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CASE 3533

"BORON-CONTAINING ADDITIVE FOR LUBRICATING OLLS, AND
PROCESS FOR PREPARING SAID ADDITIVE"

Abstract

L .

Viscosity 1index 1improver and friction modifier
additive constituted by a boron-containing poly-
(atkyl)-acrylate, process for preparing said additive
and wuse of said additive 1in the formulation of

lubricating oils.
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CASE 3533

"BORON-CONTAINING ADDITIVE FOR LUBRICATING OILS, AND
PROCESS FOR PREPARING SAID ADDITIVE™

The present invention relates to an additive for
Lubricating oils, which additive 1s capable o f
improving the viscosity 1index and of modifying the
friction behaviour of said lubricating oil.

In the tecnnical sector relevant to Llubricating
oils, adding an oill-soluble polymer capable of
modifying the rheological benaviour of said oils with
varying temperatures ("viscosity 1ndex improver --
v.l.1.J, such as, e.g., a polymer or copolymer of an
atkylL ester of (methlacrylic acid, containing 1in 1ts
alkyl group sucih a number of carbon atoms, as to render
it oil-soluble, is known.

Also the benefits obtainable by means of the
introductiaon, 1into said oil-soluble polymer, of a
copolymerizable, nitrogen-containing monomer, in order
to endow the resulting product with dispérsaht
properties, besides the properties relevant to the
1mprovement in viscosity index, are known in the art.

Said copolymerizable, nitrogen-containing monomer,

also designated "dispersant monomer" s generally
selected Trom among vinyl-imidazoles, vinyL?

pyrrolidones, vinyl-pyridines and N,N~-dialkyl-
aminoethyl methacrylates. o

rurthermore, V.I.I. copolymers with dispersant-and j
antoxidant action are known‘as well, which can be USed 
in lubricant formulations for internal combuStfoh
engines; with the purpbsé‘of decreasing the formatfonz

of studges and reducing the oxidation of the
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Lubricating oil during engine operation.

For example, US-A-4,4699,723 discloses ethylene-
propylene copolymers onto wnich monomers containing one
nitrogen atom and one sulfur atom (such as, e.g., &-
methyl-5-vinyl-thiazole) are grafted. The resulting
grafted copolymers, besides improving the viscosity
index, display an activity as dispersants and
antioxidants.

As far as the present Applticants are aware of,

from the prior art no viscosity 1index improver
additives are Kknown, which are also capable of
modifying the trend of friction coefficient -~ 1in a
given system ~-- with varying opearating conditions,

i.e., which are also "friction modifier" additives.

The so-said "friction modifiers'" usually are Llong-
chain molecules having the necessary polarity to endow
them with characteristics of affinity for +the metal
surfaces. In fact, said additives act by forming fhin
lLayers on the surfaces undergoing friction. From the
view point of effectiveness, alcohols are worse than
esters, and the latter are worse than acids.,

The "friction modifiers" are largely used in CATF
fluids", 1.e., fluids for use in automatic
transmissions, high-performahce gear o1ls, Lubricants
for guides and saddles of machine tools and oils for
oil-bath brakes and cLutches.

The present invention relates to additives ‘f0r 
Lubricating oi1ls, which additives are ~capable of
improving thne viscosity'ihdéx, and of modifying:'the

trend of friction coefficient, i.e., substances
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simultaneously displaying viscosity index improver and
friction modifier properties.

In accordance therewith, a first aspect of the
present 1invention. relates to a polymeric additive
simultaneously displaying properties of viscosity index

improver and of friction modifier, having the general

formula (I):

R' RII
l l
-(-CHz-f-)x.(9CHz-C-)y* (1)
I
COORa COO0-A-Rp
deriving from the copolymerization of wunsaturated

esters, --with said general formula (I) showing the type
and amount of reactive monomers, but not their
arrangement in the end polymeric chain,
in which, in said formula
* X and vy have the meaning of relative amount and x
1s comprised within the range of from 80 to
98% by weight, vy is comprised within the
range of from 2 to 20% by weight;
*R' and R'' - are the same, or different from each other,
and are hydrogen atoms or methyl radicals;
*A 18 -CH9CHp~;
*R4 l1s a linear or branched alkyl radical or a

mixture of linear or Dbranched alkyl

radicals of from 8 to 30 carbon atoms;

*Rp ls a radical having the general formula
(I1I):
s,
-
N/
O
wherein:

R is a difunctional alkenyl radical with
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general formula (III)

A A
- ¢ -(- C =-)Jp~- C - (III)
o &4 és és
wherein:
x "n" is an 1nteger and can be either

zero or 1;

x*x R1-R¢ which are the same, or different

from one another, are H or (Ci1-

L0 -~ Caz3Jd-alkyl radicals, with the
proviso that at least two from
\ee the four radicals R, R4, R3 , RE
are (Ci1-C3a)-atkyl radicatis.
According to a still more preferred form of
practical embodiment, n is 1 and R, R* and R> are
methyl groups.
The first step for preparing the additive with
general formula (I) consists 1n preparing the
20

H=Rb

compound, i.e., the compoud with general formuita (IV)
O

/ N\

- B R
\

o’

H - O (IV)

A possible syntheSis route 1n order to produce

said compound with general formula (IV) consists in the

S .
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reaction of esterification of boric acid with an
aliphatic diol containing hydroxy groups 11n 1,2- or
1,3-positions.

By oaperating with a molar ratio of diol:acid of
approximately 1, <cyclic diesters of boric acid with
general formuta (IV) are obtained.

The reaction shoutd advantageously be carried out
1n an 1nert solvent and under such temperature
conditions, that water will be removed as 1t 1s formed,
preferably at temperatures comprised within the range
of from about 80 to 1350°C.

As an alternative route, (IV) can be obtained by
means of the reaction of transesterification of dialkyl
borates, still with the above said diols.

By operating in said ways, a reaction mixture s
obtained which <contains, although 1n much smaltler
amounts than (IV), monoesters, diesters and triesters
of boric acid. However, the raw reaction mixture does
no;‘require any further purification steps, and can be
directly submitted to copolymerization.

When the <compound with general formuta (IV) 1is
ready, thé polymerizable monomer contained .5n  fhé
copolymer with general formuLa (I) in the percent
amount as specified Dby "y“ can be advan{ageousi9 _
prepared by means of the esterification of (akaL}?
hydrokyethyl or =hydroxypropyl acrylate with- fhe
compound with generat formuLa (IV). -

In this case too, the reaction will be carried,but
in  an -inert' solvent, . and under such temperéfure 

conditions, that water will be removed as it is.fohmed;'
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preferably at temperatures comprised within the range
of from about 30 to 130°C.

The copolymer with general formula (I) 1s then
orepared by means of the usual copolymerization of
{atkyl)acrylate monomers, preferably in the presence of
an inert diluent-soilvent.

According to a still more preferred form of
practical embodiment, the 1nert solvent 1s the same
mineral o1l, which 1s used as +the base o1l for
formutating the end Lubricant.

In order to carry out the polymerization, the
monomers are outgassed, either separately or together,
then are mixed and diluted with the 1nert orgahic
solvent, preferably mineral o0oi1l, such as, e.g., Solvent
Neutral 5.4 ¢St at 100°C.

The reaction mixture 1s then heated, in the
absence of oxygen, at a temperature comprised wilthin
the range of from 70 to 1302C, 11n the presence of a
free~radical initiator, which may be added either

before or after the heating step, until a conversion'of

the (alkyl)acrylic esters to the corresponding copolymer is reachéd,

which is comprised within the rahge of from 60 to 100%.

Free-radical catalysts suitable for the intendéd j

purpose are generally selected from among tert,~butyl'

per—-octanoate, tert.—-butul perbenzoate, aZOfbis~
isobutyro-nitrile, dibenzoyl peroxide, di-Lauroyt
peroxide and bis-(4*tert.“butyl-cycLoheXYL)

peroxidicarbonate and are used in an amount comprised
within the range of from 0.2 to 3 parts by weignt .ber

each 100 parts of (akaL)acryLic esters.
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Optionally, the reaction mixture may also contain
sulfur-containing substances, such as aliphatic
mercaptans, thioglycols and thiophenols (such as, e.g.,
tert.~dodecyl mercaptan and ethane~dithiol), performing
the function of regulating the molecular weight of the

copoilymer.

in generat, sucn sulfur-containing substances
perform their activity in amounts of from 0.01 to 0.5
parts by weignt per each 100 parts by weight of
(atkyl)acryliC esters.

{

ne progressing of the reaction can be monitored

g
]

by IR analysis. he conversion of monomers reaches the
pre-established value within a time period which
generally 1s comprised within the range of from 0.5 to
4 hours, for such temperature values and such operating
conditions as specified hereinabove.

In that way, a solution of the polymeric additive

with general formula (I) 1in an 1inert solvent 1is

cbtained.
The copolymer can possibly be isolated as such, by
removing the solvent according to per_se knoun'

techniques, e.g., under reduced pressure.

The polymeric additive with general formula -(1) 

can be added as such to the Llubricating oiL; or,

preferably, such an .addition,can be faciLﬁtated' by
using a concentrate cOhtaining from 2542 to 95% by
weight, prEferabLy' frémi&O to 702, of the addifive{ 
dissolved fh.a soLvent—diLuent, which, according tp a

preferred aspect Of-the PPESent invention, can be the

same mineral oil which is used as the inert solvent for
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preparing the additive with general formula (I1).

A further aspect of the present 1nvention 15 a
Lubricating oil composition containing a major
proportion of Llubricating oil, and an effective amount

as V.l.i. and friction modifier, of the additive

discltosed hereinabove.

Such an effective amout, as referred to pristine

B

polymer, 1s generally comprised within the range of
from 0.5 +to 10%4, preferably of from 1.2 to &%, by
weignt.

The additive according to the present invention is

L [

sujltable for use 1n ready-to-use Llubricants N
combination with such other wusual additives as
dispersants, detergents, anti-wear, antioxidant agents,
and so forth.

The following examples are reported in order to
allow the present invention to be better understood.

Example_1

1D

D A GED ik whih Gk wenh dpph Ay WA TN D AR Ambh by

d-hydroxyzé 4,6-trimethyt=-1,3,2-dioxaborinane )
61.2 g of boric acid (1 mol) and 118.2 g of. 2~

methyl-2,4-pentanediol (1 mol) and 200 ml Qf héptane
are charged to a reaction fLask equipbed'uith Stifrer}
Marcusson apparatus and reflux condenser. The'react{oh
mixture fé heated.up to ifs reflux temperaturé-(abOUt 
950 ¢C), wfth Stirring, and_is kept at that tempefature
for a 4-hour period. ' '

After coLLecting T?QS mlL of water (tﬁeOFQticaL

value = 18 mlj, the solvent is removed by' rotary

evaporator. A viscous'fLuid'is thusly obtained;,?said'

e T
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viscous fluid is coltected with pentane, and the white

soitld which precipitates is filtered off. Yield 92%.

AR whi) anh U S TP AR TR W AP wep FeE YWD Wb

Experimental {(theoretical) values:
C: 50.07 (50.0); H: 9.02 (9.03); B: 7.386 (7.860).
Melting _point: 80°C.

Example_2

L I G AEmR R R vk el cwmp wem o 9w

-~
X
b

ydroxy-4zpropylzd-ethylz-1,2,.3-dioxaborinane

O«

1.2 g of boric acid (1 mol) and 146.2 g of 2-

ethyl-1,3-nexanediol (1 mol) are charged to a reaction
flask equipped with Marcusson apparatus and containing
500 ml of heptane. The reaction mixture is heated up
to i1ts reflux temperature (about 95°C), with stirring,
and 1s kept at that temperature for a 4-hour period;

17.3 ml of water 1s collected (theoretical value 18

il

mi).

The reaction is then quenched and the solvent 1s
removed by rotary evaporator. A viscous fluid is thusly
obtained, which 1s collected with pentane. A white

solid product precipitates and is filtered off. Yield

91%.

Wil sk eEN) W WD VED AR D Arh ARR e amy W e

72 g of dioxaborinane (Ia) (0.5 mol) and 85 g of

hydroxyethyl methacrylate (0.5 mol) are charged to a
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flask containing 200 ml of n-heptane.

The reaction mixture 1s heated up to the solvent
reflux temperature and then is kept with stirring for a
b-hour period, during which 7.9 mlL of H20 is collected

5 (theroretical value = 9 ml).

The reaction 1s quenched and the raw reaction
mixture is cooled, the soiid matter contained in it is
filtered off and the solvent is then evaporated from
the filtrate, by rotary evaporator; a‘coLouriess Liquid

10 1s obtained (yield 88%), which 1is constituted by
methacryloylethoxy dioxaborinane (Ila).
tlemental_analysis: .

-—— R TS Sl W el G CUR GER AN AR MR amf aphl R, T

Experimental (theoretical) values:
B: 4.0 (4.3).
15 Example _4:
146.5 g of SN150 oil, 15.8 g of boron-containing
(IIa) methacrylate and 137.7T g of Linear-(C1z-C13)~
alcohol methacrylate monomers are charged to a reacfct‘
2y thermostatted at the temperature of 40°¢C.
The reaction mixture is outgassed with stirrihgg:
and under a flowing nitrogen stream, for 1 hour; the
reaction mixture is then ﬁeated up to the temperatube-
of 95°C and when that temperature is stabilized, 1.949.
25 of tert.-butyl peroétanoate poLymerization catalyst;is,
rapidty added. . .
The reaction hexotherm 1s controlled by meahs of
the reactor temperature control means and the reaétion'

temperature 1s kept at 95°C.

50 The reaction 1is allowed to proceed under such
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conditions for a 3~-hour period, with the reaction
progressing being monitored through I1.R., by checking
the disappearance of the signals generated oy the
monomers.

5300 g 1s obtained of a clear Lliquid (PB), soluble
in mineral base oils, which 1is constituted by a
solution of polymer {(1I) at 50% by weight.

The foilowing Table 1 reports +the rheological
characteristics of the resulting polymethacrylate

porate {(PB).

Tablte_1
Bulk viscosity KVioggeoc 591 cSt
Viscosity at 10% in SN150 KVi1i00oc¢ 12.271 ¢St
KVagoc 64.50 cSt
V. 1. . 190
KV-150cCc : 2,686 cSt

Viscosity at 104 in SN150

after mechanical

depolymerization KVioooc

10.78 cSt
Pour point 1n solution
at 104 1in SN150 Temp. : ~36 -OC
Thesé data 1i1ndicate the possibility that  tﬁe-
borate polymers according fo the present invention can
be used as viscosity index 1mprover additives.
. Besides the rheological bebaviour, the bobate '
polymer according to the present invention was élsd;
evaluated by means of the hydrolytic stabitity. test
according to ASTH D 2149. o
A sdiution at 1% by weight 1in SN150, ahd,  f6f |

comparison purposes, a solution containing an analogous
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polLymer ({C12-C1s8 alcohol polymethacrylate), not
containing borate functions -- designated with code
HVS33 -~ were prepared.

The results of the test are reported in Table 2.

Table_ 2
011 TANX Water TAN
Before After Theroreticat Found Copper
Code test test value vatue COrrosion
1% PB 0.01 0.0 25.7 1.4 23
1% HV33 0.01 0.0 - 1.4 2a
* TAN = Total Acidity Number
The theoreticat value reported for PB 18
calculated assuming that atl boron 1in additive

molecules 1s hydrolyzed into boric acid and released to
the aqueous saolution; the TAN values are expressed as
mg of KOH per gram.

From Table 2, 6ne can see that the borate polymer
gives water an acidity analogous to the boron-free
compound; this Lleads to the conclusion that fﬁe:
introduction of such a function does not atter the~'
hydroLytic'stability of such a polymer.

Stiltl compared to HVSS, the borate polymer was
evaluated by ~means of. the..tribological 'tests,. thé'
results ofﬁwhich are heported in Table 3. '

A first investigatipn-is carried out wifh fhe-SRV 
tribometer, an inétrUmentdésigned to study frictioh'

and wear :caUSed by'vibrations, under the fo[Lowing ' 

conditions:
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* Amplitude of oscillations (mm) 1
X Frequency of oscilltations (Hz) 50
* Applied Load (N) 200
¥ Temperature (°() 50
* Time (minutes) 120
* Repeatability (friction coefficient) 0.005

A second i1nvestigation is carried out with LFW-1
tribometer according to ASTM D 2714-68, wunder the

following conditions:

* Revolution speed {(rpm) (2
# Siiding speed (metres/second) 0.13
* Applied lLoad (dai) 58
* Hertz pressure {(daN/mm2) ' 40
* Temperature (oC) 44
* Revolutions performed (number) 5,000
* Repeatability {(wear track width) 0.7
Table_ 3
LoFoWo=1 S.R.V.

Wear Friction Wear Friction
Code (mm) coefficient (mm) coefficient
SN450 1.12 0.044 | sejzure seizure‘f
4% PB 13T 0.030 0.39 0.080
L7 HV33 .1.52 | 0.038 seijzure sejzure

From Table 3, the better behaviour of borate
po[ymer on SRV test, whiéh is known to be a very
selective test, can be obsérved o

The data eXpounded'Heréinabove clearly demonSfféte

the possibility of using PB as a friction modifier.
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Polymeric additive simultaneously displaying

of viscosity index improver and friction

modifier, haviﬁ@ the general formula (I):

deriving

R! | ?ll
|
“(-CHZ“C‘)x.(-CHZ‘f')y" (1)
|
COORa COO0-A-Rp

from the copolymerization of wunsaturated
with said general formula (I) showing the type

of reactive monomers, but not their

arrangement in the end polymeric chain,

in whichy, in said formula

10 esters,
and amount

* x and vy

*R'" and R''
20 * I\

*Ra

*Rb
30

have the meaning of relative amount and X

is comprised within the range of from 80 to

98% by weight, y 1s comprised within the

b

range of from 2 to 20% by weight;

are the same, or different from each other,

and are hydrogen atoms or methyl radicals;

1s ~-CH92CHo-;
is a linear or branched alkyl radical or a

mixture of linear or branched alkyl
radicals of from 8 to 30 carbon atoms;

is a radical having the general formula

(IT) .
O
7 \
- 0 - q\ R (1I1)
0/
wherein:

R is a difunctional .alkenyl radical with

general formuta (III)
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R1 Re R3
- é-?(- é “)pn~- é - (III)
s Rs Re
wherein:
x ''n" is an intéger and can be either

zero or 1;

x R1-RS which are the same, or different
from one another, are H or (Ci-
Cz)-alkyl radicals, with the
proviso that at least two from
th;-four radicals R1, R4, R3 , RS

are (Ci-C3)~alkyl radicals.

2. Polymeric additive according to claim 1, in which

n is 1 and R, R% and R3 are methyl groups.

3. Process for preparing the additive with general

formula (I) as defined in claim 1, characterized in that

mixtures of (alkyl)-acrylates of R; and A-Rp, with the

(alkyl)acrylate of R; being present in an amount comprised

within the range of from 80 to 98% by weight, are

polymerized.

4 . Process according to claim 3, characterized in
that the copolymerization reaction 1s carried out in an

inert solvent, in the absence of oxygen, at a temperature

comprised within the range of from 70 to 130°C, in the
presence of a free-radical initiator, added before or after
the heating step, 1n an amount comprised within the range

of from 0.2 to 3 parts by weight per 100 parts by weight of

the (alkyl)-acrylates, until a conversion of monomers 1is
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reached, which is comprised within the range of from 60 to

100%.

5. Concentrate for lubricating oils, containing from
25 to 95% by weight of the additive with general formula

(I) as defined in claim 1, 1n a diluent-solvent.

6. Concentrate for lubricating oils according to
claim 5, characterized in that the diluent-solvent 1s the
same lubricating o0il, which is used as an inert solvent for

preparing the same additive.

7. Lubricating oil composition containing a major

proportion of lubricating o0i1l, and an effective amount as
viscosity index improver and friction modifier, of the

additive according to claim 1.

8. Lubricating oil composition according to claim 7,
in which the viscosity index improver and friction modifier

additive 1is present in an amount comprised within the range

of from 0.5 to 10% by weight.

9. Lubricating o1l composition according to claim 8,
in which the viscosity index improver and friction modifier

additive 1is present in an amount comprised within the range

of from 1.2 to 6% by weight.
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