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Abstract The current greenhouse effect and the " dual-carbon" goal have set off a new wave of refrigerant substitution, requiring new
refrigerants to achieve a comprehensive balance between environmental protection, safety and thermal properties. However, there are
currently no ideal substitutes for these refrigerants. Most environmentally friendly refrigerants, such as R290, R32, and R1234yf, which
have low ozone depletion potential (ODP) and Global Warming Potential (GWP ), are flammable and pose safety risks. Identifying
suitable flame retardants for environmentally friendly flammable refrigerants has emerged as a crucial focus of current research on
refrigerant alternatives. This article provides a recent overview of research progress on the compatibility of flame retardants with flammable
refrigerants. The main focus was categorizing the various flame retardants and assessing their efficacy across different flammable
substances. It also discusses their performance, effects, mechanisms, and environmental impacts. Furthermore, the article analyzes their
potential applications and development trends and recommends flame retardants compatible with flammable substances.
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R1216 <1 Al 242.8 358.9 3.1
R1234yf <1 A2L 2437  367.9 3.4
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Fig.1 Molecular structure of different flame retardants
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W2 ,—H MRS TV 570 501 5 R245fa BHIA
RORAME, H SR R245fa BHEARBOER AN R134a R125
H1 R227ea,{H R245fa i GWP g DU 2 dhfe %, 1M
T E OV AR BRI B B S H Rz — Bt
R245fa 7EIRE FHA —E B3,

1.2.2 RAIBARIBFIE R

HFOs \HCFOs 28 T i) ODP A 0, H 2 A 1Ry
XSS R BB R A T 5 D o i, KR 71
WD LA, it GWP A%, J& HCFCs , HFCs il
PR BEAR AN, BT A R R R AL,
HFOs 2§ R1336 mzz(Z) .R1216 Fl1 HCFOs 2§ R1233zd
GRS RN AL, By FE5 & H—CF, —F 4
FEIABEIAT , WA B i 52 G TE B SRR BELIA

HFO-1336 mzz R 3| I8 A A BR, %2200
A1,0DP 25 0,GWP iy 9, HA B & W Im SR EE , HZ8
SRR AR, B B i A AT, R1336
mzz 9] A8 R245fa Al R123, % JH T ORC RS Al
R PGELEE P, B 1 ATHE R1336 mzz( Z) 43 F
A 2 A—CF, BHASE AT BOHA 2 —Fh il EL v 7 1Y
BRI, OB 4R SO A BE 43 7 T R1336
mzz( Z) WAL fEALER , K LAE A &S AFTE BT Ol
T ,R1336 mzz( Z) W45 5y o = IS |, I 77 HE—CF,
FI—F SEBHARFE A, Wang Xingyu 55" R AR IE 4%
BEERAYHT T HFO-1336 mzz(Z) %F R290 1K KR
KIN R1336 mzz(Z) B K KR T K250 HFCs K
K TR B A BROULATL R 43 B A5 #1], R1336 mzz
(Z) 53 SRT= I AT 1E R £, SRt L, B 5
5—H —OH ,—O0 F5& 1 A R 2 & A2 i s R, A
922 itk =2 s 1, 00 ) K M A% 46 5 53— J7 1T, R1336
mzz ( 7)) $G0 k7 A 1 R R BERSE A 11— 25 I A T
BEIEYE A 3. Zhao Zhen %' T €O, R1336
mzz( E) Fl R1233zd (E) 1E 4 BRI 4T R1234yf 7] 44
P B Py ], 235 SR 3 B R 4R O R1336 mzz (E) >
CO,>R1233zd(E) . LA MFERM R1336 mzz 51
72 T BELIAYE REAR AT , AR Ry i B A OR BELBA 1) KA
IS

RI216 HA7—E # bk, @25 A1, 0DP K
0,GWP Jy 0.86, 1£ 23 °C Hy T 23 = FlAH X 2 Ky
50% R 2 P AN TR & — R R ORI ELYE
BEL#A ), Li Zijian %57 %F H0 T R1216, R13I1,
R134a R1233zd (E) Xt R32 (& ml SR 30 175 10, & 2K
BHAR %5 2 A R1216 > R1311 > R134a>R1233zd (E)
R1216 PHAARICR fe 1Y R1216 RIAT i a] ok ik 2
T (FE AT ot 5 28 A — o R Ve R N B 50 TR
G TE TR, 825 R 25 A R K ) R YR X
[f]) K AR AR, Fei Teng %% 3K T R1216  R1311
X R152a #K e 3 B (1 5% i, & B4 R13I1 ¥k B R
15. 403%F1 R1216 ¥ E M 11. 508% M}, R152a f K
PRBETH B 1 21,163 em/s 73 Bl F& 2 7. 805 em/s F
7.675 em/s, H R1216 B /b hbe sk it g



Tk F4 4
2025 4 8 A

B Fi, 45 < AR B A 4 70 DC PC BELRA R0 ) T 5 K 1o FH IR

Vol. 46, No. 4
August, 2025

TR, I T R1216 JB T2 W08, A L2
HFOs 25 T i i i, & A —CF .—CF, fl—CF, BH
BRI S BHAARICR e £

R1233zd(E) o8 AT HR, %4255 A1, ODP
S 0,GWP Ry 1, HA e AR v i o Al SR R, 28
TRrEREZE . HUIPE 5 R245fa 23T, 7E ORC &4
J& R245fa AYBARERAR L) TR] Akt m T RUAE 4 5
DR KHLA AR B R S | R R I R G IR
Pk #t, R1233zd(E) 4 F & A H CLF STRM A
(R BELIA S AT, b T AR S BEAA TR B9 2% B AR vk
JEF R12332zd (E) MBHIRRCR AT CO, 2230 /N (1
/D8R R12332d (E) BEFRIBT 2T LFL, B#AIK UFL, 4/
AR R JE L, i R12332d (E) AE Jy i BHER B3
B TR T ARG ) R B g, 3 37 55 45
MWL AR FE 43 BT T R1233zd (E) B354 5E P B P fi
BLEE, SE i T R L BH AL B 452 &k I FE R12332d
(E) B A B N b, —CF, FI—Cl R P2 AR 55 R f
3L AT, Bk FE B B 3L AT, H i T R12332d
(E) & 24 HJEF, Fi 2 it —a i —H 36
H 5L, 55 1 BHAAROR , X 12 R12332zd(E) #l CO,
BHIARCR AR 228/ M TR R 2 —

IR KR EZ AR IR A PHIA R IR A 2
S BHMARCR M B RN R HIFEME—H 2R, i 2
JIE 7, %of [] — il ¥ ) AN TRI BRI , B 2 TR A il v 51
) F S 3 R I A ) b /N, R X (] — BH R 5
AV F), W 2 H R134a/R32 Fil R134a/R1243
SRR NN N (BN 1 i e 2 N AN
FHE ik SR G 70 C—H S i o T
W4 o) F2 B A &, R1243:A 4+ F &% A 3 4~ C—H
BT R32 AU S 2 4 C—H 8, 5 R124324 5%
T2 A B BRFE AT, BHL - A 2R I (] sk A 2 52 T
HWEZ— ARREET IR A Y il S0 6 b A2 7
BRKES,

2 BTEFRBAF

2.1 R1234yf

R1234yf 1Y) GWP /NT 1, 455900 A2L, W)
PREME S R134a AL, B CBEAE A YR E S T E
FERAC T, (A R1234yf HY IR 7 2521 I3 R 38 1
I ASHAE  SEal R1234yf ARMES 72 0 T8 5
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Fig.2 Relationship between critical inhibition and n,/n,

ratios for different refrigerant blends
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