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Notice

The United Nations Environment Program (UNEP), the UNEP Process Agents Task
Force chairs and members and the companies and organisations that employ UNEP
Process Agents Task Force chairs and members do not endorse the performance, worker
safety, or environmental acceptability of any of the technical options discussed. Every
industrial operation requires consideration of worker safety and proper disposal of
contaminants and waste products. Moreover, as work continues -- including additional
toxicity testing and evaluation -- more information on health, environmental and safety
effects of alternatives and replacements will become available for use in selecting among
the options discussed in this document.

UNEP and the UNEP Process Agents Task Force chairs and members, in furnishing or
distributing this information, do not make any warranty or representation, either express
or implied, with respect to the accuracy, completeness, or utility; nor does UNEP or
members and chairs of the UNEP Process Agents Task Force assume liability of any kind
whatsoever resulting from the use, reliance upon, any information, material, or procedure
contained herein, including but not limited to any claims regarding health, safety,
environmental effects or fate, efficacy, or performance, made by the source of
information.

Mention of any company, association, or product in this document is for information
purposes only and does not constitute a recommendation of any such company,
association, or product, either express or implied by UNEP, the UNEP Process Agents
Task Force chairs or members and the companies or organisations that employ the UNEP
Process Agents Task Force chairs and members.

This Report of the
Process Agents Task Force
is available on the Internet
in Portable Document Format (PDF)
at:
http://www.teap.org



Photochemical synthesis of
C S- 14 perfluoropolyetherpolyperoxide, precursors of Z-
perfluoro-polyethers and difunctional derivatives.

1. ODS type: CFC 12

Application

Photochemical synthesis of perfluoropolyetherpolyperoxide, precursors of Z-perfluoro-
polyethers and difunctional derivatives.

Process description

The process consists in a radical co-polymerisation of C,F4 and O, according to the
following reaction:

n
(n+m)C,F, + (;+mO, ® (C,F,0) (C,F,00)

The polymerisation is initiated by UV or gaseous radical initiator fed in a liquid agent
(CFC 12) saturated with C,F4 and O,. The characteristics of the raw material (called raw
peroxi-oil) leaving the section are controlled by the process parameters (temperature,
pressure, C,F4 / O, ratio).

During the polymerisation some parallel reactions take place:

1 1
EC2F4 + 502 ® COF2

1
C2F4 + 502 ® C2F4O

C2F4 + F2 ® CZF6

The off gases produced trough these reactions are sent to a thermal destruction unit.

Process flow diagram is reported in fig. 1 and 2. The plant consist of the following
equipment: synthesis reactor, cooling exchanger, off gas scrubber, C,F, drying column,
radical initiator gas compressor or, in alternative, UV system, raw oil separation column,
CFC 12 purification and evaporator. A C,F4 stream coming from the C,F,4 production
unit, dried with H,SQy, is metered to the synthesis reactor. The reactor is a continuous
stirred tank reactor, cooled by an external cooling circuit, containing the reaction agent at
low temperature (-50° to -90°C) at a pressure between atmospheric (UV synthesis) and 5



to 10 bar (radical initiator). The excess oxygen is recycled to the reactor by a compressor;
the fresh oxygen make-up is fed into the recycling gaseous stream. The mixture of CFC
12 and raw peroxi-oil, extracted from the reactor, is fed to an evaporator from witch the
oil, separated from the CFC 12, is sent to the post-treatment unit. The CFC 12 is fed to a
distillation column in order to remove the low boiling by-products (COF,, C,Fs and
traces of CFC 12). The purified CFC 12, coming from the bottom, is recycled to the
reactor.
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Fig. 1: Synthesis with radical initiator
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Fig. 2: UV Synthesis

Reason why selected process agent is needed

CFC 12 is liquid at the reaction temperatures (-50°C to —90°C); it dissolves both
reactants tetrafluoroethylene and oxygen (whose mixture would otherwise explode); is
transparent and inert to UV radiation, apart from a minimal release of radicals that are
responsible for initiation and regulation of the molecular weight in case of UV initiated
synthesis. Should the breakdown be more than minimal, degradation products would
make it impossible to achieve commercial results.

Quantity used

72 t was used in 1997
A consumption of 350 t is expected in year 2000.

Emissions

Emissions are practically zero. CFC 12 is present only in the reactor loop. All unrecycled
gaseous emissions are conveyed to a specially designed unit where they react with water
at very high temperature and are fully converted to CO,, HF and HCI. Total (organic and
inorganic) fluorine emission allowed from this unit by local authorities amounts to less
than one gram per hour (< 1 g/h)






