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Past, present and future of chlorofluorocar bons substitutes

ZHANG Chengping, GUO Qin, QUAN Hengdao"
( School of Chemistry and Chemical Engineering, Beijing Institute of Technology, Beijing 100081, China )

Abstract: The development methods and status quo of substitutes for chlorofluorocarbons (CFCs) were
introduced in this review. Hydrochlorofluorocarbons (HCFCs), hydrofluorocarbons (HFCs) and
hydrofluoroolefins (HFOs) are main CFCs substitutes currently developed, of which HFOs show excellent
environmental friendness and can replace HFCs in the fields of refrigeration and foaming. Herein, the main
synthetic routes as well as the optimal industrialization route of HFOs were summarized. Moreover, it was
proposed that the future development directions of CFCs substitutes should focus on developing a new
generation of alternatives to meet our nations's major strategic needs and achieve precise replacement of
CFCs in many fields based on the existing problems of intellectual monopoly of core components by
foreign developed countries, the risk of secondary pollution and flammability and inadequate performance
in meeting the application requirements in the fields of precision cleaning, high-end chip manufacturing
process and high-voltage electrical insulation.
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Molecular design, synthesis and andindustrialization of CFCs alternatives
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Table 1 Environmental performance parameters of some CFCs and HCFCs!'

P i) fe2pX KA T4 ODP 7 5 BEZU/ [W/(m® ppb)] GWPq
CFC-11 CFCl; 52 1 0.26 5160
CFC-12 CF,Cl, 102 0.73~0.81 0.32 10300
CFC-113 CFCI,CF,C1 93 0.81~0.82 0.30 6080
CFC-114 CF,CICF,C1 189 0.50 0.31 8580
HCFC-22 CHF,Cl 11.9 0.024~0.034 0.21 1780
HCFC-123 CF;CHCI, 1.3 0.01 0.15 80
HCFC-124 CF;CHFCI1 5.9 0.022 0.20 530
HCFC-141b CFCL,CH; 9.4 0.069~0.102 0.16 800
HCFC-142b CF,CICH; 18 0.023~0.057 0.19 2070
TE: SE4TARERL (Radiative Efficiency, RE) [ W/(m®ppb) ) & YRR BN IR & b i Al o 97 2 il iy 4 3k B 07 T AR ) i 1K

XA, TEBUN IR R TT R R 4 (IPCC) AR LAZ (WMO) WS o, 5 SR RE 1E 4 R0 5 5% i R SCRE

SCAARRETT B R R o
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Table 2 Environmental performance parameters of some
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KA o I

afe R e OPP (wimtppby GV P
HFC-23 CHF; 228 0 0.18 12690
HFC-134a CH,FCF; 14 0 0.16 1360
HFC-152a CH;CHF, 1.6 0 0.10 148
HFC-245fa CF;CH,CHF, 7.9 0 0.24 880
HFC-245¢b CF;CHFCH,F 32 0 0.20 290
HFE-134 CHF,OCHF, 254 0 0.44 5965
HFE-236fa CF;CH,OCF; 7.5 0 0.36 980
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Table 3 Environmental performance parameters of some HFQs!!*23-"]

HFR b2z KA TR ODP AT RERL/[W/(m* ppb)] GWP o
HFO-1123 CHF=CF, 1.4 0 0.0019 <1
HFO-1234ze(E) (E)-CF;CH=CHF 16.4 0 0.04 7
HFO-1234z¢(2) (2)-CF;CH=CHF 10 0 0.02 3
HFO-1234yf CF;CF=CH, 12 0 0.02 <1
HFO-1336mzz(E) (E)-CF;CH=CHCF; 67 0 0.113 7
HFO-1336mzz(2) (2)-CF;CH=CHCF; 27 0 0.069 2
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Fig. 2 Synthetic routes of HFO-1234yf
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