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LUBRICANT ADDITIVE AND LUBRICANT CONTAINING SUCH
ADDITIVE

The invention belongs to chemistry, namely on the one hand to lubricants on the basis

of aliphatic hydrocarbons, and on the other hand to additives comprising halogen.

The purpose of the invention is to improve the ability‘ of sliding of the lubricant and to
reduce resistance of the lubricant during displacements along the surface of each
lubricated machine part, in particular in conditions of hydrodynamic or elasto-
hydrodynamic friction, by which however adhesiveness towards the surface layer of
each machine part consisting substantially of iron oxides should be maintained.
Accordingly, such cooperating machine parts should despite to maintaining each
required lubricating performances become easily slidable relative to each other i.e.
under essentially reduced resistance, when compared with lubricating by means of

state of the art lubricants and additives.

Lubricants are known, which consist of aliphatic hydrocarbons consisting of relatively
long linear molecules, in which carbon atoms are bound by means of a single or
double or triple bond, and hydrogen atoms are bound to said carbon atoms, wherein
such molecule comprises a polar end portion, by which a required adhesiveness is
achieved towards a non-polar steel basis, which is substantially covered with iron

oxides.
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Properties of such lubricants are e.g. described in

A. E. Jimenez, M. D. Bermudez, P. Iglesias, J. Carrion, G. Martinez-Nicolas: Wear,
260 (7-8). 766-782 (2006);

I. Minami, M. Kita, T. Kubo, H. Nanao, S. Mori: Tribology Letters, 30(3), 215-223
(2008);

T. Itoh, N-Watanabe, K-Inada, A. Ishioka, S. Hayase, M. Kawatsura, I. Minami, S.
Mori: Chemistry Letters, 38(1), 64-65 (2009).

In such cases, excellent adhesiveness of molecules of the lubricant against each
disposable surface is obtained, by which a layer of the lubricant is present between
each two mutually engaged machine parts, and molecules of the lubricant are adhered
to the material on the surface of each machine part. To this aim, a polar group like e.g.
S0;” can be bound to a chain C,H,,+,. However, in such case adhesive forces are acting
between molecules of the lubricant and molecules of the surface layer of each
lubricated machine part, and relative movements between both lubricated and
cooperating machine parts are hindered, so that consequently and under provision that
each desired lubricating performances and thickness of the layer of the lubricant shall
be maintained, the resistance against each movement of said machine part relative to

. each other is relatively high.

The invention provides that an additive in amount of 0,1 - 1,5%, per weight of the
lubricant is added to the lubricant, namely an additive with a linear molecular structure

on the basis of a substituted hydrocarbon with added polar functional group of the type
X-C ForY (Formula 1)

wherein #n is 5 to 25, preferably 10 to 20, and wherein at least one of X and Y,
preferably both of them, represent(s) a polar group, which is during the use i.e. during
the lubrication of each machine part, which is made of steel and is covered with iron

oxides on its surface, capable to adhere to said oxidized surface layer, and wherein
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optionally each residual terminal end portion X or Y represents a hydrogen or fluorine

atom.

When each desired functional group ‘Y is bound to just one of two terminal carbon
atoms of the molecule of the additive, then X is optionally a hydrogen or fluorine
atom. In such case, the polar group is during the use, i.e. by lubricating of each steel
machine part, adhered to the iron oxides on the surface, while the residual part of the

molecule is oleophobic and prevents the lubricant to access said surface.

Said compound according to Formula 1 is for example realized such that in a molecule
of a hydrocarbon, which belongs to the group of alkanes C,H,,,; with at least 10
carbon atoms, either all disposable hydrogen atoms or all hydrogen atoms except of
the terminal one are substituted with fluorine atoms, and that simultaneously at least
one polar group X and/or Y is bound to at least one of terminal carbon atoms.
Consequently, a linear molecule is obtained with a base portion, which is due to
substitution of hydrogen atoms with fluorine atoms oleophobic and is repelled from
fat, but the same time at least one end portion of said molecule in the area of one
terminal carbon atom remains polar and shows tendency of adhesion towards the
surface layer consisting of iron oxides, which is present on each machine part

lubricated by means of the lubricant containing the additive according to the invention.

In accordance with the invention, said linear molecule of a hydrocarbon in accordance
with Formula 1, in which all hydrogen atoms, optionally except of one terminal
hydrogen atom, are substituted with fluorine, is completed either with

- one polar functional group X, which is bound to one terminal carbon atom,
wherein a hydrogen atom H or fluorine atom F is bound to each residual terminal
carbon atom, and wherein said polar functional group is optionally a carboxy or amid
or amino or hydroxy group or an alcohol, in particular methanol CH,OH, under the

condition 10 <» <18, and wherein Y is hydrogen or fluorine; or with
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- a combination of two identical or different polar functional groups, which are
in the molecule of additive bound to each corresponding terminal carbon atom, either
in accordance with combinations pursuant to Formula 1, wherein optionally

X = carboxy and Y = carboxy, wherein 10 <x < 20; '

X = carboxy and Y = alcohol, in particular methanol, wherein 13 <#n < 14;

X = alcohol and Y = alcohol, in particular methanol, wherein # is preferably 16;
- or with at least one complex polar functional group X, which is optionally

- glycerol monoleat; |

- oleamid;

- sulphonate SO3;

- sulphate SOy,

- phosphate POy, or

- n-alkyltrihydroxy silan Si(OH);, wherein 10 < n < 18 and wherein Y is a

hydrogen or a fluorine atom.

Example 1

The basis for a compound according to Formula 2 represents a molecule of alkane
Ci,Hys, in which hydrogen atoms except of that, which is bound to one of terminal
carbon atoms, are substituted with fluorine atoms, and in which amino group is bound

on the residual carbon atom.
F F F F F
H-C—-C—-C—-C—-C—
F F F F F
(Formula 2)

Molecules of such obtained compound, which are present within a lubricant as an

additive, are by means of the polar end portion NH, adhered to iron oxides on the
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surface of each lubricated steel part, while the residual end portion of the molecule is

oleophobic and prevents molecules of the lubricant from contacting said surface.

Example 2

In accordance with Formula 3, a carboxyl group is used as a functional group, which is
bound to one of both terminal carbon atoms of a molecule, in which hydrogen atoms

are substituted with fluorine atoms
F ¥F F ¥F F F F F F F F
NN R Y N O O
F-C-C—-C—-C-—-C—-C—-C—-C—-C—C—C—C=0
[N N Y O N O O B
F F F F F F F F F F F O-—H
(Formula 3)

In such case, polar end portions of molecules are adhered to iron oxides on the surface
of each lubricated machine part of steel on the side of said carboxyl group, while the

residual pai‘t of the molecule is oleophobic.

Example 3

Amine group is used as a polar functional group, wherein the molecule of additive is

presented by means of Formula 4. The residual part of the molecule is oleophobic.

F F F F
| |

H=C=C oo C—C~C<ZO.
F F F F

(Formula 4)
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Example 4
A hydroxyl i.e. hydroxy group is used as a polar functional group, wherein the

molecule of additive is presented by means of Formula 5.

F F F F
| |

H=C—C e C—C—C— OH
| |
F F F F

(Formula 5)

In such case, polar end portions of molecules are adhered to iron oxides on the surface
of each lubricated machine part of steel on the side of said carboxyl group, while the

residual part of the molecule is oleophobic.

Example 5
In such case, a n-alkane molecule (10 < n < 18) according to Formula 1 is used,

wherein each desired polar functional group is bound to one of both terminal carbon

atoms. In the Formula 6 below, both functional groups are carboxyl groups

F F BoF
0 | | O
EC —C—C e c——C—C-‘Cf
5 ' ON
B || | !
F F BE

(Formula 6)
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Example 6

In such case, a n-alkane molecule (13 < n < 14) according to Formula 1 is used,
wherein each desired polar functional group is bound to one of both terminal carbon
atoms, wherein the first functional group X of the additive molecule according to
Formula 7 is a carboxyl group, while the other polar functional group is an alcohol

group, namely methanol.

F F F F

O | |
Q§C—c—-c ............... C —C—C—CH,0H

o |

H~ | |

F F F F

(Formula 7)
Example 7
In such case, a hexadecane (n = 16) is used in accordance with Formula 1, in which
each desired polar functional group is bound to each of both terminal carbon atoms,
wherein both polar functional groups X and Y of the additive molecule according to

Formula 8 are alcohol groups.

F F F F

| |
HOH,C —=C = C o C—C —C —CH,0H

| |

F F F F

(Formula 8)
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Example 8

In this case a molecule in accordance with Formula 9 is used, where the polar

functional group is alkyl trihydroxy silane.

F F F F

| - _OH
H=C—=C .o, C*C*/Sl\

| | | og ©H

F F F F

(Formula 9)
Example 9

In this case a molecule in accordance with Formula 10 is used, where the polar

functional group is glycerol monooleate (GMO)

F F F F
| | i

H—=C—C oo c—Cc-C /\/\OH
! ] -
F F F F

(Formula 10)
Example 10

In this case a molecule in accordance with Formula 11 is used, where the polar

functional group is oleamid.

F F F F
0| ]
AC Coii C—C—H

| |

F F F F

(Formula 11)
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Example 11

In such case, a molecule is used in accordance with Formula 1, in which the polar
functional group is sulphonate in accordance with Formula 12, wherein the sulphonate

cations and anions, which may be different, are separately shown in Formulas 12a and
12b.

F F F F
O
| | |
R—ﬁ—-——o-*C-—C ............... C—C—H
I |
F F F F
(Formula 12)
CuHznt1 SO<39 CaH2q+1
. CnHZnﬂ\ @
N~ XN CaHannt
o N N
CnF 241803 \——/
(Formula 12a) (Formula 12b)

Example 12

In this case an additive molecule is used, where the polar functional group is a sulphate

group according to Formula 13.

F F F F
| | 0
H—=C—=C oo, C—C—C _8-0
\O i\
| . 0
F F F F

(Formula 13)
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Example 13

In this case an additive molecule is used, where the polar functional group is a

phosphate group according to Formula 14.

(Formula 14)

Those skilled in the art shall understand that the invention relates both to the lubricant
additive in accordance with Formula 1 and with previously discussed examples, and
also to the lubricant containing such additive, namely in amount between 0,5 and 1,5%

per weight of the lubricant together with added additive.

Due to the fact that each molecule of the additive according to Formula 1 comprises a
polar end portion, which can be adhered to the oxidized surface of each lubricated
steel machine part, as well as an oleophobic residual end portion, which prevents the
lubricant to access said surface, shear forces within the lubricant layer are reduced, and
consequently, the resistance against relative movement of both lubricated cooperating

machine parts is also essentially reduced.
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PATENT CLAIMS

1. Additive for a lubricant suitable for lubricating of at least two machine parts,
which cooperate with each other in the sense of sliding or rolling along each other,
wherein the basis for said additive represents a molecule of alkane, in which all
hydrogen atoms, or all hydrogen atoms except of the terminal atom, which is bond to
the terminal carbon atom, are substituted with a fluorine atom or such functional group
on the basis of fluorine, which assures oleophobic properties of such group,

characterized in that its chemical structure is defined with formula

X-CFon-Y (formula 1)

wherein n is 5 to 25, preferably 10 to 20, and wherein at least one of X and Y,
preferably both of them, represent(s) a polar group, which is during the use i.e. during
the lubrication of each machine part, which is made of steel and is therefore covered
with iron oxides on the surface, capable to adhere to said oxidized surface layer, and
wherein optionally each residual terminal end portion X or Y represents a hydrogen or

fluorine atom.

2. Additive according to Claim 1, characterized in that each compound
according to Formula 1, in which all hydrogen atoms, optionally except of one
terminal hydrogen atom, are substituted with fluorine, is completed either with

- one polar functional group X, which is bond to one terminal carbon atom, wherein a
hydrogen H atom or F fluorine atom is bound to each residual terminal carbon atom,
and wherein said polar functional group is optionally a carboxy or amid or amino or
hydroxy group or an alcohol, in particular methanol CH,OH, under the condition 10 <

n <18, and wherein Y is hydrogen or fluorine; or with
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- combination of two identical or different polar functional groups, which are in the
molecule of additive bound to each corresponding terminal carbon atom, either in
accordance with combinations pursuant to Formula 1, wherein optionally

X = carboxy and Y = carboxy, wherein 10 <»n <20;

X = carboxy and Y = alcohol, in particular methanol, wherein 13 <n < 14;

X = alcohol and Y = alcohol, in particular methanol, wherein # is preferably 16;
- or with at least one complex polar functional group X, which is optionally

- glycerol monoleat;

- oleamid;

- sulphonate SO;;

- sulphate SOy,

- phosphate POy, or

- n-alkyltrihydroxy silan Si(OH);, wherein 10 < n < 18 and wherein Y is a

hydrogen or a fluorine atom.

3. Lubricant containing 0,1 - 1,5%, per weight of the lubricant, of additive

according to anyone of Claims 1 or 2.
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