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Sulfur and P contg golh?unctlcnal acﬁlulEES for motor oils were
prepd. by a reaction of noly1sobutyTene (o? mol wt. 700-2,000) or
isobutylene ctyrene copolymer (I) at £35-40 degrees followed by
neutralization of the producis with Mg0, CaO, BaO or the res
b?sns, -t b“-195 dnrreas The additive prepd. conizined 1.18-

1. 05% S ang 1.4%5-1. 77p P, and were superior anticorrosive agents
and oxidn. 1nh1b1tnrs. Of the additive tested, IKhP-388 additive
(a product of I and PpSg neutralized with ¥g0 and mixed with alkyl-
phenol) prov ve to be the most effective additive for D~il 0il.
Other P, 8§, N, and B contg. additives e. £.5 IXhF-361 additive
were prepd. by tresting the hvcrolyyed prodi cu of I and P285 with
ethyvlenediamine or ethanolamine and 4;:03 {£T120C036
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B s B vV, v T ¢ T = T, ¢t
rr r o G, g Yy vy Yy y U, u
ax ad D, d ® ¢ ® 9 F, £
E o E ¢ Ye, ye; E, e* X x X x Kh, kh
H = M x Zh, zh U u u y Ts, ts
3 s 3 2, 2 Y g v Ch, ch
U n H u I, 1 Ww w W w Sh, sh
2 B aa Y, ¥ W w@ W v Shch, shch
K x K = K, k D » D » n

n a N a L, 1 H & AN u Y, ¥
M M u M, m b » b » !

H « H « N, n 9 & 95 o E, e '
0 o 0 o 0, o 0 » DO » Yu, yu
N na nl a P, p A = X 2 Ya, ya

* ye initially, after vowels, and after %, b; & elsewhere.
en written as ¥ in Russian, transliterate as y® or &,
The use of diacritical marks is preferred, but such marks
may be omitted when expediency dictates. '
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RESULTS OF STUDIES INVOLVING THE SYNTHESIS
OF SULFUR AND PHOSPHORUS CONTAINING
POLYMERIC MULTIFUNCTIONAL ADDITIVES

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

Recently diff=rent polymer compounds have been used as effec-
tive additives to lubricant oils [1-6].

Synthesis of polymer additives reduces to the introductien
ol functional polar groups into macromolecules of polymer compourds,

whic™ creates polar polymers and copolymers possessing very high

operationali properties when added to the different oils. Intro-

duction of functional groups into a macromolecule of a polymer 1is
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 polymerfadditives, among which the -
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—=>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°C and consumed 15.5% of the
phosphorus pentasulfide.

On the basis of available published data [7] and the results
of our studieshgt eanbefconsidered that the main products from
the reaction of phosphorus pentasulfide with polymer compounds is =«

disubstituted dithiophosphinic acid
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where I..... /]--..] — macromolecule of polymer compound.
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The product wa. washed with hot watar to remove the low-
molecular phosphoric acids which formed during the reaction. An

TR I o Wp

emulsicn was separated by adding isopropyl alcounol, In certain
cases 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 [8]:
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Th. st.. :7::- showed that when the reaction product of phos-

pl "rus per. 1.1 .ide with tle polymer compound is washed with water
the nydrol ; of the thiol group (diagram I) causes the derivative
ditl"iophosphinic acids to pass 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 obtalned on the basis of the reaction product

of the polymer cumpound 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.
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The authors obtain.d 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 —
alkylrhenol, naphthenic sulfonic acid ete.

The reaction product of the polymer compourd with phosphorus
pentasulfile was neutralized by acids of alkali-earth metals in
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Sar——— — Bve————
H

«~a§
N B P s,
P T i i ey . et




pedity AW LR AR

Al R

=

o

TN WP

THNTL

the presence of water and ethyl alcohol. The reaction was first
carried out at 80-85°C, and then at 135°C.

Jarbonic acid was passed through the reaction medium (car-
bonating) in order to obtain an additive with a high metal content
during the neutralization. .

Table 1 gives the analysis of the metal-containing polymer
additives obtained by n2utra.izing the acid alkali-earth metals of
the phosphorus rentasulfide~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 1.7% phosphorus and have an ash
content of from 12 to 34%.

Table 1. Analysis of salts of the alkali-
2arth metals from the reaction product of
rhosphorus pentasulfide with polyisobuty-

lene.

: 1y - (2) (3) ;
flesyegoaanye coxell 3oamm0CT, & Coxopxoaue,%$.

! . cepu | docgopa: .

: —i—(4) (5)-==-"
Yarauesesx 12,1 1,18 1,45 :
Kassgresag . If,B . 1,58 1,65 ;
Bapienas 33,8 1,82 1,77 ,

KEY: (1) Salt; (2) Ash content, %3 (3)
Content, %; (4) suifur; (5) phosphorus; (6)
¥Magnesium; (7) Caleium; (5) Barium.

Svudy of D=1l 0il guality with synthesized additives showed
that all Lhe citzined additives pessess highn detergent, anti-
coreosive and arntioxidant properties (Table 2) and lie near one

reaction product of the polymer compound with phosphorus
pentasulfide was also neu%ralized together with other compounds.
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Tabie 2. 011 qualities of D-11 wlth salts of alkali-earth

metals of the reaction product of phosphorus pentasulfide with
polyisobutylene.

“~

KEY: (1) Index; (2) 0il and additives; (3) Ash content, %; (4)

Viscosity at 100°C, cSt; (5) Corrosion of a lead plate, g/mz;
(6) Thermooxid. stability Ty50> min; (7) Stabhility according to

the method of HNAMI-VNII NP; (8) Residue, %; (9) Viscosity in-
crease at 120°C, c¢St; (10) Detergent potential, %; (11l) Deter-
geat properties according to the PZV method (rugged.) marks;
(12) magnesium salt; (13) calcium salt; (14) barium salt.

[A-11 = D-11]

Alkylrhercl, naphthenic sulfonic acid and the condensaticn 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 commercial alkylphenol (additive IKhP-388), sulfonated
diesel o0il (additive IKhP-433), with alkylphenol and formaldehyde
(additive IKhP-u451) and with the condensation preduct of alkyl-
phenol with formaldehyde (additive IKhP-435) contained 2-3% sulfur,
2-2.5% phosphorus and had an ash content of 8-10%.

Table 3 indicates that all the obtained additives effectively
improve the detergent, dispersive and anticorrosive properties of
oil D-11., In terms of antioxidant properties the additives

obtained using sulfonated diesel o0il are inferior to the other
additives.
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Table 3. 0il

qualities of D-11 with polymer multifunctional
additives.

. evers et g o - eemm e & L TR LA Satan v - s wd '
Haunenosamnne . | Kopnoaua caunugnod by - - Lorume cnod
noxazarened naacTAnn, I P (2): angensnas. 2::2:2,“0 c::z 10 Ae=
(1) 3 . - 1400 0 i CTaCUNLR. b 3
1} . 4 Iso c " 7250. UNlle ’ zggct
. 79
(3) (4) - datau  (5)
J-11 «5% NXM-388 0TCYT. 0TCyTe 41 €< 0-0,5

d=11 +5% 1XN-433

CICYTe "34,3“ 30 -. ~ 8 0-0,5
a-Il 535 HXO-435

i

19,1 s
1
|

f

" OTCYTe

e ————— . S S o, P SR S S Wb

, 0 | 00,5
I-I1 +5% iX0-451 . oTCyT. © OTCYTe 39 85 0-0,5 .
I-1I #5% MXN-361 oTeyte | . - . 73 0 0,5-I- .
J-II +5% 1XN1-395 0TCYTe l - 1 T80 1-1,5

(2) Corrosion c¢f lead plate, g/m (3) Thermo-

1ty Typqg, ming (4) Decergent potentlal, %Z; (5)
~
: cording t¢c PZV method (rugged.), marks.

ts of the cils with synthesized

the sulfur-, phosphorus- and metal-

>
containing additives the most effective is additive IKhP-388,[10].
Iv ¢y te azssumed that the composition of additive IKhP-388
(rroduct of wsing magnesium oxide to neutralize a mixture con-
sisting of si«lgnenol and the reaction preoduct of phosphorus
pentvasulfide and a copolymer of isobutylene with styrol) contains
le and compound =alts

of derivative thiophosphinic acid and
alkyiphenol compositions as follows:
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and also salts of a more complex structure.

Engine tests of oils with additive IKhP-388 on different
carburetor (GAZ-51, ZiL-230, et al.) and diesel (OD-9, YaAZ-204,
YuMZ-238 NR, 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%

The highly pcsitive results of laberatory studies and engine
tests recommend additive IKhP-388 for broad bench and operational
testing on different esngines. At the pgresent an experimental

£
4

or obtaining this additive.

Effective sulfur-, phosphorus-, nitrogen- and boron-containirig
polymer multifunctional additives have been synthesized by
Fal

successive treatment of the nydrolyzed reaction prcduct of phos-

O

phorus pentasulfide with a ccpolymer cof isobutylene with styrol

by ethylenediamine (synthesis of additive IKhP-361) or ethanola-
mine (synthesis of additive IKhP-395) and boric acid [11]. The
data of Table 3 show that the additive IKhP~361 possesses high
detergent, dispersive, anticorrosive and antioxidant properties and

with respect to these propertiss it surpasses additive IKhP-395.
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bbviously, when the hydrolyzed reaction product of phosphofus -
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:

[~-a-<] [-‘-~] L
," + NH,~CHy—CH A - .
:) IRk B ki P \¢ .)m2 cn,-'l.‘ﬂ,"’ﬁz-m
[~~‘—~1 N . . E‘-A“~1
< I-A~~ , - . :"'::
% S SRS ‘
P \ N=CHy=CHy—= NHy

: o [“"“'"’] " where x=0 or g

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:

[.._‘..ov’ ‘
2t
i \N_~CH; -—CH,—-M‘I:
"B°! ”802

[~--~]

The results of laboratory studies of additive IKhP-361
confirmed the results of numercus engine tests using different
engines, which also showed the high cperational qualities of oils
containing this additive.

Thus, as a result of studies on the synthesis and application
of sulfur- and phospheorus-containing polymer additives a number of
polymer multifunctional additives has been obtained, of which the
most effective are the sulfur-, phesphorus-, and metal-containing
additive IKhP-388 and the suliur-, phosphorus-, nitrogen- and
boron-containing additive IKnhP-361.
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