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Introduction
■ Montreal Protocol

– Protect Earth against the harmful effects of 
ultraviolet radiation.

– Eliminate production of about 98% of the ozone-
depleting substances (ODSs). 

– Put the stratospheric ozone layer on the path to 
recovery by about 2065.

– Essential exemption:
■ Feedstocks had been assumed to present 

an insignificant threat to the environment; 
experience has shown that this is incorrect. 

■ Montreal Protocol may be further amended 
to control feedstock use and resultant 
plastics production.

Source: https://svs.gsfc.nasa.gov/4272
https://ozone.unep.org/sites/default/files/2020-06/Briefing_note_on_exemptions.pdf

https://svs.gsfc.nasa.gov/4272


Source: Andersen et al. “Narrowing feedstock exemptions under the Montreal Protocol has multiple 
environmental benefits.” Proceedings of the National Academy of Sciences of the United States
118.49 (2021).
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CHCl3 + HF
80℃
SbF3 CHClF2 + byproducts

CHClF2 CF2=CF2 + byproducts
750℃ - 950℃

1 atm

CF2=CF2 C

F

F

C

F

F n
80℃

20 atm

initiator: ammonium persulfate

Chloroform à HCFC-22 à Tetrafluoroethylene (TFE) à Polytetrafluoroethylene (PTFE)

Chloroform
Chloroform

HCFC-22

HCFC-22 TFE

TFE PTFE

HCFC-22

TFE



HCFC-22

Usage: refrigerant, foam blowing agent and feedstock 

The Montreal Protocol on Substances that Deplete the Ozone Layer, Annex C– Group I

Ozone-depletion 
potential (ODP): 
0.024-0.034

Global warming 
potential (GWP100-y): 
1760

Byproduct HFC-23 
GWP100-y: 12,690

Source: https://ozone.unep.org/sites/default/files/Handbooks/MP-Handbook-2020-English.pdf 



PTFE

■ ~45% of the total fluoropolymer market in 2019

■ Apply in automotive, textile, construction, and other 
sectors 

■ Release harmful polymer processing aids such as 
PFOA, PFNA during manufacturing

■ Release hazardous substances such as 
trifluoroacetic acid under high temperature

Source: https://www.chukoh.com/products/tube/ptfe-large-diameter/



General Synthesis Pathway of PVDF
1,1,1-trichloroethane à HCFC-142b à Vinylidene Fluoride (VDF) 
à Polyvinylidene Fluoride (PVDF)
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1,1,1-trichloroethane 
The Montreal Protocol on Substances that Deplete the Ozone Layer, Annex B– Group III

Source: https://ozone.unep.org/sites/default/files/Handbooks/MP-Handbook-2020-English.pdf

ODP: 0.1



HCFC-142b

Usage: refrigerant, foam blowing agent and feedstock 

The Montreal Protocol on Substances that Deplete the Ozone Layer Annex C– Group I

ODP: 0.057

GWP100-y: 1980

Source: https://ozone.unep.org/sites/default/files/Handbooks/MP-Handbook-2020-English.pdf

https://ozone.unep.org/sites/default/files/Handbooks/MP-Handbook-2020-English.pdf


PVDF

■ ~14% of the total fluoropolymer market in 2019

■ Apply in electronic, chemical, and energy-related 
industries

■ Potential harms are similar to PTFE

Source: https://polymerdatabase.com/Polymer%20Brands/PVDF.html
https://www.punepolymer.com/pvdf-products.html

https://polymerdatabase.com/Polymer%20Brands/PVDF.html


ODS and HFC Feedstocks to Polymers Built on a 
Singular Type of Monomers (examples)

Source: Andersen et al. “Narrowing feedstock exemptions under the Montreal Protocol has multiple environmental 
benefits.” Proceedings of the National Academy of Sciences of the United States 118.49 (2021).



ODS and HFC Feedstocks to Polymers Built on 
Multiple Monomers (examples)

Source: Andersen et al. “Narrowing feedstock exemptions under the Montreal Protocol has multiple environmental 
benefits.” Proceedings of the National Academy of Sciences of the United States 118.49 (2021).



Growth Rate of Plastics

where:
EV = Ending value
BV= Beginning value
n=Number of years

𝐶𝑜𝑚𝑝𝑜𝑢𝑛𝑑 𝑎𝑛𝑛𝑢𝑎𝑙 𝑔𝑟𝑜𝑤𝑡ℎ 𝑟𝑎𝑡𝑒 (𝐶𝐴𝐺𝑅) = (
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Beginning value Ending value n CAGR %

Fluoropolymer 2020-
2025 2020: 395.83 kt 2025: 511.74 kt 5 yr 5.3%

Total plastic 2020-
2025 2020: 381 Mt 2025: 439 Mt 5 yr 2.9%



Proposed Future Steps

■ Parties of Montreal Protocol provide more detailed and accurate reporting of 
feedstock production

■ Scientific Assessment Panel (SAP) estimates the atmospheric impact of narrowing 
the feedstock exemptions

■ Technology and Economic Assessment Panel (TEAP) identifies and catalogs 
substitutes for plastics currently made with ODS and HFC feedstocks



Potential Achievements

■ By estimate, reduce up to 6% of the total plastics production 
– 5% by controlling fluoropolymer production
– 1% by controlling VC- and PVC-related production

■ Inspire environmental authorities to use other international agreements to help 
mitigate the plastics pollution issue at the production stage. 
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