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1.1 ERSiKH

SALH (CuCl, » 2H, 00, EZERLFIR A RA A SR (AR, BILXSFEMAREARAA: &
R . SRR R FTC K S kY R A g, b s A 2 R A BR A
1.2 BEEERIAAIH &

YE B FR BB A3 152 2. 88 g(0. 001 moD)F 100 mL =FUfHF , [FIEHINA 40 mL 258 F /K Pl 2 B4 58 4 i e
SRIGIMA— B R &AL . ZEMUSEFE AT T 90 CIMRHI I RO 24 b R 45 S R RR K . TGk £ ik
VERBOK . )5 T 75 CEZ T, B ARREIARM, #AARCH Cu, . Hyo . PW,0, (2 =1~3).

1.3 HBESEEELERRKE R

£ 100 mL =S H KM A 10. 21 g(0. 1 moD) 5% . 10. 12 g(0. 115 moD) 5 i, 0. 66 g(6.5%)
BSR4 LA 2 8 mL Ay /K R B0 O e, 5% B L AT 20 /K 2% o B o1 R Il 30 v B8 AL AE B0 AR 1 T i A B 2
2.5 hy MBSO AR R C B A AT KA B SO 45 o 5 i o L JEK TR U DA S L A R AR R
PEAT R . e U 2 PR A VR P A SRR C e . TR 5% NaHCO, KR VR IER , H 2
A B DA 25 B S R, e PR AROK Ve e, O ZE R, RDAS R R IR R, AR R RN TS R E
fie UE AR GB/T 1668-1995 SRl E. Hefb S i iy BR AL 33+ A X

S IRPRAL A /Y0 = (1 — N Ja BRAA / SN AT ER{E) X 100 %%

2 HERSR
2.1 7[E) 4K 50 3 B 4k I B2 B 5 T

Xt e Ak SR U AR TR A R 1 M R R A R E AR . R R s e e R e, T H
B Cu™ BUAR, Bronsted M f3f 24 B& K, W B4k 7 B2 (8 T F £ Lewis B M 7. M i ffi 15
Cu,, Hy , PW,, 0y (o =1~ HA AN E R, 784 A8 Ak 5 002 5 SR i ok 7 b 7 AN [6) 19 4 £k
WPk, BARSER W 1. m 1 nl UL, B B R AR A B AR A TR M, Hoh — 8 R Lewis TRIY
I AL F] (Cu, s H,PW,, O, AT CaHPW , O, ) HH A6 5 1 40 0 45 R A AL IS B %5 . 17 Cu, s PW,, 0, fiEfL
790 A T A R R AL T 935 1 ARG, S50 20 U B FH T A7 7 Bronsted BRYENZ 5 Lewis B2 07 ] A B [R1FF FH . DA i £
PEAL ) 7R AL IS M T 58 2 BRI, B/ Bronsted BRVERL BIHEALAE T . AR IE Lewis B 07 19 HE AL 1
F s NG PR AR, AT KRR 2 Z B B F A E B2 Cu, o Hy . PW, O, (o = 1~ 3) 4 Ak 54 b 3 1
BRI RN PN AR L Cu, s HoPW, Oy R AL ) 45 52 00 RR 5 DG . 7 %5 232 ik 1k S5 o7 5% 1
DRl 2 B4 Sl R T W) IO 1T 43 A 5 ok S 3G R S I 4 o 6 T2 kAT A4k,

F1 FEBEAMBRESKESENER

HEAL e Y HEAL A TEE) %
T 16. 0 Cu, s H,PW,,0,, 96.7
CuCl,. 2H,0 24.0 CuHPW,0O,, 96. 1
H,PW,,0,, 94. 9 Cu,; PW,, 0, 93.5

Ve SNSRI TR L 1.1+ 1, AR R R BT 626, WKFIE N 8 mL, AEFE] R 2 h
2.2 MEEERURKBFXENEHNIZ
2.2.1 SHBEEFGERBESHF %

) A ] N T 3 (Version 6. 0.5, Stat-Ease. Inc. , USA), R4 Box- Benhnken B H .0 24H & 5L 560
W EI, PL Cuy s HoPW, Oy AR, BEFEXT S 30 R S5 S0 BR B WA 58 R 52 T 1Y) 2 1R 0 o 1) 3t LE (A |
A3 (B FH & CAS ST AR 00 FH 2 78 e A0 500 o i 5 S 0GR o 2 119 71 43 [ Al KGRI 3 (C) SO IRFIR] CDO A Sy
SR, 5 R 5 R 0 77 3 W AR, DA b SO S 8O TE I R =K st Bl B aE A, & 2
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23 ARSI A M g KB L S R L A R, b Sr B U O R AEE 24 AT S
(I~20) M TFTAG TSR 2210 5 HEE P .OSLE (25~29),
®2 TREHFHEZKERFEKTE

% o 2 A5 7K -

—1 0 1

P2 12 ) JoT 1Y) L A 1.0 1.1 1.2

AL FH i/ %% B 4.0 6.0 8.0

i 7K &/ mL C 6.0 8.0 10.0

B[] /h D 1.5 2.0 2.5

R3 MEELRETAFRERLIBER
S A O G i
Tt TR 40 JO 1)t ) L A A 7 S K S B[] %

1 —1 —1 0 0 90. 6
2 1 —1 0 0 89. 1
3 —1 1 0 0 93. 1
4 1 1 0 0 96. 5
5 0 0 —1 —1 94. 7
6 0 0 1 —1 89.1
7 0 0 —1 1 95. 6
8 0 0 1 1 95. 9
9 —1 0 0 —1 93. 8
10 1 0 0 —1 91. 8
11 —1 0 0 1 93. 6
12 1 0 0 1 98.3
13 0 —1 —1 0 92. 1
14 0 1 —1 0 91.2
15 0 —1 1 0 80. 0
16 0 1 1 0 94. 3
17 —1 0 —1 0 92.5
18 1 0 —1 0 95. 3
19 —1 0 1 0 90. 3
20 1 0 1 0 90. 2
21 0 —1 0 —1 86. 7
22 0 1 0 —1 94. 9
23 0 —1 0 1 95.7
24 0 1 0 1 96. 3
25 0 0 0 0 96. 7
26 0 0 0 0 97.5
27 0 0 0 0 96. 1
28 0 0 0 0 97. 1

29 0 0 0 0 96. 2
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4 FIORAYIE LS IR S NG ER R oA e vy . a0 RSM R b HL R B S5 A AT AR AR B O 25 0 . HR
F 4 n[H, BRI F=28.57T>F,, (14, 14)=3.70, JF H p A it/NF 0. 01, F£HZ Wk a9 BRI B A 58
T2 S0 A, ARSI h R mE ARG LA AT Ge it X, RIBERUADL G B &, R 25/, 2 R R A
FE R PEAN BTG PR — DS 8, HEB/D S, AL R RN 1.08%, 2B N, £
A S 00 F A MRS h. 28 L RTal . 3% Uk [R] U R A R ] 00 S 0 R S G R A R ARB A A S R B R M
Adj R 43512k 0. 966 2 F1 0. 932 4, Rk LR RL o] {5 B &, HAT S0 B  FH & X

F—J7 M, R 4 A, XSRS ER T R W B A S B X m A EA LT JLE. B.BY,C,
C*,A”,D,BC,AD FIBD , % 5% 5 % Ee 7 2 B A 528 X2 mEZ 4 LT L. AB MCD. HAlb
AR (p=>0. 05) Y05 R S G R 7™ 4 0 52 AN B G it 5 . O 1 SN 0 b 2 B AN [ 5 1 2 0T
PR S IR 7 RS2 KN, 28 RSM A IE 3 28 k2 I mlE R F .

Y =+496.72+0.61A +2.68B —1.80C +2.03D — 1. 54A* — 3. 36 B* — 3. 28C* — 0. 13D* +

1. 22AB — 0. 72AC + 1. 68AD + 3. 80BC — 1. 90BD + 1. 48CD

T4 FAEFWE
e F-J5 A ¥1o7 F g Prob>F i E
FE A 407. 92 14 29.14 28.57 <C0.000 1 x %
A 4. 44 1 4. 44 4.35 0. 055 7
B 85. 87 1 85. 87 84. 20 <20. 000 1 % %
C 38. 88 1 38. 88 38.13 <20. 000 1 % %
D 49. 61 1 49. 61 48. 65 <<0. 000 1 * %
A* 15. 37 1 15. 37 15. 07 0.001 7 * %
B* 73. 41 1 73.41 71. 99 <<0.000 1 * %
C? 69. 64 1 69. 64 68. 29 <<0. 000 1 * %
D* 0.10 1 0.10 0.10 0.754 1
AB 6. 00 1 6. 00 5. 89 0. 029 4 *
AC 2.10 1 2. 10 2. 06 0.173 0
AD 11. 22 1 11. 22 11. 00 0. 005 1 * %
BC 57.76 1 57.76 56. 64 <20. 000 1 * %
BD 14. 44 1 14. 44 14. 16 0.002 1 % x
CD 8.70 1 8. 70 8.53 0.011 2 *
Bk 22 14. 28 14 1.02
Fel 12. 87 10 1.29 3.66 0.111 6 NS
HriR 22 1. 41 4 0.35
B 422. 20 28

e ox FRAGGIHE L (p<<0.05); * » FRWEAGHE L (p<<0.01); NS FRAHA L% E XL (p=>0.05).
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FUH B8 7 1) b i A5 e 2 o Ry o A L BRIV A 700 FH 2 B 1 R ) o 1) LX) S 86 R S TG T 7 6 1) S ) B Dy W L
iR ) 3 1 £ Lb 5520 KGR 58 B A RN S5 I S B T 2R 52 e DL 2(b) s AR 4R SR m AR R AR, (R
2250 HT AT I R A EAE IR 3. SR ER W) A0 o EL PR R AE 0. 00(1. 1+ DI, FEE HKF =38 m, =
PR S IR 7= 3R S N 5 FEAR PR RS 5 10 244 K FUIMA AR FEAE 0. 0008 mL) B, S R 5 1 iR 7™ % bl 7 I
PR ) IO 1) o BL Se G M 16 n 5 T8V R B L I LA KR 0 S NG R S IR PR s R Ok B, I 2ol LE
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2.3 REIZEHMHBE

F I T 4 BT 45 SR T AR, LA Cu, s Ho PW, Oy AR, 38 5 R Ak 5 I i 45 570 R 52 I i dne fE T8 2%
0 FERRY R L 1. 145 ¢ 1, AR 6. 45%, 7K 8. 04 mL, KNAT[E] 2. 45 h, SR 5%
T ) e KB A3 R 98, 8 96 Shy ey 6 A5 T8 oL 00 1 o A 2, SR P b 3R e A I I A% 1AM TR 5 S 3 T T Ak 2
il £ 2 IR S IR A SE 86, S T O S B B I N AR B I N B R A B b 115 ¢ 1, AR
6.5%, Wi/AKM 8 mL, RNETH 2.5 h, JEAEICAMF T #4T 3 IRE Z S8, 455 0k 98.5%,97. 8%,
98. 0%, =& R 98. 1%, 5 B WM AE JEAAH AT+ 3% 1 A 122 — U (] 5 455 70 68 0% 40 o A M sz 1ol 4% TR 28 %
5 TR 5 8 g 77 S5 1 5 T
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2.4 RXBRKEERRENEERST

KHEST. Cuy s HyPW,, O, AL A S IR S GBS 1) 8l 1 24 AR A, SI286 43 I 7E 353,358.,363.368 A1 373 K i
SRR AT, R A R N Sy BRI AR L 1. 15 ¢ 1, A KFI R 8 mL, HEALFI R 6.5%. BANE
BE N B B 15,30,60,90 F1 120 min X = 8EA7 08T, ASIRIEREE T 500 R S 86 g 7= S5 [ Ao 1) 119 A8 A U 15 3.

Jit Pk By AR SRy T 3 R R . I HLE NG R R A A K . EAR SIS AR L A KGRI IR e B9 AT AT 8K
FBRAK B AR T RO ] 1E 7 [ #EAT . R TAS SO A R B AR B AR Ak AT Z0 W AT B E B Dk 1E AR ]
RN, ABN BN S R R

r:-—dCA::kcxci (D
dz ‘
Hodr, Ry S50 R RS G B T AR S ) RN R R kR IE R R, C o R C o 43 B 5 G R A S R
() B B ¥R B (mol /L) s a A1 B 43 BRI R . IR a=p=1, X (DX 115 .
InC,/Cy
:CAU 7 (:12()
Hr, Cao 5 Cuo 4390 F7R R 5 56 82 A0 5 56 BE (9 490 4 1R B (mol /1)

AR A )L RE X Y AL 8] ¢ AR L 4) ol e ml SRAS R [ R E T B R % 5L k. 256 Arrhenius A3
Ink=—E,/RT+Ink, fE Ink 5 1/T (& 5, B2 HLTFE In k=—6.22/T+11. 38, FWRMREMTL, BEHIX
R SN R — RN SRAFIZ SO B FRWE AL RE E, =51. 71 kJ/mol, $&HTH+ £, =8. 7>X10" L/ (mol * min), K
dC, %)

=kt +C (2

WA IR B AL A S IR S R B 12 i R R r = — 4 8.7x10"e C,Cyp.
100F o a;3k 20r —o—3713K
I —o— 368K —C— 368 K
80 F —— 363 K 18F 363K
| —— 358 K —7— 358 K
—— 353K —0— 353K
e 60F 16}
1&\,1_ b
Hoaof 14}
20F 12F
0 " 1 i 1 " 1 i 1 " L " 1 N 10 A A A A A .
20 40 60 80 100 120 0 20 40 60 80 100 120
t/min t/min
B3 AEARMEETERSES5RHETLLEHL B4 AEBETYS:*FHE
521
3 & i '
54
1) Cu,,Hs, Ple()m(1':1'\’3)1%4‘&7?”1%4‘&%” +
2 5 R S IR B HL AT B AR TR M, i s AR s6[
PE S AL Bronsted BPE(E 5 Lewis BAMERIRIG 2 |
P FAE K Ak S N s ) “ ARG AR 745 S A % =81 o
2) U (:uOABHZPWlZ()io ﬁ@fh?ﬂ]%ﬂ%ﬁf‘/ﬁ -60-
MRS IR e TR n(RILED + n (R |
> 5 ) — : x| g & 2 0/ | ke X ) . . . . o,
LR =1.15: 1, fEfLFIHE R 6. 5%, 45 K F 62—+ = T T s

o kidt 8 mL. SCNLAS(E] 2.5 h. [0 520 2%
PR S R SR O TG AL R w98, 1%, o
fE AL 4 4 F S B 3% AL i E,=51. 71 kJ/mol, H BS5 mil/THERE

by . dc, an
Zjljj'_%gj‘f*%ﬁ:r: — dt\ (

T/(1 000 K1)

~—

= 8.7X10"e

CaCp.
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Highly Active Catalytic Synthesis of Isoamyl Isovalerate with
Copper-Exchanged Phosphotungstic Acid as the Catalyst

FANG Miao-li'*, ZHENG Jia-yi*, MEI Xing-yu'.,
CAI Zhe', WANG Qing', ZHOU You-sheng',
SONG Le-lian', HAN Xiao-xiang'

1. Department of Applied Chemistry , Zhejiang Gongshang University , Hangzhou 310018, China ;
2. Department of General Education, Hangzhou Medical College s Hangzhou 310053 s China

Abstract ;. Isoamyl isovalerate was synthesized from isoamyl alcohol and isopentanoic acid, using copper-exchanged
phosphotungstic acid as the catalyst. The effects of alcohol/acid molar ratio, reaction time, the amount of the
catalyst and the water-carrying agent were also investigated. Meanwhile, response surface methodology
(RSM) was used to optimize the operation conditions. Cu, H;,PW;,0,, showed good catalytic activity on
the esterification of isoamyl alcohol with isopentanoic acid. Under the optimum conditions (n (isoamyl al-
cohol) * n (isopentanoic acid) =1.15 ¢ 1, the amount of catalyst of 6. 5% to acid, the amount of water-car-
rying agent 8 mL and reaction time 2.5 h), the yield of isoamyl isovalerate was as high as 98. 1%, which
was in close agreement with the value predicted by the mathematical model (98. 8% ). Moreover, a kinetic
model for the esterification was established and evaluated under the optimized conditions. The apparent ac-
tivation energy E,=51.71 kJ/mol.

Key words: Cu, H, ., PW,,0,,; isoamyl isovalerate; response surface methodology (RSM) ; kinetics
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