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ABSTRACT: The kinetics of ester interchange reaction of dimethyl naphthalate (DMN) with
ethylene glycol (EG) has been studied in the range of 180-200 C using zinc and manganese
catalysts. The reaction was performed in a semibatch reactor under nonisothermal condition
and the degree of reaction was calculated from experimental data of methanol removal rate
and reaction temperature. As a reaction model, both the functional group model and the mo-
lecular species model were applied and analysed. In case of zinc catalyst, the ratio of reaction
rate of methyl hydroxyethyl naphthalate (MHEN) with EG on that of DMN with EG is about
1.4, whereas in case of manganese catalyst the ratio is about 4.3, which implies that the reac-
tion rate is quite dependent on the type of catalyst. In case of zinc catalyst, the reaction order
of catalyst concentration on either DMN or MHEN.and EG is less than 1, whereas in case of
manganese catalyst, the reaction order is larger than 1. The activation energy for zinc and
manganese catalyst, irrespective of the type of molecular species, e. g, DMN and MHEN,
were found to be 25000 and 28750 cal/mol, respectively. As a result of comparing two reaction
model, the molecular species model fits well for the experimental data.
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Figure 1. Experimental setup for ester interchange
reaction in a semibatch reactor.
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Figure 2. Temperature and condensate methanol

profiles for ester interchange reaction.

#alef A25% A13 20014 1€

ozl ¥ wrgexs} A4 oEed I meide B
$7) 2d¢ FAHHHYT. L M e S
EAF7} fxd wE d@snz wgy (5)~
(10)& Zujs=s} z Y& 27)FE 22X e
AYPA) 348 BN B 2F4d ZAdA
Avjg HANE EAY. $A Fuiexd 9 ¥ g
&xo] S E Wl U ZoiF=E ASATEA
whgA|Zbo] AUpEA wjEHE diekge] F& 3%
At

Figure 394 oldZu, Figure 4ojA& 23t
Zdlo] A2 o A FugoA BEAZH
uz} 429 v 59 e vde 2A
2 @ojA aHR= g ¥ At Foz Yehd AL
AYPARO|L Aoz FAE RS A iz
Rel 4o Agad Fo|A A nde) F
e ¢ 4 dgich AYARE 2AE iR
% kg8 2ANSE AMS-El HH3E dx
ojdZu]o] ¢ DMN 3 MHEN9 EGej @ ¥
$&TAFE Zu)FEd 04 2 0332 W3,
mzhEale] F$ 1.4 ¥ 1232 v # et ety
o2 ¥gEe e Fouyed v#HAY 27}
ot A% AW QAT goz PN YL B
Act. DMTe} EGel Jjadls m@wrge] 3¢ 3
2= HHAME S v ¥ ¥
WM E Sy 138t} e s v

50
T=190°C

40 /f!"
-1
30 1

20 4

~——e—— (Zn]=0.5"104
——a—=- (Zn]= 1.0"107¢
—w— - [zn]=2.0"10™
—-¢—- [Zn]=3.0"10"

10 1

The amount of condensate MeOH (mL}

] 20 40 60 80 100
Reaction time (min)

Figure 3. The effect of catalyst (zinc acetate) con-
centration on the reaction rate.

29



50

T=190 C e
,)'.)* -
40 A ...y. . "
3 Pl |
../ ./.-
8 et 1
30 / »/...-

20

=—&—— [Mn)=0.510"4
— %= Mn)=1.0°10"*
—-®—-— [Mn])=2.010"%
— @ [Mn]=3.0*10°*

The amount of condensate MeOH (mL)

0 20 40 60 80 100
Reaction time (min)

Figure 4. The effect of catalyst (manganese acetate)
concentration on the reaction rate.

i geiA Yok oy Bl A4S Ful
Eo 1.2~14x2 ¥k 3¥E Holn Utk
Park 5" Q727 o5 31& Fujz A1E
A9 FYI Fues AN Follszrt St
S S JIBESFHoR Ik AR
Age H9Fa gith 28y Falgest 0 F71
s Hal FUMEEr E3lEe] 43 gez ¥
HEE Fsii=

714 ol Fulsxe) tF ueL e #
FRAE ZAZ 7] 2dE Asdch WA @
$7] 2L G- daEe] F2 ASIINYE dF
7] 228 9x 43t B1grl. ] 2=
DMN3} MHENS®] methyl esterz]7} EGol] tf§t @
4o Fdsitin 793 o] of DMNe] #%7|
4= MHEN¢9] 2vjolmg DMNe] EGol o3t uhs-
&%= MHENd w3 2uj7} €t ofd £ 40
g AMgsld AL AEATR} k=252 UUYT
7| 2dg Hgsle e HAH3 AAs viud
O3& A7 Figure 5 9 694 BYch ojdZulE
AL S 2do) A3ANE A= A= FE9| o
3l Aoz Holu, BEae} AL vhgzr]d
E 2do] A¥guTt A wrgdrlde 4 A
AF3n At REURREH 4F3F HEE=E e
Z7)9) A4 gL o A 9 Fa, g
719 AA wgEzrot o 24 4533 ASE
oFn it ols vk F2 doly= whed

30

60

= ky =2k
E [Zn]}=3.0x 10" *mol/mol DMN
(:5 50
y
3 an
ot o5
L 40 4 o 0.2 7]
© £« .9
@ e 00°
o ~ o®
T 30 o
o]
o
S 20 1
=
3
€ —e—T=180°C
10
s 10 0T =190 °C
£ —a«-—T=200°C
0 T T T T T
0 20 40 60 80 100

Reaction time (min)
Figure 5. Comparison of experimental data and simu-
lated data based on functional group model (Zn=3.0 x
107* mol/mol DMN).

60

oy Ky =2k,

£ [Mn]=3.0x 10" *mol/mol DMN

T 50 a—]

% a AT e

> A“/ JUSTEL

2 40

)

[72

[ =4

QO

2 304

o

[$)

©

- 20

[=4

3

2 —e—T=180°C

: RN . A o T=180°C

2 —w—T=200°C

0 T T T T T

0 20 40 60 80 100

Reaction time (min)

Figure 6. Comparison of experimental data and simu-
lated data based on functional group model (Mn=23.0 x
107* mol/mol DMN).

DMN3} EGe] w347t whedrld 32 doju
£ MHEN3#} EG9) w457} F23 o2 Yehls
Hjg} go] 3| 2ej7} obd & ULE onF
olg sy A8 &= kI kel ¥iE 1
~52 WANFEA EFPFE FHaslshe A
g ANEER 2 AF#E Table 19 Yehlifith o}
Ao AR ASE I 7} 1594, B A}
43 3% 594 AFRFI HavE S B8t

Polymer(Korea) Vol 25, No. 1, January 2001



Dimethyl Naphthalate$} Ethylene Glycole] ol Agj& n@vigd #F A7

60

[2n]1=3.0 10" *mol/mol DMN

The amount of condensate MeOH (mL})

0 20 40 60 80 100

Reaction time (min)

Figure 7. Comparison of experimental data and simu-

lated data based on molecular species model (Zn=3.0x
10 mol/mol DMN).

Uz gt= 2 v)7t 24 wohe Ao)rt A&E HAF
I U} F dAHE Y-S B7| hydroxyr]
9} methyl7]s}e] whgo = VW, A} k2 v]E 2
2 IR B nde AYEARE S @
A7t A& & F A

DMNs} EG9jel %133 MHEN# EGs2}e] uhg
€ 5¥F oz uE 2AF 2SS o83 ¥
A3E HA s RYrh Figure 7 € 894 & o}
A g PNZOE AH-E de A@dae) 2
2EE A5l 4 Ao vws. 2RE AS
dgA AR g W7l BE=RE e gl v)
& 3A oL, B 4¥AAE B} A
A3 UFE BAFI Qlr}. o] o dojd & b
%9 v gE&r e OeT 2.

0.4
Zn: kl=(-1—VV—°) 7.62x 1010 . exp(— 25000

0.3
Zn k2=(~1§—°) 2.70 X 101° - exp ( . 25000

"RT

#2o] A253 A1z 20019 1€

60

[Mn]=3.0 x 10" * mol/mol DMN

50 4 ——

40

30

20

—e—T=180"C
w0 T = 190 °C
—+—T=200°C

10

The amount of condensate MeOH (mL)

0 20 40 60 80 100
Reaction time (min)

Figure 8. Comparison of experimental data and simu-
lated data based on molecular species model (Mn=3.0
% 1074 mol/mol DMN).

oldZu] & MY H ¢ FojH Sujmx HNA
k3 ko) ApHlE 1.2~144 %2 Table 194 B
& i} Po| BAYTE A4S A& (1.5)
I AR ghg eI @S0V ghe F
A Ael7} Gk E PUEZujE ALY AS
M) 3~444 52 o] gt Table 19)412] Ax}
o} LABYL BAZAR] G F whEoA o
7t it B4 P& e] B¢ O 2
A Jelgton ols Bt&ve) 39 whg-2%d o
£ Uzl gL rrt FUMEFE Se44E U8
YR I 4 ex: B AYE B
FI 9l}.

T ol &2 W& 3ol DMNI} EG9 o AH)
2 o3-S ¥ 3¢ DMTs} EGe) dj2d= 2@
vhg-ol A el fA4 gl Al (10 ~ 20 keal /mol) o 37
Hlg] & §g 71E € 5 ASlTh oA E A
T A4 Aeuivl 1424 B571 248 340 =
4@ denlel gk 20 2HEA oY, FEE A}
48 A A7l 43024 Bev] RS HEA
=Q§ Adule gk 28 R, F old 2l & AL
¥ 7% EGe} DMN=9| w343 EGe} MHEN#}
o wgAdol A9 FUINHoY FNEHuE ALY
7% EGe} DMN3e] wtgAde] EGe} MHEN3 e
Ao g o 2v] A: F& ¢ § AU =

31



acd - 444

Table 1. Simulated Results Based on Functional
Group Model with Different Constant Ratio
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