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ABSTRACT

Transesterification reactions(methyl methacrylate with diethanolamine, ethylene glycol with

dimethylphthalate) were kinetically investigated in the presence of zinc compound catalysts at 120~

170

The amount of reactants was measured by gas chromatography, and the reaction rates also measured
from the amount of reaction products and reactants upon each catalyst. The transesterification

reactions were carried out under the first order conditions respect to the concentration of reactants, re-

spectively. The overall reaction order was 2nd.

The apparent rate constant(k’) was found to obey first kinetics with respect to the concentration of
catalyst, It shows that according to an increase in basicity of anionic species the rate constant in-
crease, and that a linear relationship exists between In k and pKa in transesterification reaction of

methyl methactylate with diethanolamine.
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2—1. & #

A FHzeol AR HEES KEWS] dimethyl ph-
thalatex= Junsei Chemical Co., Ltd.o|A A%
15k A%, ethylene glycol, methyl methacrylate
9 diethanolamined 1#% 22 Shinyo Pure Che-
micals Co., Ltd. o] A] 83 14k RE-S HBARBS
Bastd RSt ey, B2 #FH8$ 1-Propanol
2 Tedia Company Inc. 2} 1%, 1 w2} zine acet-
atex= Junsei Chemicals Co., Ltd. 9] %%, zinc ni-
trate, zinc sulfate= Chameleon Analytical Re-
agent2] 1#&k, 12]31 zinc chloridex= Wako Pure
Chemical Ind., Ltd. ¢} 1k #%ES 22 FH3Y
o}
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A HRoA AT BEREEc KEBERES —F
3HA| #RAIZIZY A8 BEHAGREZ t+0.5CY
HREEANRS 2Asgon, hBKoZE gl-
ycerol-S fEH 83 T}

T KFEY $2] methyl methacrylate2] EABS i
o APaRE d7] Adtdq AarEE SRESU T
12131 methanol® methyl methacrylate?] s €t
R ER&MTE 915t Yanaco Co.o A A2 Gas
Chromatograph G-1800-2 3l oW, 4ol f#
AT EfRitc dLa0M2E, wtiss= FID, Co-
lumn £ E 2%+ Chromosorb W AW (4% Carbo-

wax 20M+0.8% KOH)-+Porapak Q Column Z o}
AmES FEsE .
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2—3—1. Ethylene glycol®} dimethyl phthalate
o] o 28| 2 K HE

ol F3 o BimE B T2 KEE

o] WS dolry] 913 23t REH ¥3E 50

ml 2 —sE 34 #5317 €138 ethylene glycol 0.447
mole®} dimethyl phthalate (.153mole-S 3}
on, Jd2HE kK E FHT B Enbs

€ 9%x10 %mole/ld}A4} 1.5% 10 “mole/I7tA} 1.5
X 10’ mole/l BB C.E BES LA AT

o ~H 2 wRKEANA Sol& T3 1o FEiFn
E #ipol] o2 REEEE RESHZ] A3t
itey miE —E8S 3 BESHH 100ml &
g} =0) @31 ethylene glycol 0.447mole& hn3dted
BILE 522 3] =9 t}& dimethyl phthalate 0.153
moleg M3tI 170CE Mz Mgl KES Al
ATt 1 % 105 BiReE KMk H®Y methanol
S #iEdt KEesiio] n}k2 = dimethyl phthalate
s #LE K3AT

2—3—2. Diethanolamine® methyl methacry-

late o] o) 28| B iR

Diethanolamine ¥} methyl methacrylate2] ol =
HE RHRREIA S0l T3 1 BiFiRE #4l
mE2s RE#RES] 288 Yotrry| flsty dieth-
anolamine 0.485mole(51.0g)3 methyl methacry-
late 0.470mole(47.0g)-& #H3IE 288 KEWS
RyE 100m/2 —ESHA #FHon, ofXH
2 wiREY Y SiEs Estdwe 1.0
X 10" ?mole/l9l A} 2.0 X 10 *mole/l7tA] 2.5 X 1072
mole/l BIfAL.2 AKEE B{LAI A

Zine sulfate$} zinc chloride & it s FHT &
B HAo] oy #HAP LK hydroquinone
(0.06g)YS #mste] 2 REGEET A of2H
2 TR S ETAHT

Diethanolamine® methyl methacrylate®] ol =
HE i EolA Sol2 By 1 MftiRE 2
fol w2 KEEES WEsty) isho] mafe
Y B —EES P A BRste 250m/ E¥t=
Ao]} ¥ 31 diethanolamine (.485mole-& hmat] Mk
E #%£%38] =9 }2 methyl methacrylate 0.470
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Fig. 2. Relationship between Y and reaction time
on the transesterification of dimethyl
phthalate and ethylene glycol with zinc
acetate as a catalyst(dimethyl phthalate:
0.153mole, ethylene glycol :0.447mole, re--

" action temperature:170C)
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Fig. 3. Relationship between distilied methanol
and reaction time on the transesterificati-
on of dimethyl phthalate and ethylene gily-
cotl with various zine compound catalysts
(dimethyl phthalate:0.153mole ethylene
giycol : 0.447mole, reacetion temperature:
170°C, catalyst: 3.6 X 10*mole)

(O :Zinc acetate (P : Zinc sulfate
© : Zinc nitrate @ : Zinc chloride
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S Al A

I ¥ 208 MBOE REWE 0.5m/4 1ml syr-
inge® iREL3l 1-propanoldl] 2.5mi7} 5 & & #EE
ok a2la of H# 1.0 E GCA 104 mic-
rosyringe2 #HE 3l GCE 4r#r3t methyl me-
thacrylate 9] 1-propanold] &3t HigH S k3t K
fErEf o] o= methyl methacrylateo] ips Sl
& kgt | |

IEF WESA| MEECR Y BBk BRE 47 9
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Table 1. Apparent rate constant, K” of the tra-
nsesterification of dimethyl phthalate
and ethyiene glycol with zinc compound

catalysts
Catalyst ~ k’(mi/mole - min.)
acetate 103.90
sulfate 1.91
nitrate 51:85
chlornde 1.66
10 o—
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Fig. 1. Relationship between distilled methanol
and reaction time on the transesterificati-
on of dimethyl phthalate and ethylene gly-
col wity zime acetate as a catalyst(dim-
ethyl phthalate : 0.153mole, ethylene glycol
:0.447mole, reaction temperature: 170TC)
Amount of added zinc acetate(moles)
O:45%107 ©:3.6x107* P:2.7x1073
®:1.8%X107° @:9.0x10* @ :4.5X107*
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Fig. 7. Relationship between Y and reaction time
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Reaction time-conversion curves of the tr-
ansesterification of diethanolamine and
methyl methacrylate with zinc compound
catalysts( diethanolamine : 4.85mole//, me-
thyl methacrylate : 4.70mole/l, reaction te-

mperature : 120°C, catalyst : 20X 10-2mole
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mole/l, methyl methacrylate : 4.70mole/!,

reaction temperature: 120C, catalyst: 2.

0x 102mole/!)
O : Zinc acetate A : Zinc sulfate
[]: Zinc nitrate W : Zinc chloride
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Fig. 8. Relationship between Y and apparent rate
constant, K’ and concentration of cataly-
sts( diethanolamine : 4.85mole/l, methyl
methacrytate : 4.70mole//, reaction tempe-
‘rature : 120°C)
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Table 4. Basicity of some zinc compound.

Zinc compound pKa values of anionic species

acetate 4,72
sulfate 2.00
nitrate —1.34
chloride —4.74
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Fig. 4. Relationship between Y and reaction time
on the transesterification of dimethy!
phthalate and ethylene glycol with various
Zinc compound catalysts(dimethyl phthal-
ate :0.153mole, ethylene glycol: 0.447mole,

reaction temperature: 170°C, catalyst:
3.6Xx102mole) |
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Fig.- 5. Relationship between Y/t and catalyst
moles(dimethyl phthalate : 0.153mole, eth-
yiene glycol : 0.447mole, reaction tempera-
ture : 170C)

Y:M'F(VO“ZVNAO) In ( 1

)
1-(M / 2vNao)
(O:Zinc acetate @ : Zinc nitrate
(D : Zinc chloride © : Zinc sulfate

Table 2. Apparent rate constant, K* of the tra-
nsesterification of methyl methacrylate
and diethanolamine with zinc compound

catalysts
Catalyst k’x10* ({ /mole - min.)
acetate 6.65
sulfate 6.35
nitrate 5.59
chloride 5.45

Table 3. Rate constant, k of the transesterificati-
on of methyl methacrylate and diethan -
olamine with zinc compound catalysts

Catalyst k" x10*({2/mole? - min. )
acetate . 2.96
sulfate 2.78
nitrate 2.11
chloride 1.58
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(O :Reaction of dimethyl phthalate by
ethylene glycol

@ : Reaction of methyl methacrylate by
diethanolamine
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- Nomenclatures

Cao:Initial concentration of methyl methacry-
late (mole/!)

Cpo:Initial
(mole/l)

Ca :Concentration of methyl methacrylate for
reaction time(mole//)

Cp :Volume of reactants(m/)

Cx :Concentration of catalyst(mole/{)

conceniration of diethanolamine

Nao:Initial moles of dimethyl phthalate(mole)

Vo :Volume of reactants(m/)

v :Specific volume of methanol(m!/mole)

k :Rate constant(/*/mole® - min.,, m/*/mole®-
min, )

k’ :Apparent constant(//mole - min., m//mole -
min, )

M :Distilled methanol(m/)

Xa :Conversion(%)

t :Reaction time(min.)
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