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Abstract: To provide comprehensive and reliable thermodynamic property data and prediction
models for the production of polyvinyl acetate under high-pressure conditions, the multi-
parameter Helmholtz free energy empirical equations of state (EoS) for vinyl acetate and its
mixture with ethylene are developed with Powell direct fitting algorithm on the basis of collecting
published experimental data of thermodynamic properties in the literature and adding reasonable
constraints. The results show that the EoS for vinyl acetate is valid from the triple-point
temperature to 650 K with pressures from 0.1 MPa to 100 MPa, and the EoS for the mixture of
vinyl acetate and ethylene is valid from 104 K to 520 K with pressures from 0. 1 MPa to 200 MPa.
Compared with experimental data, the deviation of EoS for vinyl acetate in density is 0. 3% ; the

deviations in density at pressures between 50 MPa and 195 MPa calculated from the mixture EoS
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are within 4%, and the calculated accuracy performs better with increasing pressure; the

compression factors for the mixture of vinyl acetate and ethylene are calculated and fit well with

the experimental data, with deviations generally distributed within +3%. The developed EoS in

this paper can meet the engineering design requirements.
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Table 1 Physical constants and parameters of reference state

point for vinyl acetate
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Table 2 Triple-point and critical-point parameters of vinyl

acetate
P i HE/K J% J1/MPa
A S 172. 985017
519. 110 4,185
[ S 3 4
519. 200 4, 14084
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Table 3 Parameters of the ancillary equations for vinyl acetate

' TN 22 AUE L R % TR
' n; t; t; n; t;
1 —8.563 39 1. 000 —0.932 941 0.230 2.37275 0. 36
2 7.689 78 1. 500 4. 985 640 0. 363 —5.133 19 0. 40
3 —7.542 38 1. 788 —4.006 700 0. 620 —2.118 77 0.56
4 —3.258 80 4.500 7.968 910 1. 200 —14. 041 80 2.00
5 —13.369 40 20. 800 —8.120 600 1. 700 —45.024 40 5.00
6 3.132610 2.360 —94.350 40 10. 80
7 —451. 828 00 24.50
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Table 4 Coefficients of ideal-gas isobaric heat capacity of

vinyl acetate
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Fig. 1 Deviations of the ideal-gas isobaric heat capacities of

vinyl acetate
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Table 5 Coefficients of equation (17)

i n; t; d; l;
1 0.9516703 0.125 1
2 —1.9305381 1.125 1
3 —0.083 027 544 1. 250 2
4 0.180 433 38 0. 250 3
5 —0. 098 840 22 0. 500 3
6 0. 000 058 712 099 6 0.750 8
7 0.160 819 0.625 2 1
8 —0.003017 870 3 2.000 3 1
9 —0.317 888 4.125 1 2
10 0.097 858 098 3.650 3 2
11 —0.073 406 627 4.125 4 2
12 —0.0233097 17.000 3 3
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Table 6 Uncertainties of equations of state for vinyl acetate
2 WiEE/ %%
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w1 0.2 0.5
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LN 25T 0.2

N 0.2
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Table 7 Literature experimental data and deviation of vinyl acetate
N . " ; R/ - ¥4 46 %ot
ey SCHik KRB I /K J& 71/ MPa N i
(mol « dm™*) w2/ %
AR X
e Diky 4 2016 14 200~1500 0.25
7E AR
Daubert Z&L13 1987 58 298~519 0.014 7~4.190 3. 20
Figursk 4" 1978 14 325~346 0.048 0~0. 101 0.08
Oscarson %28 1987 12 328~399 0.053 4~0.433 2. 60
WAZE SRR Stevens %52 1997 14 410~519 0.599 0~4. 140 1. 30
Swamy %01 1965 9 340~355 0.0844~0. 141 1. 60
Diky %020 2016 37 343~346 0.0940~0. 102 0.67
Zernov L1 1971 8 293~423 0.0100~0. 710 7.00
Kapoor 452 2005 3 303~313 0.101 10.4~10.7 0.98
Rafice £ 2016 5 293~313 0. 087 10.5~10. 8 0. 04
- Rudoi-Kolker %5 1964 3 293~313 0.101 10.6~10.9 0. 60
2R s
Diky % 2016 26 293~313 0.101 10.5~10.9 0.06
Wisniak %1% 2008 3 293~313 0.101 10.5~10. 8 0.07
A PR 5% 5 ) 30 293~373 10~100 9.79~11. 68 0.09
) Kapoor 550 2005 3 303~313 0. 101 0.11
7 B
Diky %] 2016 5 298 0.101 0.03
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Table 8 Coefficients of critical temperature and critical density functions for vinyl acetate and ethylene

Oscarson
Rafiee% .
Rudoi-Kolker% ™

(o)l

OV>ONXE
~
=
=]
g
O3 xXo>U

Bl 2 LR &N W SCIRBO 5 IR T R 4 2R A 22
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Table 9 Binary interaction coefficients
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Table 10 Equation coefficients of binary interaction terms
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Table 11 Literature experimental data and deviations of vinyl acetate and ethylene
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Fig. 3 Deviations of vinyl acetate and its mixture with

ethylene density data"*! with temperature distribution
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Fig. 4 Deviations of vinyl acetate and its mixture with

ethylene density data"*! with pressure distribution
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Table Al Experimental data measured by our group and de-
viations compared with calculation results from

equations of state

JEJ3/ EESCRE/ EEITRE W2

5 /K MPa (kg*m™®) (kgem™®) /%%

293. 025 10. 000 942. 081 941.993 —0.009
293.022 20. 000 951. 367 951.170 —0.021
293.013 40. 000 967.721 967. 459 —0.027
293.018 60. 000 982.078 981. 647 —0. 044
293.022 80. 000 994. 504 994. 268 —0.024

293.025  99.999 1006. 107 1005. 658  —0.045

313. 060 9.999 917. 950 918. 765 0.089
313.062  20.000 928.574 929. 234 0.071
313.063  40.000 946. 606 947,511 0.096
313.065  60.001 962. 054 963. 189 0.118
313. 044 80. 000 976. 454 976. 963 0.052
313.061  99.997 988. 732 989. 300 0.057
333.099  10.000 893. 469 894. 659 0.133
333.097  20.000 905. 554 906. 678 0.124
333.075  40.000 926.175 927. 254 0.117
333.089  60.000 943.575 944. 584 0.107
333.082  80.001 958. 342 959. 633 0.135
333.090  100.001 971. 826 972.969 0.118
353.012  10.000 868. 178 869. 495 0.152
353.010  19.999 882. 085 883. 381 0.147
352.988  40.000 905. 508 906.618 0.123
353.004  60.000 924.503 925.799 0. 140
353.009  80.000 940. 520 942. 234 0.182
353.004  100.005 955. 039 956. 663 0.170
372.376  10.002 842. 893 843. 090 0.023
372.394  20.003 858. 875 859. 250 0. 044
372.413  39.996 884.775 885. 585 0.092
372.428  59.998 905. 642 906. 833 0.132
372.436  80.000 923.112 924.766 0.179
372.441  99.995 938. 480 940. 357 0. 200
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