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Substitution research summary of HFO refrigerants in refrigeration
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ABSTRACT Driven by climate change and a series of policies and regulations, the
research and development of new alternative refrigerants has become a hot spot in the in-
dustry,among which HFOs and their mixed refrigerants are currently widely concerned.
According to the current research status of HFO refrigerants,in view of thermo-physical
properties of HFO pure refrigerants, their substitution potentials under these two working
conditions of air-conditioning and heat pump are considered based on the ideal single-stage
vapor compression cycle. The theoretical comparison and analysis of HFO refrigerants and
substituted refrigerants are conducted. The simulation results initially show that R1234yf,
R1234ze(E),R12332zd(E) ,R1123,R12432zf,R1141,R1132(E) and R1225ye(Z) can be used

as alternative refrigerants for refrigeration and air-conditioning systems; R1234ze (Z),
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R1233zd(E) and R1336mzz(Z) can be used as alternative refrigerants for heat pumps. In

the analysis of HFO mixed refrigerants, the theoretical cycle calculation of promising al-

ternative refrigerants is carried out according to different working conditions for R134a,
R404A,R407C and R410A refrigerant. The analysis results initially show that R450A and
R513A are expected to be substitutes for R134a; R448A,R449A,R452A,R454A,R454C,
R455A are expected to be substitutes for R404A;R444B,R449A ,R454C are expected to be
substitutes for R407C; R452B and R454B are expected to be substitutes for R410A.

According to the above analysis, the preliminary alternative schemes of HFO refrigerants

in different applications are summarized, which provides a valuable reference for HFO

refrigerants as potential substitutes.
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RILSA R32/R125/R1234yf/R134a/R1234ze(E) 81,62 a7 850 5 200 0 | 387 Al
(26.0/26.0/20.0/21.0/7.0)
R449A  R32/R125/R1234yf/R134a(24.3/24.7/25.3/25.7) 83.87 4.39 —39.98 3.000 0 1396 Al
R450A R134a/R1234ze(E) (42.0/58.0) 100.20 3.74 —25.60 0.100 0 601 Al
R452A R32/R125/R1234yf(11.0/59.0/30.0) 95.49 3.46 —43.15 3.800 0 1945 Al
R452B R32/R125/R1234y{(67.0/7.0/26.0) 79.68 5.09 —50.50 1.200 0 676 A2L
R454A R32/R1234y{(35.0/65.0) 81.72 4.63 —48.40 5.960 0 238 A2L
R454B R32/R1234y{(68.9/31.1) 80.94 5.04 —49.49 1.100 0 466 A2L
R454C R32/R1234y{(21.5/78.5) 88.47 4.55 —45.56 7.800 0 148 A2L
R455A R744/R32/R1234y{(3.0/21.5/75.5) 87.53 4.82 —52.02 12.600 0 148 A2L
R513A R1234yf/R134a(56.0/44.0) 97.51 3.67 —27.90 0.015 0 601 Al
R514A R1336mzz(Z) /R1130(E) (74.7/25.3) 178.10 3.52 29.10 0 0 2 Bl

EYER R22 iy gk 2 i, R134a, R404A, R407C
1 RAT0A J& H Fj He g ez 5 v 32 i 2 AR 6 %
FLEMRIEARYYES BRI ZetEfe g 6

7R o 3K 4 i) v 580 X B SRR TR A T L EAE A
BRI 2 300 - 0 N — B Be 22 P BR¥% ) HECs
HYe R . Kt 2B N Bk HFOs R4 il ve 57 th 3k
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%= 6 RI134a,R404A.R407C 71 R410A B4 14 5 #0°

il ¥ 7 R B D) Il 7% il % /°C

i F K J1 /MPa_ frifeis i /°C

HEWRE/K  ODP  GWP  Z4eff

R134a —
R404A
R407C
R410A

101.06
R125/R134a/R143a(44.0/4.0/52.0) 72.04
R32/R125/R134a(24.0/26.0/50.0) 85.77

R32/R125(50.0/50.0) 71.34

4.06 —26.07 — 0 1430 Al
3.73 —46.22 0.75 0 3922 Al
4.60 —43.60 4.30 0 1700 Al
4.90 —51.40 0.10 0 1975 Al

TEIX 4 ] ¥ 500 1 v A R AR ¥ ) I 43 i X LA
IPEREREAT T30 T
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JE T ER O T W) A ot i il 4 o RIVXE 7 0 B 1 /Y
W5 77 5 A SR AT MO ARIE — S0 #4077
e s FE R AR T X IR R G AAT KAk g, 15 2%
B AN, FE bR HFOs 14 #i ¥ %) . #
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f B )R] AR
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KA R ORI AR AT 2s 19 He AR E (KT /kg)
7 N FEAE LS /R AR B 0.75 5 9 A T 4 HLAL I 2K
FLHL0.92,

ARG BN o | o R N R T W N 3
TRLEE 2 2 9 T RN 8 iR R e SCVe IR
RV EEIE 1 T IR A Ve R A IR A, 2R R IR O 7R
RS FIRAGERIMGE . R Tae s &
BV € 2 NG T R i [ R o o o < A 7 = BB
B A U Y e IR X B o A 28 R A
BB N AT R 1 000 cm®, R134a KPR
A T A 3E ] GB/T 10079—2018(¢ 1% %2 =X
PAZR RV F R 4 L (4D ) Fp i R 4 HLIR IR R A T
LR 7 FR . RS 8 ik,
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x8 FMUBRESEFRHATEAR TS R14a RERFAFNERESH
i COP } - o ]
Rl R /K coP p g HEA R E /K HER K 1 /kPa Foi i/ ke GWP X
< R134a v.R134a

R134a 0 1 1 381.8 1030 0.278 6 1 430 Al
R450A 0.1 0.982 0.895 374.1 961 0.273 2 601 Al
R513A 0.015 0.984 1.016 369.6 1032 0.277 6 601 Al

H % 8 AT %1, R450A fYIR N 0.1 K, J& T
P FLWEHIA . RASOA (1% FE | H A TN R AR B 1
WA T R134a, I S F B2 06 = T R134a, HK S
AT RI34a. I E M AT RABILTH
[@°5, R450A () COP 5 R134a 14348 (—1.8%),
B BAA 2 B8 /N T R134a(—10.5%)  1EHI1 %
T SR A TR Y AR R T A R A R AR B
L, HARGE R ER/NT R134a, HERE HESE S
KT R134a, F . RA50A AT /E K R134a 12 A%
I T Tl v 8 K HLAL ¥ P V8 32 i
T B AR P AIRR R A, RO13A &
L TR A T8 7 L 7E B 6 R v B L FE R R
AN S B BAL A8 T ) AR ¥ AR A A AR L AN
25 PRt O i AR ) ¥4 700 B 43 1 A8 Ak s REI3A 1 %6 &
fI6F R134a, BEEEMHIZ /N7 R513A 1y COP il B
P B ¥ B8 5 R13da + 20 #2308 (4% 3 K
—1.6%MI1.6%0), RE 7 E =AML T R134a, HES
R W AIG F R134a, HES & 1 A A0 [\, At
R513A AIER R134a By AR 61 5000 1 ol i
Vo Y IKAILAL V8 T V8 R AZ B A A A

2.2 A0 R404A 1y HFOs #1¥7)

WiE 7 s, R448A R449A , R452A ,R454 A,
R454C Fil R455A B S 2k 5 R404A B2 —38,
H 755 Ffl13% 6 A 1, R452A ,R454 A Fil R454C () ¥x
HEWE 2 5 RA04AA AT . EfTTERA B RA04A 1Y
BARENA . RI0AA Sy Ho IR IR 6 v 75, 3 FH 2% 7
S R DA VI 7 AR BTV (v = M TP S
BAVKIR R G R rERe AT R RS Rk 9
FiR .

40 -
35 |
30+
25}
&
S 2.0 |
~
ST —=— R404A
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Lo —— R449A
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140 180 220 260 300 340 380

T/K
Bl 7 R404A RERHS M8 S8

R BUBFESERSCTHEIFD RIIA RERBL T ERESE

WOW REWE/K I PR/ AT K Rk GWP dad
R404A 0.75 1 1 373.5 1852 0.312 6 3922 Al
R448A 5.20 0.972 0.855 401.1 1821 0.296 3 1387 Al
R449A 3.00 0.978 0.832 399.7 1767 0.295 5 1396 Al
R452A 3.80 0.963 0.892 378.6 1 854 0.331 1 1945 Al
R454A 5.96 1.005 0.824 402.3 1651 0.272°5 238 A2L
R454C 7.80 1.028 0.716 386.7 1422 0.275 4 148 A2L
R455A 12.60 0.942 0.746 397.5 1732 0.285 7 148 A2L

& 9 AL, JUF AR R COP 5
R404A 434838 (FE—5.8 % ~2.8 % N A8 4k , B
RIS /N T RA04A LT R454C I RA55A #H2%
ROy 9) R —28.4 Y% Fll—25.4 %) 16 il & B 75 5K
AH TR A A 32 T 75 22 5 R i VA R AR B L T
9 4 B R T B 5 R 43 AR V2 7 1Y &R 48 7
/N RA0AA, JURR 55 ] K il v 700 1) 78 7 & A
X RN — e R R T AR 8 KUK

R448A 19 HESIR B2 5 T R404A {H AL T4 i
B N HE SR 7 B8 I T R404A, R448A TR

BRI R A WA AR T R404AA T TR
5 LU A0 182 ) DX 38 e L ¥ R BB I E O A A R
Hh LV SR TR 15 TR R Y . R448A 1T
PE R RA0AA 19 & AR ¥ 550 0 FF 7 ol 174 L Tall
8 V25 AL BRALLL V8 IR 1A RIS i A DS R A
B GWP % m . HOREAE S 5 8 2o U il v% 77 fi
AT, RA49A MHEAIRE & T R404A [HALF 4
W L HEUTE 77 5 R404A A0S, R449A W]
YE R RA04AA - AR ¥ 50 0 AT Bl 174 Tl
TV UKAoL 2 AR FEALAL L ¥ PR 4 2 B
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AR A 0 T s A AR S I
BH GWP % . HBEAE Jy R 8 09 2o P il v 7] fif
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£ RAOAA 18 A ¥4 50 H F ¥ R %% 8 55 P IS
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BAL T & 3k 38 [ N, HE AU 3R T R404A;
R454C f1 R455A nJ/E K R404A 9 AR i1 48 75 1z
FH T 28 S Ak 3RAL A 55 ) v v a8 v (B TE 1 o 7
HEL R S AT . DL B LR HF Os 1R 41l
A B IR T WA R T RA04A, e B Al FH i Ry

2.3 #At R407C i HEOs 1% 7

K 8 fr7/n & R444B,R449A,R454C 5 R407C
3 R 36 5 A2 6 T HUE AT A o L
Il R 5 R407C AHIE . A B A R407C R AR
HY . RAOTC Sy s il il v 700, E R 7 iy
FE 4 L & v AR it A T AL X B R AR
il ¥4 700 A 06 I8 M e R AT AL A S Rk 10
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COP q.

REl IR # /K cop ” HEARE /K HEE S /kPa FETE AL ke GWP oy o
- R407C v.R407C

R407C 4.3 1 1 353.7 2 020 0.520 2 1700 Al

R444B 7.6 0.932 0.963 363.0 2074 0.450 1 295 A2L

R449A 3.0 1.004 0.997 351.4 2013 0.516 6 1396 Al

R454C 7.8 1.059 0.842 345.5 1622 0.482 5 148 A2L

B2 10 AT, & ACH ¥ B COP A/ X T
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AT AT BSOS RATOA BB AUHIVE . R4TOA Ty
e L AV TR S S AR 7 B R A RIL g I A v T

PR3 T 00 X o 2 Ao v 5 A1) 708 A 178 i ik
s A RN 11 R,

£11 BUESEHBIRD RIA BRERSLSFINEESH

MAR RERB/K cop a. BECREE/K  HESUEJ/KPa FelEE/ke  GWP %At
C()len.\ q v.R110A

R410A 0.1 1 1 352.4 2 799 0.557 2 1975 Al

R452B 1.2 0.914 0.836 364.1 2510 0.474 6 676 A2l

R454B 1.1 0.908 0.812 365.3 2 450 0.464 3 466 A2L

B 11 "] g, 2 AR R COP 5
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