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Sulfur and P contg. polyfunctional additives for motor oils were
prepd. by a reactilon of polyisobutylene (of mol wt-. 700-2,000) or
isobutylene styrene copolymer (I).at 235-~40 degrees followed by
neutralization of the products with MgO, CaO, BaO or the resp
bases, t 80-135 degrees. The additive preod. contained .9
:1.85% S and 1.45-1.77% P, and -were suoerior anticorrosi-ve agents
and oxidn. inhibitors. Of the additive tested, IKhP-388 additive

(a podut o I nd 9 S5 neutralized with MgO and mixed -with alk~yl.-
phenol) prove to be the mmost effective additive for D-i11 oil.
Other P, S, N, and B contg. additives e.g., IKhF-761 additive
were prepd. by treatilng the hy-drolyzed product of I and with
ethylenediamine or ethanolamine and HIi;BO 3. 'AT120003z6]
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RESULTS OF STUDIES INVOLVING THE SYNTHESIS
OF SULFUR AND PHOSPHORUS CONTAINING
POLYMERIC MULTIFUNCTIONAL ADDITIVES

A.M. Kuliyev, A. M. Levshina, V. M.
Farzaliyev, L. Ya. Vedeneyeva, I. I.
Namazov, and Sh. A. Mkhitaryan

Recently diffarent polymer compounds have been used as effec-

tive additives to lubricant oils [1-6).

Synthesis of polymer additives reduces to the introduction

of functional polar groups into macromolecules of polymer compounds,

whie'- creates polar polymers and copolymers possessing very high

operational properties when added to the different oils. Intro-

duction of functional groups into a macromolecule of a polymer is

achieved either by polymerization and copolymerization of monomers

containing these groups, or by treating the macromolecules of the

polymer by different reagents.

High wetting and dispersing properties are characteristic

for polymer additives. However, they may also reduce the freezing

point, improve the temperature-viscosity, antioxidant, anticorrosion

and other properties of lubricating oils, i.e., possess multi-

functional properties.

-------,The authors conducted a broad study of the synthesis and

application of the different polymer.additives, among which the -

I ~FTD-HT-23-520-721



-- =sulfur- and phosphorus-containing polymer multifunctional additives

are especially important.

The sulfur- and phosphorus-containing polymer multifunctional

additives were created by treating the initial polymer compounds
by phosphorus pentasulfide and neutralizing the obtained acid

reaction products by different compounds.\ Low-molecular (mol.

wt. 700-2000) polyisobutylene or a copolymer of isobutylene with
styrol were used as the initial polymer compounds.

The reaction between the phosphorus pentasulfide and the

polymer compound went at 235-240 0 C and consumed 15.5% of the

phosphorus pentasulfide.

On the basis of available published data [7] and the results

of our studie&'-it c-an be-considered that the main products from

the reaction of phosphorus pentasulfide with polymer compounds is i
disubstituted dithiophosphinic acid

where - macromolecule of polymer compound.
I

The product wa2 washed with hot water to remove the low-

molecular phosphoric acids which formed during the reaction. An

emulsion was separated by adding isopropyl alc.iliol. in certain

cascs the reaction product of phosphorus pentasulfide with the

polymer compound was subjected to hydrolysis by water vapor, after

which it was also flushed with water., It may be assumed that the

hydrolysis of the product goes as follows [86:

A2
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Th.. st.. '. showed that when the reaction product of phos-

pl rus per.- ,.;f 1.de with t,•e polymer compound is washed with water

the nydro: ; of the thiol group (diagram I) causes the derivative

dit'.iophosphinic acids to pasn almost completely into derivative

thiophosphinic acids, and the hydrolysis by water vapor forms a

mixture of derivative thiophosphinic and phosphonic acids (diagrams

I and II).

The additives obtained on the basis of the reaction product

of the polymer compound with phosphorus pentasulfide differ mainly

by the means of neutralization. Depending upon the neutralizing

compound ash (metal-containing), low-ash and no-ash additives may

be obtained.

The authors obtain•4 the metal-containing polymer multifunc-

tional additives on the basis of the reaction products of the

polymer compounds with phosphorus pentasulfide after neutralizing

the latter by oxides or hydrates of acids of alkali-earth metals

in the presence of different promotors [9]. In a number of cases

the reaction product of the polymer compound with phosphorus

pentasulfide was neutralized together with other compounds -

alkylphenol, naphthenir. sulfonic acid etc.

The reaction product of the polymer compound with phosphorus

pentasulfize was neutralized by acids of alkali-earth metals in

FTD-HT-23-520-72 3
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the presence of water and ethyl alcohol. The reaction was first

carried out at 80-85*C, and then at 1350C.

carbonic acid was passed through the reaction medium (car-

bonaring) in order to obtain an additive with a high metal content

during the neutralization.

Table I gives the aalysis of the metal-containing polymer

additives obtained by neutra.lizing the acid alkali-earth metals of

the phosphorus pentasulfide-polyisobutylene reaction product. We

see from the data that all the synthesized additives contain from

1.2 to 1.8% sulfur, from 1.5 to 1.71 phosphorus and have an ash

content of from 12 to 34%.

Table i. Analysis of salts of the alkali-
earth metals from the reaction product of
jhosphorus pentasulfide with polyisobuty-
lene.

(1)(2) (3);

f!aaueso~aa~e cozes 3oxi-so=m, % Co-OPreagse,%.'

1 _________ -(4cep-- -(5

i-tarRle Dex 12,1 Ii8 1,45
1KaiI..e~aE j I',8 • 1,58 1,65 ;:,o.•

EapeBeas 33,8 1,82 1,77

KEY: (1) Salt; (2) Ash content, %; (3)

Con.tent, %; (4) sulfur; (5) phosphorus; (6)
:,!a-.es-,m (7) Calcium; (8) Barium. ;-

[ Studiv� .... ��- il uality with synthiesized additives showed

that a!-'a additives possess high detergent, anti-

...cor,. vs_- _;n a oxidant properties (Table 2) and lie near one

a",-r"r '- zter~s of effectiveness.

±h�product of the polymer compound with phosphorus

pentasulfide was also neutralized together with other compounds.
I

:• '• -•- -+ • ... . . . e •= -•: :F: • • ... . .. . •: •ii • --9 • • "• • •w • • -, - • =... . . ... ... .• ,-t. .. . . g • . ..... .•, • .. . .... ; ... . - .. . 4
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Table 2. Oil qualities of D-11 with salts of alkali-earth
metals of the reaction product of phosphorus pentasulfide with
polyisobutylene.

C)(7)

(3)- i.e •1

*' i i _ , • - I i n.(13Y 12 1(41

..:U.5% 6a•~ h car. . 15 20505 19 . I,?*8 0,

uan• u,••o o. o• z,•~oal•, x npt 'ca Pta -;*f, ids=o.

S( 2) 1600 P i i i
• ~~~ ~ '. 9 -! .

KEY: (1) Index; (2) Oil and additives; (3) Ash content, %; (14)

(122

Viscosity at 10000, c St; (5) Corrosion of a lead plate, g/m ;(i3)i
(6) Thermooxid. stability T 2 5 0 , min; (7) Stability according to

the method of NAMI-VNII NP; (8) Residue, %; (9) Viscosity in-
crease at 1000C, cSt; (10) Detergent potential, %; (11) Deter-
gent properties according to the PZV method (rugged.) marks;
(12) magnesium salt; (13) calcium salt; (14) barium salt.

[,-11 = D-l1]

Alkylphenol, napht-henic sulfonic acid and the condensation product
of alkyphenol with formaldehyde were used as the other compounds.

Additives synthesized by neutralizing the polymer compound-

phosphorus pentasulfide reaction product by magnesium oxide to-

gether with coimmercial alkylphenol (additive IKhP-388), sulfonated

diesel oil (additive IKhP-433), with alkylphenol and formaldehyde

(additive !KhP- 4 51) and with the condensation product of alkyl-

phenol with formaldehyde (additive iKhP-435) contained 2-3% sulfur,

2-2.5% phosphorus and had an ash content of 8-10%.

STable 3 indicates that al.l the obtained additives effectively

improve the detergent, dispersive and anticorrosive properties of

oil D-11. in te.rms of antioxidant properties the additives

obtained using sulfonated diesel oil are inferior to the other

additives.

52 5



Table 3. Oil qualities of D-11 with polymer multifunctional
additives.

Ias~ne~o~arne - KoppOHI, r/ (2) Tepiiooxmc-- Momn no-j 9OMAe CDOo
noxaaaTeAen ( AKTJ IA. AeXui, c~na nto y

1.) " .4000 *16000. CUOUT.. 01134
7-lT2509 4X I % -,ye0

CY- OT-•y ,o y 41 9C0 0-0,5

-11 +5% ]=-3-33 o3cy. , 30 8 0-0,5

A-Il .1% WXII-435 Oy Igl Ii 55 i 90. 0.0,5

Z-I1 +55 IMf-451 oTcyT. OTcy?. 1 39 86 0-0,5

11-Il 4.5.0 XXfl-36I ocyT.. 73 90 0-,5-1..

1-I +5% IoaI-395 o .46 180- I-I,5

KEY: (I) TI-.de;- (2) Corrosion cf lead plate, g/m2; (3) Thermo-
oxidant sabi4Li• T 2 50 , m-nn; (4) Detergent potential, %; (5)

Detergent -ro•,r;:e- according to PZV method (rugged.), marks.

[A-i =D-li; 1XF. = IK-h?; OTCyT. = none]

The results cf engine tests of the oils with synthesized

addLves sno--ed -that of the sulfur-, phosphorus- and metal-

a addives the mos- effective -s additive IKhP-388.[i0].

iT -y be assumed that the composition of additive IKhP-388

('od.• cf u_:. magnesium oxide to neutralize a mixture con-

sis:in• ol •:~i.• and the reac.U on product of phosphorus

pentasulfide an' a copolymer of isobutylene with styrol) contains

simple and compound salts of derivative thiophosphinic acid and

alkylhenol co.. osi-ions as follows:

~ ;

f-A--) [-A--]

I * *
I._ 4 -D .I

I ýI k .
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main salts:

* -A- gc

and also salts of a more complex structure.

Engine tests of oils with additive IKhI-388 on different

carburetor (GAZ-51, ZIL--130, et al.) and diesel (OD-9, YaAZ-204,

YaMZ-238 NB, et al.) engines showed high operational qualities

for this additive. On the basis of additive IKhP-388 an effective

composition of additives (5% IKhP-388 + 1.2% INKhP-21 + 0.003%

SPMS-200 A) to oils was developed for modern supercharged dlesel

and carburetor engines.

The highly positive results of laboratory studies and engine

tests recommend additive IKhP-388 for broad bench and operational

testing on different engines. At the present an experimental

installation has been designed for obtaining this additive.

Effective sulfur-, phosphorus-, nitrogen- and boron-containing

polymer multifunctional additives have been synthesized by

successive treatmen.t of the hydrolyzed reaction product of phos-

phorus pentasulfide with a copolymer of isobutylene with styrol

by ethylenediamine (synthesis of additive IKhP-361) or ethanola-

mine (synthesis of additiv• IKhP-395) and boric acid [11]. The

data of Table 3 show that :he additive IKhP-361 possesses high

detergent, dispersive, anticorrosive and antioxidant properties and

with respect to these properties it surpasses additive IKhP-395.

FTD-HT-23-520-72 7
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Obviously, when the hydrolyzed reaction product of phosphorus

pentasulfide with the polymer compound is neutralized, at first

ammonium salts of disubstituted phosphinic acid replace an atom

of nitrogen, and then subsequently lose a molecule of water and

become acid amides:

*P NH2-Cfl•-CH 2-NP1---. "*• "

I-A. [-A--] .
POX

.... U4  -- "-.

where x=o or %

When boric acid is treated, an atom of boron is obviously
bound with an atom of nitrogen by a coordinate bond because of

unshared P-electrons of the nitrogen atom:

. Ce•.•fz-Ctlf.-zH

The results of laboratory studies of additIve IKhP-361

confirmed the results of numerous engine tests using different

engines, which also showed the high operational qualities of oils-

containing this additive.

Thus, as a result of studies on the synthesis and application

of sulfur- and phosphorus-containing polymer additives a number of

polymer multifunctional addit.ives has been obtained, of which the

most effective are the sulfur-, phosphorus-, and metal-containing

additive IKhP-388 and the sulfur-, phosphorlis-, nitrogen- and

boron-containing additive IKhP-361.

FTD-HT-23-520-72
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