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Abstract R1234ze(E) (1,1,1,3-tetrafluoropropene) is extremely environmental-friendly and is currently considered as one of the alter-
native refrigerants. In this paper, the solubility of R1234ze(E) in two polyol ester oils was measured at temperatures ranging from 40 C
to 80 °C and pressures ranging from 0. 123 MPa to 0. 360 MPa. Additionally, the experimental data was correlated using the PR equation
of state with MHV2 mixing rules and the NRTL activity coefficient model to calculate the interaction coefficient at different temperatures.
Furthermore, the average absolute relative deviation between calculated value and experimental data was calculated. The results indicated
that the solubility of R1234ze(E) in two polyol ester oils decreased as temperature increased. Additionally, a numerical calculation model
for the equilibrium pressure and solubility was proposed using a cubic function with acceptable accuracy. In the two polyol ester oils, the
deviations between calculated value and experimental data were 1. 68% and 1. 11% respectively. Thus, the results can better describe the
phase equilibrium behavior of R1234ze(E) in the two polyol ester oils.

Keywords R1234ze(E) ; solubility; zeotropic mixture; GWP; ODP

SURCES/ /S PN A s R PN 3 |
S AR = ROV e R E R E RN R —, H
Pkt il 2225 8 (T 2R B ) A1 52 005 AR BOE 43 )
L AB TR 58 LR AT 8 i 2 2808 (GWP) il 54
WIRVERE (ODP ) il ¥ 57 A, Bk, il ¥ 517 5 4R
FRMIBIE LFER, FE A Sl 8RR
PORAY S S R v, B vy B AUCR B N BRI A U )
SR AT, B KA N 5 4 {1 ol
IR ZEE ODP % (1K) GWP FY N T 45 B il ¥

HeTH . EHE A RBFR4A (51936007) %I H . (The project was
supported by the National Natural Science Foundation of China ( No.
51936007).)

R AR TR, 28675 08, HFO S v 50 90 A fix
AW AN S ) 2 — W I oy A, BAE
—LELK, HFO 2 v 551 J2 52 B 80% HIl AT 55 9 1
BEHERE T A6 T L 1 v R I A e R e v )
L5V URAIL I () A 3 i AR M R S R TR AL, v R AL
S RAEAIL A B v 50— R, I 5 v 50—k
TERIVE ZRGERAGER | A S il v 500 A0 9% VR AL T A RETR
Ve URBIL N 23 BRIRAE R 5 s (9 FA 5S4 A SR T
TR G PRCR KRR T, I, BF 52 i v 57 5

WA H 19 :2020-04-08 ; f& 51 H 31 :2020-05-27



F4E FS5H
2020 £ 10 A

LR

Journal of Refrigeration

Vol. 41,No. 5
October, 2020

VAR ML 22 18] B V6 e 1, o 0 880 A A R AL
WAEH EE, HAr R RV ZRIR 2 R
)7z W J& 2 JC B BR ( POE) i F1 3R & Js 3k ik
(PVE) i, STl ¥4 71 5 v R ML 7 At 4 1 1) B
FEBSF—E MR, TS g T 28T
A AR RV RT3 1 1 ¥4 390 55 98 R ATL I 3 A R T 3 5
KRG, I T 10 °C TH T — W BEAE PECT FI
PECO i % B . ik % R 4r F R AR HE
YRR T R AT TAB I, I 2R F A R (9 TR A R0
HESL T CO, FEKEHE 28V VR ML i A B o 53 i 2
SRR AR 5 i 5286 X RE170 F0 0 4 3 1
HIEPEEAT TSR, S RN 10% ~ 60% , i FE 7E
-50 CH, &4 RE170 B8 Yl Wk A 30 =
BRI G, —EEEEIREE A, BE AT
BT KRR R290 5 5 Fha HIYR VR AL 19 AH 35 14
S5 IR, R290 7E 5 AP AR AL A 09 i o i HE T
R e LR > PR BE LA P > e FE 0 i > 2 o0
figih >3 2 Wl

S. Bobbo %58 7E 10 °C Tl 48 CO, 7£ 3 A%
RHLIM ( PEBMS , PEBM6 , PEBM7) H (1Y 5 fif B, 4
CO, FE/RATEUET 0.9 A, 1 ik i i B8 /R Jo F 9 386 T
MG T2 CO, FEIR SRR T 0.9 I 75 il 135 Fifi 2
IR RSN /N, A8, S, Bobbo 45 38 T
CO, 7675 DU Y —2-F 3 4 1R g v %) 9 A B2, 3k
A H=30~70 °C, IR 45 3 Y 52 55 Z i >k T PROIR
BH RS OV IRABNBEATEIE, B, M. Lee 251
F£-35~80 C Z[H) & T R1234ze (E) 5 POE68 FlI
PVE6S I IR AP, LI 25 R R W, POE68 HYIRIAR
FALT PVE6S, W. A. Fouad 2" i G 46 4 Ui
RIS (PC-SAFT) M4 2l &% U 58 T K GWP il
RATELMESE X PEC AR, 455 £, HFO
KRR 0 B X PEC 43 145 6 (R MM PR 35 /N
0. Fandiiio 25" %} CO, 7E PEC7 F1 PECO 1 ) ¥ fift
JEHAT T S8 M, SE 80 25 10~75 C, LR
B, TE AT R P, €O, 78 R I P (A A B AR v, L
Vs it B AR A A AR

R1234ze(E) ) ODP N 0,GWP /NF 1, KX Hfn
B, HAT R B ORI R SRR AT R, HL
FEVREEE T AHESR B 7 A AR R AT AR
XL 22 V8 ) 5 3 o0 VA R MILTE B i B EA T T
{EXFF R1234ze(E) 5 [F] POE i 9 7 fift B2 DU 55
RO T K R G R1234ze (E) E
POE32 Fl1 POE68 H Wil | 44 S s 8idis A A PR
RET R, 456 MHV2 JRA BN K NRTL {6 5 R 5L
BRI HEATIHA A5 BN RIRLEE T A8 B R L Mt

552 E MR 2Z i R1234ze(E) 5 POE WIS M
AHEA A o8 FR AL SRl

1 SLIGEE N X
1.1 ¥

R1234ze( E) ( CHF = CHCF,, CAS No.29118-24-
) 2 AR A B IE 4 K 99. 90 R E ik

Aalife ] EARAE A . SC8 e A AR A TR AL T Y
PERINER 1 iR,

£ 1 RS AL AR

Tab.1 The properties of the two lubricant oils

i H RL32H RL68H
FHE/ (mm*/s) @40 C 31.6 65.5
i/ (mm*/s) @100 C 5.8 9.3
i 53./°C -55 -39
R/ C 258 270
FJE/(g/cm’) @20 C 0.20 0.98
R {H/ (mg KOH/¢g) 0.02 0.02
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Fig.1 Experimental device
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Fig.2 Flow diagram of the experiments
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Tab.2 The solubility of R1234ze(E) in POE32 oas s a0
S p/MPa S p/MPa S p/MPa
0.24f
=40 C 1=45 C =50 C £
0.0542 0.123 0.0507 0.131 0.0473 0.138 20.20F
0.0654 0.147 0.0608 0.157 0.0570 0.165 0.16}
0.0810 0.176 0.0758 0.187 0.0710 0.198 o2k
0.0974 0.207 0.0914 0.220 0.0852 0.234 0.0 0,04 0.06 008 0.10 0.2 017 016
0.1417 0.242 0.1348 0.258 0.1277 0.275 s
(a) 40~60 C
t=55<C t=60 C t=65 C 0.40 i
" =65 °C
0.0441 0.145 0.0410 0.152 0.0387 0.159 035, © 70T
: A =75°C
0.0535 0.174 0.0496 0.182 0.0464  0.191 ozl T ER0TC
0.0660 0.209 0.0617 0.219 0.0576  0.229 &
0.25}
0.0795 0.247 0.0746 0.259 0.0697 0.271 %
0.1210 0.291 0.1158 0.305 0.1106 0.320 0.20}
1=70 C =75 C 1=80 C 0.15
0.0359 0.165 0.0338 0.171 0.0316 0.177 0.02 0.04 006 008 0.10 0.12
S
0.0437 0.198 0.0408 0.206 0.0378 0.214 () 65-80 C
0.0538 0.239 0.0505 0.248 0.0471  0.257 B 3 REIEET R1234ze( E) 7 POE32 th iR
0.0649 0.283 0.0608 0.294 0.0574  0.305 Fig.3 The solubility of R1234ze(E) in POE32 at
0.1064 0.332 0.1018 0.346 0.0969 0.360 different temperature
0.32
= =40 8 e
AN ° [:45 ° ”~ -
3 3 R1234ze( E) 7£ POE6S YR HEE 028 2 =S¢ %
Tab.3 The solubility of R1234ze(E) in POE68 v =55C o/
024} * =60C /v
S p/MPa S p/MPa S p/MPa &
=40 C =45 C =50 C %020-
0.0558 0.125 0.0519 0.133 0.0488  0.140 016l
0.0675 0.151 0.0635 0.159 0.0593 0.169 o
0.0817 0.165 0.0773 0.175 0.0733  0.185 ' e
0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16
0.101 1 0.206 0.0945 0.220 0.0887  0.233 g
0.1439 0.239 0.1371 0.255 0.1304 0.272 040+ (a) 40~60 C
) m =65°C
t=55 C t=60 C t=65 C e =70 °C
035 4 =75°C
0.0454 0.147 0.0425 0.154 0.0398 0.161 v =80 C
0.0558 0.177 0.0522 0.185 0.0487  0.194 e
[aW}
0.0691 0.194 0.0653 0.204 0.0615 0.213 =025}
QU
0.0828 0.247 0.0776 0.259 0.0729  0.271 020k
0.1244 0.287 0.1181 0.303 0.1127  0.317 1
0.15}
t=70 C =75 C =80 C . . i : :
0.02 0.04 006 008 010 0.12
0.0376 0.167 0.0353 0.173 0.0330  0.180 s
0.0458 0.202 0.0427 0.210 0.0396 0.218 (b 65~80 C
0.0577 0.223 0.0537 0.233  0.0500 0.242 E 4 REIRE T R1234ze( E) 7£ POE68 A7
0.0680 0.28 0.0633 0.29 0.059 2 0. 308 Fig.4 The solubility of R1234ze(E) in POE 68
0.1079 0.331 0.1036 0.344 0.0987  0.358 at different temperature
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Tab.4 The correlation results of solubility of R1234ze(E)
in POE32 oil

t/°C T Ty AARD/ %
40 3.267 -4.532 3.36
45 2. 650 -4.623 2.61
50 4.786 -5.650 1.02
55 3. 663 -4.952 0.18
60 4. 684 -5.136 1.34
65 3. 140 -4.947 1. 44
70 3.179 -4.967 1.56
75 3.339 -4.995 1.71
80 3.595 -5.026 1.91

% 5 R1234ze( E) 7£ POE6S iR EHIBHIXBR L R
Tab.5 The correlation results of solubility of R1234ze(E)
in POE68 oil

/C Th ™ AARD/%
40 -2.152 1. 669 0.62
45 -2.129 1.661 0.75
50 -2.120 1.669 0.87
55 -2.101 1.676 0.98
60 -2.078 1.663 1.08
65 -2.063 1. 666 1.19
70 -2.045 1.663 1.28
75 -2.020 1. 664 1.50
80 -1.976 1.624 1.69

FH 2 B T T3 T A RS Y TR S S YR
Z )R- AR i 22 30 2 1. 68% F1 1. 11% , 411K
T 2%,

& 5 Ff 75~ R1234ze (E) 7F POE 32 F1 POE 68
PR A RE RS 0T A S SR A D 22

FH &L 5 ATN iz BB E 5 S 0 A 2 R Y A
X% 22 B /0N, Uk W Z B B R A8 U 1 T 5 R1234ze
(E) 5 POE32 F1 POE68 1 AH - i

3 #Fit
ARSCHE R T WA T R AR

I T 7E 40 ~ 80 °C Vi YW Bl 1 0. 123 ~ 0. 360
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