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Abstract

Working fluid plays a very important role in thermodynamic cycle. The development of organic
working fluids, which have been widely used in refrigeration systems and organic Rankine cycle,
has entered an environment protection era. Ozone depletion potential (ODP) and global warming
potential (GWP) are two most important indices for the evaluation of organic working fluid. Ra-
diative efficiency is an intermediate parameter for GWP calculation and an inherent property of a
substance as a constant value. From the perspective of ODP and radiative efficiency, this paper
gives some thoughts on the future development of environment-friendly organic working fluids
based on group contribution method. Groups that may be used in the future development of envi-
ronment friendly organic working fluids are also given in this paper.
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1. 5|8

AL T RAEFA D)2 BRI R U = ZG A — Al F T IE A i H e, XA
TR R g 51— A2 T IEER AN S IR AT s AL BE i SR A - AL H T4
PIEA R A6 T 19 el 30 4FAQ, B—RIANL LR 2 Hoe nT A ecE 5r, ERmEHE, mHAL%
AR SR AR AT E M T 20 H4D 30 SEAGERT 40 Z4F, 85 —ACHHL LTS A WL L] v 77 4
BGEE Tgiahn, BRI SMET B RE T, ARSI COTE AR SR SRR R
E) A B AR HEZE A A R BB UCE B BT 25, TR L5 0 ks, Al
TR R Z N T =A, BRI AR

AU LRI R R EZA WA, B RN FEHE%(Ozone Depletion Potential, ODP)FI 4= Bk AFKE 7
#(Global Warming Potential, GWP). ODP H T & W& WXt FRZ R AR A mfe g, L2 —14
FHXHME , BL CFC-11 X} BLARIA R g2 ma AR 9 2k i, 52 SCH ODP{E N 1, He W 5i 1) ODP B 2 A %S T~ CFC-11
ILCAE[ 1] BT ODP & —/MFHXMA, SR “REE” , o N (AR A0 AN B T3 (0 2015 HE A+ 2 Uk
GWP JE X Ny “BRIAIRE A 1 kg Tt % UAAE — € I [B] B A IR S 9k S50 BT 1 kg 25 SRS S iaE 1)
FfE[2]” , Hb & 7RSSR AR A RS R 5 R B A AR, & — MR
e BB GWP IE 5 HRAFERA L, £ MEWHIME. YRR R THE GWP 1—4
REZMHEZSH, HHEER—DREE, RYREGWMELE, 2 AR EE.

AEART A 5 %) T MR A o 0 A 3 ok A S RO RO R 1 SR AR TR ), B WA IR AN o o BRI B AR A HL
o I BN T A AL A3 s A AT R o ik [ D R B A A AR s T PR A, AT
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U SR A S 5 10 22 e A B 5 [ 3 ][9]0 BT 0k, AR STl i A AR S B 5 v 5 P O B PR 2R A o
FRVZE A A SREZEL AT L5 1 %A [0 )5 ODP FHAR S AR K DTmRAEL, 7EBLFERI B, XS ASKRIMRAHL L
R RHEAT— 2 85%, A T AKRITRIARA N T AT s 202 .

2. EHARRISBFEH IR ODP BT EKE

5318 AR B e 52 AL B SR AR A i el e B R S0, G SR A i R B AZE AR, T e T AL AR
e 2B B e R BE 2 R 2B AR, AT 55 243 B2 A0~ B 1R 43 T 30 7 1) 2 AT W P8 ) i iR A b 2B 22
oo MRHE PR AL S A PR L SAURT A I NI H (10 R SCHE FUE (11 BT Al ODP 3, %I &Fh)
ST IR IR, AR T &R BEFIBASTFRMHEEIY LREZNZ C TR C
JZF BT 1), #CN IR B C AHLYIEK ODP, THEEHINEH 2 £ 44> CETHIHIY)
{1 ODP. #-Fhil 7y ok i 141 S Xt A AL ODP AT ikAE 1 A& 1.

Table 1. Contribution value of various groups to ODP of organic working fluid

F 1. EWHEHFAXTEHLILE ODP FTTRk{E

5 E-3Cil XML T ODP [Tk A
1 -CH; 0
2 -CCly 0.16
3 -CF; 0
4 -CCIF, 0.047
5 -CCLF 0.13
6 -CHCl, 0
7 -CHCIF 0.001
8 -CHF, 0
9 -CH,F 0.001
10 -CH,C1 0

K12 E TTBRVE R A LT ODP fIfE S RS T35 2. 42 2 JRgs 1 AR AL BRI S BE FT
I MR SSHIE T A AT OB . ARSI THER S SR AT AR SR 5 ] s ki il S WL i
RORAE R 18 DL N SR E R ERIT . & AR A PR ODP KTTHRE MW KRB/ MK A: -CCl;y >
-CCl,F > -CCIF, > -CHCIF = -CH,F > -CH; =- CF5;= -CHC]l, = -CHF,= -CH,Cl,

Table 2. Estimation of ODP of organic working medium by group contribution method and comparison with the values pub-

lished by the World Meteorological Organization Global Ozone research and monitoring project and relevant researchers

= 2. XRRAEAREE B LR ODP MERLER KSR SRARL SRR EM TN B MEXARE QB

{7 BIRIRTEL
IS fopst EEAA(E ) I‘;jgfﬁfﬁfgﬁffgggﬁﬂ] i et
120 CHCIL,CCl, 2+6 0.001 0.16
121 CHCLCCLF 6+5 0.004 0.13
121a CHCIFCCl; 2+7 0.16 0.161
122 CHCIL,CCIF, 6+4 0.009 0.047
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Continued
122a CHCIFCCLF 745 0.14 0.131
122b CHF,CCl; 2+8 0.23 0.16
123 CHCL,CF; 6+3 0.013 0
123a CHCIFCCIF, 7+4 0.09 0.048
123b CHF,CCLF 8+5 0.13 0.13
124 CHCIFCF; 743 0.035 0.001
124a CHF,CCIF, 8+4 0.047 0.047
125 CHF,CF, 8+3 0.00 0
130 CHCI,CHCI, 6+6 <0.001 0
130a CH,CICCl; 10+2 0.052 0.16
131 CHCIFCHCI, 7+6 <0.001 0.001
131a CH,CICCLF 10+5 0.060 0.13
131b CH,FCCl; 9+2 0.20 0.161
132 CHCIFCHCIF 7+7 0.002 0.002
132a CHF,CHCl, 8+6 <0.001 0
132b CH,CICCIF, 10 +4 0.049 0.047
132¢ CH,FCCLF 9+5 0.12 0.131
133 CH,CICF; 10+3 0.023 0
133a CHCIFCHF, 7+8 0.008 0.001
133b CH,FCCIF, 9+4 0.043 0.048
134 CHF,CHF, 8+8 0.00 0
134a CH,FCF, 9+3 0.00 0.001
140 CH,CICHCI, 10+6 <0.001 0
140a CH;CCly 1+2 0.16 0.16
141 CHCIFCH,CI 7+10 <0.001 0.001
141a CH,FCHCI, 9+6 <0.001 0.001
141b CH;CCLF 1+5 0.10 0.13
142 CH,CICHF, 10+8 <0.001 0
142a CHCIFCH,F 749 <0.001 0.002
142b CH;CCIF, 1+4 0.038 0.047
143 CH,FCHF, 9+8 0.020 0.001
143a CH;CF; 1+3 0.00 0
150 CH,CICH,CI 10+ 10 <0.001 0
150a CH,CHCl, 1+6 <0.001 0
151 CH,CICH,F 10+9 <0.001 0.001
151a CH;CHCIF 1+7 <0.001 0.001
152 CH,FCH,F 9+9 0.00 0.002
152a CH;CHF, 1+8 0.00 0
160 CH;CH,CI 1+10 <0.001 0
161 CH;CH,F 1+9 0.00 0.001
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3. EHERIRIS BB T RES R STRME

MRAEBUR A RN E 112 Fiox IPCC i AP BURES R, & A & AN R R 2., A
R OY T AR AT FERERFE IS C HHIRIRR N R, HEVERINE R 2 £ 4 CIETHRANY
AR SRR . Bkl R B0 2 ] R S AN [RI A A LA B0 o R A8 1 L2 3
Table 3. Contribution value of various groups to radiative efficiency of organic working fluid

3. FMEFNTRIBN LGRS R TTE

%} CFC. HCFC. W7 (Halon)%

%} HEC X AR

P %ﬁjl'f%fgﬁ”;ﬂ%zﬁm% HRE TR Wom 2ppb™ A TR (E/Wm ppb
1 -CH; 0.005 0.015 0.005
2 -CCl; 0.015 / /

3 -CF; 0.025 0.115 0.115
4 -CF»- 0.06 0.03 0.01
5 -CCIF, 0.155 / /

6 -CCLF 0.145 / /

7 -CBrF, 0.165 / /

8 -CHCl, 0.115 / /

9 -CHCIF 0.195 / /
10 -CH,- / 0.05 0.002
1 -CHF, / 0.095 0.095
12 -CHyF / 0.145 /
13 -CHF- / 0.03 /
14 -CHCI- / / 0.002
15 -O- / / 0.23

KB TRz CFC. HCFC. Wy JE(Halon) =5 5205 /R 22 2058 FI I ot AR S 200, e Sl S ALk
PR 55 2803 DA ST A T 1 8 S R A S5 45 SR T4 40 4% 4 RS Y 1 3 ik A 58 5 TPCC 22

A PR SR 2 1] PR AR 3R 22
XTS5 B E s S PIRARR R, A T A KON
RE =0.06133+0.07057n, (1)
2

RE——4= Ak & W (158 5 2% /W-m ™ -ppb '

n——2FMEWH C R

MR HN TS RvT LLE R FH 2R B STk Al A ML I 5 RO AE G T 0L~ S AR HEAA L
AR, BRI ERZE RN EH 2 C IR T RSB SR G E b, X2 TR LR
SER B O HLA B AR B 2 i U o T A kv PR A AL S 0 e 0 A K 8 5 A 2
T HLADRTL 2 73 i S H R AT 35 (ODP) ik B0KS B2 AH 24 4]

B DO AL LS R SRR I ST AR B /MK I 1) %F CFC. HCFC. Wi (Halon) 55 5255 H)
IR Y28 I 5 AR S0 AR BTk . -CHCIF > -CBrF, > -CCIF, > -CCL,F > -CHCl, > -CF,- > -CF; >
-CCly > -CHj; 2) X} HFC %8 5t R 51k {& : -CH,F > -CF; > -CHF, > -CH,- > -CF,- = -CHF- > -CHj; 3) X}
AR AR S HCR TTHRE . -O- > -CF3 > -CHF, > -CF,- > -CH; > -CH,- = -CHCI-; 4) tf&#ib&¥, M
T CIETIAE, MOBRZ, TR ek .
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Table 4. Estimation of radiative efficiency of organic working fluid by group contribution method and relative error with

IPCC value
= 4. RAEARBEMN I LREFHBENMELERRS IPCC BEZ BAIHEXHR
HHLTLR e BEAAE(TS) IPCC HE[2YW-m>ppb " AHFEUE/W-m > ppb'  HIHFRZE/%
CFC. HCFC. Wi¥(Halon) S REF| /R A 245 HI 14 5t
CFC-113 CCLFCCIF, 5+6 03 03 0
CFC-114 CCIF,CCIF, 5+5 031 0.31 0
CFC-115 CCIF,CF; 345 0.18 0.18 0
Halon-2402 CBrF,CBrF, 7+7 033 033 0
=Hak CH;CCly 1+2 0.06 0.02 66.67
HCFC-123 CHCI,CF; 3+8 0.14 0.14 0
HCFC-124 CHCIFCF; 349 0.22 0.22 0
HCFC-141b CH;CCLF 1+6 0.14 0.15 7.14
HCFC-142b CH;CCIF, 1+5 0.2 0.16 20
HCFC-225ca CHCLCF,CF; 3+4+8 0.2 0.2 0
HCFC-225¢b  CHCIFCF,CCIF, 4+5+9 0.32 0.41 28.13
SRR
HFC-125 CHF,CF; 3+11 023 021 8.70
HFC-134a CH,FCF; 3412 0.16 0.26 62.5
HFC-143a CH;CF; 1+3 0.13 0.13 0
HFC-152a CH;CHF, 1+11 0.09 0.11 2222
HFC-227¢a CFCHFCF, 3+3+13 0.26 0.26 0
HFC-236fa CF;CH,CF; 3+3+10 0.28 0.28 0
HFC-245fa CHF,CH,CF; 3+10+11 0.28 0.26 7.14
HFC-365mfc ~ CH;CF,CH,CF; 1+3+4+10 0.21 021 0
AL
HFE-125 CHF,OCF; 3+11+15 0.44 0.4 0
HFE-134 CHF,OCHF, 11+11+15 0.45 0.42 6.67
HFE-143a CH;OCF; 1+3+15 0.27 0.35 29.63
HCFE-235da2  CHF,OCHCICF; 3411+ 14+15 0.38 0.442 16.32
HFE-245¢b2 CH;OCF,CHF, [+4+11+15 0.32 0.34 6.25
HFE-245fa2 CHF,0CH,CF; 3410+ 11+15 0.31 0.442 42.58
HFE-254cb2 CH;OCF,CHF, [+4+11+15 0.28 0.34 21.43
HFE-347mcc3  CH;0CF,CF,CF; 1+3+4+4+15 0.34 0.37 8.82
HFE-347pcf2  CHF,CF,OCH,CF; 3 +4+10+11+15 0.25 0.452 80.8
HFE-356pce3  CH;OCF,CF,CHF, 1+4+4+11+15 0.93 035 62.37
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Table 5. Radiative efficiency of perfluorinated compounds

5. ERUESYINEHNE

NIRRT B S &=y IPCC 45t 2% E/W-m >-ppb '
PFC-14 CF, 0.10
PFC-116 CoFs 0.26
PFC-218 C3Fs 0.26
PFC-3-1-10 C4Fio 0.33
PFC-4-1-12 CsFip 0.41
PFC-5-1-14 CeF14 0.49

4. RRFXFFRBILRATHEEHERRTE

M ESR 1 B E 5 R A3 BRI L, ARSRAEFE AT IR WL T, [R] B 2% 18 TR Y ODP Fl%R S 2803,
MG~ ) FE v L% f&. 1) CHCIF; 2) CH,F; 3) CHs; 4) CFs; 5) CHCLy; 6) CHF,; 7) CH,Cl; 8) CCls;
9) CH,-; 10) CF,-; 11) CHF-; 12) CHCl-.

PEAM AR SRAE TR AT LARI 36 R 2T VR RE . PR ORI b 22 2 A 1 SRV BEAR A B 0T B mp DA TR e
TETCER AR AT CVH B &R 78 Bl 0 J5 7 o AR e LB RIS A 2 )& T w3 — IR R 7 1.
LR MR AT C FIH7M Si DL EAT % ODP M1 GWP [I/EFII O [R5 C R 7 AKX H JE k&
BOHT AN L . 124 50 F T 0 3 AR E B R 78 o] AN N JEF.

5. &t

H 19 thad 30 ARG LT T HIAFFUG, E407 1 20 thad 30 FEACHA & TR it & 20 i
60 FAKIIA N ETER R f5, IAEHL TR K ECEIENT R

AU R AR E B A A, RATHFEES ODP M4 BRATIRIES GWP. W 4R S 2R & it
B OGWP M—MREZEWHESH, HHEA—RER, RYREAWEE, B2AEKEME. KKE
FF R IR HL T, [R1E 25 58 5 (1) ODP AR 5 850%, W an i & ] o] it 2% /8. 1) CHCIF; 2) CH,F;
3) CHs; 4) CFy; 5) CHCLy; 6) CHF,; 7) CH,Cl; 8) CCly; 9) CH,-; 10) CF,-; 11) CHF-; 12) CHCl-.

e HE

e 2 E 22 A S RH TR — &I H (KM201710005029) .

SE

[1] Wuebbles, D.J. (1981) Relative Efficiency of a Number of Halocarbons for Destroying Stratospheric Ozone.
[2] Intergovernmental Panel on Climate Change (2007) Climate Change 2007: The Physical Science Basis. Cambridge
University Press, Cambridge. https://doi.org/10.1017/CB0O9780511546013

[3] Tahami, S., Movagharnejad, K. and Ghasemitabar, H. (2019) Estimation of the Critical Constants of Organic Com-
pounds via a New Group Contribution Method. Fluid Phase Equilibria, 494, 45-60.
https://doi.org/10.1016/1.fluid.2019.04.022

[4] Abdi, S., Movagharnejad, K. and Ghasemitabar, H. (2018) Estimation of the Enthalpy of Vaporization at Normal Boil-
ing Temperature of Organic Compounds by a New Group Contribution Method. Fluid Phase Equilibria, 473, 166-174.
https://doi.org/10.1016/j.fluid.2018.06.006

[S] Gani, R. (2019) Group Contribution-Based Property Estimation Methods: Advances and Perspectives. Current Opinion
in Chemical Engineering, 23, 184-196. https://doi.org/10.1016/j.coche.2019.04.007

[6] Banihashemi, M. and Movagharnejad, K. (2018) Use of Group Contribution Method and Intelligent Algorithms to Pre-

DOI: 10.12677/se.2019.96008 67 CIESES 42


https://doi.org/10.12677/se.2019.96008
https://doi.org/10.1017/CBO9780511546013
https://doi.org/10.1016/j.fluid.2019.04.022
https://doi.org/10.1016/j.fluid.2018.06.006
https://doi.org/10.1016/j.coche.2019.04.007

HOBTIR 55

(8]

1]

[10]

(1]

dict the Flash Temperature of Binary Mixtures. Process Safety and Environmental Protection, 117, 539-550.
https://doi.org/10.1016/j.psep.2018.04.016

Farzi, R. and Esmaeilzadeh, F. (2016) Prediction of Surface Tension of Pure Hydrocarbons Using Esmaeilza-
deh-Roshanfekr Equation of State and Group Contribution Method. Fluid Phase Equilibria, 427, 353-361.
https://doi.org/10.1016/1.fluid.2016.07.029

Randova, A. and Bartovska, L. (2016) Group Contribution Method: Surface Tension of Linear and Branched Alkanes.
Fluid Phase Equilibria, 429, 166-176. https://doi.org/10.1016/].fluid.2016.09.007

Khalifa, M. and Lue, L. (2017) A Group Contribution Method for Predicting the Solubility of Mercury. Fluid Phase
Equilibria, 432, 76-84. https://doi.org/10.1016/j.fluid.2016.10.025

United Nations (1989) Scientific Assessment of Stratospheric Ozone: 1989. World Meteorological Organization,
Global Ozone Research and Monitoring Project No. 20, Vol. 11, Appendix; AFEAS Report; United Nations Environ-
ment Program. New York.

Nimitz, J.S. and Skaggs, S.R. (1992) Estimating Tropospheric Lifetimes and Ozone-Depletion Potentials of One- and
Two-Carbon Hydrofluorocarbons and Hydrochlorofluorocarbons. Environmental Science & Technology, 26, 739-744.
https://doi.org/10.1021/es00028a01 1

DOI: 10.12677/se.2019.96008 68 CIESES 42


https://doi.org/10.12677/se.2019.96008
https://doi.org/10.1016/j.psep.2018.04.016
https://doi.org/10.1016/j.fluid.2016.07.029
https://doi.org/10.1016/j.fluid.2016.09.007
https://doi.org/10.1016/j.fluid.2016.10.025
https://doi.org/10.1021/es00028a011

	Some Thoughts on the Development of Environment Friendly Organic Working Fluids Based on Group Contribution Method
	Abstract
	Keywords
	基于基团贡献法对环保有机工质开发的一些思考
	摘  要
	关键词
	1. 引言
	2. 基团的划分及对有机工质ODP的贡献值
	3. 基团的划分及对有机工质辐射效率的贡献值
	4. 未来开发环保有机工质可供考虑的基团及元素
	5. 结论
	基金项目
	参考文献

