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Abstract HP-1 is an eco-friendly hydrofluoroolefin (HFO) refrigerant with favorable thermodynamic and environmental properties. The
critical parameters and saturated vapor pressure of HP—1 are similar to those of R245fa, with HP-1 serving as a potential replacement for
R245fa, which has a high global warming potential (GWP) in high-temperature heat pumps. The flammability, solubility, and material
compatibility of HP—1 were mainly determined experimentally, with the results demonstrating that HP —1 has a flammability range of
9.75%-16. 1%, exhibiting excellent solubility with MK220 lubricating oil at elevated temperatures, and good compatibility with materials
used in high-temperature heat pump systems. When HP-1 is applied to high-temperature heat pump units, the condensing temperature of
the unit can reach up to 125 °C when the evaporating temperature ranges between 50 C and 70 °C, with a heating capacity of 99. 27—
153. 14 kW and a coefficient of performance ( COP) of 2.25-4. 85.
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RIFHES R EPAGERH AR E R (SRR E
PIINFNEIEZE) 207 B GWP ( 2ERASBE T,
Global Warming Potential ) & ik L% (HFCs ) , 2023
A 11 H A S IRBEERED & ¢ 2024 4 B S R AL 9 i
BRI E 5B ) Y AR, TP EAE 2024 4R
ALY (HFCs ) BLAUE &0 18. 53 12 ¢ €O, , Hr
P A PR B A B R 8. 95 42t CO, , 32 M1 g 46 Ay
0.1121tCO,, ZAtE GWP 4 HFCs #1257 3 ZALHE
KR T Jfi . HCs . HCFOs . HFOs DL S iR & T 20
11 125 VL PR 4B 8 ] HFCs 9 3t R245fa i T 2 AT 48
=) GWP BTG ™ A E R R PR, 28T L,
WA b TR A BRA R A T HFOs ZEIR R T
HP-1"" 3O —Fh 80 T, FH T84 R245fa, M ifE

HE HP—1 78 i TR A SE Ry FH AR | 75 e s HH Ak
ZHT MR R R 8, A SC AR X HP -1 AT A
PE TR R AR 25 A5 D S P % e iR AR N
PERERFFIEST, i HP -1 B X R245fa H T iR R
FIHIRMLEAR S,

1 EalitERFR

HP-1 5 R245fa FERIPIVER HLAIF 1 s, HP-1
WEEERRIE =, ODP ( AP FEVEME, ozone depletion
potential) 4 0,GWP<1""" k554 9. 73 °C , 5 R245fa
et Sk B Tl 5 e g AR, B B A R245fa i HT T
FIR I ORC ( organic Rankine cycle, £ #L I # 1
) RGEFGIEAITE 1,

& 1 HP-1 5 R245fa Bt xS LL
Tab.1 Basic physical property comparison between HP—1 and R245fa

T 5./ °C Il IR R/ °C Il 1 1/ MPa ZEE (25 °C)/MPa ODP GWP
HP-1 9.73 150. 12 3.53 0.177 0 <1
R245fa 15.05 153. 86 3. 65 0. 148 0 790

2 KEHRHAR RAAEEE
ARSCETAT HP—1 f AT 5 3 k3 1 LI e
T SRR A RIS . SCHh HP -1 Fh T ma Shes
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Fig.1 Combustibility test equipment

SCHLIRANT

1) Jek e e s e B B2 M BB A Tl 1
BEAKT 0.6 kPa, 5 IHHEZS T, 5 min FE IR EL
FEFEARKTF 0.2 kPa, BASJERFA TR,

2) FE I T ¥4 770 4 B 2R 3 99. 5% LA I, 4y
FER T E WV 5 25, SR 5 R (e s i
EAEFE 5 min, (HBIE NI F S K200,

VIR RS AT A A, TR PR S B i T
TR AR G A, S 56 s A i WL A OB LR 5 KM
H B EAL A ; BRPE I B 5200 K T i e T S, S 56



Tk F1H
2025 4F2 A

il v 2 4

Vol. 46,No. 1
February, 2025

I ARl S A R RPN SO RR R TSR,
TR BT,

4) JUK AP BB N AT A ) AR s
B, 2 S R RS A AR Wl D) |
2.1.2 TWHER5ITL

1) AT BRSS9

R2HP-1 &EFES
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5 LE-11 Al LE-12 "] A1, HP — 1 R FL43 50k
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Tab.2 Lower flammability limit experiment of HP-1 in dry air

i HP-1/ 2 (BT EU %) SR L/ C PR IR LR et R
LE-09 9.0/91.0 23.4/24. 1 R EBR, AR KO
LE-10 9.0/91.0 22.5/21.0 R R RO
LE-11 10. 0/90. 0 23.7/24.3 FR KA 20~25 cm
LE-12 10.0/90.0 24.2/23.3 SR B B2 20~25 em
LE-13 9.5/95.0 23.1/22.5 KRR, B G
LE-14 9.5/95.0 23.6/22.7 R EBR, AR KO
LE-15 11.0/99.0 24.2/22.3 FUR 6K IEZ 30~40 em
LE-16 12.0/98.0 23.5/23.2 FR 6 KA 30~40 cm

HP-1 nJ#R RSG5 SR a6 3 fras, st
%5 LE-30 A1 LE-33 Al %1, HP -1 7ERFL 80 H
16% | PR SEEG 1 AS8% | PR 55 16 0 KA 5 i 3256

5 LE-34 F1 LE-35 nJ %1, HP - 1 7E RT3 80k
16. 2%}, YK SR I, HP -1 78 T a3 S il af
R ERR A 16. 1%,

RIHP-1 ETZSHPHATH EREE
Tab.3 Upper flammability limit experiment of HP-1 in dry air

%' HP -1/ 28 (R0 %) SR/ C PR R WAk bt SR
LE-25 13.0/87.0 24.2/21.8 PV
LE-27 14.0/86.0 23.1/22.7 A
LE-29 15.0/85.0 23.3/21.6 FUA
LE-30 16.0/84.0 24.1/21.4 A
LE-31 17.0/83.0 24.1/21.5 A AR RO
LE-32 18.0/82.0 23.9/22. 1 R EBR AR RO
LE-33 16.0/84.0 24.4/21.4 SR TR 8 K A
LE-34 16.2/83.8 23.4/21.3 AR AR B RO
LE-35 16.2/83.8 23.8/21.4 R AR, B RO
2) RS JE SEIR AT ST
R A5 T JAAN B2 S 56 235 SR T A b ok i S BT
AT 5 4 HP -1 $ABE 2 528G HP -1 (R FR 73 %3 3l
M 11.0% ,12.0% ,13. 0% 14. 0% F1 15. 0% , K I
(a) BRI H12% (b)) BARSH13%

KAEALHE DHEE Tiv , TiE T A HIRPEE T IR
KIGAEREGHCANE 2 FIE 3 Fis, 24 HP—1 (R L4345
H 12, 0%, KAGFE &I Bk, 4 198. 3 mm,

HP -1 A AR BE N 9. 75% ~ 16. 10% , #R 83 J3 1]

B 2 HP-1 BRI NG
Fig.2 HP-1 combustion flame
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Fig.3 Propagation distance of HP-1 in dry air
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[FErim g HP -1 5 MK220 1 310 %5 3 T 3% 5545
LS BFSE T OHP - 1/MK220 18 & W TE &l
5% ~60% , G JE N —60~150 °C I By AHEE , HA KR
ARSI IR A —60 ~ 50 °C, 15 TR AF 1A P 52 36 I i
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Tab.4 Solubility test results
iH (ggggj ;/01) W B/ C
5 -3
10 -8
TR ARV 19 -40
(=60~50 C) 29 -48
41 -41
61 -38
5 RIS
14 RO
Al 2 K5
(50~150 C) 39 K E
47 RIS
62 KRITE

B 4 HP-1 5 MK220 @85 B H L
Fig.4 Two phase separation curve of HP-1 and MK220

H I 4 ATAL, SR BEAE -3 °C LI b HP -1 #1747
5 MK220 B8 AT 5 L) B, 24 IR B % T R I
HP-1 ¥ 5#]5 MK220 ¥ 7R3 AE DL — & ) i
2.3 HP-1 5 PHEEH

%% ASHRAE 97-2007""'#r#EJT & HP-1 54t
RIILAER R I AL SR oT , 55 HP-1 5 &
IR R G0 U4 T8 A RHRIEE 4 J8 AR} LA K i 9 7E
R R MR A A, LR AR 1L
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Fig.5 High-pressure reactor
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Tab.5 Experimental materials and conditions

g s WEE/C WE/h
T A/ FES FB/316L ANEGE4N/ 175 L 000
SR/ B IR B R

SV g i R/ 406 2 4%/ B TR £F 4 /R
SR R 2 B B 4 AT HE TR 110 500
TR LMo /B e/ @ 808
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2.3.1 £ EMHBIMEEHRHEE M

&8/ WA B A ST S HP -1 SR A3
SIRTEE AT 6 PR, WG B) A T RS B AR TG AR
1k, 2] HP-1 f45F85E .

® 6 & B/ WBMEHETEIREE HP-1 SERES ISR
Tab.6 Results of HP—1 gas chromatography analysis before

and after solubility experiments with metal/glass

materials
GG RS HERE/min A
0 h-sample 20180224-04 8.057 99. 764
384 h-sample 20180312-03 8. 111 99. 790
624 h-sample 20180322-03 8.103 99.703
1 000 h-sample ~ 20180408-01 8. 107 99.723

SCRH i A/ B AR B AR A 5 AR AL
SRR 7 M 6 Pz, il LAE B, SCR AT S 4R
JREE R A W A, G R AR MILIC A AL

xR FRHEER/HEMTRRETN
Tab.7 Weight change of metal/glass materials before

and after the experiment

ST SRR Bk
LBk ~ o .
SR/ g /g /%
EN A 3.078 3.079 0.02
HHAB 4.701 4.701 0
316L N5 13. 705 13.706 0
ki 3. 464 3. 463 0. 03
BRI 2.623 2.623 0
R 8. 394 8. 395 0.01
(a) SZIGAHT
(b) LB f5

Eo6 REMXBRMEESRE/ WHEMBNERR
Fig.6 Photographs of the metal/glass materials before and
after the stability test

WA, B2 WA R AT R B A N, AR DA 2
FE(LLHCLIT) o BMF5ERI] HP-1 5 4@ A kHAH 25
PERLT,

2.3.2 & EMREEY

e 4B A BHHA M I HT /S HP -1 SO B35 53
MreE AN 8 Fras, H Wit [a) A1 i AL RS 2, HP - 1
oo AL,
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Tab.8 Results of HP—-1 gas chromatographic analysis before

and after solubility experiments with nonmetallic

materials
G HHUEE R/ min I TG AR
0 h-sample 8. 140 99. 844
240 h-sample 8.012 99. 836
500 h-sample 8.008 99. 836

SCYGHT SR AR A B AL RHE R LB LI 9 FR,
TS AR H A BT R I, JFE v B 3 22 2 Y R 8L
BN B AR AR F 53k 20. 90% Fil 22. 23%
T P 2 S W BT T B S 4 R R
HP -1 SRS TR B, A FR BE (LA HCL 1)

R IWHIREESEBMRRETL
Tab.9 Weight change of non-metallic materials before

and after the experiment

SRk iiﬁ% iiﬁ)ﬁ B Azl
i/ g /g R/ %
SV B 0. 031 0.032 2.27
ECE i 0.133 0. 140 5.73
EIRHE 0.324 0. 324 0.25
RERLF 4t 0. 603 0. 605 0.25
PTFE 0. 459 0. 461 0. 46
L GZR 0. 652 0. 652 0
B L LT Yl 0. 126 0. 152 20.9
e U W ES 0.284 0.290 2.22
REER 1. 089 1.110 1.96
ELE 0.185 0.227 22.23

SCEH R AR S BRSNS A 7 R AT L
K LS8 SRS R SR TR I, Al A
R AR LAY B2,

LE BRI HP -1 A B RUE vk A, AR & @ AR
T 0 B P 5 S A, HG e A B 22 2T Yy
FIRE SR8 255, S SR A R R B S 56 B 6 o
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Fig.7 Photographs of the non-metallic materials before
and after the stability test
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Fig.8 High temperature water-source heat pump experimental system
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Tab.10 Measuring instruments related to heat pump
10]

systems[
& ks B R
Pt1000 (KM Tl EE )

TGRS PLO0O( FELRHLIR S )
Pt100( EZAHLHEIRE)

0~150 C 0.1 C

XSK-AC10B-107 (fiLEM)
0~5 000 kPa +0.2%

FE L%
TR fekkin XSK-AC10B-107 ( &5 Hfl)

YRt WT230 0. 4%

HP -1 &5 A ML il A S R Lk an &l 9 Jir
No HHEE9(a) I, 18 78 KRB Bl Ve Rk UL FE 1)
T, G IR, 3 R AR R TR T AR T R
3K 8.27% 17. 48% Fl 24. 81% , I H K% 75 K 1%
FERY 1T A A A 1S, ¥ BETRLBE A 100 C
B, 78 AR BE SR 70 C Rl EE LU 78 AR B 60 °C AN
50 °C o5 22. 46% Fl 41. 51% , 2474 BEIR ¥ 35 5]
120 CH}, X PAEUE ST 38 11, 59%F1 16.00% . H
P 9(b) AT %0, b A BEIR L T, R MERE R 5L
(coefficient of performance, COP) [, 414 Bt ik &
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AHIFIIN Bt 78 & Tt BE B i, RS0 COP B2 T
HP-1 SRR R G, FEZE RN 50~70 CHE,HL
VR BEIRIE AT IA 125 °C, Hl Rl 99. 27 ~ 153. 14
kW ,COP #y 2.25~4.85, 554580 HP-1 =ik
PR RGN AR AR SR ST 4

160 RREE
A =50 C
150F 60 C
W +70°C
140t
g A
=
g 130 "
= 120f )
1ot
100+ ; . 3
100 105 110 115 120 125 130
AU/ C
(a) il i
50¢ .
N AR
45f = 50°C
60 C
400 = N “70°C
[ AN "
S3.5¢ =
o AN "
3.0 NG .
25} TR
20 1 1 1 1 L 1 ]
100 105 110 115 120 125 130
AR E/C
(b) BB L

B 9 HP-1 HBHARVAHHRE SrERlt
Fig.9 Heating capacity and COP of the HP-1 high-

temperature heat pump unit
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KIGHEFEFE B AV N 198.3 mm, JCE 3] 1k 5256 45 2%
T

) TEE MR 5% ~60% 1, HP -1 5 POE Jid #t
i MK220 Y33 B B 47 i B, 0 & i 44
TR RTF 100 C AR IRAE T,

3)HP-1 5 MGE R 500 WA RAI T B AF
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70 CHF, HLZH ¥ BE i B2 ¥ AT 3k 125 C, Hl e R
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