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ABSTRACT

"Process for preparing peroxidic perfluoropolyethers”

Tetrafluoroethylene oxidation  process at temperatures

comprised between -80°C and -40°C in the presence of UV

radiations and pentafluoropropane as solvent.
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Description of the industrial invention in the name of
AUSIMONT S.p.A., of Italian nationality, with head office 1in

Milan, Foro Buonaparte 31.

* K kKK

The present invention relates to a process for prepar-
ing peroxidic perfluoropolyethers obtained by photooxidation
of tetrafluoroethylene in the presence of solvents.

More particularly it refers to a process which does not
utilize chlorofluorocarbon solvents which, as known, have a
dangerous impact on the ozone (ODP) and cause greenhouse
effect (GWP).

It is well known that TFE photooxidation processes at
low temperature to produce peroxidic perfluoropolyethers
are industrially carried out in CFC solvents, for 1lnstance
R12. According to international agreements relating ¢toO
reduction and elimination of CFC from the market, the need
to find substitutive solvents was felt. ]

Said substitutive solvents must allow to carry out the
synthesis so as to obtain results comparable to the present
solvents, in particular with respect to R1lZ2 (CF,C1,
dichlorodifluoromethane) which is the most utilized solvent
for its optimal performances.

The solvent must not produce chain transfer, since, 1f

desired, one must be able to obtain also a control on the

molecular weight. Moreover a substitutive solvent of RI1Z
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must allow the obtainment of a polymer having a low content
of peroxidic units (PQO) with a good productivity. An ideal
solvent 1is the one which allows to obtain performances
similar to those obtainable with R12 by operating in the
same conditions of reactor volume, gas flow-rate, power of
the radiant lamp and reaction temperature.

It is known indeed that in the photooxidation process
of tetrafluorcethylene (TFE) in the presence o©of CFC
solvents, polymers with a lower PO can be obtained 1if the
radiant power of the UV lamp is increased or if one works at
higher temperatures, the TFE flow-rate and the reactor
volume being equal. However the increase of radiant power
involves higher process costs and the temperature increase

implies lower yields.

Therefore the substitutive solvents are to be
considered with the same radiant power, reactor

»

configuration, temperature and flow-rate of the reactants.
An optimal solvent will be the one which gives the highest
productivity with the lowest PO with the same conditions.

In the patents of the art, as solvents used 1n the
tetrafluoroethylene photooxidation, are especially mentioned
specific chlorofluorocarbon or perfluorinated solvents,
optionally <containing atoms of oxygen and CFC are

prevailingly used in the synthesis as preferred solvents.

See for instance patents USP 4,451,646, USP 5,354,922, USP

AF 9539.B8T
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3,847,978 and USP 3,715,378.

In all the patents of the art no indication and no
teaching is found on the substitutive solvents of CFC 12 Or
of CFC in general, which allow to draw a trend on the
choice of a solvent capable of giving results similar to R
12 in PO and productivity terms, the radiant power, the
reactor configuration, the reaction temperature and the
reactants flow-rate being equal.

The Applicant has unexpectedly and surprisingly found a
specific solvent not containing chlorine which is capable of
giving a polymer with a low content of peroxidic units (PO)
and with good productivity, even 1if compared toO those
obtained with R12. It has to be noticed that, as already
said, it will not be possible any longer tO utilize CFC,
among which R12, in industrial processes owing to the ODP

and GWP environmental problems indicated above.

The Applicant has lately carried out an experimentation
from which it results that the solvent is not indifferent
to the reaction.

Tests carried out by the Applicant with various
perfluorinated solvents have shown that the synthesis of
peroxidic perfluoropolyethers 1s possible if a particular
type of perfluorinated solvent, as defined hereinunder, 1S
utilized. It is to be noticed indeed that, the conditions

being equal, with the solvent of the inventions polymers are

AF 9539.BST
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obtained which have a peroxidic content (PO) and
productivity closer to those obtained 1in the solvent R12.
The other perfluorinated solvents, for instance those
reported in the comparative examples, do not allow to obtailn
PO and productivity values comparable to those obtainable
with the solvent of the invention.

Wwith the comparative perfluorinated solvents, 1indeed,
if a polymer with the same PO as that obtained with the
solvent of the invention is desired, one must operate with
lower olefins flow-rates, thus obtaining lower productivity.
Obviously this represents a remarkable drawback from the
industrial point of view.

Object of the present invention is a tetrafluoro-
ethylene oxidation process at Ctemperatures comprised
between -80°C and -40°C, preferably between -70°C and -50°C,

in the presence of UV radiations and perfluoropropane as

»

solvent.

Tests carried out by the Applicant have shown, for
instance, that if the reaction is carried out at -50°C 1in a
0.5 1 photochemical reactor with a 150 W mercury high
pressure lamp and with a tetrafluoroethylene flow-rate of
6.0 NL/h, in the R12 solvent, a polymer having PO= 1.66 1S
obtained. By operating under the same conditions, with the
solvent of the invention a PO of 2.09 1is obtained; Dy

operating with the perfluoroheptane solvent a PO of 3.58 18

AF 95395.EBS8ST
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obtained and by operating with perfluoroethers having a low
molecular weight (bp=55°C) a PO of 4.3 1is obtained.

From these examples it appears clear that 1nside the
class of perfluorinated solvents, the solvent of the
invention allows to obtain results comparable to those of
R12.

If for instance in R12 a PO equal to that obtained with
perfluoropropane (P0=2.09) 1s desired, as 1indicated above,
one must operate with a tetrafluoroethylene flow-rate equal
to 9.0 Nl1l/h. A PO of 2.02 and a specific productivity of
polymer equal to 47 g/h/1l are thus obtained in R12, while in
perfluorcpropane with a PO of 2.09 a specific productivity
of 39 g/h/1 is obtained.

The used radiation, the oxygen and TFE flow-rate are

those well known 1in the art of CFC solvents and are

described for instance in USP 3,715,378,

The obtained polymers have the following general
formula;

A-0O- (CF,-CF,-0),- (CF,-0-),-(0) .-B
wherein the terminals groups A and B can be equal to or
different from each other and comprise -CF,, -COF, -CF,COF,
-CF,X wherein X indicates a radicalic group deriving from the
type of the transfer agent utilized, for istance it can be

F, Cl, etc.; the p, g and r indexes equal to or different
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from each other are 1integers, the sum p+g 1s a number
comprised between 2 and 1000, preferably 10 and 400, the g/p
ratio 1is comprised between 0.1 and 10, preferably between
0.2 and 5; the r/(p+qg) ratio is such as to lead to a
peroxidic perfluoropolyether having a PO generally lower
than 4.5-5, preferably 1lower than 4, generally comprised
between 1 and 3.5. The PO value 1s expressed as grams of

active oxygen (16 atomic mass unit (amu)) per 100 grams of
polymer.

The TFE concentration generally ranges between 0.005
and 1 mole per liter of solution, preferably 0.01-0.5

mole/l; therefore the TFE flow-rate is such as to give these

concentrations.

The amount of oxygen utilized is sufficient to saturate
the solution, generally one operates with an excess of
oxygen with respect to TFE and the oxygen partial pressures

»

are generally comprised between 0.1 and 2 atm, preferably
0.2 and 1.

The process of the invention, 1if desired, can be
carried out in the presence of a chain transfer agent 1if a
control of the molecular weight is desired. As transfer
agents, well known in the art, one can mention for instance:
fluorine, chlorine, chlorotrifluorocethylene (CTFE), etc.

According to the present invention, when it 1s

mentioned the molecular weight, it 1s meant a number average

AF 9539.R8T
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molecular weight.

Peroxidic perfluoropolyethers can be then
transformed 1into products without peroxidic oxygen by

means of a thermal treatment at temperatures generally

comprised between 100-250°C. or by UV radiations, in the
presence or not of solvents. The so obtained product can
pe submitted to  fluorination treatment to obtain

perfluoropolyether with perfluorocalkylic terminals.

Alternatively the peroxidic crude product can be
submitted to chemical reduction and to successive

ctransformation reactions to obtain functional products.

See for instance U.S. Patent No. 3,715,378. The chemical
reduction 1s for 1i1nstance carried out according to

methods described 1n U.S. Patent No. 4,451,640,

3,847,978. The derivatlive thus obtained in the form of

salt of the <carboxylic acid <can Dbe submitted to
decarboxylation processes 1n the presence of hydrogen

donor substances, among which glycols, water, etc., to

obtain
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perfluoropolyethers having both terminals —-OCF;H. See for

instance EP O 654 493, published May 24, 1995.

In another aspect, the present invention provides a
tetrafluorocethylene oxidation process comprising the step
of oxidizing tetrafluorocethylene in solution at
temperatures comprised between -80°C. and -40°C. 1in
contact with ultraviolet (UV) radiation and oxygen and
perfluoropropane as solvent to obtain peroxidic

perfluoropolyethers.

The following examples are given for 1llustrative

purposes and are not limitative of the present invention.

EXAMPLE 1

A cylindric reactor for photosynthesis, 1nnerly

equipped with coaxial sheaths, containing a 150 W high
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pressure mercury lamp, cooled by recirculation of
transparent fluid at UV radiations, equipped moreover of a
refrigerant maintained at the temperature of -73°C and
of feed pipes for feeding reacting gas, is cooled at -50°C
and charged with 450 cc of perfluoropropane. 12.0 N1l/h of
oxygen are fed and after few minutes the mercury lamp 1s
rurned on. 6.0 Nl1/h of tetrafluorocethylene and 0.041 Nl/h
of chlorine diluted in a stream of nitrogen of 2.4 Nl/h are
rhen fed for the whole test (300 minutes) by maintailining the
temperature at -50°C. At the end of the reaction the lamp 1is
turned off, the reactants flows are closed and the solvent
and the gaseous by-products are evaporated.

The oil remained afer degassing results equal to 86.3
g, which corresponds to a specific productivity of 39 g/h/l.

The PO results equal to 2.09 and the viscosity at 20°C equal

to 500 cSt.

>

The *F-NMR analysis confirms the following structure:
T- (CF,CF,0) , (CF,0) . (CF,CF,00) , (CF,00) 4-T
wherein T = OCF,Cl, OCF,CF,Cl, OCF,, OCF,COF, OCOF.

The (p+n)/(g+m) ratio is equal to 1.36 and the n/m
ratio 1is equal to 1.06. The average molecular welight
calculated by the NMR is equal to 12000.

BEXAMPLE 1B (cC arative
In the same reactor of Example 1 <cooled at -50°C, 430

cc of perfluoroheptane are introduced. 12.0 Nl/h of oxygen

AF 96539.EST
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are fed and after few minutes the mercury lamp 1s turned on.
6.0 N1/h of tetrafluoroethylene and 0.046 N1l/h of chlorine
diluted in a stream of 2.4 Nl1l/h of nitrogen for the whole
test (300 minutes) are then fed by mailntaining the
temperature at -50°C. When the reaction is over the lamp 1s
turned off, the reactants flows are closed, the solution 1is
discharged and the solvent and the reaction by-products are
distilled. The o0il remained results equal to 36.7 g which

corresponds to a specific productivity of 17 g/h/l. The PO

results equal to 3.58.

The *F-NMR indicates a structure similar to the one reported
in Example 1, with the same type of terminals. The
(p+n) / (g+m) ratio results equal to 1.05 and the n/m one

equal to 0.64.

EXAMPLE 1C (¢ arative

In the same reactor of Example 1 cooled at -50°C, 430

C 4

cc of a mixture of perfluoropolyethers having a low
molecular weight (bp=55°C) are introduced. 12.0 N1/h of
oxygen are fed and after few minutes the mercury lamp 1s
turned on. 6.0 N1/h of tetrafluoroethylene and 0.046 N1l/h of
chlorine diluted in a stream of 2.4 N1l/h of nitrogen for the
whole test (300 minutes) are then fed by maintaining the
temperature at -50°C. When the reaction is over the lamp is
turned off, the reactants flows are closed, the solution 1is

discharged and the solvent and the reaction by-products are

AF 9539.RBS8ST
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distilled. The o0il remained results equal to 59.5 g which
corresponds to a specific productivity of 28 g/h/l. The PO
results equal to 4.23. The YF-NMR indicates a structure
similar to the one reported in Examaple 1, with the same
type of terminals. The (p+n)/(g+m) ratio results equal to
1.48 and the n/m one equal to 0.86.
EXAMPLE 1D (comparative

In the same reactor of Example 1 cooled at -50°C, 440
cce of dichlorodifluoromethane are introduced. 12.0 Nl1/h of
oxygen are fed and after few minutes the mercury lamp 1s
turned on. 6.0 Nl/h of tetrafluoroethylene for the whole
test (300 minutes) are then fed by maintaining the
temperature at -50°C. When the reaction is over the lamp 1is
turned off, the reactants flows are closed and the solvent
and the reaction by-products are evaporated. The o1l
remained in the reactor, after degassing, results equal to

70.8 g which corresponds to a specific productivity of 32

g/h/l. The PO results equal to 1.66 and the viscosity at

20°C equal to 350 cSt. The 'F-NMR indicates a structure
similar to the one reported in Examaple 1, with the same
type of terminals. The (p+n)/(g+m) ratio results equal toO
0.81 and the n/m one equal to 0.67. The average molecular
weight calculated by NMR is equal to 10300.

EXAMPLE 2

In the reactor of Example 1, 450 cc of perfluoropropane

AF 9539.RBST
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are introduced at the temperature of -50°C. One operates

with the same procedure as 1in Example 1, by feeding 18.0

Nl/h of oxygen, 9.0 N1l/h of tetrafluorcethylene, 0.039 Nl/h
of chlorine diluted in a current of 2.4 N1l/h of nitrogen.

After 300 minutes of reaction 116 g of product are obtained
(corresponding to a specific productivity of 52 g/h/l),
having PO = 2.80 and viscosity equal to 3300 c¢St. The NMR

analysis indicates a structure similar to that of example 1,

1.82 e n/m=1.27 and molecular

with (p+n)/{(g+m) ratio
weight equal to 23600.
EXAMPLE 2A (comparative)

In the reactor of Example 1, 440 ccC of

dichlorodifluoro-methane are introduced at the temperature

of -50°C. One operates with the same procedure as in Example

1, by feeding 18.0 Nl/h of oxygen and 9.0 N1/h of

tetrafluoroethylene for 300 minutes. 103.5 g of oil are

-

obtained (corresponding to a specific productivity of 47
g/h/1), having PO = 2.02 and viscosity equal to 1380 cSC.
The NMR analysis indicates a structure similar to that of
example 1, with (p+n)/(g+m) ratio = 1.07 e n/m=0.84 and
molecular weight equal to 17300.

EXAMPLE 3

In the reactor of Example 1, 450 cc of perfluoropropane

are introduced at the temperature of -50°C. One operates

with the same procedure as in Example 1, by feeding 24.0

AF 9539.BS8ST
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N1/h of oxygen, 12.0 Nl1/h of tetrafluoroethylene and 0.042
N1l/h of <chlorine diluted 1n a stream of 2.4 Nl1l/h of
nitrogen. After 300 minutes of reaction 163 g of product
are obtained (corresponding to a specific productivity of 72
g/h/l), having PO = 3.91 and viscosity equal to 14000 cCSt.
The NMR analysis indicates a structure similar to that of

example 1, with (p+n)/(g+m) ratic = 3.08 and n/m=1.87 and
molecular weight equal to 40000.

EXAMPLE 4

In the reactor of Example 1, 420 cc of perfluoropropane
are introduced at the temperature of -60°C in which 6.5 g of
the product obtained in example 1, utilized as reaction
activator, were previously diluted. One operates as in
Example 1, by feeding 12.0 N1/h of oxygen, 6.0 N1l/h of TFE
and 0.021 Nl1/h of chlorotrifluoroethylene diluted in a
stream of 0.7 Nl1/h of nitrogen. After 240 minutes of

o~

reaction 79.5 g of polymer are obtained (corresponding to a
specific productivity of 47 g/h/1), having PO = 3.28 and

viscosity equal to 4700 cSt.

The NMR analysis indicates a structure similar to that

of example 1, with (p+n)/(g+m) ratio = 3.07 and n/m=2.01 and

average molecular weight equal to 26700.
EXAMPLE 5
In the reactor of Example 1, 430 cc of perfluoropropale

are introduced at the temperature of -60°C, wherein 7.2 g of

AF 9539.88T
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product obtained 1in example 1, used as reaction activator,
were previously dissolved. One operates as in Example 1, by
feeding 18.0 N1/h of oxygen, 9.0 Nl/h of TFE and 0.021 Nl/h
of chlorotrifluorocethylene diluted in a stream of 0.7 Nl/h
of nitrogen. After 240 minutes of reaction, 135.9 g of
polymer are  obtained (corresponding to a specific
productivity of 81 g/h/l), having PO = 4.77 and viscosity of
about 100000 cSt. The NMR analysis indicates a structure
similar to that of example 1, with (p+n)/(g+m) ratio = 5.03

e n/m= 2.83 and average molecular weight equal to 80000.

AP 9539.BS8ST
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CLAIMS

1. Tetrafluoroethylene oxidation process comprising the
step of oxidizing tetrafluoroethylene 1in solution at
temperatures comprised between -80°C. and ~40°C. in contact
with ultraviolet (UV) radilation and oxygen and
perfluoropropane as solvent to obtain peroxidic

perfluoropolyethers.

2 . Tetrafluoroethylene oxidation process according to
claim 1 carried out at temperatures comprised between -70°C.

and -50 °C.

3. Tetrafluoroethylene oxidation process according to
claim 1 or 2, wherein the perfluoropolyethers obtained have

the following formula:

A—O— (CF,—CF2—0) o— (CE;—0—) o—(0O) .—B

wherein the terminals A and B are equal to or different
from each other and comprise —CF3;, —COF, —CF,COF, —CFyX
wherein X 1s F or Cl; p, q and r 1ndexes equal to or

different from each other are integers;

sum of p+g 1s a number comprised between 2 and

1000;

q/p ratioc 1s comprised between 0.1 and 10;
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r/ (p+q) ratio leads to a peroxidic

perfluoropolyether having a peroxidic unit (PO) lower

than 4.5-5.

q . Tetrafluoroethylene oxidation process according to
claim 3, wherein;
the sum of p+g is a number comprised between 10 to 400;
the g/p ratio ranges from 0.2 to 5; the r/(p+qg) ratio
leads to a peroxidic perfluoropolyether having a PO

comprised between 1 and 3.5.

5. Tetrafluoroethylene oxidation process according to
claim 1, wherein a tetrafluoroethylene concentration ranges
from 0.005 and 1 mole per liter of solution, oxygen partial

pressures are comprised between 0.1 and 2 atm.

0. Tetrafluoroethylene oxldation process according to
claim 1, wherein the peroxidic perfluoropolyethers are
submitted to thermal treatment at temperatures comprised
between 100-250°C. or by the UV radiation, and optionally in

contact with solvents to produce perfluoropolyethers.

7. Tetrafluoroethylene oxidation process according to

claim 6, wherelin the perfluoropolyethers are submitted to a
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fluorination treatment to obtain perfluoropolyethers with

perfluorocalkylic terminals.

8 . Tetrafluoroethylene oxidation process according to
claim ©, wherein perfluoropolyethers are submitted to
chemical reduction and to subsequent transformation

reactions to obtain functional products.

9. Tetrafluoroethylene oxidation process according to
claim 8, wherein the functional products are a salt of

carboxylic acid, optionally submitted to decarboxylation

processes 1n hydrogen donor substances.
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