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Tab.1 Table of U,;(4® x8') uniform design

ML AEAR Wk RNEFE EfR

%85 X, X/% X,/% X,/min Y/%
1 3.0 3.0 25 30 69.88
2 2.5 2.6 15 90 35.78
3 3.0 0.6 20 120 97.18
4 2.0 1.8 20 30 89.86
5 2.5 0.2 30 60 97.91
6 3.5 2.2 30 90 67.49
7 3.5 1.0 15 60 88.77
8 2.0 1.4 25 120 74.55
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Fig.4 The relation between yield of exterification

and reaction time

2.3 REIZHF4NTBE
ERREHDLROERM L, BEARER

BERBET REA G ETERKETLR, RA

BIAC M TEROEHRER 99.45% .

3 BB THARDHFERME Y

3.1 HR AT HAI R

B E, REBRSBRAELANE DT
2.5 mm, 240 B S SHAER MBS, XA
/N BURLTE SR & 1 F , A EEE AL A R T B
BB W .

BAERHEELEEN RN RO ERER
B,YUBAHEEKRT 300 /min, LR EARE
AL, L HA B BB HEBR T AN BB, B
FEBB R B NT 2.5 mm, B 25 B
KF 300 r/min B &4 TF #470H.

3.2 RERESHARHR @

CR-TENAERE -1 &P TITRE,
REIFBAIRARR

k
A+B—YHR+H,0

k.
R+B—58+H,0

HPANC _M;BIETH;RIC _MBET
Bi:S MO M TS BURS — 2 W R L, 3
TG, R4 5L A R s 25 R A R
KB K ) B R G, ) T R AT
5 R 52 B 8 S R R 36 IR A HE R K
PR RS B R R B ik LA L TT LA 2B MO R
VAR ST

SC 8 e R P K 0 A B R BT T i
SR HEEF . BUR IR I R B AR B 1,
BEEBE SRk Q75 R — ER A 1E) U , MR L B .
eI BE AR B BIK nyonpong E=HZ 00 1. I
AR BIK ny =2, +n, , MBHAH n
ne, ML R H 2 =0 +n,.

EEME—BRMATTHNEHR. EX

B C-MTHAKREY=1-n,=1- ";’"(

HERFGETELUAN n, =0) , EREF=YK—
B A 08 R it HE s, 00 UR 12 B [ 34T S F AR
RL# b RRBERIL , X A 5 J 60 3% & AT R BL L
LIRS R R AL Ty R AL . R
RN .

NaOH 2n4 +

dc
r= -d—‘=k,c;'c‘,3 (1)

Ak, ARV ERFEHC, O _MHOB
B B ;Cp IET BRI BRI B W BE 50 O & B A
6] ;0 B D AH B ¥ BE EH - £ S L % 3K

c
MR a =B=l,§-&§ﬂiﬁzcn'° =Q,War4g.

dc,
de

=k,C,C, (2)

. r= -

Hi A BT C,0 =+ R M E
C, =Cm(l -Y),C, =CM,(Q -2Y)
B4, Bl RS HEHBRAER Y

=k Cae(1-1)C,0 (0 -2)  (3)

BHERIE.

c

fc,.,(l—Y)w 27y = B
1 . Q-2v
€ (0= 01 -1 4

FHHREMNRET &R R E 2 6% LR T
BREREAME KRB L =k WRSHE L
B 2, HERBHE, W RHABRR N EHK.
EBGRIER ARMBARBRETOEREREH,
BULAT#— R B EHHEBE B, BKRE



104 MMHNRKZER(L %K)

2009 £

BRMAE, UHESNHESE BRRRETHE
HRYRALBSRBIN L EBERES L
EXF e 2B, KRB 1 - R, A 5 Fizs.

HUESFTA, RS 1 S5 RTFK
HEAXR  RUC_MEETHMBEARE N
GATHERM,Da=p=1HEREERHN.

#E— R Ink, , B Ink, Xt 1/T EE B —
B, BEAHEAREELLE, BEETREE
BEF &, BLE 6.

383.15K

378.15 K

5

& 0.6

2 04 373.15 K

=

~ 02 368.15 K
0.08 50 100 150

t /min
HS &RETI-tHXRHE
Fig.5 Relation on experiment I, and different time

at viarious temperatures

—4.0r

y=—11733x+25.888
. R*=0.9557

o

Ink, AL » mol™ » min™")
.

-6.0}

830260 000264 000268 0.00272 000276
(MK
M6 EMENEEEHSBEMNER

Fig.6 Effect of temperature on reaction ratio constant

W Arrhenius B, & : k, = ke ™", Bl:

E
Ink, = -R—"T +1Ink,, 78 Ink, ~1/THIARMEXEN:

Ink, =25. 888 -“'Tm

(7

HEMXAKR=0.9557,0

E,=11.733 x8.314 =97.55 (kJ + mol™")

k=™ =1.75x10"(L - min™" - mol™")

RELERIMNESH , BRAN ¥ TR
Bk

r=1.75x10"e 7 C,C,(mol - L~" + min"")
(8)
3.3 FHARHEBWIF
RTHEBERMSHFFBATEE, FEL

TRk :
1 . Q-2Y

HA k= (0-2 " 0(1-1)
k(Q-2)Cq0 _
ZET=370.15 K Bf, B AT Bk =175 x
10%e™ T =2.997 7 x 107°(L - min"'mol™"). ¥4
0=3.0,C,,=2. 183 6} ¥ k, (WA, BH Y 5
BXR,AIEHERNZAN Y, Bk, HEHE
BEAE 370. 15 K, R[] 2L B 8] °F B of B 9 2 8
ZTERKRER, 5SLRWMABRR Y, LB, GRILK
3,AIAE AN RES /DT 5% , KTNERE
EELBMHMF HHARLREGHFRBHLER
W E R BB AR BT R

GEE N

£3 BEIVSISKHHAFEITNOELESKREROLR

Tab.3 The experimental ratio of esterification compared with the calculated ratio of esterification at 378.15K

Y. - Y,

t/min Y, /% Y ./ % —""Y—"/ % ¢t/ min Y.,/ % Y ./ % Y /%
exp exp
25 36.25 34.78 .23 75 6 621 65.53 1.04
35 45.64 43.57 4.74 85 7 028 69.06 1.76
45 51.26 50. 68 1.15 95 7259 72.12 0.66
55 58.25 56.52 3.07 105 7751 74.78 3.66
65 62.52 61.40 1.83 115 7 995 77.10 3.69
4 BB () B HSRITREEE LR HE BN
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R, R, EE, WER, RELEHK
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T BAER R & BB EE/RH 3.3: 1,44k
FABRNEFERN 1.5% , HKRHEERERE
FEMN24% ,RMFE 2 h, B BT BFIK
% 99.45%.
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Study on Catalytic Synthesis of Dibutyl Adipate and Kinetics of Esterification

SUN Xiao-bo', LIU Huan', LUAN Xiang-hai', MENG Jie’, LIU Guo-ji'

(1. College of Chemical Engineering,Zhengzhou University, Zhengzhou 450001 ,China; 2. Henan Institute of Metrology, Zheng-
zhou 450008, China)

Abstract: Uniform design is used to obtain the optimal technic of the synthesis of dibutyl adipate, with the
phosphotungstic acid as catalyst, and toluene as azeotropic solvent, with the raw material of adipic acid and n-
butanol. Various factors such as molecular ratio of n-Butanol to adipic acid, amount of catalyst, reaction time,
amount of azeotropic solvent which would influence the reaction were investigated. The results indicate that
99.45% yield could be obtained with the following optimal reaction conditions; the molecular ratio of n-buta-
nol to adipic acid 3.3:1, the amount of catalyst 1. 5% by mass of adipic acid, the amount of azeotropic agent
24% by total mass and the reaction time 2 hs. The experiment also researched the kinetics reaction of the ca-
talysis esterification. The experimental results indicated that the synthesis of dibutyl adipate is a second order
irreversibale reaction, the apparent activation energy: Ea =97. 55 kJ - mol ™', the frequency factor was; k, =
1.75 x10" L - min~' - mol ', and the kinetic equation was also tested by experiment.

Key words: phosphotungstic acid; dimethyl adipate ; esterification ; kinetics



