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Abstract

Chemical kinetic study for the esterification of mono(2-ethylhexyl) phthalate with 2-ethyl hexanol was
carried out to find the reaction mechanism when sulfuric acid was used as the catalyst.

Experimental results gave a rate equation which was first order for both mono(2-ethylhexyl) phthalate
and 2-ethyl hexanol. Activation energy value of 13 kcal per mole was obtained by the plot of temperature
dependence of the rate equation.

The rate constant was expressed as a function of catalyst concentration and reaction temperature by the
following equation.

k= (3X10°+1. 5X10° Cc)e 13000/ RT

Some discussion of the catalytic reaction mechanism was also given.
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Temp.
§(8

120

140

170

180

Catalyst

correction

(278/86) X0. 0867
= 0. 2803

Time

10
15

1/2

15
20

1/2

Time

{min]

2

5
10
15
20
30
40
60
90

Bis(2-ethylhexyl) phthalatefK o] #HEEH (1) 259
Table 1. Reaction of 2-ethyl hexanol and sulfuric acid (0.378 % H.SO,)
Equivalent Original Remaining Combined Apparent
Sample of 1 N NaOH H,S0, H,S0, H,SO, milliequivalent
(g (ml) [m-mole] (m-mol] (%] (m-eq]
1.28 0.088 0. 0492 0. 0388 21.2 54.9
1.46 0. 075 0. 0563 0. 0187 66.9 73.7
1.38 0. 063 0.0532 0. 0098 81.7 82.9
1.32 0. 061 0. 0507 0.0103 79.7 8L.5
1.77 0.077 0. 0682 0. 0088 87.1 86. 9
1. 96 0.120 0. 0756 0. 0444 41.3 61.8
1. 65 0.074 0. 0638 0. 0105 83.5 84.2
1.51 0. 066 0. 0583 0. 0768 86.8 8.7
1.38 0. 077 0. 0705 0. 0064 90. 8 89.8
1. 80 0.078 0. 0694 0. 0087 87.5 87.2
1.54 0. 067 0. 0594 0. 0076 87.1 86.9
1.79 0. 104 0. 0650 0. 0351 49.1 65. 0
1.59 0.074 0.0613 0. 0129 79.0 81.1
1. 47 0. 065 0. 0568 0. 0082 85.4 85.6
1.57 0.074 0. 0604 0.0137 7.4 80.0
1.63 0.072 0. 0628 0. 0093 85.1 85.4
1.76 0. 074 0. 0679 0. 0061 90.9 89.9
3.05 0. 150 0. 1180 0. 0327 72.2 75.2
1.24 0. 058 0. 0480 0. 0101 79.0 79.4
1.45 0. 067 0. 0559 0.0112 80.0 80.0
1.65 0.070 0. 0636 0. 0065 89.8 87.2
1.48 0. 064 0. 0571 0. 0070 87.7 85.6
1.16 0. 053 0. 0448 0. 0083 81.5 81.1
1.36 8. 066 0. 0526 0.0135 74.3 76.5
1.59 0. 077 0.0612 0.0139 77.3 78.3
1.42 0. 075 0. 0548 0. 0073 86.7 84.8
1.60 0.072 0. 0618 0. 0103 83.3 82. 4
1.91 0. 080 0. 0735 0. 0066 91.0 88. 1
1.31 0. 058 0. 0506 0. 0075 85.2 83.7
1.41 0. 062 0. 0545 0. 0076 86.1 84.3
Table 2, Reaction rate equation data
Free Actual Monoester 1 In Ca0(Cmo—Cp)
acidity monoester converted Cyu—Cuas  CwmolCmo—Chr)
(%) (%) (mole-I™Y (/-mole 1)
Cc = 0.768X107% (0.0867 %), 120°C, Cap/Cumo = 11, Cyo = 0.526
16.1 15.8 0.015 0. 0048
15.9 15.6 0. 021 0. 0068
15.9 15.6 0. 022 0. 0073
15.5 15.2 0.034 0.0115
15.2 14.9 0. 044 0. 0152
14.4 14.1 0. 069 0. 0245
14.2 13.9 0. 077 0.0275
13.1 12.8 0.110 0. 0410
11.9 11.6 0.151 0. 0592
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Catalyst Time Free Actual Monoester 1 In CAO(CMO’“CB)
correction acidity monaester converted Crmo—C a0 Cuo(Cxo—Car)
(% {min] (%) (%) (mole-{"1) ({-mole )
120 10.9 10.6 0.182 0.0744
Cc=10.86X107° (=0.0937 %), 120°C, Cae/Cpyo=14, Cyo=1.13
(278/86) 0. 0937 2 34.3 34.0 0. 026 0. 0050
= (. 303 10 33.3 33.0 0. 060 0.0124
15 32.6 32.3 0. 083 0.0174
20 32.1 31.8 0.100 0. 0208
30 30.0 29.7 0. 166 0.0362
40 29.1 28.8 0. 195 0. 0429
60 27.2 26.9 0. 258 0. 0594
90 24.4 24.1 0. 347 0. 0850
120 22.6 22.3 0. 405 0.1038
Ce=1.46X1072 (=0.159 %), 120°C, Cao/Cumo=5.01, Cuo =0.968
(278/86) X 0. 159 5 29.1 28.6 0. 042 0. 0092
= 0.514 10 28.7 28.2 0. 055 0.0210
15 27.1 26.6 0.107 0.0243
20 26.2 25.7 0.136 0.0315
30 23.8 23.3 0.216 0. 0502
40 22.7 22.2 0. 250 0. 0630
60 20.5 20.0 0. 324 0. 0836
90 17.6 17.1 0. 415 0.1211
120 15.4 14.9 0.486 0. 1633
Cc=12.49X107% (=0.272 %), 120°C, Cao/Cmo =4, Cao=1.13
(278/86) < 0. 272 2 34.2 33.3 0. 048 0. 0099
= 0. 879 5 33.4 32.5 0. 076 0. 0158
10 31.3 30.4 0. 144 0. 0308
15 29.3 28.4 0. 209 0. 0466
20 27.3 26.4 0.272 0.0634
30 25.4 24.5 0. 333 0.0812
40 22.8 21.9 0.417 0.1080
60 19.4 18.5 0.528 0.1505
90 16.1 15.2 0. 634 0. 1997
120 13.6 12.7 0.716 0. 2475
Cc =4.59X107% (0.500 %), 120°C, Cao/Cmo=4, Cyo=1.13
(278/86) % 0. 500 2 32.9 31.3 0.115 0. 0240
= 1.62 31.2 29.6 0.169 0. 0366
10 29.0 27.4 0. 241 0. 0549
15 26.7 25.1 0. 316 0. 0756
20 24.7 23.1 0. 380 0. 0955
30 21.5 19.9 0.482 0.1316
40 19.3 17.7 0. 554 0. 1611
60 15.9 14.3 0. 665 0. 2165
90 12.7 11.1 0.768 0. 2826
120 10. 8 9.12 0. 832 0. 3354
Cc=4.59X10"% (=0.500 %), 120°C, Cao/Cro==6, Cpo=0.841
(278/86) X 0. 500 24.8 23.2 0. 099 0.0251
=1.62 5 24.6 23.0 0. 105 0. 0267
10 22.2 20.6 0.183 0. 0496
15 20.6 19.0 0.234 0. 0663
20 19.7 18.1 0. 262 0. 0762
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Bis(2-ethylhexyl) phthalate5EKe #HEHK (L) 261

Catalyst Time Free Actual Monoester 1 1 Cao(Cuo—Ceg)

correction acidity monoester converted "Cpo—Cap | Cao(Cyo—Ca)
(%) {min) (%) (%) {mole-/"1} (- mole™})
30 17.6 16.0 0. 331 0.1027
40 15.9 14.3 0. 384 0. 1262
60 13.1 11.5 0.472 0.1727
90 10.2 8.6 0. 567 0.2383
120 8.3 6.7 0. 626 0.2918
Cc =4.59>107 (=0.500 %), 120°C, Cao/Cyuo =9, Cpo==0.604
(278/86) X 0. 500 2 18.7 17.1 0. 067 0. 0216
=1.62 5 18.1 16.5 0. 086 0. 0286
10 16.6 15.0 0.131 0. 0455
15 15.5 13.9 0. 167 0. 0603
20 14.5 12.9 0.197 0. 0741
30 13.0 11.4 0. 247 0. 0993
40 11. 8 10.2 0.283 0. 1198
60 9.6 8.0 0. 357 0.1704
90 7.8 6.2 0.411 0. 2193
120 6.3 4.7 0. 458 0. 2752
Cc=4.73X107% (=0.516 %), 120°C, Cao/Cyo=4, Crpo=1.13
(278/86) X 0. 516 2 34.8 33.1 0. 054 0. 0108
=1.69 10 29.8 28.1 0. 216 0. 0484
15 26.8 25.1 0. 313 0. 0746
20 24.8 23.1 0. 379 0. 0951
40 19.1 17.4 0. 564 0. 1657
60 15.5 13.8 0. 681 0. 2250
90 12.0 10. 3 0. 794 0. 3021
120 9.9 8.2 0. 861 0. 364
180 7.8 6.1 0. 928 0.4437
240 6.3 4.6 0. 979 0.5274
Cc=19.34X10"2 (=1.02 %), 120°C, Cao/Cxo=4, Cyo=1.13
(278/86) X 1. 02 5 31.2 27.9 0.213 0. 0477
= 3.297 10 26.7 23.4 0. 358 0. 0891
15 23.0 19.7 0. 481 0.1311
20 20.1 16.8 0.576 0.1709
30 17.0 13.7 0. 679 0. 2245
40 14.3 1.0 0.688 0. 2295
60 10.8 7.6 0. 882 0. 386(
90 7.7 4.4 0. 983 0.5346
120 6.9 3.6 1. 010 0.5942
Cc = 0.768X1072 (=0.0867 %), 140°C, Cpo/Cyo = 11, Cyo = 0.527
(278/86) X0.0867 2 16.4 16.1 0. 004 0. 0014
= 0. 280 5 16.0 15.7 0. 019 0. 0064
10 15.5 15.2 0. 035 0. 0119
15 14.6 14.3 0. 063 0. 0219
20 14.2 13.9 0. 076 0. 026
30 12.9 12.6 0.118 0. 044z.
40 12.2 11.9 0.142 0. 0551
60 10.6 10. 3 0.194 0. 080¢€:
90 9.0 8.7 0. 244 0.1097
0.313 0. 1568;

120 6.9 6.6
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Catalyst Time Free Actual Monoester ol 1 Cao(Cao—Cp)
correction acidity monoester converted CMD_.CAD CMO(CMO_‘CB)
(%) (min} (%) (%3 (mole-I1} (/- mole™}
Cc=1.46X10"% (=0.159 %), 140°C, Cao/Cmo=15.01, Cyo = 0.968
(278/86) X 0. 159 2 29.7 29.2 0. 023 0. 0049
=0.514 5 29.1 28.6 0. 043 0. 0094
10 27.4 26.9 0. 098 0. 0212
15 26.0 25.5 0. 145 0.0343
20 23.3 22.8 0. 230 0.0572
30 20.5 20.0 0. 321 0. 0861
40 18.0 17.5 0. 403 0. 1162
60 13.8 13.3 0. 539 0.1791
90 10.2 9.7 0. 655 0. 2533
120 7.6 7.1 0.738 0. 3279
Cc =10.768%1072 (= 0.0867 %), 155°C, Cao/Cymo =11, Cyo=0.527
(278/86) X 0. 0867 2 16.2 15.9 0.012 0. 0040
= 0. 280 5 15.7 15.4 0. 029 0. 0099
10 14.0 13.7 0.082 0. 0294
15 12.7 12.4 0.125 0.0471
20 11.9 11.6 0. 150 0.0585
30 10. 1 9.8 0. 209 0. 0891
40 8.6 ] 0. 259 0.1198
60 6.1 5.8 0.338 0.1837
' 90 4.1 3.8 0.402 0. 2601
120 3.3 3.0 0.430 0. 3607
Cc=1.46X10"2 (= 0.159 %), 155°C, Co/Cpmpo = 5.01, Cpo = 0.968
(278/86) X 0. 159 2 29.3 28.8 0. 038 0.0011
=0.514 5 26.9 26. 4 0.113 0. 0259
10 22.2 21.7 0. 268 0. 0687
15 18.3 17.8 0. 394 0.1126
20 16.5 16.0 0.452 0.1364
30 11.7 11.2 0. 607 0.2191
40 9.7 9.2 0.672 0. 2668
60 6.4 5.9 0.778 0. 3731
90 5.2 4.7 0.816 0.4292
120 4.6 4.1 0.835 0.4626
Cc=10.768X1072 (= 0.0867 %), 170°C, Cao/Cmo =11, Cmo= 0.527
(278/86) X 0. 0867 5 16.0 15.7 0.019 0. 0064
=0, 280 10 13.3 13.1 0.104 0. 0384
15 12.4 12.1 0. 136 0. 0518
20 10.5 10. 3 0.195 0. 0812
30 7.2 6.9 0. 303 0.1524
40 6.7 6.4 0. 320 0. 1665
60 4.4 4.1 0.394 0. 2479
90 2.6 2.3 0.451 0. 3527
120 1.7 1.4 0.480 0. 4658
Cec=1.46X10"2 (= 0.159 %), 170°C, Cao/Cuo==5.01, Cap=0.968
(278/86) X0. 159 2 29.6 29.1 0.028 0. 0058
=0.514 5 27.5 27.0 0.095 0.0215
10 21.3 20.8 0. 296 0.0778
15 16.2
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40 6.8 6.3 0.765
60 4.5 4.0 0.838
90 3.8 3.3 0. 862
120 3.7 3.2 0. 865
Cc = 0.768%107% (= 0.0867 %) 180°C, Cao/Cuo =11, Cpmo = 0.527
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Nomenclature

A:  Weight of sample (g)

Cao* Initial concentration of 2-ethyl hexanol (mol-1-1)

Cp:  Concentration of bis(2-ethylhexyl) phthalate
(mol.7"1)

Cc: Concentration of sulfuric acid catalyst [mol-7-1)

Cur: Concentration of hydrogen ion (mol./-1)

Cyo: Initial concentration of mono(2-ethylhexyl)
phthalate [mol-7~1)

Cyu+: Concentration of protonated mono {2-ethyl-

' hexyl) phthalate{mol-7-1)
Eq: Apparent milliequivalent to correct (m-eq)
k: k=2Cck'K (I-mol™! min~')

k':  Rate constant in equation (6) ({-mol’min™!
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M,

M,:

1. J.L Kim, 3-%3,

k"’=2k'K ({*-mol ?-min™!)

Equilibrium constant for equation (3) (/-mol™*)
Volume of consumption of 1 N NaOH aq.
solution for the titration [m)
sulfuric
M, = AP,/9.808 (m-mol]
Moles of remaining sulfuric acid in sample
M, = N,—M, [m-mol)

Moles of orginal acid in sample

P,:

Titration equivalent weight of 1 N NaOH aq.
solution used N; = N,L [m-mol]

Normality of 1 N NaOH aq. solution used for
the titration [N)

Percentage of sulfuric acid combined

Py = (M, — M) 100/M, (%)

Percentage of total sulfuric acid in sample [%)
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