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Abstract

Perfluoropolyethers having antirust properties

are described. Such perfluoropolyethers are

suitable for being used as lubricating oils or as components
of lubricating greases or as antirust additives for lubricat-

ing o01ls and greases based on perfluoropolyethers,



The present invention relates to functionalized

fluoropolyethereal compounds having antirust properties.

It is known that the use of perfluoropolyethers as
lubricants cannot prevent the formation of rust on the sur-
face of iron materials even if these are coated by an oil
film, when in the presence of moisture.

The reason is to be attributed to the high perme-
ability of perfluoropolyethers (PFPE) to gases, to vapors

and, among these, also to steam.
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PFPE, which are utilizable for formulating lubric-
ating oils and greases,are broadly known on the market such
as, for example : FOMBLIN(:D(Montedison), KRYTOX(:>(Du Pont),
DEMNUM(:)(Daikin), etc.

They are in particular perfluoropolyethers (PFPE)
of the "neutral" type, i.e. having perfluoroalkyl end groups,
and liquid with a very low vapor tension and with a Qiscosity
generally ranging from 10 to 4,000 Cst at 20°C.

As an example, the following classes of perfluoro-

polyethers can be cited

1. A'O(CF-CF,0) (CFX0) -A

I 2 m N
CF3
vwherein X 1s -F, -CF3; A and A', 1ike or unlike each
other, can be -CF3, C2F5, C3F7, units (CF(CF3)CF20)

and CFX0 are random distributed along the perfluoropoly-
ethereal chain, m and n are integers such that the visco-
sity ranges from 10 to 4,000 Cst.
These perfluoropolyethers are prepared by photooxidation
reaction of hexafluoropropene according to the process
described in U.K. patent 1,104,482, and by subsequent
conversion of the end groups into inert groups according
to the process described in U.K. patent 1,226,566.

2. C3F7O(TF-CF20)m-B

CF3

. Y ey '“’“““‘““"‘“ﬂﬁml.liﬂi b it . .
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wherein B can be -CZFS, -63F7, and m 1s a positive integer
such that the product viscosity 1s in the abovesaid range.
These compounds are prepared by 1onic oligomerization of
the hexafluoropropene epoxide and by subsequent treatment
of acyl! fluoride (COF) with fluorine according to the
processes illustrated in U.S. patent 2,242,218.
['C3F7O(TF-CF20)m-CFCF3_72

CF3

whereirm is an integer such that the product viscosity 1is
in the above-considered range.

These products are prepared by i1onic telomerization of
the hexafluoropropene epoxide and by subsequent photo-
chemical dimerization of acyl fluoride, according to the

processes described in U.S. Patent 3,214,478.

A'0L CF(CF )CF20_7 -(C_F,0) (CFXOJqA

3 m 2 4 'n
vwherein A and A', like or unlike each other, can be ~CF3,
-CF -C.F_; X is -F, -CF.; m, n and q are integers

2 5’ 377 3
are

and can also be‘equal to 0, but in any caseysuch that

the viscosity may be in the abovesaid range.

These products are obtained by photooxidation of mixtures
of C3F6 and C2F4 and by subsequent treatment with fluor-

ine according to the process described in U.S. patent

3,665,041.

CF3O(C2F40)p(CF20)q-CF.3

T R L b 1O Ll M NI SR SO I i MM S A 1T e I e b e e S bt A AT T AR I AP - | Sk 0 ¢ e ¢ e cae W
: . "o . > L - oo . Lol A I T ]
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wherein p and g are integers like or unlike each other,
wherein the p/q ratio ranges from 0.5 to 2 and is such
that the viscosity is in the above-indicated range.
These perfluoropolyethers are prepared by photochemical
oxidation of C2F4 according to U.S. patent 3,715,378;
subsequently, the photooxidation product is treated
with fluorine according to U.S. patent 3,665,041.
AO-(CFZ-CFZ—CFZO)m-A'

~wherein A and A', 1ike or unlike each other, can be -CF3,
-CofF g, -L3F;, and m is an integer such that the visco-
sity of the product is in the above-indicated range of

values.

These products are prepared according to European patent

EP 148,482.

DO-(CFZ-CFZO)rD

wherein D and D', like or unlike each other, can be -CF3,
-C2F5, and r is an integer such that the viscosity of
the products is in the above-indicated range of values.

These products are obtained according to U.S. patent

4,523,039,
A

R’f (t—0—(C—~C—0 R'f
| | |
CF3 Rf Rf n

wherein R’f 1s a perfluoroalkyl, n is at least 8, Rf 1S

. CUREEUIEEL I TR P aMInr al's T M ST mmui|mmmﬂ$m~| « Hosde, e TtaewA, . e v L -
SSEES ASSRSRRRISs = Bans et e e  adias o L T AT TR . . . ) )
AT A L .
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F or a perfluoroalkyl. These perfluoropolyethers are

described in PCT patent application WD 87/00538.

Heretofore, it has been extremely difficult to
prepare a homogeneous mixture comprising a perfluoropolyether

and another compound. This difficulty arises from the
immiscibility of perfluoropolyethers with other compounds,
including compounds conventionally used as additives

le.g. mineral o0il) in lubricants. For the lubricant to be

stable, it should prevail over time as a homogenous mixture.

The Compounds, according to the invention, exhibit
a considerable improvement as regards antirust protection
with respect to the products having an anti-corrosive act-
lon, cited in European patent applications Nos. 95,825,

165,649, 165,650 and in Italian patent No. 1189469,

In particular, the additives described in Italian

patent No. 1189469 » Which have exhibited best anti-

rust properties, are the following

1. - .
Rf(CHZO-—<<::::>>__h02)2;

) Rf(CHZOH)Z
Rf(COOH)Z

3 Rf(CHZOCHZCOOCZHS)Z
Rf(COOH)Z

L sy : = e T T .« .. as re €k MO 3 I B OBl P balht Yol St L oL St moe P . o N
' Niddd LY § A AT 3 AR A U LAY b el AN st e L e .t Lt g . ~1 BN r T I S L A N TR T S ranlea= A e TP AP et Lrudite 8 SESAWAT s dINmanTal,
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wherein R, = -CF,R'CF,, with R'; being a perfluoropolyethereal chain having an average
molecular weight equal to 2,000.

However, additives 1 and 3 indicated hereinbefore are affected with the
drawback of being relatively insoluble in the lubricating perfluoropolyether, giving rise to the
problem of phase separation of the components. Additive 2, in spite of being endowed, at the
begining, with an acceptable solubility, gives rise, in the course of time, to a certain amount
of the corresponding ester, which renders the mass turbid and tends to form a supernatant
layer, resulting in separation of the additive from the lubricant.

Also other products of the class of perfluoropolyethers having, as end groups,
nitrile, amine groups, nitrogenous heterocyclic groups, optionally combined with low
amounts of pertluoropolyethereal acids, have been proposed: such antirust additives exhibit a
rather good solubility in perfluoropolyethereal oils (see European patent application
EP-337425).

[ has now surpnisingly been found that the perfluoropolyether, prepared by
photochemical oxidation of perfluoropropene, optionally in admixture with C,F, and
optronally in the presence of a chlorofluoroolefin, by successive heat treatment of the peroxy
product in order to remove the peroxidic groups present therein, and by following hydrolysis
treatment 1n order to convert the -COF groups into -COOH groups, can be advantageously

utilized without any further treatment for the conversion of

A el LA IO (NG W 5 ' g N L e L L T L S U T BT o e BER M S ey b A S A 01T Ll d AL e p—e LT Pe el & 44 - . BAmameas s o oaee . maa —a
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the ketonic end groups, in view of its antirust properties, both as an additive for
perflucropolyethereal lubricating oils, and as a component of lubricating greases or as a
lubricating o1l per se.

In fact, 1t has surprisingly been observed that the presence of ketonic end
groups results in improved antirust properties as compared with perfluoropolyethers having
the same structure and in which said ketonic groups have been converted, by treatment with
alkalis, into carboxylic groups or -CF,H groups.

The product having antirust properties, according to the present invention,
consists of a mixture of macromolecules characterized by a pertluoropolyethereal chain

having the following structure:

T(CF,0),,(CF,CF,0), fCF,CFO\ /CFO \ CF, T’ (I)

it

CF./ \ CF

3 /p

wherein the perfluorooxyalkylene units with indexes m, n, s, p are random distributed along
the chain, the values of m, n, s, p being such that the average molecular weight ranges from
2,500 to 20,000, index n being 0 when only C,F; is used as the starting fluorinated olefin, end
groups T'and T', like or unlike each other, are comprised in the following group: CF,XO-,
C,FiXO-, C3FeXO-, -COOH, -CONRR,, -COO"HA" (carboxylic group salified with an

amine R,R,HN),
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and 1ts hydroxylated derivative

wherein X is F or C1, R, and R, are H or alkyl, cycloalkyl, alkylaryl, aryl radicals, optionally
containing substituents such as, e.g., -OH, halogens, or N belongs to a heterocyclic radical
which may contain also other heteroatoms such as O, S, and P. Each macromolecule has at
least one functional end group and, more commonly, it has only one functional end group.

In the perfluoropolyethereal product having antirust properties, according to
the present invention, amidic group -CONR,R, and salified carboxylic group -COO . HA"
may be alternative to free carboxylic group -COOH. The carboxylic group can be converted
Into the corresponding amidic group, or it can be salified in whole or in part with amine.

The macromolecule mixture to be used as an antirust agent according to the
present invention 1s furthermore characterized by a content of ketonic groups -C =0

.

and hydrates thereof, and of carboxylic groups -COOH, or their amidic equivalents

-CONR|R, or salified carboxylic equivalents -COO.HA", in
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defined ratios ranging from 0.5 to 5 expressed as C0/-C0Z,
wnerein -C0Z is the sum of -COOH, -CONR,R, and -C00™ .HA

The number of end groups -C0Z is such that the
average value cf the milliequivalents of -COZ per gram of
product ranges from 0.005 to 0.25 and preferably is at least
0.05.

The perfluoropolyethers having antirust properties
according to the present invention can be used as additives
for the "neutral" perfluoropolyethers (PFPE), i.e. perfluoro-
polyethers having perfluoroalkyl! end groups of the above-in-
dicated classes 1-8, in amounts equal to at least 3% by
weight and preferably to at least 5% by weight.

in consideration of their full mixability with
neutral PFPE and of the fact that they can be used as lu-
bricants per se, the perfluoropolyethers according to the
invention can be used, of course, also in a proportion up
to 100%.

The perfiuorOpo]yethers having antirust properties
according to the invention can be used either as such or in
admixture with neutral PFPE, in the preparation of lubricat-
ing greases having antirust properties.

In particular, said lubricating greases are pre-

pared 1in the form of a suspension of powdered polytetra-

fluoroethylene in liquid perfluoropolyether, according to
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what 1s disclosed in turopean patent application 95,825,
The perfluoropolyethers having general formula
(I) can be prepared Dy means of the processes disclosed in
patents: USP 3,665, 041, 3,683,027, 3,847,978, GB 1,244,189,
optionally operating in the presence of chlorofluoroolefin

according to CEturopean patent application cP-340 739 in the
name of the Applicant.

The carboxylic and amidic end groups can be in-
troduced according to the methods described in the above-
said patents or in US patent 3,810,874,

The salification of the free carooxylic groups

or their conversion into amidic groups by means of amines

can be partial or total. It is possible also to use an ex-
cess of amine with respect to the stoichiometric amount (up
to 2.5 moles of amine for each -COOH group).

In particular, the following amines are utiliz-
able: morpholine, triethanolamine, isobutylamine, N-amino-
ethylethanolamine.

The antirust properties of the lubricants accsrd-

ing to the invention have been evaluated through the follow-

ing tests, which should not be considered to limit the scope

of the invention.

Antirust test in fog chamber (internal method modified ASTM

B 117).

- Object

TN IR TR R A et S i w2 Y Avon 2wl Wl R B AN S b LR A MR RRCEN A e p L. AIN L e L . .+ ame s T et e e 1) e e AR L 1 T AN ~ L o o ey T AR Yy A el eee ot . e e - - L [FRPRCEE N IR RTE 10 Y I8 TTOJUEE D WP TRVP SPui A e et S up S, W LA LA .
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Determination of the antirust properties of 0ils on me-
tals in high moisture conditions.

- Summary of the method
Small plates of carbon steel (C15) (UNI) - superficially
treated as described hereinafter - are immersed in the
o1l, allowed to drip and hung in a fog chamber at 35°C,
100% of relative humidity, for a pre-established number
of hours. The 0il passes or does not pass the test de-

pending on the rust stains (if any) which are visible on
the surface of the plates.

- Apparatus

The fog chamber consists of a sprayer operating by means

of compressed air (pressure 2.5 atm.), connected with

a water tank and capable of saturating the environment

with moisture; the temperature control is adjusted at 35°C.

- Test conditions

The tests reported herein were carried out using partial-

ly demineralized water (pH = 5.5-7.5) and operating as

follows

1. the plates were hung and allowed to drip for 16 hours;

2. they were then introduced into the fog chamber, which
was maintained switched on during the pre-established
duration of the test (16 hours; 32 hours; 96 hours).

The evaluation was then carried out.

PR bl o e AN I AT - b TR A T A O LA CRPL P T eet 4 AT et AN et ke 4 ke e tmem e .
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Preparation of the steel plates

T'he small steel plates were cleaned and degreased by means of a pad which is first

imbued with n-hexane and then with Delifrene 113 (trichlorotrifluoroethane). The

dimensions of the utilized plates were 50x100x3 mm. (Note: to handle the plates,

polyethylene guantlets are used).

Evaluation of the tests (in analogy with method DIN 51 802 (EMCOR) for bearings).

T'he results of the tests are expressed according to the tollowng classification:

a) -
b) -

C) -

d) -

no trace of rust is observed (0);

very few corrosion spots having diameter below 1 mm (1);

30% of the surface is covered with little spots ﬁaving diameter below

2 mm (2);

60% of the surface is covered with little spots having diameter below

3 mm (3);

100% of the surface is covered with large spots having diameter of

4-5 mm, with the bright surface being visible in a few points (4);

100% of the surface is covered with large stains; the underiying surface

1s not visible (5);

The evaluation does not consider the rust stains appearing in the area located up to

0.5 mm from the edges.
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When the evaluation 1s (0), the result is to be considered as optimum; also evaluation
(1) 1s acceptable.

In the evaluation, two numbers are indicated: the first one relates to the state of the
exposed surtface, the second one to the state of the non-exposed surface (with respect
to the sprayer).

The following examples are given to illustrate but not to limit the present
invention.
Exampie 1

By means of the accelerated corrosion test in the fog chamber, according to the
method described hereinabove, and for a time of 16 hours, the antirust property was tested of
a pertluoropolyether belonging to formula (I), wherein "n" is zero and having an average
molecular weight of 2600 about, and with acid end groups -COOH in an amount equal to an
average acid equivalent weight of 9,800 (equal to about 0.1 m. equivalents of -COOH/g) and
with a CO/-COZ ratio equal to 2.8. The product was tested both as such and in admixture
with a perfluoropolyether having perfluoroalkyl end groups of class (1), having a viscosity of
about 250 “" at 20°C and an average molecular weight equal to 3,200 (product
Fomblin Y 25® produced by Montedison).

Table 1 shows the results obtained both with the antirust product as such

(100%) and by using 1t at different % in the neutral PFPE. The Table shows also the

concentration of end groups -COOH in the mixture with neutral PFPE.
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T ABLE 1

Acid PFPE m.eq. of COOH/g Antirust index

o DY Wg

a) 100 about 0.1 0-0
b ) ] ! 0.001 | 3-2
c) 3 . 0.003 2 -1
d) 5 ) 0.005 1-0

Example 1A (comparative test)

A perfluoropolyether having acid end groups, like
the one utilized in the preceding example 1, was subjected
to saponification with KOH in order to remove a part of keton-

0

ic end groups -C

-

“F3

The resulting perfluoropolyether was therefore cor-
responding to the one of example 1 as regards the acid equiv-
alent weight, with the difference that it exhibited a C0/C0QZ
ratio of about 0.1.

The product used as an additive for the same neutral
oil Fomblin of example 1 gave, in the corrosion test and under

the same conditions as in example 1, much worse results than

the ones obtained with the functionalized perfluoropolyether

according to an

4R Er e ¢ 4P LT P M A AN AT SR SR AU I I T A L Wl STl L s et e L IR MR A - L A L D S L L TR T R A e s D AR T i dim e s Bhteamh = eee % e e o oges L AR A ATE . b i1 ORI K B 0BT | e
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aspect of the invention, having a CO/COZ ratio equal to 2.8, as results from the data reported

in the following Table 2 in comparison with the ones of tests b), ¢), d) of Table 1.

TABLE 2
Acid PFPE m. eq. of COOH/g
0.001 4-3
0.003 3-2
0.005 2-2

Example 1B
Test a) of example 1 was repeated tor a 96-hour time.
The result of the test was again 0-0.

Example 1C

Example 1 was repeated using, as a lubricant, perfluoropolyether
Fomblin Y 25 as such, without additives.

The result was a complete corrosion of the plate; evaluation : 5-35.
Example 2

A sample of perfluoropolyether belonging to formula (I), wherein "n" 1s zero
and having an average molecular weight of 3300 about, and with acid groups salified with
morpoholine or isobutylamine was subjected to the accelerated corrosion test as in example 1.
The average acid equivalent weight was 5,000 equal to 0.2 m.eq. of COZ/g. The CO/COZ

ratio was equal to 0.5.
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Also mixtures of the same perfluoropolyether with the
having perfluoroalkyl end groups of example 1 (Fomblin
were examined.

The results are reported in the following Table 3,

wvherein also the amine amount utilized in the salification 1s

indicated.

Acid PFPE m.eq. of C0Z/g} eq.of amine Amine

(salified) eq. of COZ

TABLZE 3

Antirust

index

% by wg.

a ) 1 0.002 | 1.5

b ) 3 0.006 1.5

C ) 5 0.0] 1.5

d) 100 0.2 1

e) 100 0.2 | 1

f) 100 0.2 1.5

M = morpholine IBA = isobutylamine
Example 2A

Tests d), e), f) of example 2 were repeated for a

32-hour time.

The results of the tests were 2-0, 1-0, 1-0, res-

pectively.

A3 1k e vekugeg Ol SRR L SN CACIINOE AL LN BIAA LCL B T . 1y LR L B A 2 | LYY A Y il T e e b e A B EAEEADI INA OG T WAL 31wy virm AL s e =l Yy e e e e tE vt AR L vmbmat IOt B T, s P TR LR R PR . .



Example 3

Samples of perfluoropolyether having perfluoroalkyl end groups
Fomblin Y 25 added with a perfluoropolyether belonging to formula (I), wherein "n" is zero
and having an average molecular weight of 2500 about, and containing carboxylic end groups
salified with triethanolamine (average acid equivalent weight 9,000 equal to a content of

0.11 m.eq./g of end groups -COZ, CO/COZ ratio equal to 2.6) were examined by means of

the accelerated corrosion test according to example 1.

The results were reported in Table 4.

TABLE 4
Acid PFPE m.eq. of COZ/g eq. of amine Antirust
(salified) eq. of COZ
70 by wg. index
2-0
2.5 1-0
2.5 1-0
Example 3A
T'ests b), ¢) or example 3 were repeated for a 96-hour time.
The results of the tests were 1-0, 1-0, respectively.
Example 4

Samples of PFPE having perfluoroalkyl end groups
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Fomblin Y 25 added with a perfluoropolyether belonging to formula (1), wherein "n" is zero
and having an average molecular weight of 2500 about, and with acid end groups converted
Into the amide group deriving from N(2-aminoethyl) ethanolamine (average acid equivalent
weight of the starting PFPE 9,000 equal to 0.11 m.eq. of acid/g, CO/COZ ratio equal to 2.6)
were examined by means of the accelerated corrosion test as in example 1.
The results were reported in Table 5, wherein also the utilized amine amount

1s indicated.

TABLE 5
Acid PFPE m.eq. of COZ/g eq. of amine
(amide) eq. of COZ
% by wg.
0.003 2.4
0.006 2.5
0.012 2.5

Tests b), c) of example 4 were repeated for a 32-hour time.

The results of the tests were 2-0, 0-0, respectively.
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We Claim:

1. Perfluoropolyethers having antirust properties, suitable for being utilized as
lubricating oils per se or as antirust additives for perfluoropolyethereal lubricating otls,
prepared by photochemical oxidation of CF, = CFCF, or mixtures of CF, = CFCF; + CF,
=CF, and optionally in the presence of chlorofluroolefins, by subsequent removal of the
peroxidic groups by heat treatment and by following hydrolysis treatment in order to convert

the -COF groups into -COOH groups, consisting of a macromolecule mixture, represented

by general formula:

T(CF,0).(CF,CF,0), CF,CFO\ /CFO\ CF,T’
) (

CF, / CF, /p

wherein the perfluorooxyalkylene units with indexes m, n, s, p are random distributed along
the chain, the values of m, n, s, p being such as to have an average molecular weight ranging
from 2,500 to 20, 000, index n being O when only C,F, 1s used as the starting fluorinated
olefin, end groups T and T, like or unlike each other, are comprised 1n the following group:
CF2XO-,' 'C2F4XO-, COOH, optionally salificd with an amine or converted into an amidic
group,

?
I
O

CF,;

and 1ts hydroxylated denivative

il 1 rieimsiess o s s
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wherein X 1s F or Cl, and characterized in that the number ratio existing in the

macromolecule mixture between ketonic groups

C=0
or hydrates thereof
CF,

and carboxylic groups - COOH or 1ts salified or amidic derivatives ranges from 0.5 to 5 and
that the milli- equivalents of end groups - COOH and salified or amidic derivatives per gram

of product ranges from 0.005 to 0.25.

2. Pertluoropolyethers according to claim 1, wherein the carboxylic group is partially
or wholly salified with either an excess, of a primary, secondary or tertiary amine or with a

heterocyclic base optionally containing, besides N, also other heteroatoms selected from O

S, P.

3. Pertluoropolyethers according to claim 1, wherein the carboxylic group is partially
or wholly converted into an amidic group -CONR,R, with an excess of amine, wherein R,
and R, are H or alkyl, cycloalkyl, alkylaryl, aryl radicals, optionally containing as
substituents -OH, halogens; or NR R, is a heterocyclic radical optionally containing as

heteroatoms O, S, P.
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4. Lubricating oils substantially consisting of perfluoropolythers having perfluoroalkyl

end groups additioned with the pertluoropolyethers of claiml.
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