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Parameter Optimization of the Statistical Associating Fluid Theory
Equation of State for Olefin Refrigerants
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Abstract: To accurately characterize the thermodynamic properties of hydrofluoroolefin (HFO)
refrigerants with polar characteristics, this study enhances the original Statistical Associating
Fluid Theory equation of state based on variable-range Mie potential ( SAFT-VR-Mie) by
incorporating an explicit polar term. Using experimental data of saturated vapor pressure,
saturated liquid density, and saturated vapor density for ten HFO refrigerants, the molecular
characteristic parameters of the modified equation through nonlinear regression are determined.
The improved equation is employed to calculate various physical properties, including saturated
vapor pressure, saturated liquid density, saturated vapor density, enthalpy of vaporization,
isobaric heat capacity, and speed of sound. The overall average absolute deviations between
calculated and experimental values are 0. 48%, 0.94%, 0.06%, 2.24%., 3.78%, and 0. 26%,
respectively. A comparative analysis between the modified and original SAFT-VR-Mie equations
is conducted for R1234yf and R1234ze (E) refrigerants. Results demonstrate that the modified
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equation achieves superior prediction accuracy for all thermodynamic properties except isobaric

heat capacity. Furthermore, when applied to predict vapor-liquid equilibrium properties of five

HFO binary mixtures, the modified SAFT-VR-Mie equation outperforms Refprop software

calculations even without considering binary interaction parameters (k; =0).

Keywords: statistical associating fluid theory; hydrofluoroolefins; polar term; thermodynamic

property
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Table 1 Molecular characteristic parameters of the modified SAFT-VR-Mie equation for olefin refrigerants

4 7 CAS %i %5 m, /A evhy /K A, A n, 2/ (10°C « m)
R1234yf 754-12-1 2.428 3.563 169.138 11. 741 6.0 1.594 7.635
R1234ze(E) 29118-24-9 1.812 4,047 300. 559 22.926 6.0 4. 550 3.886
R1243zf 677-21-4 1. 976 3. 842 229.003 14.916 6.0 1.582 6.871
R1336mzz(Z) 692-49-9 2. 360 4,047 301. 291 20. 186 6.0 2.012 7.755
R1123 359-11-5 1.974 3.415 192. 406 13.953 6.0 2.146 4. 640
R1234ze(Z) 29118-25-0 1.866 4. 037 312,429 21. 941 6.0 1.220 9.507
R1336mzz(E)  66711-86-2 2.271 4. 091 303. 545 23. 602 6.0 1.433 7.542
R1225ye(2) 5528-43-8 2.257 3.739 238.922 16. 707 6.0 1. 949 5.824
R12332zd(E) 102687-65-0 2.073 4. 006 300. 641 18. 168 6.0 2. 041 6.171
R1224yd(Z) 111512-60-8 1. 990 4.139 316. 698 20. 670 6.0 2.492 5. 694
K2 BHRAFIM A F R AL Uik I 2 R ah B3 xR 2
Table 2 Average absolute deviation between the calculated thermodynamic properties of each refrigerant and the literature results
8/ %
il ¥
Dsat Pliq Pvap AH. € w
R1234yf 0. 350 2. 640 0. 02" 1110 6.910 0. 120
R1234ze(E) 0. 295 0. 54 0. 03 1. 748 1. 468 0. 154
R1243zf 0. 5284 0. 578 0. 03 1,950 6. 1651 0. 16
R1336mzz(Z) 0. 798 0. 91t 0. 05 2. 28 0. 89t% 0. 5300
R1123 0. 38 1. 330! 0. 09" 2. 49t 6. 22878 0. 1257
R1234ze(Z) 0. 4054 0. 38 0. 08 3. 6620 1. 41 0. 26
R1336mzz(E) 0. 28 0. 76 0. 07 0. 294
R1225ye(2) 0. 3306 1. 20028 0. 0826 0. 310
R1233zd(E) 1. 1387 0. 62 0. 05 2. 35 6. 79147 0. 39
R1224yd(2) 0. 3508 0. 512 0. 0826 2. 3802 0. 3702 0. 3107
- 1E 0.48 0.94 0.06 2.24 3.78 0.26
0% = 100 XS AT+ T B ST O B (A 2 0 2
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Fig. 1 Calculated saturated vapor pressure of each

refrigerant was compared with the literature data
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Fig. 2 Calculated saturation density of each refrigerant was

compared with the literature data
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Table 3 Absolute deviations between literature values and thermodynamic properties calculated using the original SAFT-VR-

Mie molecular parameters for R1234yf and R1234ze(E)

8/ %
Dea Oliq Ouvap AH,,, Cp w
R1234yf 2,00 4,07407" 265,537 18,2200 1,717 12,9179 0. 147 103500 4,210 0, 140
R1234ze(E)  2.0M%0  3,88710%0 296, 2600 21, 342090 11,2200 0,700 0.3200 1,790 4, 3600 2, 130

TE e BARL « T2 3% SC ik 92 56 5 18 -5 T A ek 5 A8 5 (1L 100 180 24 X g 22
k4 BAR RS AT E S LKL k09 SAFT-VR-Mie # #23+ B 14 % Refprop % 4 3t+ F 1569 F 3
4%, 3 1 £

Table 4 Average absolute deviations of vapor-liquid equilibrium pressures of refrigerant mixtures between literature values,

ilR&ll m, o/A e ky '/K A

calculated values from the modified SAFT-VR-Mie equation and Refprop

8/ %
ZIIREY ky A TH Btk oy B EE By B RAE Refprop #ft:

(ky AN TED (ky =0) THHEE

R1123(1)+R1234yf(2)F" —0.006 2 0. 8154 1. 0204 5. 984
R12432f(1) +R1234ze(E) (2)7] —0.004 7 0. 205 1.315%] 2,015

R1234zeE(1) +R1336mzz(E) (2)7¢ 0.004 7 0. 67571 1. 780971
R12432f(1) +R1234yf(2)" —0.003 1 0.19" 0. 85 3. 3308
R1234y{(1) +R1233zd(E) (2)F" —0.001 8 0. 520 0. 4155 0. 695
S 0.48 1.07 3. 00
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Fig. 3 Comparison of the prediction results of the original SAFT-VR-Mie equation and the modified equation for R1234ze(E)

with heat capacity and sound velocity

zkxb. xjtu. edu. cn



138 [ K % % 59 %
2 3r w ARSCHGUETTRE (kA
. . o A SCHGETTRE (k,=0)
0 H 13 i " 4 Refprop#kff
' ' ] “ : ' : P efpropx
T -2 ° ne ‘. °
—; ° d —:\ L . °
P : 2 5 - — L]
Pty g tt A
§> 4 A i 75 N A [ ] ° :A A
S A S -1F .
’ LA AKEOIR ( e = s 4
10 o KILHGTTE (k,~0) Ll
A A Refprop#
-12 1 1 1 1 ] 4
0 0.2 0.4 0.6 0.8 1.0 -3 : L ! ! !
x 0 02 0.4 0.6 0.8 1.0
(a)RH_ijil;;ﬂigizzzm ()R1234y(1) +R12332d(E) (2)
Ir o ARG R (kZ;:()) 4 B SAFT-VR-Mie J5 # Hl Refprop 8 {3+ H 1%
. ‘Refzmpw* ] £ WA V- 08 1 1 i 2 0 L
0r ." N .' - : - . . Fig. 4 Comparison of deviations in vapor-liquid equilibrium
i; 0:1 ' - - pressure of refrigerant mixtures calculated by the
1} a . °
P “o . o’ modified SAFT-VR-Mie equation and Refprop
:;:_ A :. ° o o 0. N A
é Sl A, ® o . ® : .‘ R
% A‘ AA A: 3 éljil: VB
A A
3tk
Lot AICH Gross Ml Vrabec #0945 1 57 6k 700 44
" . . . . . A SAFT-VR-Mie 7 2, ## 1 T i& H 7 HFOs/
¢ G2t e s e HCFOs 1% 7 9 # 19 SAFT-VR-Mie J7 F# . I Ji&
(b)R12432f(1) +R1234ze(E) (2) }FTﬁééﬂﬂmﬁﬁ% FEPSTL T
6 = N ’ =-A o
w ASCHGEITRE (k, LA 1) . . e .
Bl I i 1 (DFE# T 10 Fir HFOs 5% HCFOs 7% 7l i
A . ) SAFT-VR-Mie J5 # 1) 7> TR AE S50, IR IH R T
[ ] e N 3
2 X ¢ .o, JIT A 5 T ¥4 79 B U RN 7% A AR R R 2 R LR R R
S o ® o ° - e s A S " N
O R AT L . MR R AR ) 2 M R 4 e A
K B e ° n ° ° JESRY N N
Tl : .. - 55 KB 10 VT 4 X0 08 22 40 51 0. 48% |
1 ug . ®
g A ok 3 e 0.94% .0. 06 % 1 2. 24 %,
i . s RN .
’ - BPR BL ()R Btk 19 J7 F2HH8 T HFOs 8 HCFOs
—1F L] ' N P, 2o — v Y
: T V4 70 ) LR T A 88 AL 7P RO o 5 A 2 R
% o o 0 g o g5 R BRI B T A e ny B0 Pk g
x e ND > o3
(0)R12342¢E(1) +R1336mzz(E) (2) BT E 4 %0 220 0. 26760 X T LU E AL L
e P REm SRR A X 2 h 3. 784,
* K LT3 1 (R N
Ir a Refprop#i (O FIH Mk ) SAFT-VR-Mie 77 # X HFOs/
T T T 5 HCFOs 185 ¥ 1) SO -4 7k 52 28 47 1 0l Jf 5
m me - = = L} L .l N S 4 YA U —_—
PR b SRMARET T AT, S5 SRS 4R P4 T
- L ] * ° °, ® . N e Ny N
A T T B S SR I RSB 1 3 P 1 24 %0 22 490, 48 %4
Tl a4 - fE T Refprop K FF 9 11 55 25 3. B0 Wl ol 3
ol A . » s
K -VR-Mie = A T s s _JL{ik
S N u A SAFT-VR-Mie FHEZEM M HFOs/HCFO %
g 3t 4 A s e .
= o 5 . B W0 9 SR - 5 7 T LA 3
at A 2 A
T “ A:A AA Aa
_5 1 1 1 1 ] éﬁiﬁﬁ:
0 0.2 0.4 0.6 0.8 1.0 (1] ALBA C G, ALKHATIBII1, LLOVELL F, et al.

X
(dDR12432{(1) +R1234yf(2)

zkxb. xjtu. edu. cn

Hunting sustainable refrigerants fulfilling technical,




509

TRAER I 45 R R Ve I SR 4E S A IR RS T S R L

139

(2]

[3]

[4]

[5]

[6]

[7]

(8]

[9]

[10]

environmental, safety and economic requirements [ ] .
Renewable and Sustainable Energy Reviews, 2023,
188: 113806.

CALM J M. The next generation of refrigerants-his-
torical review, considerations, and outlook [J]. Inter-
national Journal of Refrigeration, 2008, 31 (7).
1123-1133.

CHAPMAN W G, GUBBINS K E, JACKSON G, et
al. SAFT: equation-of-state solution model for associ-
ating fluids [J]. Fluid Phase Equilibria, 1989, 52 31-
38.

GROSS J, SADOWSKI G. Perturbed-chain SAFT: an
equation of state based on a perturbation theory for
chain molecules [J]. Industrial & Engineering Chem-
istry Research, 2001, 40(4) . 1244-1260.

BLAS F J, VEGA L F. Thermodynamic behaviour of
homonuclear and heteronuclear Lennard-Jones chains
with association sites from simulation and theory [ J].
Molecular Physics, 1997, 92(1): 135-150.
GIL-VILLEGAS A, GALINDO A, WHITEHEAD P
J. et al. Statistical associating fluid theory for chain
molecules with attractive potentials of variable range [J].
The Journal of Chemical Physics, 1997, 106 (10):
4168-4186.

B N, FaW, % ETARM SAFT KR
AT bE R AR [T, IR TR, 2015(3) .
6-12.

YANG Zhi, GONG Maogiong, LI Huiya, et al. Ther-
mophysical properties of methane studied by different
SAFT-type equation of state [J]. Cryogenics, 2015
(3): 6-12.

L, EEH, . & ORES TR SEE A T %
TR R v B O A A [T, 7Y %380 R AR,
2024, 58(4) . 148-157.

KANG Kai, LI Xueli, YANG Shu, et al. A prediction
model of refrigerant thermal conductivity coupled with
the standardized equation of the state parameterization
scheme [J]. Journal of Xi’ an Jiaotong University,
2024, 58(4): 148-157.

DUFAL S, LAFITTE T. GALINDO A, et al. Devel-
oping intermolecular-potential models for use with the
SAFT-VR Mie equation of state [J]. AIChE Journal,
2015, 61(9): 2891-2912.

POLISHUK I, CHIKO A, CEA-KLAPP E, et al.
Implementation of CP-PC-SAFT and CS-SAFT-VR-
Mie for predicting thermodynamic properties of C,—
C; halocarbon systems: I pure compounds and mix-
tures with nonassociating compounds [J]. Industrial
&. Engineering Chemistry Research, 2021, 60(26):
9624-9636.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

zkxb. xjtu. edu. cn

BILHL. B, EAE, 4 Co~CobElE Y SAFT-VR
Mie IR F B SH A B By Eo s [J]. LT
e, 2023, 74(3): 1033-1041.

MAO Yuanjing, YANG Zhi, MO Songping, et al. Es-
timation of SAFT-VR Mie equation of state parameters
and thermodynamic properties of C;—Cy, alcohols [J].
CIESC Journal, 2023, 74(3): 1033-1041.

GROSS J, VRABEC J. An equation-of-state contribu-
tion for polar components: dipolar molecules [ ] ].
AIChE Journal, 2006, 52(3): 1194-1204.

ABED A M, AMEER S A A, ABDTAWFEEQ T H,
et al. Effect of polarity on prediction of second order
derivative thermodynamic properties of refrigerants []].
Fluid Phase Equilibria, 2023, 565: 113652.

JOG P K, CHAPMAN W G. Application of Wer-
theim’s thermodynamic perturbation theory to dipolar
hard sphere chains [J]. Molecular Physics, 1999, 97
(3): 307-319.

CRIPWELL J T, SCHWARZ C E, BURGER A ]J.
SAFT-VR-Mie with an incorporated polar term for ac-
curate holistic prediction of the thermodynamic proper-
ties of polar components [ J]. Fluid Phase Equilibria,
2018, 455: 24-42.

JOG P K, SAUER S G, BLAESING J, et al. Applica-
tion of dipolar chain theory to the phase behavior of
polar fluids and mixtures [J]. Industrial & Engineer-
ing Chemistry Research, 2001, 40(21) . 4641-4648.
PERDOMO F A, MILLAN BM, ARAGON J L. Pre-
dicting the physical-chemical properties of biodiesel fu-
els assessing the molecular structure with the SAFT-y
group contribution approach [ J]. Energy, 2014, 72:
274-290.

HURTER R M, CRIPWELL J T, BURGER A J. Ex-
panding SAFT-y Mie’s application to dipolar species:
2-ketones, 3-ketones, and propanoate esters [ J]. In-
dustrial & Engineering Chemistry Research, 2020, 59
(16): 7993-8003.

ASHRAFMANSOURI S S, RAEISSI S. Modeling gas
solubility in ionic liquids with the SAFT-y group con-
tribution method [J]. The Journal of Supercritical Flu-
ids, 2012, 63: 81-91.

LAFITTE T, APOSTOLAKOU A, AVENDANO C,
et al. Accurate statistical associating fluid theory for
chain molecules formed from Mie segments [ J]. The
Journal of Chemical Physics, 2013, 139(15): 154504.
SHAAHMADI F, SMITH S A, SCHWARZ C E, et
al. Group-contribution SAFT equations of state: a re-
view [J]. Fluid Phase Equilibria, 2023, 565: 113674.
LAFITTE T, PINEIRO M M, DARIDON J L, et al.

A comprehensive description of chemical association




140 [ T I N 4 o559 %
effects on second derivative properties of alcohols and critical parameter for R1234ze(Z) (cis-1,3,3, 3-
through a SAFT-VR approach [J]. The Journal of tetrafluoropropene) and R1336mzz(Z) (cis-1.1.1.4,
Physical Chemistry: B, 2007, 111(13); 3447-3461. 4,4-hexafluoro-2-butene) [J]. The Journal of Chemi-

[23] GALLIERO G, LAFITTE T, BESSIERES D, et al. cal Thermodynamics, 2024, 189: 107204.
Thermodynamic properties of the Mien-6 fluid: a compari- [33] HIGASHI Y, SAKODA N, ISLAM M A, et al.
son between statistical associating fluid theory of variable Measurements of saturation pressures for triflu-
range approach and molecular dynamics results [J]. The oroethene ( R1123) and 3., 3. 3-trifluoropropene
Journal of Chemical Physics, 2007, 127(18) . 184506. (R1243zf) [J]. Journal of Chemical &. Engineering

[24] AL-SAIFI N M, HAMAD E Z. ENGLEZOS P. Pre- Data, 2018, 63(2): 417-421.
diction of vapor-liquid equilibrium in water-alcohol-hy- [34] FEDELE L. DI NICOLA G, BROWN J S. et al.
drocarbon systems with the dipolar perturbed-chain Measurements and correlations of cis-1,3,3, 3-tetrafluoro-
SAFT equation of state [J]. Fluid Phase Equilibria, prop-1-ene (R1234ze(Z)) saturation pressure [ J]. Inter-
2008, 271(1/2): 82-93. national Journal of Thermophysics, 2014, 35 (1):

[25] LAGARIAS J C, REEDS J A, WRIGHT M H, et al. 1-12.

Convergence properties of the Nelder-Mead simplex [35] SAKODA N, HIGASHI Y, AKASAKA R. Measure-
method in low dimensions [J]. SIAM Journal on Opti- ments of PvT properties, vapor pressures, saturated
mization, 1998, 9(1). 112-147. densities, and critical parameters for trans-1,1,1,4,4,

[26] LEMMON E W, BELL I H, HUBER M L, et al. 4-hexafluoro-2-butene (R1336mzz(E)) [J]. Journal of
NIST standard reference database 23: reference fluid Chemical & Enginecering Data, 2021, 66(1): 734-739.
thermodynamic and transport properties-REFPROP, [36] FEDELE L, DI NICOLA G, BROWN J S, et al. Sat-

(27]

[28]

[29]

[30]

[31]

[32]

National Institute of Standards and
Technology [ EB/OL]. [2024-08-01]. https://doi.
org/10. 18434/T4/1502528.

AKASAKA R, HUBER M L, SIMONI L D, etal. A
Helmholtz energy equation of state for trans-1,1,1,4,

4 ,4-hexafluoro-2-butene [ R-1336mzz(E) | and an aux-

version 10. 0,

iliary extended corresponding states model for the

transport properties [ J]. International Journal of
Thermophysics, 2023, 44(4) . 50.

BROWN ] S, FEDELE L. DI NICOLA G. et al.
Compressed liquid density and vapor phase PvT meas-
urements of cis-1, 2, 3, 3, 3-pentafluoroprop-1l-ene
(R1225ye(Z)) [J]. Journal of Chemical &. Enginecer-
ing Data, 2015, 60(11): 3333-3340.

DI NICOLA G, POLONARA F. SANTORI G. Satu-
rated pressure measurements of 2,3, 3, 3-tetrafluoro-
prop-1-ene (HFO-1234yD) [J]. Journal of Chemical &.
Engineering Data, 2010, 55(1): 201-204.

DI NICOLA G, BROWN J S, FEDELE L, et al. Sat-
urated pressure measurements of trans-1, 3, 3, 3-tet-
rafluoroprop-1-ene (R1234ze(E)) for reduced tempera-
tures ranging from 0. 58 to 0. 92 [J]. Journal of Chem-
ical & Engineering Data, 2012, 57(8);: 2197-2202.
BROWN J S, DI NICOLA G, FEDELE L, et al. Sat-
urated pressure measurements of 3,3, 3-trifluoroprop-
l-ene (R1243zf) for reduced temperatures ranging
from 0. 62 to 0. 98 [J]. Fluid Phase Equilibria, 2013,
351: 48-52.

TANG Bo, YAO Xiaoyu, DONG Xueqiang, et al. Ex-

perimental investigation of saturated vapor pressure

[37]

[38]

[39]

[40]

[41]

zkxb. xjtu. edu. cn

urated pressure measurements of cis-pentafluoroprop-
1-ene (R1225ye(Z)) [J]. International Journal of Re-
frigeration, 2016, 69: 243-250.

MONDEJAR M E, MCLINDEN M O, LEMMON E
W. Thermodynamic properties of trans-1-chloro-3., 3.,
3-trifluoropropene (R1233zd (E)): vapor pressure,
(ps ps T) behavior, and speed of sound measure-
ments, and equation of state [J]. Journal of Chemical
&. Engineering Data, 2015, 60(8): 2477-2489.
BOBBO S, BET A, SCATTOLINI M, et al. Saturat-
ed pressure measurements of cis-1-chloro-2,3,3, 3-tet-
rafluoropropene (R1224yd (Z)) saturation pressure [J].
Journal of Chemical &. Engineering Data, 2020, 65
(9): 4263-4267.

GAO Neng., JIANG Yunyun, WU ]Jie, et al. Meas-
urements of the isobaric heat capacity of R1234yf in
liquid phase at temperatures from 305 K to 355 K and
pressures up to 5 MPa [J]. Fluid Phase Equilibria,
2014, 376: 64-68.

GAO Neng, CHEN Guangming, LI Rong. et al. Meas-
urements of the isobaric heat capacity of pressurized liquid
trans-1, 3, 3, 3-tetrafluoropropene [ R1234ze (E)] by
scanning calorimetry [J]. Journal of Thermal Analysis
and Calorimetry, 2015, 122(3): 1469-1476.

SHENG Bowen, ZHAO Yanxing, DONG Xuegiang,
et al. The isobaric specific heat capacity and viscosity
for 3,3, 3-trifluoroprop-1-ene in liquid phase at tem-
peratures from (230 to 293) K and pressures up to 8
MPa [J]. The Journal of Chemical Thermodynamics,
2024, 194. 107277,




509 1 TRAR G L S R R A T ST g A e RS T B S b 141
[42] LIU Yu, ZHAO Xiaoming. Measurement of the heat 2016, 62(5): 1781-1794.

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

capacity of R1233zd(E) [J]. International Journal of
Refrigeration, 2018, 86 127-132.
KANO Y, KAYUKAWA Y, FUJII K, et al.

gas heat capacity for 2, 3, 3, 3-tetrafluoropropene

Ideal-

(HFO-1234yf) determined from speed-of-sound meas-
urements [ J]. International Journal of Thermophys-
ics, 2010, 31(11): 2051-2058.

KANO Y, KAYUKAWA Y, FUJII K, et al.

gas heat capacity derived from speed of sound meas-

Ideal

urements in the gaseous phase for trans-1,3, 3, 3-tet-
rafluoropropene [J]. Journal of Chemical & Engineer-
ing Data, 2013, 58(11): 2966-2969.

CHEN Hongyu, ZHANG Kai, YANG Zhen. et al.
Experimental speed of sound for 3, 3, 3-trifluoropro-
pene (R-1243zf) in gaseous phase measured with cy-
lindrical resonator [J]. Journal of Chemical & Engi-
neering Data, 2021, 66(5): 2256-2263.

PENG Xiayao, XU Liu, YANG Zhen, et al. Gaseous
speed of sound, ideal-gas heat capacity, and virial co-
efficients for cis-1, 1, 1, 4, 4, 4-hexafluoro-2-butene
(R1336mzz(Z)) and cis-1,2,3.3,3-pentafluoroprop-1-
ene (R1225ye(Z)) [J]. The Journal of Chemical Ther-
modynamics, 2023, 184. 107083.

KANO Y, KAYUKAWA Y, FUJITA Y. Dipole mo-
ment and heat capacity in the ideal gas state derived
from relative permittivity and speed of sound measure-
ments for HFO-1123 and HCFO-1224yd(Z) [J]. In-
ternational Journal of Refrigeration, 2020, 118:
354-364.

LOZANO-MARTIN D, RIPA D M, GAVIOSO R M.
Speed of sound in gaseous cis-1,3, 3, 3-tetrafluoropro-
pene (R1234ze(Z)) between 307 K and 420 K [J]. In-
ternational Journal of Refrigeration, 2019, 100:
37-47.

KANO Y. Entropy. heat capacity, and thermal con-
ductivity of trans-1, 1,1, 4, 4, 4-hexafluoro-2-butene
[R1336mzz(E) ] derived from the gaseous sound speed
measurement [ J]. Journal of Chemical & Engineering
Data, 2023, 68(3): 574-585.

PENG Xiayao, LIU Hangtao, XU Liu, et al. Experi-
mental speed of sound for trans-1-chloro-3, 3, 3-triflu-
oroprop-l-ene (R1233zd(E)) and trans-1,1,1,4,4,4-
hexafluorobut-2-ene (R1336mzz(E)) in gaseous phase
[J]. The Journal of Chemical Thermodynamics, 2022,
171. 106808.

GARRIDO ] M, MEJIA A, PINEIRO M M, et al.
Interfacial tensions of industrial {luids from a molecu-

lar-based square gradient theory [J]. AIChE Journal,

[52]

[5

[56]

[57]

3] KANO Y, KAYUKAWA Y, FUJII K, et al.

GAO Neng, CHEN Guangming, LI Rong. et al. Meas-
urements of the isobaric heat capacity of pressurized liquid
trans-1, 3, 3, 3-tetrafluoropropene [ R1234ze (E)] by
scanning calorimetry [J]. Journal of Thermal Analysis
and Calorimetry, 2015, 122(3): 1469-1476.

Ideal
gas heat capacity derived from speed of sound meas-
urements in the gaseous phase for trans-1, 3,3, 3-tet-
rafluoropropene [J7]. Journal of Chemical & Engineer-

ing Data, 2013, 58(11): 2966-2969.

4] MIYAMOTO H, NISHIDA M, SAITO T. Measure-

ment of the vapour-liquid equilibrium properties of bi-
nary mixtures of the low-GWP refrigerants R1123 and
R1234yf [J]. The Journal of Chemical Thermodynam-
ics, 2021, 158 106456.

1 YANG Zhigiang, VALTZ A, COQUELET C, et al.

Experimental measurement and modelling of vapor-lig-
uid equilibrium for 3, 3, 3-trifluoropropene (R1243zf)
and trans-1, 3, 3, 3-tetrafluoropropene (R1234ze (E))
binary system [ J]. International Journal of Refrigera-
tion, 2020, 120: 137-149.

YANG Wei, HE Guogeng, ZHANG Zhihao, et al.
Vapor-liquid equilibrium for the binary mixed refriger-
ant {R1234ze(E) + R1336mzz(E)} at temperatures
from 283. 15 K to 313. 15 K [J].
Chemical Thermodynamics, 2023, 185: 107095.
BOONAERT E., VALTZ A, BROCUS ], et al. Va-
por-liquid equilibrium measurements for 5
tures involving HFO-1336mzz ( E)
from 313 to 353 K and pressures up to 2. 735 MPa [J].
International Journal of Refrigeration, 2020, 114 210-
220,

FEDELE L, LOMBARDO G, MENEGAZZO D, et

al. Isothermal (vapour + liquid) equilibrium meas-

The Journal of

binary mix-

at temperatures

urements and correlation of the binary mixture {3,3,
3-trifluoropropene (HFO-1243zf) + 2,3, 3, 3-tetraflu-
oropropene ( HFO-1234yf)}
283.15 K to 323.15 K [J]. International Journal of
Thermophysics, 2023, 44(6) . 83.

at temperatures from

9] ABBADI ] E, COQUELET C, VALTZ A, et al. Ex-

zkxb. xjtu. edu.

perimental measurements and modelling of vapour-liq-
uid equilibria for four mixtures of 2,3,3,3-tetrafluoro-
propene (R1234yf) with 1,1, 1, 2-tetrafluoroethane
(R134a) or 1, 1-difluoroethane (R152a) or trans-1-
chloro-3, 3, 3-trifluoropropene (R1233zd (E)) or 2-
chloro-3, 3, 3-trifluoropropene (R1233xf) [J]. Inter-
national Journal of Refrigeration, 2022, 140 172-185.

(m Kio)

cn





