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Measurement of Vapor Liquid Equilibrium for Difluoromethane ( R32) +
Fluoroethane (R161) + 2,3 3 3-Tetrafluoroprop-1-ene ( R1234yf)

Yang Tao Hu Xiaozhen Meng Xianyang Wu Jiangtao

(Key Laboratory of Thermo-Fluid Science and Engineering of Ministry of Education, Xi’an Jiaotong University, Xi’
an, 710049, China)

Abstract In the study, we focused on the vapor-liquid equilibrium property of the ternary system of R32 + R161 + R1234yf. The va-
por-liquid equilibrium data was measured via a liquid-circulation apparatus at temperatures from 283. 15 K to 323. 15 K. The standard

and 0. 005,
Stryjek-Vera ( PRSV ) equation of state ( EOS) combined with the Wong-Sandler ( WS) mixing rule and non-random two-liquid

uncertainties of temperature, pressure, and mole fractions were 10 mK, 0.5 kPa, respectively. The Peng-Robinson-

(NRTL) activity coefficient model were employed to predict the ternary vapor-liquid equilibrium properties by using the parameters of
the binary mixture (i.e., R32 + R161, R32 + R1234yf, and R161 + R1234yf). The average absolute deviation of pressure AAD, (av-
erage absolute deviation) is 0. 34% .

R161 (AAD,,) are 0.002 and 0. 001,

Additionally, the average absolute deviation of vapor phase mole fractions for R32 (AAD,, ) and
respectively, and thus the predicted values for the ternary system exhibit good agreement with
the experimental results.
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Tab. 1 Refrigerant sample information of R32, R161, and R1234yf

A CAS %= 3 FRfrafiE  mIEmA WRREE T /K ERES ./ MPa R F e
R32 75-10-5 WL R >0. 998 >0.999 3 351.26 5.782 0.277
R161 353-36-6 RN N >0.997 >0.999 6 375.25 5. 046 0.217
R1234yf 754-12-1 EeFdiR >0. 995 >0.999 5 367. 85 3.382 0.276
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Fig. 1 The apparatus of vapor-liquid equilibrium
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Tab. 2 Vapor-liquid equilibrium data for R32(1) +R161(2) + R1234yf(3)*

ST R PRSV + WS + NRTL BB 45
Pep/MPa oy X3 exp Y1 exp Y2000 Pea’/ MPa Y1 cal ¥ cal 8,"/ % Ay, Ay,
T=283.15 K
0.6119 0.0880 0.5781 0.1647 0.5747 0.6098 0.1632 0.574 8 0. 34 0.0015 —-0.000 1
0.6574 0.1765 0.3926 0.3218 0.3682 0.6532 0.3145  0.3669 0. 64 0.0073  0.0013
0.6888 0.1828 0.6928 0.2860 0.6170 0.6864 0.2807  0.6165 0.35 -0.0037  0.0005
0.6686 0.2227 0.1290 0.4232 0.1158 0.6618 0.4158 0.1185 1.01 0.007 4 -0.0027
0.7557 0.3071 0.4457 0.4615 0.3653 0.7484 0.4602  0.367 8 0.96 0.0013 -0.0025
0.7794 0.3664 0.1556 0.5672 0.1200 0.7720 0.5625 0.123 4 0.95 0.0047 -0.0034
0.8803 0.5223  0.2904 0.6602 0.2170 0.8739  0.6664  0.2109 0.73 -0.0062  0.006 1
0.8917 0.5434 0.2041 0.6909 0.1456 0.8852 0.6928  0.1455 0.74 -0.0019  0.000 I
1.0274 0.8085 0.0826 0.899 0.0554 1.0220 0.8729  0.054 6 0.52 -0.0030  0.000 8
T=293.15 K
0.8168 0.0869 0.5788 0.1575 0.5758 0.8148 0.1559  0.5767 0.24 0.001 6 —0.0009
0.8743 0.1746  0.3926 0.3006 0.3692 0.8704 0.3021 0.369 8 0.45 -0.0015 -0.0006
0.9185 0.1816 0.6933 0.2781 0.6240 0.9153 0.2809  0.6229 0.34  -0.0028  0.001 1
0.8852 0.2206 0.1289 0.3991 0.1183 0.8803 0.3995 0.1196 0.55 -0.0004 -0.0013
1.0035 0.3059 0.4458 0.4493 0.3728 0.9961 0.4487  0.373 6 0.74 0.0006 —0.000 8
1.0308 0.3642 0.1559 0.5442 0.1259 1.0254 0.5477 0.126 0 0.53 -0.0035 —0.000 1
1.1677 0.5200 0.2915 0.6517 0.2195 1.1610 0.6556  0.216 8 0.57 -0.0039  0.0027
1.1802 0.5393 0.2057 0.6782 0.1515 1.1747 0.6805 0.150 4 0.46 -0.0023  0.001 1
1.3658 0.8075 0.0831 0.864 0.0573 1.3617 0.8686 0.0564 0.30  -0.0022  0.0009
T=303.15 K
1.0701 0.0863 0.5783 0.1506 0.5773 1.0685 0.1492  0.577 3 0.15 0.0014 0
1.1387 0.1725 0.3927 0.2906 0.3726 1.1364 0.2888  0.3729 0.21 0.001 8 -0.000 3
1.2008 0.1809 0.6935 0.2702 0.6301 1.1979 0.2722  0.6290 0.24 -0.0020  0.001 1
1.1491 0.2184 0.1293 0.3807 0.1222 1.1478 0.3820 0.1213 0.11 -0.0013  0.0009
1.3069 0.3043 0.4467 0.4368 0.3796 1.3003 0.4358  0.380 6 0.5 0.0010 -0.001
1.3359  0.3611 0.1567 0.5280 0.1309 1.3346  0.5305 0.129 4 0.1 -0.0025  0.0015
1.5192  0.5185 0.2924 0.6419 0.2249 1.5140 0.6442 0.2232 0.34 -0.0023  0.001 7
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BN e e PRSV + WS + NRTL HAIfEF 45 5
Poy/MPa x X3y Fienp Yow  Pa/MPa oy Y2 e 8,"/% Ay, Ay,
1.5329  0.5359 0.2071 0.6662 0.1568 1.5301 0.6673 0.1557 0.19  -0.0011 0.001 1
1.7792  0.8059 0.0841 0.8616 0.0597 1.7788 0.8633  0.058 8 0.02  -0.0017 0.0009
T=313.15K
1.376 7 0.0854 0.5783 0.1431 0.5781 1.3768 0.1418 0.5784  —-0.01  0.0013 —0.000 3
1.4591 0.1708 0.3929 0.276 9 0.3767 1.4598 0.2751 0.3762  —-0.05 0.0018  0.0005
1.5428  0.1797 0.6944 0.2614 0.6365 1.5409 0.2623  0.6365 0.12 -0.0009 0
1.4652  0.2163 0.1289 0.3618 0.1237 1.4698 0.3634 0.1222  -0.32 -0.0016  0.0015
1.6733  0.3028 0.4474 0.4240 0.3866 1.6683 0.4218  0.388 1 0.30  0.0022 -0.0015
1.7005 0.3580 0.1569 0.5099 0.1344 1.7058 0.5116 0.1326  -0.32 -0.0017  0.0018
1.9422  0.5158 0.2936 0.6303 0.2314 1.9397 0.6303  0.2309 0.13 0 0.000 5
1.9546 0.5319 0.2085 0.6512 0.1636 1.9579 0.6520 0.1618  -0.16 -0.0008  0.001 8
2.2807 0.8049 0.0840 0.8564 0.0622 2.2870 0.8575 0.0608  -0.28 -0.0011  0.0014
T=323.15K
1.7445 0.0850 0.5776 0.1361 0.5789 1.7474 0.1346 0.5786  -0.17  0.0015 0.000 3
1.8405 0.1688 0.3930 0.2622 0.3806 1.8448 0.2601 0.3795  -0.23  0.0021 0.001 1
1.9508 0.1788  0.6947 0.2524 0.6431 1.9519 0.2521 0.6437  -0.06  0.0003 —0.000 6
1.8410 0.2141 0.1291 0.3424 0.1257 1.8527 0.3429 0.1238  -0.64 -0.0005 0.001 9
2.1098 0.3018 0.4475 0.4099 0.3944 2.1079 0.4067  0.3958 0.09  0.0032 -0.0014
2.1347  0.3557 0.1570 0.4910 0.1380 2.1484 0.4910 0.1361  -0.64 0 0.001 9
2.4474  0.5142  0.2948 0.6167 0.2394 24491 0.6151 0.2397  -0.07  0.001 6 —0.000 3
2.4579  0.5290 0.2093 0.6362 0.1694 24690 0.6351 0.1684  -0.45 0.0011 0.0010
2.8799 0.8036 0.0847 0.8501 0.0652 2.8959 0.8503 0.0640  -0.55 -0.0002 0.0012
{E:a)u(T) =10 mK,u(p) =0.5 kPa,u(x,) =u(y,) =0.005;b)8, = (p.y, =Peu)/Poy X100% 5¢) Ay, =¥, oy =1t AYs =V2 0y = Voo
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£3 ZTEAHSF R32(1) + R161(2), R32(1) + RI234yf(2)F1R161(1) + RI234yf(2)H
PRSV + WS + NRTL & S# k,, .7, .7, "
Tab. 3 Parameters k,, .7, .7,," of PRSV + WS + NRTL model for R32(1) + R161(2), R32(1) +
R1234yf(2) and R161(1) + RI1234yf(2)

A k, Ty o AAD,"/% AAD, ¢ TREEEH/K
R32(1) +R161(2) -0.1122 1.227 0 -0.449 7 0.12 0.001 1
R32(1) + RI1234yf(2) 0.146 0 0.778 4 -0.103 1 0.57 0.001 8  283.15~323.15
RIGI(1) + R1234yf(2) -0.062 5 0.961 1 -0.3650 0.14 0.000 8
N
[E:a) —JC 3 H Z 8k B SCHk [11,14]5 b) AAD, = (100/N) Z], | (Pogs = Peai) /Do | X 100% 5 ¢) AAD, =

N
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Fig. 2 Liquid and vapor mole fractions for R32(1) + WS +NRTL model (y,) for R32(1) +R161(2) +
RI61(2) +R1234yf(3) at 303.15 K R1234yf(3) at temperatures from 283. 15 K to 323.15 K
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Fig. 5 Calculated isobaric property by PRSV + WS +
NRTL model for R32 + R161 + R1234yf at 303. 15 K
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it AT 45 41O i gl . R R PRSV
T RRLE A WS TR A 74 WA NRTL 75 2 45 A0 4 3 —
RA F‘%E’Jﬁ‘ﬁqz@ﬂﬁiﬁ,/\EF‘#F;%*%*”*E’J;’%@IL’JEIH
ZICiIR A T Y AR AT - A S8 B DG B A B,
R32 + R161 + R1234yf SCH 508 SR 25 A1, R
GiFE I T 4% i 25 AAD, R 0.34% , RE 45
R32 H1 R161 FAHBE R 0B X 4 X i 22 AAD
FIAAD , 43514 0. 002.,0. 001, £5HFH . FHii Tﬁ“
W gk WA AT 5 O =JedE LR A& TR R32 +
R161 + R1234yf By AT B2 LS Rl i als

A3z AR R 5

1391 ( B16038 ) 7 H % 0l .

(The project was supported by the programme of Introducing Tal-
ents of Discipline to Universities ( No. B16038). )

% 3k

[1] CALM J M. The next generation of refrigerants-historical
review, considerations, and outlook[ J]. International Jour-
nal of Refrigeration, 2008, 31(7) :1123 —1133.

[2] HODNEBROG @, ETMINAN M, FUGLESTVEDT J S, et
al. Global warming potentials and radiative efficiencies of
halocarbons and related compounds: a comprehensive re-
view[ J ]. Reviews of Geophysics, 2013, 51(2): 300 -
378.

[3] EPA. Protection of stratospheric ozone; change of listing
status for certain substitutes under the significant new alter-
natives policy program [ EB/OL ]. ( 2015-07-20 )
[2018-8-13]. https://www. gpo. gov/fdsys/pkg/FR-2015-
07-20/pdf/2015-17066. pdf.

[4] MOTA-BABILONI A, NAVARRO-ESBRI J, BARRAGAN
A, et al. Analysis based on EU Regulation No 517/2014 of
new HFC/HFO mixtures as alternatives of high GWP refrig-
erants in refrigeration and HVAC systems[ J]. International
Journal of Refrigeration, 2015, 52, 21 -31.

[5] MOTA-BABILONI A, NAVARRO-ESBRI J, BARRAGAN
A, et al. Drop-in energy performance evaluation of R1234yf
and R1234ze(E) in a vapor compression system as R134a
replacements[ J]. Applied Thermal Engineering, 2014, 71
(1):259 -265.

(6] ZEidA:. Ml RE ARSI K A a3 (7). 1l
AR, 2011, 32(6): 53 - 58. (LI Liansheng. Re-
search progress on alternative refrigerants and their develop-
ment trend[ J]. Journal of Refrigeration, 2011, 32(6):
53 -58.)

(7] BROLWT, miRE, AN AR v B 5E B H] B it
JE[J]. ¥ % 4%, 2016, 37 (1): 1 - 11. (CHEN
Guangming, GAO Neng, PIAO Chuncheng. State of the art
of research and applications of low-carbon refrigerants[ J].
Journal of Refrigeration, 2016, 37(1): 1 -11.)

[8] MOTA-BABILONI A, NAVARRO-ESBRI J, BARRAGAN

A, et al. Commercial refrigeration-an overview of current

status[ J ]. International Journal of Refrigeration, 2015,
57.186 —196.
[9] #ig, Rug, THER, % KIRESN HCFCs B

REMHT[J]. v 24k, 2011, 32(1):1 -6. (YANG
Zhao, WU Xi, YIN Haijiao, et al. Analysis on alternatives
for HCFCs with low greenhouse effect[ J].
frigeration, 2011, 32(1):1 -6.)

[10] HU Peng, ZHU Wanbao, CHEN Longxiang, et al. Vapor-

Journal of Re-

liquid equilibria measurements of 1,1,1,2-tetrafluoroethane

(HFC-134a) + 2,3, 3, 3-tetrafluoroprop-1-ene ( HFO-



$£39% F6H
2018 £ 12 A

=B AHISF R32 + R161 + R1234yf Skt #2675

Vol. 39, No. 6
December, 2018

1234yf) + isobutane (HC-600a) ternary system[ J]. Flu-
id Phase Equilibria, 2016, 414. 111 - 116.

[11] HU Xiaozhen, YANG Tao, MENG Xianyang, et al. Va-
por-liquid equilibrium measurements for difluoromethane
(R32) + 2,3,3,3-tetrafluoroprop-1-ene ( R1234yf) and
fluoroethane ( R161) + 2,3, 3, 3-tetrafluoroprop-1-ene
(R1234yf) [J]. Fluid Phase Equilibria, 2017, 438 10 -
17.

[12] LEMMON E W, HUBER M L, MCLINDEN M O. NIST
standard reference database 23: NIST reference fluid ther-
modynamic and transport properties database ( refprop) -ver-
sion 9. 1[ DB]. National Institute of Standards and Tech-
nology, Gaithersburg, MD, 2013.

[13] HU Xiaozhen, MENG Xianyang, WU Jiangtao. Isothermal
vapor-liquid equilibrium measurements for difluoromethane
(R32) + trans-1, 3, 3, 3-tetrafluoropropene ( R1234ze
(E))[J]. Fluid Phase Equilibria, 2017, 431 58 - 65.

[14] MENG Xianyang, HU Xiaozhen, YANG Tao, et al. Va-
por-liquid equilibria for difluoromethane (R32) + fluoro-
ethane (R161) and fluoroethane (R161) + trans-1,3,3,
3-tetrafluoropropene ( R1234ze (E)) binary mixtures[ J].
The Journal of Chemical Thermodynamics, 2017, 118.
43 -50.

[15] HU Xiaozhen, YANG Tao, MENG Xianyang, et al. Iso-

thermal vapor-liquid equilibrium measurements for diflu-

oromethane (R32) + fluoroethane (R161) + trans-1,3,
3, 3-tetrafluoropropene ( R1234ze ( E)) ternary mixtures
[J]. International Journal of Refrigeration, 2017, 79;
49 - 56.

[16] STRYJEK R, VERA J H. PRSV: an improved Peng-Rob-
inson equation of state for pure compounds and mixtures
[J]. The Canadian Journal of Chemical Engineering,
1986, 64(2) . 323 —333.

[17] WONG D S H, SANDLER S 1. A theoretically correct mix-
ing rule for cubic equations of state[ J]. Aiche Journal,
1992,38 (5): 671 —680.

[18] RENON H, PRAUSNITZ J M. Local compositions in ther-
modynamic excess functions for liquid mixtures[ J]. Aiche

Journal, 1968, 14(1) . 135 - 144.

BIEEEBN

RALYE I A R, P2 Sl R PR 5 TR
HEWE S S, (029) 82666875 , E-mail ; jiwu@ mail. xjtu.
edu. en, BFSETT 1] )27 BRI

About the corresponding author

Wu Jiangtao, male, professor, Ph. D. supervisor, Key Laborato-
ry of Thermo-Fluid Science and Engineering of Ministry of Educa-
tion, Xi'an Jiaotong University, +86 29-82666875, E-mail; jiwu
@ mail. xjtu. edu. cn. Research fields: thermodynamics and fluid

thermophysical properties.



