEE (SEM, JSM-5600LVAY) , JEOLA .

12 Xk ik

121 R EGH &S5 £

4 1.0 g KB RIRBEEH A2 2 TR K, VTG 200
mL Jo/K LB, K bedt B TREF TN AR 35
b, SRR R RN 10.0 g SN0 Ay R R
T OREER EEE . TR A B Aok B TS
300~400 CFifft2~4 h, 732I{# L7 PM0w/SnO;
AHF 5T PMow2/SnO; 11144 SUH AAEE 1.0 g SnO; fi] 40
MARTE 019 :Z M.

K XRD %} H HillfE 751 PMowz/SnO: (1 W0AH 2514
HHTIRIE, SR SEM W %2 Hak T St 5 ok 12
T
1.2.2 #RBRIET BRA9 ARG KA

£ 250 mL [ J& e 3 o N — & = 1 i 4k 7
PMow/SnO: &, ¥1E T EE. M. #X Cis/KiD 4%
— B LB, 78 008 50 Ja BT RIS E
FE N Y, i R R A FH DhER R B [RNEAT R B o
FpJx N4 RAE Ja, U8 I M . A B A AL A
PMO012/SNOz+ 28 1R [FIf & 1) IE T R I8 251
W ££76~78 "C/333Palf 1/ AR IR I T BRI, AHH 7
FYFRUIE THRE . BRER . 2RI A7) B =85 BA
A0.1 moLZifgfg (RI8.5mL) NS,

AT R i R R RN A 5 7 i R IR 1
THSIAAAE, RS- e R E T Ber 4l
1.2.3 ARERET B F R 690

MBS VR A IE 51 Ja 0 RSEA) (5 JECe b AR A%
B 1.0 mL AR I E HATGERRER(E , S8 5 bl ke i
B THRTRE CRBTERRS) 150t S0 v B
N 343 K. 353 K 1 363 K 41, & St Wil P38 M == i)
MRS, RN R A G 0 IZD
B 5 min 32 18 SCER[91HURE 1.0 mL A S R 1E T i ™

2 HRSE

2.1 EAH B AR FR A

K] 1 52 PMo1/SnO; [ XRD i, M 104, i
FEFFIRE S BRAE 6 10 B 59 Al AH 2% 22 BRI 41
U o T HARAL B LT FRR SnO2 AW WS Bl A AT
Wi, (HIXECIERAl SnO, HIRIK A i sk, 7] BE

127



M EmBHL

Modern Food Science and Technology

2014, Vol.30, No.12

2l T PMow fEHEALFIH A TEE TEA 2. B 1
(R AL 7] PMo12/SnO2 ) SEM &, AT I, {4k
FIEA RN BRI S, PRty 300 nm /e
o BUNEREERL A BRI, S
TS A B %, AT B B TS

Intensity / a.u

10 20 30 40 50 60 70

2000
1 PMo:/Sn0, B X-5 £ T84 &
Fig.1 XRD pattern of PM012/SnO>
NIRRT S8, A CERERS MR
X 7 4 1P Moo/ SnO fHE A 15 BRI T i RS2 i A0
.

2.2 AR R A A R R

100
9 - \‘
S

IF RO+ ‘-\\\
.,‘ -
= T0F
2
=

o0

S0

a0 \ - | -

5 10 I5 20 25

1/ min
2 BAE{E ARSI = 3R A 200
Fig.2 Effect of ultrasonic irradiation time on the yield of n-butyl
furoate
fia] 5 18 fH 71 PM012/SnO2) F & 40.50 g/ (8.5 mL
FEIED 4 BRIt 1 EU[n(IE T %) :n(HER)] Jv3:1
73 o AERA B I T IR AR BRI A AR 73 )0 27 .5 mLAT
8.5mL, S {EMIIZN200W, KT & A5 mU
(8.5 mMLMRIR ) , 5% 1 s /Y I R R 1L T 1 ™
A, AR, 2R, B AR
AI R AE A, R 1T T 20 52 S K N R
2438 75 A F IR (8] 915 mini], =255 31 i 5 H97.6%:
BB 15 minf5, 77230 R T R, B (R I
[H] 925 minf, 72356 A5 74.2% . 12 B -7 a4
VERTRE =B S R i, AERIINRIG, i R
W3 B 4 AANBRAL , PR L T T A7 .

128

DRI, 5 e 1 s SR ] 415 min
2.3 ERERAFEY B AT R W

WA, BRIR IE T B & U, P RERR L 6
L= R REARR, —MOmS, O 2L =6,
AW BB EL 11 Z55: 10 [ P . 24tk
I #450.50 ¢/(8.5 mUKEIR ) , it 754 FIES A1 15 min,
R I 200 W, KGRI &5 mL/ (8.5mL
BERR) o 5 SRR B L SRR R 16T T = 2R A5
M, &5 R a3,

100

o |

Yicld / %
"

80 -
/

4

1:1 2:1 3 41 s
Molar ratio of buty! alcohol and furoic acid

3 EFBRELXT = RS20
Fig.3 Effect of molar ratio of butyl alcohol and furoic acid on

the yield of n-butyl furoate

HYJEISFT 1, Al R ) B L L N2 3.1,
BB IE T R ™ 3 SRR, R WITERRRR 12T R
BN, &R INE T RE Y B R, AR T
SRR EAT o AB A BP0 (& UK T-3:10
T B A IR T IERORE 1 OB R ORI IR, AN
MITER IR, FEU=F N SAHT T e i
BE IR o () B D931

24 AT EX R WY W

100

‘S

it Ve

17\

0.0 0.2 0.4 0.6 0.8 1o

Yeeld / %

Usage of catalyst / g
4 FELST A E X ARSI
Fig.4 Effect of amount of catalyst onthe yield of n-butyl furoate
Ii] 72 B R A R ) b A3iL, A /KGR R NS mL/
(8.5 mLAERR) , A EFH IR 15 min, A 1R 1)
FN200 W, 25 SLHEALTH HIE O IR 1E T TR 4 AR AL



M EmBHL

Modern Food Science and Technology

2014, Vol.30, No.12

TEOL, 25 R4 AT, AR HEKT0.5 of

(85 mLHERR) I, AR &S, BRr e, &
A 3 S 3 e 7R (R I A S B EAT s (E S AL
7 E#ET0.50 of (8.5 mLKEER) K, F=R i Ni&,
A RE A KON I Bl S SN IE 22 (1) S, SOARHIT Tl Ak
7 & %2 M0.50 g/ (8.5 mLAEFR) -

2.5 AR o & a7 AR R

100 |-

95| =

85 /
RO /

15 ¥

Yicld / %

50 100 1 ,;o 200 250
Power! W

& 5 BAEEREINFELRIFM

Fig.5 Effect of ultrasonic power on the yield of n-butyl furoate
] 52 AL I 22050 ¢/ (8.5 mUKER) , EEIRY)

L Y31, M AE A 915 min, K E
N5 mL/ (85 mLKEER) , BB AEEHTIR, H%E
FEAE I Th 207 2 B Em e, 45 R KI5, 1 IEI5T]
IR SR (SERIES SN (IR T YO
e P AR Dh 20 77 A ORI SR . 24 P AR ) %6
9200 WAI250 WIRS, 3 73331] 15 51)97.6% H198.4% it
BRE— 0 e v 7 VR T, RRR LE T IR AR s B n
218, ARG H T TR A A A Y RS
m, PEEN (BRI SORL) R Ind M F A 1
HE 7 28 ) 2

2.6 A ARFAE X R W

100

£ THey

Yield
B

0 2 R 6 8 HY
Amount of water carrying agent / mL

6 THKFUMN BT = ZEHF 0
Fig.6 Effect of amount of water-carrying agent on the yield of

n-butyl furoate

I 2 B R R (1 e b oA3id, A AR I TR) 15
min, #AEVE TN y250 W, 84677 & 50.50 g/ (8.5
MLUBEER ) , LK B P R s i, 4551
L6, HHEI6RT A, B KR HEAIGm, F2E%
K JERAR. 25 KGRI &L 5 mL/ (8.5 mLERR ) B,
PR RIBE| IR EI8.4%, IXSE KA EEMATKFIRT &
B 7 RS AE R K, RS Ak SN I 113k A T T
% B K PR B S S R B, AN i SOBE (R AT

MR R SIS AT LAR I, SR B I Ak A
e 75 R B[] 915 min, 88 7R FHEDZ200 W IR YY)
JR R A3 fETIF E80.50 of (8.5 mLAgER) F
KRS mL/ (8.5 mLBERR) .

TE S N A T kAT BT8G5 Rk TR =
SRR, A RuE 7R . W ETR R, e R
S AT T BT S B LR AR &, 8RS 4 BIPMosa/
SO, ff 14, A BOREIRR 15 7T s 6 £ 2867 3 7= R W] 04 %)
97.5%LA b ML ERTLIANIE, B E S EIgm,
SR AT BT, 3R ARG N RS, X AT RE A2
DR A A 77 E RIS R e /D B4 B 2 A AL
TE PO SRS s fel i PR A w0

100

T
99 |-
-
—a_
& 98- N
.
= e
L
~ 9r ""\
N
96 - \\-
95 <
| 2 k) 4 5

[imes
7 BMFHTAEESRKATH =
Fig.7 Yields of n-butyl furoate with repeated catalyst use under

the optimal conditions
2.7 AR 77k e RARER ET B R ik

AN IR 0T 2R =28 5540 B
XoF i P 4 BIPMow2/SnOLME AL & B2 5 3Tk & BT 25
FRRIRIE T HEHT T R, SCHkA RO i
Hh sz IR 8] B R ) A s PV AR R i v, 75110
min; 77 2 g 2 Tk DATPIAEHR T8 1) 44 2 TR SR i L
I IIERE R, 722k 296.9%. 18 A4 BIPMox/
SnOAEALE BO IR IE T 16 A 75 15 minf) SO sA], i 2
IR B B R 7= 2697 5%, L6 SCHR G Rl V2 R =
LR 10.6%. 7] W, HE HEIPMo1/SnOAMEI A
FOBRER IE T Bg A TEI A P25, BEREMR ST A,

129



M EmBHL

Modern Food Science and Technology

2014, Vol.30, No.12

e A BAT R SR AT
® 1 KRS A BRERILLR

Table 1 Comparison with synthetic methods reportedin

literature
. B usx azm  BF
HEAL i /min My X FE Tk
PM012/SnO; 15 MEK 975 KHR
PRAZTRER 240 A 665 k[l
120 Kz 789  X#K[2)
PO AR ARy 210 A#me# 859 L#K[3J)
ka4l 210  A#m# 809 L#K[4]
(3-#EER 7 L) 1 ;
=R B 180  isAedk 969  U#K[5]
Xt 9 R AL 10 Bk 95.0 L#K[6]

2.8 MBRIET B oy RAL

XSS R SOEERRIE 2R R
i i3 9233 °C, FTotF Nn»1.4737, HICER(EP
FEAAARF o UM - o DO A O3 I 7= i A BE v
1£99.5%, TS WA WA LIESK = RS 1 T g

29 MEBRIET BEBE LR N3 A F R

it B A 75 A B PMOo12/SnOE AL B 2 & b
IE T ERM SN s AR SO SRS F128H T Tk
W — IR S A AT s AT e T el 2%
JRBE2ON, A R T ARHIF TR O R R A R AR 7K
RIS, FEUR R RPEKIRD, & ERAAR
BEE AR, PR RT DA CRRER E T IS (e 10 s Ny
ENCIBU SRS Sy ol D E L NN 3
dc,
ot
AR (1) FC=Ca-X» Cb=Coo-X; CaF1CH>HIA
A2 2 RO T2 A 22 AR &, mol/L; Coo I Cod 31 N IE
T EELEORT ZIRFZI I P mol/L; X ARt 47
SN FBREER WK B, mollk, Tk e R R B
L/(mol s) o FHTF AT Fa A SR S S SR A (R L A3 1,
[Al LA Cpo=3Ca0» Cp=Cat+2Cao, A3 (1) 4EA:

=kC,C, (1

- dcta =kC,(C, +2C,,) (2
WA (2) B
1 2C
In(==22 +1)] =kt + B 3)
2CaO[n( C. +D] =kt +

A (3) N —HLIHE, AR ORI vk
JECao NI 4 » TSI 5E U ZIBRIR I IR Ca,s
PA[In(1+2Ca/CJ2Cao y N HR, tREAEPRIEIR], 224k

130

PEEEREZ LK) , KRt HZIR %Kk, RIAT
B E AN R N ONHAR HA (ILR2)

RAERT R e a4, PnkAYALFs, 1T
NEAER R, A S/RRIEZ (- FHRYE
HAER CE/RD FIEEINASK i FR AL SR RS AL REEa
FFERTH A (WK .

Ink=—E241nA 4
RT

AR (4 FENIHAEE, kImol; ANFERTIHTA;
RANSAEH $, 8.314kJ K/mol; TH#SHRE, K.

K FH [FIRE BRI T2 05 15 FRATIFIR R B 42 ki n 4
FiEfk . BB 7 NS AL FIPMon/SnOx i AL Bis il 45 &
BT N Bl 33T TR 9, 4R 51132,

14
w origmal data of 343K
1.2} Linear fit of original data of 343K
-~ e onginal data of 353K
U 10} Linecar fit of original data of 353K
aQ a original data of 363K
77 0.8L —— Linear fit of original data of 363K_—" e
ey = el e
;ﬁ 6L i -: e
L, X T el
¥y 04 o
02} 4=
0o 1 1 1
0 200 400 600 £00 1000

Tunes
8 [ In(1 +2Ca0/ca) ]/zcao"t %%&EZ&’TQU’%
Fig.8 Relationships of [In (1 + 2Ca0/Ca)}J2Co~tandthe results
of their linear fit

= s onginal data
T Linear fit of the onginal data
-\
- 2 \_\\.
o
7.3 ™G
ey ~
g g
. 41 ‘i\
i .
7.5 ~
S
.
7.6} ™G
~
7.7 =
275 2.80 2.85 290
[1/T]/ (107/K)

E9 Ink~[UT] R AR HLEIE
Fig.9 Relationships of In k~[1/T] and the results of their
linear fit

20T LARITE , B BT 12000 BRIR 1E T R B
L) AL BEATF AT RS2 K . 5 Bk
IIREAHEL, EHSE BRI PMow/SnO AL
AR P 4 BIP Mon 2/SnOa fHEA iR AY V2T e ) (R PR
IR AEARE IS A% SOV kAT . e,
et P ST P M1/ SO AL IR A% FEEAIR S B FML S K fE
R, WEEIKIINAEIE48.66k)/mol FE K 2
27.85 ki/mol, FIEAEFHKIL42.8%. MILLRL



M EmBHL

Modern Food Science and Technology

2014, Vol.30, No.12

K&, BIPMor/SnO:MEAL FEIL 2L BAAE [F B 32
Ji 7 P 25 P Mowa/ Sn O ALIR AT A e R WG AL,
RETEAR, LB A3 5P Moy /SnO AL 2 18] i RE A7
FERFPIFEINE L, AR TR S LA TR B e S )
fefb 3, BARHLERA Rrdt— B IRAHAT .

R 2 FRIFAERBRERETBENREHNZESH]
Table 2 Kinetic parameters of differentmethods to synthesize

n-butyl furoate

Btk BAEIK  k/LA(mols)] Ea(kd/mol) A/[L/(mol s)]
-4
2 E 343  4.6578x10
PMo012/SnO2 353  6.1843x10™* 27.85 8.13
e 363  7.9593x10*
343  3.3928x10°
PMO2/Sn0z oo 4 8140%10°  35.24 7.90
1AL

363  6.7027x10°
343 9.9549x10°®
B Bk 353 1.4787x10° 39.83 11.58
363  2.1490x10°
343 3.4178x107
H#EKiBi 353 55421107
363  8.7506%107
T HRIR 1E T BRI R SN 3R M AR 4
IR AR D SCRRARIE , DR M At 55 R A e 1 ik
BV« AHICHR DT R FIECIA 2R IR T il
B S B RS AL BE (530 28959.12 kIimol#175.09
kdimol) HEAT 75T, LLECRIL, R S B
PMow2/SnO2Aff At A BUH R 1E T-BR B3 AR O kA i
FUEmEt SN RS ARE A, ATUATAlE R i T
FEBIEHEER, BRSBTS RE, (2
b U SONAS (VS S va N7 =TI <Y QA e A
i P Moo/ SnO2fHE AL & BRI LE T T 1 S 5h /557 7
FERT DARIR A«

27850
—1;a=813x€WW(%Cb

3 g

3.1 ZARNZEIN 2] [ H A BIPMown/SnOf#fk &
FORERR IE T BRI B L 24 . M5 1 FH 1) 15
min, HHEERTIZER200 W, ERYFFELLS: 1, #
I E0.50 of (85 mLEEER) , /K5I =S mL/ (8.5
mLBEER ) , ~F357r=31A97 5%LA .

3.2 FMISCHRIRIE A BaZ AR, &8 5 BIPMo12/SnO;
A BUETRIS AL P23 m SBEM RS
B[R RE AR 2B, (R =258 5. RAIPM012/Sn02y
TEAGTR, b T SRR AT SRR, BRBEAC LT

48.66 8.80

3.3 BIFMAERY, BB AERE A EMER, FEIK
T B R S FAEAL AR, (R T R S PUE AT,
PEm THRIRIE THEEI= %, @it e 343 K. 353 K
363 KT I B id A 4L, 453 21 15 4B PMor2/SnO2
AL A UHRER IE T BRAG ZWLIE1L A8~ 27.85 kdimol, %
izl 15 5 RE ] LA IR«

27850
—dia=813x€RTCJ%

B Lk

[1]1 PR sk 5K AL, A6 £ F A R IR S AL & B 7 [0].
I~ %40 1,1999,(2):46-47
Yang Hui-rong, Zhang Jing, Zhang Hong, et al. Catalytic
synthesis of food perfumer furoae [J]. Guangdong Huagong,
1999, (2): 46-47

[2] KRR, T 20, BT MR T A U &SI [3]. Bk
FE1Ed4 5 ,2001,69(6).7-8
ZHANG Jun-song, MAO Duo-bin, JIA Chung-xiao, et al.
Synthesis and scent of furoic acid esters [J]. Flavour fragrance
cosmetics, 2001, 69(6): 7-8

[3] Uizte, 45t O HERR I T ME ARG & B 3T 777 [0]. 51
FH 4 5K 2 2£41,2001,44(4):129-130
LIU Xiao-yan, ZHOUGui-tian. Synthesis of furoate perfumer
by salid mo-ni [J]. Joumal of jinzhu university of Guiyang,
2001, 44(4):129-130

[4] WA oR AR DT H BRR IE T MR AR AL & BT TR0 7
ROR=ERBE 4 H 2AFH#AR, 2005, 11(3):79-81
YAO Fu-+ong, ZHOU Gui-tian. Caalytic synthesis of furoic
acid-n-butyrate flavor [J]. Joumal of guangxi university for
nationalities (natural science edition), 2005, 11(3): 79-81

[6] TRIZLXE, E%. (3N IE) — RIS L ML &
RO IE T BR[J). Ari14 T, 2011,40(10):1083-1088
ZHANG Wei-hong, LIU Ping, WANG Jun. Synthesis of
n-buty| furoate catalyzed by (3-sulfopropy )
tripheny I-phosphine  phosphotungstate [J].  Petrochemical
technology, 2011, 40(10): 1083-1088

[6] B rboi, ZRL 2 b iR SR A BRI IE T R ], i T
Ak AHE,2012,33(9):346-349
ZHI Zhong-giang, LI Hong-ying. Synthesis of perfume butyl
furoate accelerated with microwave irradiation [J]. Science and
Technology of Food Industry, 2012, 33(9): 346-349

[71 SANTOS FRANCISCO F PMALVEIRA JACKSON Q,
CRUZ MARCIA G A, e al. Production of biodiesel by

ultrasound assisted esterification of oreochromis niloticus oil

131



M EmBHL

Modern Food Science and Technology

2014, Vol.30, No.12

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

132

[J]. Fuel, 2009, 89(1): 275- 279

ZHANG Ping, YANG Mei, LU Xiaoping, et al. The
Preparation of ¢ -caprolactone in Airlift Loop Sonochemical
Reactor [J]. Chemical Engineering Journal, 2006, 12(1): 59-
63

ARRER, 1R, o A, S5 75 4 B SIWo/STO A A5 i R S i
Les)i 717 A00) Fa B b K24 (B SRR AR, 2011, 33(4):
24-27

CHEN Xi, WANG Jun, HAN Yue, ¢t al. Ukrasound assisted
heteropoly acid catalyst siww/siop for synthesis of benzyl
acetate and kinetics [J]. Journal of nanjing university of
technology (natural science edition), 2011, 33(4): 24-27
ANDREA B Martins, MIRELA F Schein, JOHN L R
Friedrich, et al. Ultrasound-assisted butyl acetate synthesis
catalyzed by Novozym 435: Enhanced Acivity and
Operational Sability [J]. Ultrasonics Sonochemistry, 2013,
20(5): 155-1160

YANG Hung-ming, CHU Wei-ming. esterification of sodium
4-hydroxybenzoate by
phase-transfer catalysis using dual-site phase-transfer catalyst
[J]. Ultrasonics Sonochemistry, 2014,21(1): 395-400
MIZUNO N, MISONO M. Heterogeneous catalysis [J]. Chem
Rev, 1998, 98(1): 199-217

RIS AR Z TR SR IM L AE 5T Tk i
#1,1998

WANG En-bo, HU Chang-wen, XU Lin. DUO SUAN
HUAXUE DAOLUN [M]. Beijing: Chemical Industry Press,
1998

SEBASTIEN Paul, WEI Chu, MANZOOR "Sultan, et al.
Keggin-type HsPVM 011040-based catalysts for the isobutane
selective oxidation [J]. Science China Chemistry, 2010, 53(9):
2039-2046

WEI Rui-ping, GUO. Maiping, WANG Jun. Preparation,
characterization and  catalytic- behavior of 12-molybdophos

ultrasound-assisted  solid—liquid

phoric acid encapsulated in the supercage of cs+-exchangedy

[16]

[17]

[18]

[19]

[20]

[21]

zeolite [J]. Chin. J. Chem. Eng., 2009, 17(1): 58-63

AT YU 588 RE AR 2, 1Y L0, 55 P -V-Crdk 22 IR SR AL BUWRIR TR
IR T W [J]. i 5k LI, 2005,31(10):51-53

He Ze-giang, Xiong Li-zhi, Xiao Zhuo-bing, et al. Catalytic
synthesis of butyl furancrvlate by heteropolychromovanado
phosphate [J]. Food and fermentation industries, 2005, 31(10):
51-53

JRIA A AT J0 388, RE 1) 2, %5 Bi-capped KegginZ il 2k £ 1%
AL K R IE T B[] & SR B2 T0IK, 2006,32(2):7-1
MA Ming-you, HE Ze-giang, XIONG Li-zhi, et al. Synthesis
of nbutyl benzoate catalyzed” by _bi-capped keggin
heteropolyacid with high content of vanadium.[J]. Food and
fermentation industries, 2006, 32(2): 7-1

T U 388, RE )2 2 L PW1o/SnO 2 X Ak o W R IR AL £
FE s [3]. 42 [ yhfiE,2010,35(2): 33-36

HE Ze-giang, XIONG' Li-zhi, LIANG Kai. Synthesis of
phytosterol -esters of . a ~linolenic acid by catalysis of PWi»
/Sn02 [J]. Chinaoilsand fats, 2010, 35(2): 33-36

Wl o 3k 5, 5K 4T 5. SO4% IZ102-AlL O Ak & LR i K
FRLRIATFE [ K5 40tk 1,1999,16 (2):19-22

YANG Hui-rong, ZHANG Jing, ZHANG Hong, et al.
Synthesis. of furoate perfumer by solid superacid
S04*1Zr02-Al,03 [J]. Fine chemicals, 1999, 16 (2): 19-22
I %, 7T A RN AR MM T AL 5 S5 808 ik
#,2002

ZHU Kai-hong, YUAN Wei-kang. Analysis of chemical
reaction engineering [M]. Beijing:China Higher Education
Press, 2002

XS5k, B 4 k22 AR B2 A T R R R SO 4 ICoF @20 o i
AR 2 B2 5 77 540F $T[3]. IR 7B 574 2009,30(2):53-57
DENG Bin, ZHANG Ai-hua, XU An-wu. Study on the
kinetics of catalytic synthesid of esterification using nano
composite solid superacid SO4*/CoFex04 [J]. Journal of
Xiangnan University, 2009, 30(2): 53-57


http://www.sciencedirect.com/science/article/pii/S135041771300045X
http://www.sciencedirect.com/science/article/pii/S135041771300045X
http://www.sciencedirect.com/science/article/pii/S135041771300045X
http://www.sciencedirect.com/science/article/pii/S1350417713001752
http://www.sciencedirect.com/science/article/pii/S1350417713001752
http://www.sciencedirect.com/science/article/pii/S1350417713001752
http://link.springer.com/journal/11426

