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1. Statement of a question of Selection
of Lubricants for ethelene High-
Pressure Compressors.

Introduction

Maty investigations are known that apply to the
question of solving the problem of lubricants selection
for ethylene high-pressure compressors [1-8].

About 60 % of high-pressure polyethylene is used
for making products by the method of moulding and
pressurizaticn-containers for food industry, products
of domestic chemistry and childrens toys, 20 % - for
making special films, which are stable to thermo and
photooxidation, films of capacitors and cable isolation
with the heightened demands to the thermal aging and
dielectric properties.

One of the most important problems of the
making is selection the high quality oil for lubrication
gaskets of cylinders or shafts of ethylene compressor.
Delivering of fluid lubricant to the friction pair is
realized either by injection it into the gas (phase of the
suction- when using gaskets with the pistons rings) or
by feeding it through the openings of gaskets element
drilling (when glad gaskets are used) [2-9].

According to [9], in compressors at the
compression up to 22-40 MPa specific loadings of the
gasket's eclements reaches 7-10 MPa. In ethylene
compressors gas compresses from 25 up to 1 10-120
MPa on the first degree and from 110-120 MPa up to
180-250 (and even to 350) MPa on the second degree.
There fore, gasket elements of compressors
experience during lubrication influence of the limit
specific loadings from the hydrodynamic to limit
regime and even to seizure. In ethylene compressors
friction pair are used:

- the plunger made from the nitrided steel 38
XMKDA or with coating of Wolfram carbide ; gasket
elements made from the bronze Bp OCH 7-13-1;

- the bush of the cylinder made from the carbide
of Wolfram (type BK-6), gasket rings made from the
special alloyed cast iron or made from the bronze Bp
00 10-1.

The demands to wear resistance of surfaces are:
intensity of wearing counterface from alloy BK-6 is
ought to be not higher than 0,02 rnkm/hour or 0,05
mm for 2500 hours of compressors work.

Pressure of pumping is 200-300 MPa,
temperature of gas at the end of process reaches
373K, average velocity of piston - up to 2,5 m/s.
Consumption of the oil for 1 t final product -
polyethylene for different compressors is from 0,7-0,9
to 4,7-6,5 kg.

Properties and nature of oils determine quality
indicators of polyethylene and reliability of work of
seal pistons and plungers of cthylene compressors.
For lubrication of friction pair of these compressors
mineral (naphthene - «white» oils), polybutene and
polyglycol oils are used [2; 3].

Materials

Specifications to oils are: transparence,
colourlessness, absence of sediment and mechanic
impurities, viscosity (not less than) ~ 450 cs at 293K,
200 cs at 323K, 50cs at 373K; flash temperature must
be higher than 293K from the maximal allowable
(373-383 K), but better not lower than 473K;
temperature of solidification - not higher than 273K
acid number -not more than 0,4 mg KOH/g; alkali
number 0 mg KOH/g; content of moisture not more
than 0,1 %; ashes -0 %; point of turbidity of 1 %
solution -not more than 353K [15- 19].

According to manufacturers naphtene and
polyglycol oils for the most quantity indicators satisfy
these requirements. (Tabl. 1) [16-19].

Physic-and-chetnical properties and quantity of
oil which ingresses in polyethylene determine its
properties and use for cable isolation, products, which
contact with food etc [16- 19].

Methods of testing

Content of oil appreciably has an influence on
such quality indicators as resistance to thermal aging
and cracking and photooxidation processes, tangent of
angle of dielectrical loss, dielectrical penectrability,
breakdown electrical stress, sanitarian-hygienical
properties. Content of oil in polyethylene is estimated
by IR-spectroscopy (graduated by solution in CCly),
tangent of angle of dielectric loss (frequency 10°, 10°,
10° hertz), dielectric penetrability (frequency 10°
hertz). And also indexes of flow of plastics (g in 10
min.), changes of bound of strength and flow during
tension, relative extension during breakage are found
[10-15].

STATE STANDARD 16337-77 (for
polyethylene) and STATE STANDARD 16336-77
(for compositions of polycthylene) determine
demands to physic-and-chemical properties of
polyethylene. Dielectrical properties of polyethylene
and its composition are determined by:

- tangent of angle of dielectrical loss- STATE
STANDARD 22372-77,

- clectrical strength at variable voltage
(frequency 50 hertz) - TATESTANDARD 64333-71;

- dielectrical penetrability (frequency 10
hertz) — STATE STANDARD 22372-71,

- resistance to thermal aging -
STANDARD 16336-77.

Block-effect (sticking of films together) and
content of extraction substances which an; in initial
polyethylene and which educe from it during
secondary processing relate to quality indicators of
polyethylene too. Content of these substances is
estimated by excess of organic substance during
lubrication of ethylene compressors with mineral oil
and by using light mineral oils as solvents during
peroxidative initiation of polymerization of ethylene.

Feasibility study of supplying of lubrication of
seal elements relates not only to quality of
polyethylene but to time wasted of compressor's
equipment for repair (up to 2-7 days a year), which
for high productivity producers (synthesis of

STATE
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polyethylene) turns as substantial economical losses.
More over it is necessary to add that after every seal
replacement necessity (100-300 hours) of feeding
through lubricators excess of oil (for runningin of
friction pair) comes into existence. Polyethylene made
in this period contents of substantial quantity of oil
that is not up to the requirements (for cable isolation)
[10-19].

Results and discussion

Aim of work: consists in scientific search of
lubricants for lubrication seal elements of ethylenes
high-pressure compressors, which are compatible
with polyethylene. Tasks:

1. Studying of viscous-and-thermal properties
of naphtene and polyglycol oils and selecting
characteristics that the most complete characterize
these properties.

2. Studying of antifriction properties of
naphtene and polyglycol oils and finding indices,

which the most complete characterize, these
properties.
3. Studying of oils compatibility with

polyethylene on the grounds of changes of physic-
mechanical, rheological and diclectric properties of
composition [4-7].

Solubility of fuel oil in ethylene

Initial gas during production of polyethylene is
dry polyethylene (99,0-99.9 %), the rest- impurities
(propylene, ethane, methane, hydrogen, nitrogen and
others non-aggressive gases). Content of 0-; is strictly
controlled; even signs of it provoke polymerization of
ethylene before reactor.

When finding the solution of lubricating of

of solubility displaces in side of higher pressure [10-
12]. By mounting to high lubricating ability it is
possible to bring down temperature in contact zone
where maximum solubility of oil in ethylene is seen.

Besides that, according to [2; 10; 12; 13] in
general case increasing of molecular mass of oils
leads to increasing of pressure intervaf where
minimum of solubility is seen. Increasing of the
molecular mass for the one homological row of
hydrocarbons leads to decreasing of its solubility in
ethylene. Hence, it is necessary to aspire to use oils
with enough large molecular mass and viscosity.

It is known that isomers have better solubility in
gases than substances with normal structure and
mutual solubility of fuels and gases increases with
approaching of theirs physic and chemical properties.
Thus oils with ethylene or others hydrocarbon chains
have better solubility in ethylene.

Maximum solubility of oil in ethylene (at
temperature up to 323-373 K and pressure up to 200-
300 MPa) is sufficiently substantial and is, depending
on nature of oil, from 300 to 3000 g/mm" of ethylene
(recalculation on normal physic conditions), which is
from 0,25 to 2,5 kg on 11 of compressed ethylene [10;
12; 14].

Increased mutual solubility of gas and oil
(vaseline, naphtene, polybutene) will decrease
operational properties of oils and lead to little term of
capacity for work of seals.

Proceed from this information for lubricating of
ethylene compressors it is necessary to use oils with
big molecular mass and normal structure only then
effect of raising antifriction properties because of

cthylene compressors it is important to take to  increasing of viscosity will be reached.
account that temperature raising of gas leads to
increasing of oils solubility in ethylene, but minimum
Table 1
Characteristic of properties of naphtene and polyglicol oils (information of producers)
Tndex Rieslla-33 | NKM-40 | NKM-70 | Laprol2302-1 Orites-270
2-70 DS
Density,kg/m’
at293 K 884 873 884
at 303 K 878 867 878 1078 1080
Coefficient of refraction
of light (293 K) 1,4820 1,4794 1,4800 - -
Viscosity kinematic, cs
at293 K 126 80,2 180 417 462
at303 K 42.4 39,3 70,4 182 186
at373 K 8.8 9.8 12,8 54 46,8
Acid number,
mg KOH/g 0,007 0,006 0,006 0,019 0,016
Temperature of
solidification, K 295 295 260 ] =270
Temperature, K
in closer crucible 475 470 478 489 493
in open crucible 494 488 498 523 523
Content of water, % 0 0 0 0,1 0,1
Coqtent qf mecglanlc 0 0 0 0 0
impurities, %o

Limitation of lubricating and expenditure of oils

One of ways of finding solutions of economy of
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fuel-lubricating substances and lowering quantity of
oil which ingresses in ethylene is limitation of
expenditure of oil during friction and wear of
adjoining surfaces. Industrial experiment on finding
optimum expenditure of oils Orites-270 DS, Risella-
33 and Laprol-2502 was realized on ethylene
compressors of plants of firms ICI with auto-clave
and «Polymir» with tubular reactor [1; 2]. These
plants were differing by construction and productivity
of ecthylene compressors: productivity of plant
«Polymir» four times higher than productivity of ICI
plant.

Change of oil Risella-33 to polyglycol oil Laprol-
2502 and lowering its supply from 4.8 to 0,8 kg/hour
on II cascade compressors (plant of ICI firm) lead to
decreasing (two time) of term of capacity for work of
seal elements from bronze, content of oil in
polyethylene was about 0,05% and polyethylene by
resistance to thermal aging, influence of oxygen,
sanitarian-hygienical, diclectrical and antiblocking
properties was close to STATE STANDARD 16337-
77. In that case when content of polyglycol oil Orites-
270 DS in polyethylene was 0,02-0,04 % commodity
polyethylene was up to the requirements of STATE
STANDARD and world standards [1].

When feeding of polyglzcol oils Orites-270 DS
and Laprol-2502 on compressors of II cascade (plant
«Polimir») was lowered from 41,5 to 14 kg/hour
accordingly content of oil in polyethylene increased
three-four times and was 0,09-0,15 % and 0,06-0,08
% accordingly for Orites-27- DS and 0,10-0,12 % for
oil Laprol-2502 x but this did not solve problem of
obtain polyethylene for cable isolation (content of
polyglicol oils in polyethylem; up to 0,02-0,04 %)/
Productivity of plant increased by 2,6 times and term
of capacity for work of seal clement form bronze
decreased by piston rings of I degree compressors
(before experiment 6 months) and 6-8 months by
stuffing-box seals of II degree compressors (before
experiment 12 months) [1-6].

Thus use of naphtene oils leads to lowering of
coefficient of ecthylene compressors and use of
polyglicol oil - quality indexes of polyethylene.

Trends in finding solution of lubricating of
ethylene compressors are:

- decreasing of quantity of polyglicol oil which
ingresses into polyethylene;

- increasing of viscosity and loading ability and
improvement of viscous-and-thermal characteristics
of naphtene and polyglicol oils;

- replacement of seal elements riiade from bronze
on high-quality durable polymeric materials (type of
graphelon) [1,5-18].

In spite of constructive works on lowering of
contaminations of oils in ecthylene and accordingly
lowering its content in polyethylene, work on creation
of mnew synthetic lubricants and lubricating
compositions which could provide increasing of
reliability and term of service of seals of II cascade
compressors and which do not have negative

influence on properties of polyethylene, especially for
cable isolation is still actual.

Proceeded from this information, for lubrication
of cthylene compressors is necessary to use oils with
big molecular mass and normal structure, only then
effect of raising of antifriction properties because of
viscosity increasing could be reached.

Using of oils in industries

In industry producers use naphtene oils which are
made practically by one technology and which have
similar physic-mechanic properties and which are
different by trademark of firms-producers: Risella-33
(Shell, ELF Aquitaine- France), Vitorex-334, Esso-
Christo, 5350 (Mitsui, Japan), KPL-201 (British.
Petroleum, Great Britain, Austrian branch- Technol,
and Holland branch), NKM-40 (NPZ, Russia) etc
(Tabl. 2). To synthetic oils show preference all key
compressors  firms:  «Burckadt»  (Switzeland),
«Esslingen» (Germany), «Hitachi» (Japan), «Dresser-
Clark» (USA), «Nuovo-Pignone» (Italy), «Ingersoll-
Rand», «Technocompressormash» of concern
«Ukrrosmets 1» (Ukraine), fabrics named after Frunse
(Ukraine) and «Borets» (Russia) etc [5-6].

However, naphtene oils when ingressing into
polyethylene do not lower quality indexes of
polyethylene have shortcomings:

- substantial solubility of ethylene in oil and as a
result substantial lowering of viscosity and others
hydrodynamic properties force to feed for lubrication
substantial quantity of oil;

- substantial solubility of oil in ethylene which
leads to substantial ingress of oil into ethylene and as
a result increasing of extracting substances and
"smoking" of mass during processing of polyethylene
into products and to scale formation on piston's
surfaces;

- low loading ability which force to limit of
ethylene plants little and medium productivity (term
of seal service 1000-4000 hours).

With the object of viscosity increasing naphtene
oils have lowmolecular polyisobutylene and
polybutene Polyvis (firm Cosden Petroleum Co.) with
the molecular mass from 400 to 1500 [15-19].
Producers use as well highmolecular polyisobutylene
[1; 2], methyl ether of methacrylic or acrylic acids
[14], polyvynilbutyl ether [15]. Polyisobutylenes are
more stable and do not polymerize under action of
heat and pressure. Here wide diapason of viscosity
change opens.

For increase of viscosity into naphtene oils
Shella-Onclina-33 and Vitorex-334 0,7-0,8 % wax O-
Vax is given.

However, feeding into mineral oils thickens in big
quantity as a rule changes course of curve of viscosity
dependence from pressure, which acquires more steep
character at low temperatures. This can lead to
corking of feeding lines of lubricants to cylinder seals
and deteriorate lubricating conditions of friction
surfaces. For removal this effects in practice use
additional heating of oil in tanks and feeding lines of
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inbricaiork, ani KoLue iiTek Migin-prekkure pipes.

Por imbricaiing ol eiilylene  cOLIPreKKork
proimncerk ke ak Teii pure poiybuiene oiik Oriiex b
100 (iirw EbP A™wiaine), polybulene oil (FirtT ~iico
ani Houlix 200), Tiiie oil BP Olex >XM2631,
iicken by coTplex aitiiiiye: [or increake ol yiKCOKiiy-
polyikobulylene, iniibiior ol oxinaon - 0,1 %
Koiniion ol pienoi coTpounii, [lor increaking ol
aniiTear properiiek - 0,1 % eilier coTpounia.

PirT Burkiiaiii lor nigin proiwnciiyiiy coTprekkork
nkek pure polybulene oiik Polybulene-8, Poiybuiene-
12 (Ciieyron), Iniiopoi b100 (ATtoco-Pina [irT) or
ieir Tixinrek TiilA napitiene oiik (imbricani 8onne
boT-1200-"iico Ciiewicai 8onneboT IirtT- anaiogue
Oriiek b66) [2].

Pirtk Ingerkoii-Kanin (B8A), Brekker-Ciark
(B8A), Buwurkidaiti (8Tii2eriangy, Neoyo-Pig&none
(liaiy), Ekkiingen (bewikciiiandg, Hiiaciii (lapan)

(Tinen prekkure ol eiityiene ik up lo 350 MPa) uke
iickening oiik Cb 1000 PH bA 3, Cb 1200 PH bA 3,
Cb 1500 PH bA 3 (Neiico Tirt, b 8A, Hoiianii'k
brancii).

norraiirex.

Increaking ol iniyiinai capaciiy ol" pianik [or
Kyniliekik ol" poiyeiiiyiene fTeail io irankiiion io
refwreld eMwpTeni, Tici 8uaraniee Kl coel Ticienl
ol mking Torking iiTek. One ol iile ekkeniiai aciork

Mirecien io Wik increaking Tak wKing Kyniineic
ivbricanlk TiilA RMigiA aniTear anii aniikeirure
properiiex.

Tiieke oiik are:

-ioTwoieeniar Oriiek-88 (EbP, Prance);

- nipiToiecuiar Oriiek-27p. 68 (EbP, Prance)
Tiii raiio ol eiliyiene anin propyiene oxiiek 72,8:27,2
(anaio8ue ol itk oii baproi 2502-2-70);

- BreoxCb 1300, BreoxCb 1400, BreoxCb 660
Tiiioni aiiniiiye anin Tin aniniye Breox PC 1314,
Breox PC 1315, Breox PC 1316 (Briiikii Peiroient
Co.);

- 8yniilieko b 201, 8yniilieko B 201 N (Tiin
aniiiiye), 8yniieko B 202 (Bociiaco, Kiiiber,
Bbueikcitiandy; ToTyikcomk becon 75 H1400, Bcon PE-
159 anii #igiyikconk Becon PE-320, Bcon PE-350
(Bnion Carbiiie, b 8A);

- EXB 62/152H, EHB62/152 H TiiiA raiio ol
eiflyiene anin propyiene oxiviek 48:52 (Mobioi-QOi,
b 8A);

- Migiyikcomk Poiyoi bC-56.

Poiy§iycoi oiik in coTparing Tiii1 napitiene aye
aifyania8ek:

- 10T Koiubiiiiy in eiiiyiene anii ai Kaiuraiion by
eiilyiene yikcokiiy, aniikeirnre anii anTear properiiek
o noi ciiange;

- Maye 1l ainiekion anii alikorpiion properiiex io
kurlacek ol” Teialk, Toikien ilieirk kurlacek Teii, rort
on iieT vrabie bouniing Tayerk, TRici Weierwinek

iieirk rign aniikeirure anii aniiTear properiiek;

- clhange Yyikcokily noi Tuci (Ten prekkure
increakek); Ten prekkure ik nign ciiange yikcokiiy noi
ik Tuci irai canai lor Meeliing ol oii in cyiinierk
anii pipek becoTe corkei;

- Maye Rigin yikcokiiy anii Keciiyiiy yikcomk-anii
ierTai ciaracierikiic.

More oyer, accoriting io [irT Ekkiingen iert ol
Tork ol keai eieTenik Wuring Tubricaiion Tiin
poiy8iycoi oiik 3-5 iiTek bi§8er anri increakek 'roTt
1000-4000 vourk or napitiene anri poiybuiene oiik io
5000-15000 Tlor poiygiycoi oiik, Accorriing io [irT
EbP expeniiiiure Tor li ol poiyeiityiene nuring
irankiiion 'rot iubricaiing Tiii napitiene oiik io
inbricaiing Tiili poiy8iycoi Oriiek 270 b 8 iecreakei
Irot 3-4i0.) ke/i.

Ai ine kate iite Irot 0,02 io 0,15 % ol oil
inarekk inio poiyeiityiene, Tici iecreakek iurabiiiiy
ol poiyeiityiene io ilertai a8ing anri piioiooxiiaiion
ProceKKek, Kaniiarian-inygienicai  inilexek  anri
eleciroikoiaiion properiiek.

InyekiiSaiion ol anmiilriciion properiiek ol
napiiene anii poiy8§iycoi oiik rivring Tiiiie ioading Tiin
inbricaiion ol pair bronre-"K-6 (“K-11) ani
8rapiieion-20-NeK-6 ("K-11) [11-19].

nearing or brate (rirt «Kranr»), Beryiiint
bronre Bp BHT-2,5-1-68, Tina-8iannuT bronre Bp
OC 12,2, Tina-piiokpitorouk bronre Bp OO-10-ianri
coTpokiiion Taieriai on iile bake ol aroTaiic
poiyawiiie piieniion C-2+20 % ol grapiiiie [iber ['roT

""" (yiKcoke) 8rapiieion-20 TakK
inyekii8aieli on iliree-pin-iikk riciion Tacitine.
8aTpiek Tere Talie in Kiiape ol iiiree Iingerk Tiiv
Miateier 6 ww ani neigii 15 ww (iaki Kpiiere 6,35
TT). Counierlacek Tere Taie by Teiiioin ol prekking
anii anneaiing ol Teiai-cerawic bronre (Toilrar
8rovp BK-6 anit BK-11) ak inkerik Tiin ~ =45,0 wuww,
i, = 25,0 ww ani inicknekk 15 T T (HB 8200-8400
MPa; Ka0- 0,04 - 0,06 TKT). NerTaf Toaiing on one
kpeciten IV) = 67 N yeiociiy ol Kiiing 1,3 w/k, iite
ol inyekiigaiion 4 #owrk (riciion irack 16,14 KT),
leTperainre 591 + 275 K. “ub”ican™ - poiy8iycoik
baproi 2502-2-70, baproi 2002 anii napitiene oii
Kikeiia-33 [11-19].

Inienkiiy ol Tearing Tak caicuiaieii by iiaweier

ortear 3p\(/)'|' (Tear capaci'l')l/):

- - (M

Tiiere V - ayera8e yoinTe ol Tear capaciiy on
one kaTpie [ww3d]; N - norwai ioaiting on one katpie;
8 - Tearirack [T].

Kekuiik ol ilie Tear inienkiiy » = (0,21-2,4)-10K
TT 17 -1 (Tabi. 3) Tere caicwuiaieit by Wiateierk ol
Tear Kpoi  =0,754-1,4617TT by Titicit ii ik pokkibie
io ekiiTaie ite Tiwii ol kpecillic Toaiing ai ifie enii ol
[riciion: 150-40 TPa.

AK Te can kee IroT ile Tabi.3, Wuring fiiiie
Toariingk (TV = 67 N9 anin reiaiiyely nigh Kiining
yeiociiy (& = 1,3 m/3) ror pair «bronre - BK-11» ani
«bronre - BK-6» prererences3 or poly§lycol (3lalislic
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O® 10-1, for which intensity of wearing in friction on
BK-11 during lubrication with polyglycols 1,09-1,55
time larger than on BK-6, for the rest of samples
made frombronz.3 (bp OC 12-2andBpBbIT 2,5-1 -68)
wearing on BK-6 1,02-1,48time bigger than onBK-11.

In general: wearing of samples made from bronze
during lubrication with polyglycol oils 1,31-5,86 time

polymer of propylene and ethylene oxides Laprol-
2502-2-70 and linear polypropyleneglycol Laprol
2002) oils to naphtene oil Risella-33 are not seen and
on the contrary, for pair «graphelon-20-BK-H» and
«graphelon-20-BK-6 polyglycols are more effective
than naphtene oil.

Except samples of bronze (firm «Kranzy») and Bp

Table 2
Trademarks and producgrs of oils for ethylene compressors
Type Trademark Firm Country
Mineral Risella-33 (Shell-Ondina33) ELF Aquitaine France
(naphtene) Risella-17 Mitsui Japan
Vitprex-334 Mitsui Japan
Esso-Christo 5350 Mitsui Japan
type Risella-33 Codex H23 Codex Great Britain
KPL-201 British Petroleum (austr. (austr. branch)
branch) (TECHNOOL)
Sonnebom-1200 Witco Chemical Sonnebom USA
NKM-40 Moscow Russia
NKM-70 Moscow Russia
NKM-40 Jaroslav Russia
NKM-200 Jaroslav Russia
Polybutene Orites-270 MS ELF Aquitaine France
(Orites-L 100) Amoco-Fina Finland
Polybuthene-8 Amoco-Fina Finland
Chevron (Polybuthene-12) Amoco-Fina Finland
IndopolL-100 Amoco-Fina Finland
Houfix-200 Amoco-Fina Finland
Polybutene for sucevnimide Amoco-Fina Finland
additives M=860
Polybutene Tredkat-99 Amoco-Fina Finland
M=460
Mixture of polybutene Orites-125 MS ELF Aquitaine France
and naphtene oils Orites-L 100 Witco Chemical USA
CL 1000 PHLA3 Sonnebom (holland's branch)
CL1200PHLA3
CL1500FHLA3
Witco CL-1000
Witco CL-1200
Witco CL-1500
Polyglycol Orites-125 DS ELF Aquitaine France
Orites- 88 DS ELF Aquitaine France
Orites-270 DS ELF Aquitaine France
Orites-210 DS «Dolymersyntes» Russia
Laprol 202 (Volodymyr) Russia
Laprol 602 (Volodymyr) Russia
Laprol 1002 (Volodymyr) Russia
Laprol 2002 (Volodymyr) Russia
Laprol 3002 (Volodymyr) Russia
Laprol 503 (Volodymyr) Russia
Laprol 3003 (Volodymyr) Russia
Laprol 3503-B 6 «Polymersynte» Russia
Laprol 5003-2-B 10 (Volodymyr) Russia
Laprol 5003-2-B12 (Volodymyr) Russia
Laprol 6500-2-B 18 (Volodymyr) Russia
Laprol 1601-4/2-50 Kliiber Duetschland
Laprol 1502-2-70 Kliiber Duetschland
Laprol 2502-2-70 Union Carbide USA (austr. brc.nch)
Laprol 4002-2-70 IPChl Baku Azerbaijan
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Continuation of Table 2

Trademarks and producgrs of oils for ethylene compressors

Type Trademark Firm Country
Ucon 50 HB 660 Mobil-oil USA
Poly-a-olephine Mobil-oil USA
Polyglycol EHD-62/152H Mobil-oil USA
Polyol LG 56 Mobil-oil USA
Polyglycol with additives Breox CL 660 British Petroleum Great Britain
BreoxCL 1300 British Petroleum Great Britain
BreoxCL 1314 British Petroleum Great Britain
BreoxCL 1400 British Petroleum Great Britain
Breox PC 13150 Kliiber Deutschland USA
Breox PC 1316 Union Carbide (austr. branch)
SynthesoD201 N Union Carbide
Ucon PE-150 IPChl Baku Azerbaijan
Ucon PE-350 IPChl Baku
Poly-oolephine,
thickened
with 4 % of polymer
SKEP

during friction on BK-11 and 1,11-4,84 time
during friction on BK-6 bigger than with naphtene oil.

For the future it is necessary to estimate the
antiwear and antiseizure properties of oils by the
results of investigations on the four-ball-friction
machine [5-10] in the contact of working bodies of
which the specific loadings 1350-7500 MPa can be
reached.

Conclusions

Analysis of results shows that for lubrication of
ethylene compressors is necessary to use oils with big

molecular mass and normal structure, only then effect
of raising of antifriction properties because of
viscosity increasing could be reached.

Were tested properties of antifriction properties of
naphtene and polyglycol oils during little loading with
lubrication of pair bronze-WK-6 (WK-11) and
graphelon-20-WK-6 (WK-11)

In general: wearing of samples made from bronze
during lubrication with polyglycol oils 1,31-5,86 time
during friction on BK-11 and 1,11-4,84 time during
friction on BK-6 bigger than with naphtene oil.

Table 3

Antifriction properties of naphtene and polyglycol oils during investigation of pair samples (bronze,
graphelom-20) counterface (metaiceramic material) during low loading

Lubricant Sample Wear intensity of the sample J,
(0% mm*/(N-m)
counterface

BK-11 BK-6
Risella-33 Bronze (firm «Kranz») 1,48 1,17
Laprol 2502-2-70 Bronze (firm «Kranz») 2,40 2,05
Laprol 2002 Bronze (firm «Kranz») 2,02 1,30
Risella-33 Bronze bp O® 10-1 0,33 0,53
Laprol 2502-2-70 Bronze bp O® 10-1 0,83 0,76
Laprol 2002 Bronze bp O® 10-1 0,76 0,70
Risella-33 Bronze Bp OC 12-2 0,32 0,53
Laprol 2502-2-70 Bronze Bp OC 12-2 0,47 0,68
Laprol 2002 Bronze bp OC 12-2 0,42 0,62
Risella-33 Bronze bp BHT 2,5-1-68 0,21 0,32
Laprol 2502-2-70 Bronze bp BHT 2,5-1-68 1,05 1,55
Laprol 2002 Bronze bp BHT 2,5-1-68 1,23 1,26
Risella-33 Graphelon-20 1,50 1,56
Laprol 2502-2-70 Graphelon-20 1,24 1,17
Laprol 2002 Graphelon-20 0,95 0,77
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N e

polypropyleneglycol-products of  condensation

2. Characteristic of object of accordingly of ethyleneglycol and propyleneglycol
have today the practical interest as lubricants.

investigation.
L Polyglycols:

Introduction YEW

Properties and nature of oils determine quality 1. Polvethvl. Ivcol:
indicators of polyethylene and reliability of work of ~rowetylenestycok
scal pistons and plungers of ethylene compressors. HO-[-CH,-CH»-O-],-H
For lubrication of friction pair of these compressors Average molecular mass 200-6000; n=4-136
mineral (naphthene - «white» oils), polybutene and PEG-200 (). M=200: n<4-5 ’ '
polyglycol OIIS are used. PEG-400 (f): M:400: n~9

These oils are: PEG-600 (f), M=600; n=13-14

- lowmolecular Orites-88 (ELF, France); PEG-1500 (s), M=1500; n~34; T, =318-324K

- highmolecular Ontes-270 DS (ELF, France)
with ratio of ethylene and propylene oxides 72,8:27,2
(analogue of this oil Laprol 2502-2-70),

- Breox CL 1300, Breox CL 1400, Breox CL
6601, Breox PC 1314, Breox PC 1315, Breox PC
1316 (British Petroleum Co.);

PEG-2000 (s), M=2000; n=45-46; T, =326-333K

PEG-4000 (s), M=4000; n=90-91; T, =328-333K

PEG-6000 (s), M=6000; n=136; T, =330-334K

Quality indexes of polyethyleneglycols produced
by “Barva” are adduced in Tabl.1

- Syntheso D 201, Syntheso D 201 N(with 2.Linear polypropyleneglycols:
npncaAKOio), Syntheso D 202 (Bochaco, Kliiber,
Duetschland); ?Hs CH,

- lowviscous Ucon 75 H1400, Ucon PE-159 and
highviscous Ucon PE-320, Ucon PE-350 (Union
Carbide);

- EXD 62/152H, EHD62/152 H with ratio of
ethylene and propylene oxides 48:52 (Mobiol-Oil ),

- highviscous Polyol LG-56.

|
H(O-CH-CH,),-O~(CH,-CH-0) H %))

These are twobased homopolymers of propylene
oxide. Content of active final OH-groups is increasing
when molecular mass of olygomers decreases.
Trademarks of lubricants of this group are adduced in
Results and discussion Tabl.2
Polyalkylenglicols or polyglycols are the products %Iigigcl:ulza(ioz lingssn()po%lgg)i of %rr?)%ilft?sn OXIszf

of condensation of twoatom glycols. They are «Sumhaitchimprom», kinematic viscosity (298K~400
polyethers with long chains molecules of which cs) [1-5]

contain two OH-groups. Polyethyleneglycol and

11
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Table 1
Quality indexes of polyethyleneglycols
PEG-| PEG- | PEG- | PEG- [ PEG-
Indexes 20001 1500 | 2000 | 4000 [ 6000
Alkali number,
mg KOH/g - 1650 51,9 (26,01 18,4
Teryet K - | 318 [321.5] 326 [327.5
(1)
PH 5% of watery| ¢ ¢ | ¢ 80 | 6.05 | 5.65 | 5.3
solution
mass fraction of | o 11 1 | 0,08 | 0,07 | 0,08
ashes, %
mass fraction of | , 41 17 | 0,80 | 0.45 | 035
water, %
3.Statistic copolymers of propylene and
ethylene oxides
(3)

HO—(-CHZ-CHZ-O-)X-(-CHZ-EH-O-)y-(CHz-CHZ-O)X-H
H3

Trademarks of lubricants of this group are
adduced [10-15]:

Laprol 1502-2-70 (M=1500, 70% of oxicthyl
groups).

Laprol 2502-2-70 (M=2500, 70% of oxicthyl
groups, kinematic viscosity at 303 K ~ 400-500 cs).

KSM (M=2500, 70% of oxicthyl groups).

Orites 125 DS (M=l 150, 72,8% of oxicthyl
groups).

Orites 270 DS (M=2400, 72,8% of oxicthyl
groups).

EHD 62/152 H M=?; 48% of oxicthyl groups).

Breox CL-660 (the same polyglycol, but with
additives).

Breox CL-1300 (the same polyglycol, but with
additives).

Breox CL-1400 (the same polyglycol, but with
additives).

Hydropol-200 (f)- is statistic copolymer of
ethylene and propylene oxides. M=7000-8000.

Trademarks of lubricants of this group are
adduced in Tabl.3

4.Ramified polypropylene on the base of
glycerine:

General formula:

s
CH,-O-(CH,-CH-O) H
fHa
CH-O~(CH,-CH-O) H

H3
CH,-O-(CH,-CH-0) H

Laprol 503: Average molecular mass M= 00,
OH%=1,54; pH=6.4; 1205x=670 cp.; acid number, mg
KOH/g=0,12 [6-8].

To this group belong as well oils Laprol-3003,
6003, Polyol LG-56 (M=3000) [6-8].

Table 2

Trademarks of lubricants of linear polypropyleneglycols

Trademarks of lubricants of statistic copolymers of propylene and ethylene oxides

Average molecular OH, % pH T298K Acid number,
mass mg KOH/g

Laprol 202 200 16,75 5,25 58 0,08
Laprol 602 600 5,55 5,60 86 0,08
Laprol 1000

1002 3,13 6,30 156 0,03
Laprol 2000

2002 1,50 5,85 316 0,07

Table 3

Average OH, % pH M298K Acid number,
molecular mass mg KOH/g
Laprol 1502 1500 2,20 5,5 260 0,05
Laprol 2502 2500 1,37 6.6 504 0,03
T,K n.cp p, kg/m’ v, C§
Orites-270-DS ;gg 41%31’ 1080 390
1065 170

5.Blockcopolymers on the base of propylene and
ethylene oxides on the base of glycerine with the
placing of oxiethyl groups in the end of chain:

Laprol-3503-2-B 6 (M-3500, 6% of oxiethyl
groups);

Laprol 5003-2B-10 (M=5000, 10% of oxicthyl
groups);

12

Laprol 5003-2B-12 (M=5000, 12% of oxicthyl
groups);

Laprol 6503-2B-18 (M=6500, 18% of oxicthyl
groups);

Laprol 5003: Average molecular mass M=5000;
OH%=1,07; pH=6,45; M0sx=830 cp.; acid number,
mg KOH/g=0,0;

Proxanol CL-3 (f). Blockcopolymer of propylene
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and cthylene oxides (M=3600). Proxanol-268 (s).
Blockcopolymer of propylene and ethylene oxides
(M=14000) [8-15].

THo
CH,-0~(CH,-CH-0),~(CH,-CH,-0),-H

e
CH-0-(CH,-CH-0),-(CH,-CH,-0),-H x>y

H, ®)

CH,-0~(CH,-CH-0),(CH,-CH,-0),-H

6.Statistic copolymers of propylene and

ethylene oxides on the base of glycerin
T
CH,-0~(CH,-CH-0),-(CH,-CH,-0),-H
P
CH-O-(CH,-CH-0),-(CH,-CH,-0),-H V>X
Hy ©)

CH,-O-(CH,CH-0),-(CH,-CH,-O)-H

Laprol 3503-2-70 (analogue Syntheso D-201) -
statistic copolymer on the base of glycerin and
ethylene oxide (70% of ethylene oxide): OH%=1,54;
PH=6.4; 1205x=670 cp. [6-8]:

Laprol 3503-2-B5 — on the base of glycerine, the
same molecular mass, but 65% of ethylene oxide and
oxiethyl links are placed in the and of the chain:
OH%=1,45; pH=6,3; 1p0sx=557 ¢p..

Laprol 10003-2-70 -is statistic copolymer on the
base of glycerin and ethylene oxide (70% of ethylene
oxide): molecular mass 10000; OH%=0.47; pH=7.4;
TM29sx=6800 Cp.;

Syntheso D-202 - statistic copolymer on the base
of glycerin and ecthylene oxide: density p (293
K)~1080 kg/m’;

kinematic viscosity at 293 K~ 800 cs;

313 K~ 300 cs;
323 K~ 200 cs;
373 K~ 52 cs;

index of wviscosity ~ 230; flash temperature
tg. >523K; temperature of solidification t,,. <293K .

Syntheso D-201 (70% oxiethyl groups).

Indexes of quality of synthetic oils produced by
IPChl (Baku, Azerbaijan) adduced in Tabl.4. [15-20];

Lubricating properties of different groups of
polyglycols are adduced in Tabl.5, 6 [15-20].
Influences of final groups of polyglycol oils on the
indexes of quality are adduced in Tabl. 7. [20-24].

Table 4
Indexes of synthetic oils, produced by IPChl Baku
Index Indenter 1 Indenter 2 Indenter 3 Indenter 4
Viscosity, cSt:

at373 K 35,75 7,56 36,05 39,07

at323 K 234,48 29,04 208,44 257,46
Index of viscosity: 115 135 131 120

Temperature, K:

flashing 579 495 527 513
solidification 269 251 255 250

Density at 293K, kg/m’ 869,6 841,0 848,1 8718

Indenter 1 - poly-a-olefine oil; indenter 2 - copolymer of ethylene and propylene; indenter 3 - copolymer of
ethylene and propylene; indenter 4 - poly-a-olefine oil, thickened with polymer (SKEP)

Table S
Lubricating properties of polyglycol oils
. Molecular Kinematic viscosity
oil mass at 313 K, cs at 318 K, cs at 353 K, cs
200 258 19,8 4,3
Linear polypropyleneglycols 600 43,7 353 8.4
1000 77,7 - 15,3
2000 197.6 1633 40,5
500 1104 76,6 12,3
Ramified polypropyleneglycols on 3000 265,8 - 458
base of glycerin 3000%* 2242 175.5 41,8
3503 330,1 - 76,7
3500%* 300,0 - 52,0
Blockopolymer of ethylene and
propylene oxides on the base of 5000 559.3 - 101,2
glycerin
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Continuation of Table 5

L 1500 1323 - 31
Statistic coleoi)gizﬁzso(;fi dpé:pylene and 2500 268.9 230,0 60
2500%%* - 2373 59
* - Polyol LG-56, ** - Syntheso D201, *** - Orites-270 DS.
Table 6
Lubricating antifriction properties of polyglycol oils
‘ Molecular Boufldary Diameter of Hydrodyl_llizmlc2
Oil mass loading on | wear spot, mm | effect, 107", m
ball, N
200 238 0,62 0,528
Linear 600 242 0,53 0,589
polypropyleneglycols 1000 246 0,51 -
2000 262 0,49 2,16
Ramified polypropyleneglycols on the 500 226 0,58 1,67
base of glycerin 3000 320 0,52 -
3000% 308 0,41 1,35
3503 - 0,71 -
3500%* - 0,57 -
Blockopolymer of ethylene and 5000 349 0,49 -
propylene oxides on the base of
glycerin
Statistic copolymers of propylene and 1500 361 0,73 -
ethylene oxides 2500 402 0,68 8,09
2500%%* 447 0,64 6,96

* - Polyol LG-56, ** - Syntheso D201, *** - Orites-270 DS.

IL.Naphtene oils.

Properties of the naphtene oils are adduced in
Tabl.8 [15-20].

Dependence of dynamic and kinematic viscosities
and density of oil Risella-33 on temperature is
adduced below: T, K 303,323; n.cp 104,35,5; p,
kg/m’ 873.861; v, cs 120, 41.2.

Demands to the naphtene oils for ethylene
compressor are adduced in Tabl.9 [15-20];.

II1.Polybutene oils.

ethers; they do not dissolve in the most of high

Polybutene oil — is linear polymer with average

transparence viscous light-yellow fluid: vs;=80-

Polybutene — linear polymers with the molecular
mass 500-1500. Most of moleculeks of polybutene
contain only one final double bond with minimal
quantity of cross bonds. This polymer is stable.
Polybutene do not dry, do not become like paraffin or
sticky even after long-duration storing. Important
properties of polybutene are as well light colour,
absolute transparence and absence of smell
Polybutenes are soluble in petroleum, in aliphatic and
aromatic hydrocarbon chloride, in lubricating oils,
polar solvents [1-5].
molecular mass from 400 to several thousands. This is
(293 K)=850-890 kg/m’[1-5].

200 cs; vigo 15-40cs; t5. (in opened crucible)=438; p

Table 7
Indexes of olygoethers indenters for synthetic oils
Index Unit of measure| Indenter Nel Indenter Ne2 Indenter Ne3
Content of OH-groups % 1,48 0,48 1,05
Content of moisture % 0,10 0,042 0,10
Content of K* mg/kg 17.2 22.3 -
Acid number mg/g 0,117 0,365 0,02
pH 6,20 5,35 6,70
Dynamic viscosity
at 303K 4058 290,8 456,1
at 323K cs 173,5 129.8 196,2
at373 K 427 33,1 48 4
Turbidity point of 1%
solution of polyether K >363 >363 >363
in water
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Iniienier Nol: olypoeilier *-2502-2-70 wiii inai OH-aromps;
InAenier Ne2: olypoeiiter ~-2502-2-70 wiii nai OH- ani1 buioxyaromps;
Iniienier Ne3: olypoeiiter 11601-4/2-50 wiii inai OH-group.

Table 8
Properiie3 oi napHiene oiix
Newiny
ai 293K . e " . LWasb leTperainre
Oii KII'!ETaIIC yiscoaily Tve_T_per'amre (Titi K
ai 310,8K(y), c3  oi 3oMiiiicalion (T&.), K
(pi93),
K4/T3
Ki8ella-17 867 9,91 223 407
Ki8ella-33 884 76,5 255 480
~iorex-350 859 15,8 264 497
E880-Cbri8lo 879-889 76,6-81,0 253 491
MKM-40 873 67,1 255 468
70,39 (323 K)
MKM-70 884,3 11,77 (373 K) 260 473
43,1 (323 K)
5350 880,8 8.37 (373 K) 249 471
68,0 (323 K)
KP~-201 - 11.8 (373 K) - 493
MMK-12 858,3 11,9 (323 K) 228 438
Table 9

CHaraclerixlic oi napHiene oiix ior Inbricalion oi eLLlylene HigH-prexxure coTprexxorx

Keaniretenis A .
pkiene coTpressors oild

Iniiexes TC 38-101 434-74
NKM-70 N~N 40 KizelMa-33
<880 884,3 873,0 884,2
Ben8lly (p|93). ka/T3 ’ ' '
Iniiex or reinaciion (Ti|/3). <1480 1,4800 1,4794 1,4820
8pecilic
Viigper 8ion (P,C) - o % %
8co8iiy Kinetaiic, (8B
ai 323K 36-41 70,39 37,09 40,96
ai 373K 11,77 7,88 7,69
A8Co8iiy initex - 85 - -
Acili nutber,
1 KOH/a <0,01 0,006 0,006 0,007
TeTperaiure, K
or 8olinicaiion <263 263 260 253
or ra8iing >463 478 468 475
in openei crucible
Colowr wii ala88 Ne2
on KH-51 T 1 >270 270 270 270
Te8i of conieni or orAanic 818iain8 818iain8 8118iaing 8118iaing

iTpuriiie8
Conieni or Taier - - - -
Conieni or Tecitanical iTpuriiie8 - - - -

aMiitoes:

Moiecniar Ta88-860; loiiine nutber - 33,94 g or
ioinine/100g or proiunci; VIO =287,6¢8; £ (in openei
crucible)=417; conieni or Toi8inre -ab8en.; conien! or
Tecinanicai iTpuriie8 ctecb.=0,06 %Ng; conieni or ion8

O”ax: p(293K)1030ka/T3; colow-liabi-yelloNe;
poini or iropralllng inr=373K ; 8itciure-8olii; aciin
nutber 10-15; alkali nutber 111-133 [5-15].

1Y.Polyyynilbulylelller (P'YBE): VI8Cov8 Wmiii
win ligbi-yelloNe colour or colowrle88 il 3peciiic
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smell, does not dry. Density 903-921 kg/m’ , index of  ethylene plants little and

refraction 1,450-1,457; does not dissolve in water; medium productivity (term of seal service 1000-
relative viscosity of 1% solution in toluol 0,63-0,68; 4000 hours).
molecular mass 2500-5500; chemical formula[16-24]. More over, according to firm Esslingen term of

work of seal clements during lubrication with
polyglicol oils 3-5 time bigger and increases from
CH, CH, N 1000-4000 hours fo naphtene and polybutene oils to
5000-15000 for polyglicol oil, According to firm ELF
expenditure for 11 of polyethylene during transition to

CHs—ﬁ)H—[—CHZ—?H—]n—CHZ—?H—R
C

Hs

Conclusions lubricating from naphtene oils to polyglicol Orites
Polyglicol oils in comparing with naphtene have 270 DS decreased from 3-4 to 1 kg/t.

advantages: At the same time from 0,02 to 0,15% of oil ingress
- low solubility in ethylene and npn saturation by into polyethylene, which decreases durability of
cthylene viscosity, antiscizure and antiwear  polyethylene to thermal aging and photooxidation

properties do not change; processes and electroisolation roperties.

- low loading ability which force to limit of
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3. InyeBiigaiion or Yi8eom8-anri-
Tbertal ProperiieB or bubrieanl8
Iniroiineiion
I I8 «knogan, iail  yi8com8-anii-linertal

cbaracierig8iic or 0il8, paiiicii are n8eii in bi§b-preg8sure
coTpre88or8, i8 ome or fiile iTporiani operaiing
propeiiie8 o' 1ubricani [1-6]. Tiii8 Velertine8 by 8ucii
ba8ic rea8ons:

*  Por 0il8 or one citeTical §rovp aniigaear ani
anligei2ure characleri8lic8 increa8e paiien yi8co8iiy
increa8e8. Anl/ al8o yi8co8/ly increa8e8 paiien pre88ure
increa8e8. Por napifiene oi18 paiten pre88ure increa8e8
rrot 0,1 To 100 MPa, yi8co8iiy increa8e8 by 10-20
liTe8.

e “ben ietperainre increa8e8 yi8co8iiy
Vlecrea8e8, pre88ure iniivence on yi8co8My becoTe8
1e88 noliceable.

e Tbu8, yalme or yi8co8iiy ciange pavien
pre88ure cbange8 iiepenl18 on cotpo8iion, Siruciure
or Tolecule ani letperaivre.

. ExperiTeniai

Te8iing or VI8CO8INy-anit-"beMual ciiaracierigiic
[Jaere carrieii ovi on iiie yi8co8iTeier BIMXX-4 uging
8ianifarii Teiliol8.

Y8con8-ania-iiertal properiie8 or Tacbines,
napitiene, polybuiene, poly§lycol anii oiber8 0il8 ror
eibylene biSb-pre88ure coTpre88or8 paere eyalwuaieli
by:

. inexe8 or WynaTic n anit Kinetaiic V
yi8co8iiie8 in iiie Miapa8on or iite leTperainre 20-100°
C wi e VI8Q08ITe e BIMXK-4 (Tabl. 1);

. iiertal coeiticieni8 - correlaiion8 or
yi3cosiiies ai ii anci 12:

Y (€
\yiiere KineTaiic yiscosiiy ai 45°C (Ci) or ai
50°C (C2);
Y - kineTaiic yi3cosily ai 90°C (Ci) or ai
100°C (C2); ’
yi  *ror poiybulenes C]_= y4br/ ylm<);

e 1liiertal coellcieni or'yi8co8iiy

17

T Cy = Ypil\h' Cyr = <yn-y’r)K
V,

' or '3 2
ror in8iance: ror oil8 paiili loma yi8co8ily anit
TCCiinT yiscosiiy

rCLlI = l,OO___'lOOO (3)
For A3 \¥IILIU£EILyi3co3iiy
TCYy _ .1i25 @)
in lin3 \york \ya8 uscci coclTIcicnl
mnii C=1; (5)

e inieryal coekTiciemi or yi8co8iiy

=N . ! (6)

(20

in 18 paork paa8 u8eii coelllcieni
AT = QG @)

parateier8 a aniB orcurye lgV=a +B Ig
Cpaiiere B - Tangeni or obin8e angle or incline or
8Maishh

e linelg V=d (g I, o ine axi8 or ab8ci88a8;
in iie paork faere u8eii Tore conyenieni liepeniience8
or'yi8co8ly on inyel8e

e parateier8 aaniiB orcurye IgV=a +8 Ig
l,paviere B - Tanmgeni or obiv8e anmgle or incline or
8irai8iii line Ig V= ¢ (Ig 1), To Tite axi8 or ab8ci88a8; in
iiie paork faere u8eit Tore conyenieni iepeniience8 or
yi8co8iiy on inyer8e ieTperaiure ror riniing iie acuie

an§le:
IEH = ri + é)
©)

A8 criierion8 or a88e88Teni or yi8com8-anii-
Tiiertal properiie8 gaere ciio8en:

1a~.

\yliere b; = m i =1.23;
B

1. bi ror 11 =30°C, 12=90°C ;

2. b2 li =30°C, 12 = 60°C ;

3. b3 li = 60°C, 12=90°C ;

4. Tean arifinneriicai

b= (20)
5. Tean cujaclnlic
=0 A (11)

6. Tean “waiatic Keyiaiion rroT iiie Tean
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arifiwiencai 51 ] = M=l(be—12 (12)

Oii8 w il ie88 yaine or iniexe8 Cb TCV anit AT
bayepnooli yl8con8-anii-iberwwuai properiies.
Beciiyiiy or yl8con8-anii-iberwai citaraclen8lic or

ol 8Iraiglv Vine 192! =/ (ig ~ 1 lo Vie axiB or ab$ci$$as$:
1e88 yaiune or coerricien! b, 1688 cbange8 Y18co8lly rrowu
lewperaivre. Tbl8 paraweier Ta8 n8eli a8 8mb8lilulion
. " N . . lo i€88 ileiinabie iniiex or'yl8co8lly.

oii Tea8 founvi by Ll langen! or acuie anaie or inciine Ke8wil8 or caicnialion8 or coeriicienl8 Ci, TCY2 AT

Table 1
Cotparable yiscous-an[-LLertal cHaraclerixiicx or oiix anf, Inbricaring coTpoxinonx
Oii, aiiiiiiye Kinetaiic yl8co8lly a! 1°C, c8
‘ 20 30 40 45 50 60 90 100
Kl8eiia-33 126 68,5 49 42,4 27,7 10,4 8,8
Kl18eiia-i7 18,9 13,9 12,3 10,5 7,8 4,1 4,02
Yiiorex 334 132 78,9 49,7 42,9 26,3 11,3 9,13
B83-CUrli8lo 121 68,9 53,8 47,9 28,2 10,6 10,3
5350 131 69,2 42,5 39,3 29,0 11,9 8,7
Ya&iine oii 78 50,4 44,6 34,9 23,8 9,9 7,74
XM-40 80,2 56,6 47,8 39,3 26,8 10,6 9,79
XM-70 1484 83,2 65,07 52,72 36,26 15,9 12,82
Polybulene ror 16321 7422 5830 3683 1961 374 288
ccyniTiine aniinye8
Poiybulene Treiikal-99 1799 1475 1074 759 464 146 53,7
botToiecuiar 61404 13842 12851 7277 1968 172 93,6
poiybulene
KiBeiia-33+ 49 630 300 220 182 108 365 30,2
Poiybwulene ror
rceyniriiie 50 826 405 275 233 139 42,9 348
aniiliye8
KPb 20i 420 258,2 115 89 68 42,8 15,4 11,8
Neilco Cb 1000 824 378 194 143 104 61,86 23 20,6
Neilco Cb 1200 880 430 225 184 120 71 26 23
Neilco Cb 1500 1190 612 300,4 215 158 90 29,5 25
Orile82106 8 650 462 280 237 186 135 59 46,8
Poiyoi bO 56 362 224 175 143 98 41,8 36,9
Ori'e8 (regen.) 443 226 177,2 130 60,3 497
8yn!iie8o b 201 800 461 300 245 200 140 62 52
8yn!iie80 b 20LL 865 615 310 262,4 210 144,2 62,2 50
8yn!iie8o b 202 890 634,9 307 264,7 208 138,9 57,9 46
Breox Cb 1300 409,9 250 205,4 171 125,8 63,2 52,8
Breox 1400 485 272 221,7 181 127,6 58,2 47,4
K8M 443 232 176,4 138 61 50,86
baproi 202 44,1 25,8 19,8 16,5 10,7 4,3 3,9
baproi 602 63,6 43,7 35,3 27,7 19,6 8,4 7,77
baproi 2002 298 198 163 135 93,1 40,5 38,9
baproi 503 209 110 76,6 59,6 36,6 12,3 10
baproi 3003 295 176 143 119 86,2 41,8 351
baproi 2502 417 269 230 182 137 60 53,96
baproi 3503-2-70 574,6 338 275 228 162 76,7 64,47
baproi 3503-2-B5 374 230,5 190 159 115 58,9 49,29
PYBB+KI&iia, %
100 - 12227 5799 4239 3021 1970 720
50 50 970 483 360,5 304 197 68,7
- 100 126 68,5 49 42,4 27 10,4 8,8

WierTai propelies Ol'one IEYEl YI8C08Ily OlI8, ror
ancibi, b2 b3, b, bg, 8niror napiiiene, poiygiycoi arci

poiyiiniene oii3 anci giycerin are acicivceci in Tabl.2. coericienls bb b2 b3 b, biy, §n!I8esliTalions can
Coerricienl8 Ci, TCY2, AT are coniiiiionai anit are be M@ ror Tore \yicie ciiapa3on oryiscosiiy.
n8ein ror ed/waion anin cotparl8on or'yl8oun8-anii- Ke8nil8 or caicmialion8 or coerricienl8 Ci, TCY2
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AT anci b|. b2 b3, b b,,. 8ni lor napiiicnc. poiygiycoi
anci poiybulene oil8 anci aiycerin are acicivceci in
Tabl.2. CoeriicieTtk C1, TCV2 AT are coniiionai ani
are WKei ror ekiTalion anii cotparikon or VIKCOMK-
aniilibertai propeitiek or one ™ e i VIkcoki®y oiik, ror

coclTlicnl8 b|. b2 b3 b, bp, 8ni Vil8 esiiTaiions can
be useci Ior Tore Teiiic Viapaxon ol \i$co$ily.

I1. Ke8ull anri J118cv88lon

1. Analy«I8 ol" re8ull8, Tebleb are aiilineeii In
Tabl. 1 anii Tabl. 2 8bote8, Ml ror naplllene oiik
~orex-334, Ekko-Cirino, 5350, Kikeiia-33, NeKM-
40 Teilld kiTiiar Vlkcoki™y kineTaiic VIkcoki®y e’valk a”
90°C 10,4-11,3 ck anih a! 45°C 47,8-53,8 cKk
coericieni C1Vatiek rrot 4,4 1o 5,08; TCV2- IroT
2,6 o 457; AT - rrot 1,16 'o 2,0 ck/°C; bl- rroT
1,838 lo 2,245; b2 - r'rot 1,581 lo 2,322; b3 - rrot

1,997 K0 2,903; b - IroT 1,899 1O 2,243; bp 'rot
1,921 KO 2,247; 8ni [Iror 0,1219 KO 0,5270.
~ec”ea8lng o yl8eo8ITy ol oii Kigella (coTp. Kikeiia-
33 anii Kikeiia-17) rrot 10,4 lo 4,2 ck (a! ~60%) a!
90°C anit rroT 49,1 lo 12,3 ck ( a! ~75%) a! 45°C
leaiik 'o Wecreaking or coervicieT k Ci r'rot 4,72 lo
2,93 (al~62%); TCV2- rroT 3,32 o 1,89 (a!~43%);
AT - rrot 1,86 lo 0,25 ck/°C (a!~87%); bl- rroT
2,245 o 1,379 (a!~35%); b2 - rrot 1,861 'o 1,274

(al~32%); b3 - I'roT 2,903 KO 1,555 (al~46%); b -

rot 2,336 O 1,403 (al~40%); b”™- I'roT 2,376 O
1,407 (al~41%); 8nilrot 0,5270 KO0,1420 (alr~70%).
Necea8Ing ol yl8eo8INy ol oii NKM (coTp.
NeKM-70 anii NeKM-40) a! ~33% a! 90°C ani1 a! ~43%
a! 45°C leaitik 'o liecreaking or coermciet k C1 al
~15%; TCV2al! ~31%; AT a! ~62%; b al~20%; b a!

-22%; b3ai -18%; |- I'roT 2,369 HO 1,899 (al—20%);

iy,- rrot 2,3899 lo 1,9210 (a!~20%); 8rtlrroT 0,3848
10 0,3520 (a!~8,5%).

Por Lle «kiaiikiic copoiyTter or propylene ani
elllyiene oxitek or oiik K8M, Oriiek-210 ~8 ani
Naph0l1-2502-2-70  Teilll «kiTiiar  Vikcokity  Llleke
coeriicienik clliange LLMe.

Por poiybulene anii Tinerai oiik coeriiicienik Cl,
TCY2 AT Va'y in Teiite bouniik, coerricienik bu b2 b3
are cotparabie Teilll napLLlene ani1 poiygiycoi oiik.

TLLK Tee can iniroiince Tean KWT or eaclll
coericieni ror generaiireit akkekkren! or VIKcovk-ani-
IierTai cbarac™eMikiic or oiik (Tabi. 2).

By LLjik ekiiTalion Tee baye a rote or oiik by
VIkconk-anii-*be™tal propeiiek

19

- >
a) by C1 poiybT ene > giycerin > Tinerai > naplLlene
> poiygiycoi;

b) by TCY2 piycerin > poiybulene> naplllene >
Tinerai > poiyaiycoi;

- >
c) by AT poiybT ene > poiygiycoi> giycerin > Tinerai
> naplllene;

- >
i) by b1 giycerin > poiybT ene > Tinerai > naplLlene >
poiyaiycoi;

- >
e) by b2giycerin > poiybT ene > naplllene > Tinerai >
poiyaiycoi;

- >
r) by b3giycerin > poiybT ene > Tinerai > naplLlene >
poiyaiycoi;

) by ayerage or kut or C1, TCV2 AT

- >
poiybT ene > piycerin > Tinerai > poiygiycoi >
naplLLlene.

AkkekkTen! or VIkconk-anii-“be™al propeiiiek or
OiiKk by Tean KuT or coeriicieT kbl b2 b3 (L4! ik by

IFanin bp), Teiiicii lake3 accouni ol Ieciiyily ol
nepeniience y =/(T) ai nilTerenl leTperaite 3ecion3
(paiik) pgiiek anolller rote or oiik by VIkcomk-anii-
LLlerTai propeniek (in oriier or LLgb ekiiTaion):

a) by b piycerin > poiybulene > Tineral> napiiiene >

poiyaiycoi;

b) by bp giycerin > poiybulene > Tinerai > napiiiene
> poiygiycor;

c) by 8ml poiybTene > Tinerai > poiygiycoi>
naplLlene > 8iycerinm;,
) by Tean Bwn ol"coelicienl3  bp. 8ni

piycerin > poiybulene > Tinerai
poiy8iycoi.

Aepeniiencek or
VIKcoki™y I'ToT "eTpe™a’™”™e anii prekkure Tebicb are
repreken'eii in Pig. 1- Pig. 3 [4; 7], conirT
prererencek or poiygiycoi oiik. In Pig. 1 liepeniience

> napllene >
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or iynatic VI8Q8IMy n (cp) ror iniiiai napbiene (1) i 4 accoriiin§ly) rroT leTperaivre 18 repre8enle.
anii 8lycol (3) oil8 anii LLIe8e 0il8 in 8aluraiton 8lale (2)
Table 2
VI8com8-anri-LLeTal cbaracrerisrica or napbrene anii poiygiycoi oil8 [7] anii poiiburene [8] ror
inbricarion or elLLlyiene buib-pre3snre coTpre8«or«

Oil8 A8comB-anin-LLlertal coeriicienis
Ci TO.4 nT bl b2 bs
N pbrene:
Ki8ella-33 4,72 3,32 1,86 2,245 1,861 2,903
Ki8ella-17 2,93 1,89 0,25 1,279 1,274 1,555
NeKM-70 5,23 3,74 3,07 2,303 2,022 1,783
NeKM-40 4,47 2,60 1,16 1,838 1,581 2,278
E880-Cbri8I0 5,08 3,19 1,83 2,215 2,099 2,414
~orex-334 4,40 4,57 2,00 2,233 2,322 2,081
5350 4,41 4,11 1,99 2,187 2,176 1,997
Poiyburene:
Polybulene ror 8uccyniTiite alinii"€Es
(M=860) 20,27* 8,18 265,8 3,443 3,065 4,070
Polybulene Treiikal-99(M=460) 20,0* 3,56 27,55 2,283 1,956 2,844
Ki8ella-33+50% or polybulene 7,02 5,64 13,05 2,693 2,572 2,900
(M=860) 4,87 5,05 1,99 2,214 2,468 1,781
Ki8ella-33+30% or polybulene
(M=860)
Poiygiycoi:
K8M 3,80 2,77 6,37 1,804 1,681 2,014
Orile8-210 ~8 4,02 2,60 3,72 1,873 1,574 2,384
~Naprol-2502-2-70 3,83 2,61 5,95 1,765 1,610 2,030
Clicerin 8,27 6,61 6,25 2,931 2,783 3,190
Minerai:
Cotpre8orna 12(M) 5,67 3,68 3,55 2,255 2,004 2,702
Va8eline 4,47 2,86 1,13 1,872 1,715 2,140
Inin8iirial-20 3,53 2,57 0,83 1,686 1,607 1,821
AVlacina M8-20 6,44 3,75 14,9 2,448 2,009 3,197
Qil8 ~8comB-anin-LLlertal coeriicienis
~pbrene:
Ki8ella-33 2.336 2,376 0,5270
Ki8ella-17 1.403 1,407 0,1420
NeKM-70 2.369 2,3899 0,3848
NeKM-40 1,899 1,921 0,352
E880o-Cbri8lo 2,243 2,247 0,1593
~orex-334 2.212 2,214 0,1219
5350 2,12 2,122 0,1067
Poiyburene:
Polybulene ror 8uccynitiiie annii"€8 (M=860) 3,526 3,549 0,5076
Polybulene Trelikal-99(M=460) 2,361 2,389 0,5447
Ki8ella-33+50% or polybulene (M=860) 2,722 2,725 0,1659
Ki8ella-33+30% or polybulene (M=860) 2,154 2,1729 0,3474
Poiygiycoi:
K8M 1,833 1,838 0,1684
Orile8-210 ~8 1,944 1,972 0,4096
~aprol-2502-2-70 1,802 1,809 0,2124
Clicerin 2,968 2,973 0,2060
Minerai:
Cotpre8orna 12(M) 2,320 2,338 0,3536
Va8eline 1,909 1,917 0,2149
Iniin8iirial-20 1,705 1,707 0,1082
AVlaci”na M8-20 2,551 2,598 0,6007
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Polybuienes baVe enowab bigb ieTperainres ol
Wasbing (ia.)[8], whicb increase when Tolecular Tas3
increases (M):

M 660 700 780 940 1410 1520

in,°C 280 325 360 >500 >500 >500

4000 Sy o JPboa b ooy i i
! /
| ! / :
| | ! g
W f]
L )
[ i
2000 l
ol
Ll
P
‘ 7
1000 o
Iig. 1. ~epeniience ol iynatic VI3cosiy ol iniiial oii 7 S)
(1,3) ani ol aii in 3aivraiion 3iaie by eibylene (2,4) on | 'rr T
ibe leTperaivre: e 77 J M
1,2-napbiene oii 8AE-40 (Kisella-33); 0 100 200 300 P, A
3,4-polyalycol oii Oriies 12578 (Oriie3 88 *8) Fig. 3. Relation of dynamic viscosity of
[4; 7I-| L B . _ _ polyalycol oil wib pre3sure ai 50°C (1,3) anii 80°C
n Mg 2 anii g3 relaiion ol ynatic VI3cosity (2,9):
I'roT pressure ol napbiene oil Coitex H23, polyalycol 1,2 - Oriies 125 ~8 (Oriie3 88 ~8); 3, 4 - Oriie3
Oriies 8878 (toiern Oriies 125 ~8), Won 75H 270 78 (Oriie3 210 ~8) [4; 7]
1400, Oriies 210 "8 (Toiern Oriie3 270"8) ani In Pig. 3 itepenitences ol iiynatic VI3cosity on

polybuiene Oriies ~66 (toiiern Oriies 125 M8) anit  pressure Tor polyalycol oil3 Oriies 125 A8 (Oriies 88
Oriies 100 (towern Oriies 270 M8) oil3 (i= 50°  ~8) anit Oriies 270 8 (Oriies 210 #8) ai i=50 i 80
80°C) are 3boLui. °C are represenieii.

P oo _ - Cotparing ol napbiene 0il3 by VI3cosity 350”3
L 3{ § { | ibai 0i13 wib low VI3co3i'y baVe Tore acuie VIcous-
‘ £ T anit-ibertal cbaracierisiic iban 0il3 wib bigb
'3 y 8 yizcosily. (Pig.4).
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2000 ! > i s f iy
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! { & AT 20
L L2 ~ANNEN
o /A{ o 1 L b
e Sl R — o, Mz
0 100 200 300 . .
rig. 2. Kelaiion ol VIscosi®y o 0il3 [roT pressure (ai ) oo B b
i=50°C): IMig.4. Viscous-anii-"be”*1al cbaracierisiic ol
1 - napbiene oil Coitex H23; 2 - polyglycol oil napblene'0|1: 0 e o
Oriie3 125 ~8 (Oriie3 8878); 3 - polyalycol oil LLlon 1- Kisel1a -33 + 50% ol polybuiene “Treikai-

75H 1400; 4 - polyalycol oil Oriies 270 A8 (Oriies 99"+ 2 - Kisella 33 +30% of polybuiene for
210 A8): 5 - polybuiene oil Oriies 125M8 (Oriies * 3ucecyniTine annii*es; 3- NKM-70; 4 - Kisella 33; 5

66); 6 - polybwmiene Oriie3 270 M8 (Oriie3  100) [4; - X ’\_apan); 6- Lllorex-334; 7 - XKM-40; 8 - 5350;
9 - Kizella-17.
Viscoms-anii-"be”tal cbaracierisiic ol
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polyglycols: Laprol-202; Laprol-602; Laprol-1002;
Laprol-2002; Laprol-503; Laprol-3003; Polyol LG-
56;  Laprol-5003;  Laprol-1503;  Laprol-2502;
Syntheso-D  201; Orites-270 DS (regenerative),
Syntheso-D 201 N; Laprol-3503-2-70; Laprol-3503-
2-65 are represented in the Fig. 5.

0V-10°% m2/¢ 1000

200

100

20

10

TTTTTT TTTTT

1 ] L
360 T, K

Fig. 5. Viscous-and-thermal characteristic of
polyglycols:

1 — Laprol-202; 2 — Laprol-602; 3 — Laprol-1002;

4 — Laprol-2002; 5 — Laprol-503; 6 — Laprol-
3003,

7 — Polyol LG-56; 8 —Laprol-5003; 9 — Laprol-
1503;

10 — Laprol-2502; 11 — Syntheso-D 201; 12 —
Orites-270 DS (regenerative);

13 — Syntheso-D 201 N; 14 — Laprol-3503-2-70;
15 — Laprol-3503-2-B5.

This information is adduced in Tabl. 1 and
coefficients of viscous-and- thermal characteristic are
calculated.

Viscous-and-thermal characteristic of statistic
copolymer of propylene and ethylene oxides of oils
KSM, Orites-210 DS and Laprol-2502-2-70 with
similar viscosity is represented in Fig.6.
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Fig. 6. Viscous-and-thermal characteristic of
synthetic oils:
1 —Orites -210 DS; 2 — KSM; 3 — Laprol 2502-2-
70; 4 — Glycerin; 5 — Esso-Christo

Conclusions

1. Studying of viscous-ancd-thermal properties of
naphtene and polyglycol oils and choosing characteristics that
the most complete characterize these properties.

2. For the first time, an estimation of the viscous-and-
thermal properties of lubricating oils and compositions on
their basis was made for the lubrication of surfaces of solids
of dynamic contact of friction units designed for high and
high-pressure ethylene compressors, according to a complex
criterion:

o theratio of viscosity of oils for two temperatures;

o relative temperature coefficient of viscosity,

¢ interval temperature coefficient of viscosity;

o three coefficients of an adequate equation of
approximation of the logarithm of viscosity dependence on
the logarithm of temperature for three temperature intervals;
on 30° to 90°C, on 30° to 60°C, on 60° to 90°C.

3. The comprehensive assessment of the viscosity and
temperature  properties of these lubricating oils and
compositions of lubricating oils behind the root-mean-square
and arithmetic mean of these coefficients and the root-mean-
square deviations from the arithmetic mean of these
coefficients was represented. which made it possible to
compile 11 rows of the efficiency of the lubricating oils.
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4. Investigation of  antifriction
properties of naphtene and polyglycol
oils during little and high loading of
solid lubricant pair

Introduction

Analysis of literature shows that 3 types of
lubricants: naphtene, polybutene and polyglycol oils
are used for lubrication of ethylene compressors.

Naphtene oil which ingresses into polyethylene
do not lower quality indexes of polyethylene but have
shortcomings:

¢ substantial solubility of ethylene in oil and as
a result substantial lowering of viscosity and others
hydrodynamic properties forces to feed for lubrication
substantial quantity of oil:

o substantial solubility of oil in ethylene which
leads to substantial dl ingress into ethylene and as a
result increasing of extracting substances and
«smokingy» of mass during processing of polyethylene
into products and to scale formation on piston’s
surfaces;

e low loading ability which forces to limit by
ethylene plants of little and medium productivity.

For large technological lines was required
equipment, which guarantee high coefficient of using
working times. One of the essential factors directed to
this was using synthetic lubricants with high antiwear
and antiseizure properties.

Use of naphtene and polybutene oils for
lubrication of friction pair of the ethylene high-
pressure compressors substantially decreases using
coefficient of compressors equipment, but use of
polyglycol oils decreases properties of polyethylene —
dielectrical and sanitarian-hygienical indexes and
resistance to atmospheric and electromagnetic
influences.

Alloying of compressors lubricants with viscous,
antiseizure or others additives substantially decreases
temperature of flashing and decreases dielectrical
properties of polyethylene.

The ways of finding effective compressors oils
are alloying of oils with high- temperature or viscous
additives, which are similar to accordingly naphtene
and polyglycol oils and also synthesis of new
polyglycols.

Practical significance of turned out results
consists of exposed appropriateness, which let
substantially choose oil for lubrication of ethylene
high-pressure compressors and define ways for

«Cosden Petroleum Corporation». — Translation No.

P-121,

subsequent investigations. New criterions of
assessment of viscous-and-thermal and antiwear
properties which are brought in let use them for
assessments of others lubrication materials.

I. Experimental

Wearing of bronze (firm «Kranz»), Beryllium
bronze Bp BHT-2,5-1-68, Tina- Stannum bronze Bp
OC 12,2, Tina-phosphorous bronze bp 00-10-land
composition material on the base of aromatic
polyamide phenilon C-2+20% of graphite fiber from
hydrocellulose,  (viscose)  graphelon-20  was
investigated on three-pin-disk friction machine.
Specimens pins were made in shape of three fingers
with diameter 6 mm and height 15 mm (last sphere
6,35 mm). Counterfaces were made by method of
pressing and annealing of metal-ceramic bronze
(wolfram group BK-6 and BK-11) as inserts with
d.=45,0 mm, d=25,0 mm and thickness 15 mm (HB
8200-8400 MPa; Ra,=0,04-0,06 mkm). Normal
loading on one specimen Ni=67 N, velocity of sliding
1,3 m/s, time of investigation 4 hours (friction track
16,14 km), temperature 318+2°C. Lubricant -
polyglycols Laprol 2502-2-70, Laprol 2002 and
naphtene oil Risella-33.

Intensiveness of wearing was calculated by
diameter of wear spot (wear capacity):

J= L[ﬂ”i}
NS|N-m|
(1)
where V; — average volume of wear capacity on
one sample [mm’];

N; — normal loading on one sample [N];

S — wear track [m].

Results of investigation are represented in Tabl
1. The result of wear intensity J = (0.21-2.4)-10*
mm’/(H-m) are calculated by diameter wear spots d; =
0,754-1,461 mm, according to which it is possible to
estimate approximately the limits of lubricating film
specific loads.

As we can see from the Tabl. 1, during little
loadings (N;=67N) and relatively high sliding velocity
(8 = 1,3m/s) for pair «bronze — BK-11» and «bronze —
VK-6» preferences of polyglycol (statistic polymer of
propylene and ethylene oxides Laprol-2502-2-70 and
linear polypropyleneglycol Laprol 2002) oils to
naphtene oil Risella-33 are not seen and on the
contrary, for pair «graphelon-20-BK-l 1» and
«graphelon-20-BK-6» polyglycols are more effective
than naphtene oil.

Except specimens of bronze (firm «Kranz») and
Bp O® 10-1, for which intensiveness of wearing in
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iriciion on BK-11 iivring inbricaiion wiii poiygiycoi8
1,09-1,55 iiTe iarger iilan on BK-6, ior iiie re8i oi
8peciten8 iroT bronre (bp OC 12-2 anii bp BHT 2,5-
1-68) "earing on BK-6 1,02-1,48 iiTe bigger iiian on
BK-11.

In pgenerai: ~earing oi 8peciten8 iroT bronre
ivring Inbricaiion wiii poiyaiycoi 0il8 1,31-5,86 iiTe
in iriciion on BK-11 anii 1,11-4,84 iiTe in iriciion on
BK-6 bigger iiian wiii napiiiene oii.

li i8 nece88ary io pgiye an e8iitaiion oi iiie
aniwearing anii anii8craiciiing properiie8 on iiie
re8uli8 oi ie8i8 on a lour-baii iriciion Taciiine. Tiie
8peciiic i0aii8 oi 1850-7500 MPa can be aciiieyeii in
coniaci oi "orking boiiie8 oi a iour-ball iriciion
Taciiine.

4.2. Tour-iiaii iriciion Taciiine

Cortparable ciiaracieri8iic oi ioaiiing capaciiy anii
aniwear properiie8 oi inbricani8 on ionr-baii iriciion

Taiiie 1

Aniiiriciion properiie8 oi napiiiene an poiygiycoi oii8 iinring i~e8iigaiion oi pair

mbicani 8peciTten
Ki8eiia-33 Bronre (iirt «Kranr»)
ap™ol 2502-2-70 -1l-
~ap”ol 2002 -Il-
Ki8eiia-33 Bronre bp OO 10-1
~aphol 2502-2-70 -Il-
~ap”ol 2002 -Il-
Ki8eiia-33 Bronre bp OC 12-2
~aphol 2502-2-70 -Il-
~ap”ol 2002 -Il-
Ki8eiia-33 ifonre bp BHT 2,5-1-68
"ap”ol 2502-2-70 -/l-
~ap”ol 2002 -Il-
Ki8eiia-33 Orapiieion-20
~ap”ol 2502-2-70 -Il-
~ap”ol 2002 -Il-

Taciiine in iiigii-ioaii coniaci coniiiiion8 iei8
ciioo8e iiie To8i eiieciiye one.

Te8i8 ~ere carrieii oui on iour-baii iriciion
Taciiine [15-18], Maciiine parateier8 anii ”“ear
iniiexe8 ~ere iounit:

1) refaiiye 8liiiing yeiociiy#

2

Aiiere iib- baii’8iiiateier (ilb=12.77171); @

0 - angwiar roiaiion yeiociiy oi npper baii;

a - angie in iiie ba8e oi pyraTiii iroT iiie baii8
(bei“een ieiraiieiiron iieigiii anii eiige -rib oi
TT) e'Wwal8 35°20';

n - roiaiion yeiociiy oi wpper baii; n=i470
roi./tin., (i=24,5 81) iivring ”~ear ie8iing; n=1140
roi./Tin. (i=19 c-)) iiuring ie8iing oi ioaiiing capaciiy;
iinear yeiociiy 0,09 i 0,07 T/c accoriiingiy;

i - roiaiion ii“nency.

2) ioaiiing on one baii in iiieoreiicai poini oi
coniaci:

N

. N -=0,4086iY « 0,4LU .
3co3a

3-0,8158

M =
@)

~itere N - axiai ioaiiing on iiiree baii8.

24

~ear inien8iyene88 oi 8peciten #, (x 109
T T JI(NeT)
counieriace

BK-11 BK-6
1,48 1,17
2,40 2,05
2,02 1,30
0,33 0,53
0,83 0,76
0,76 0,70
0,32 0,53
0,47 0,68
0,42 0,62
0,21 0,32
1,05 1,55
1,23 1,26
1,50 1,56
1,24 1,17
0,95 0,77
3) iriciion coeiiicieni:
f‘ﬂz fﬁl = ffrl = fﬁl :—Zlff;'a
N, 3N, 5, N4y sinay dNga
cosq 2 cos@
3

. o (4)
Aiere Pir- iriciion iorce;
| - iTiBiance iroT iiie roiaiion axi8 io iiie coniaci
poini oi ieyer wiii ien8ioteier (1=83 171);
iir- iorce, iifai benii8 ien8iiebeat:

2-83- f,

et ffr M
12,7-0,7089N

2

= 18,4382

®)

Iniiricaiion layer ai iiie enii oi iriciion:

Miiere iiH - iiiaTeier oi eia8iic iieiortaiion area
by Herir, ~iiicii i8 caicwiaieii by Herir’8iorTuia:
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"ere E - Toiniw oiball’8eia8licily (ior 8leei LLIX-
15 E=2,1105M 'T1T12);

N - norTai ioaiiing on 3 ball8 [N1;

5) 3peciiic loaiing, yiicii 18 ai Vie enci ol iriciion:

p o N, _4-04IN _05223N
ET "33 aaagz 2 >
d w 3,14d, d;
4
_ ®
“ere i\ - ~ear 8po! iiiaTeier.
6) oyeritaii oif 8peciitic ioaiing, “~Mcin 8lanii8
Inbricaiion layer ai Ilie beginning ol 8liting;
9)
7) ioain capaciiy coeviiticien! olioii:
(10)

8) nynroinynaTic eiviec!s,
conitilion8 oin bownidary iiriciion “~ere caicuialein by
ortuia8:

ai Mie bepginning o 1e8ling

(17)

(12)
"bere p- Iien8ily oinoii [ka/T3
M- ynaTic yl8co8lly oiioii [Ne8/TZ];
V- KineTaic yi8co8ily oiioii [T 28]
n - 8iiling yeiociiy [1/c];
MH - liaTeier by Herir anii iniateier oii~ear
8po!;
Ni- norTai ioaliing on one baii Ha [N1,
9)

8€I2iire loaiting or long-iiuraion \yearing:

@)

(14)

Jeneraiireii ~ear iniiex (by 1e8ling re8ui!8 on

25

Abere i, nH “ere ciio8en rot N=200 N lo
Ne ~qr. (8eirure) by 100 N + it* al N . (8eirwre).

BiTen8ion aeneraiireir ~ear initex i8 kno”n a8
~eii [33]:

NN

n

- M

olyizZi» =

a7

=1
(vp 10 N<3100 M), (N>3100%; n=20
Arliiticiai approacb oi 1ii8 initex 8lruclure i8
pre8en!.
10)
coniilionarl ani\year iniiex \ya8 nseii [3]:

AMciA ciaracierire

(18)
“bere N
w -

- Crilicai 8eirvre ioaiiing [N1;
ayerafe niateier o “ear Wuring iong-
nwuraiion le8ling;

iben ~e can caicuiale pgeneraiirei
anit\year properiie3 ol oil8:

iniex oW

(19)
(bigiier yaine ol 12, bigber a88€88tenl ol an'i\year

proper!ie8 o1 0ii8), “bere (iiTen8ionie88) - iniex o
~ear ioaifing,
N - ioaiiing, in ~bicb !e8ling oi iong-iuraion
~earing "a8 ione.

Coniiilionai ciAaracier oi1#i8 iniiex i8 8een.

8lali8lic iniorTaiion o ibree 8erie oii "ear
le8ling vor 1ie8e inbrican!8 ~a8 accuTwnialeir vior ibe
a88e88ten! oii ibe experiten! error: napbiene oii8
Ki8eiia-33 (3 8erie8), Kizeiia-17, NKM-40, NKM-70,
5350, Yilorex-334, EB880-Cbri8lo; poiyaiycoi 0ii8
Orile8-370 B8 (3 8erie8), Maprol-2002, 8ynibe8o- b
201 anii coTpo8ilion8 ol 0ii8 Kl8eiia+5% oii Orile8-
270 B8, EBPE, ”aprol-2502-2-70+20% oii EBPE,
~aprol 2502-2-70 +20% oA EBP, ~aprol 2002+20% oi1
EBP, "aprol -2002+20% oit EBPE (Tabi. 2). In ir8l

nvring anaiy8i8 oii aniTear proper'ie8 oi 0ii8
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anri ibirri 8erie8 nuwber or recurring, ie8i8 a8 5, anri
in 8600 8Eres3. 20 1ubricani8 “ere i€adl
(inriiylLnal anri coTtpo8iiion8). Por eacb 8erie8
ayerage friiateier or “ear 8poi, [Mi8per8ion8, Tean-
8™mare rieyiaiiow, coerricieni8 or yariaiion anri
Cocbran’8 criierion "ere calculaieri. Por ibree 8erie8
coerricieni or yariaiion yarieri rrot 2,58 io 12,46.
Table yalne8 or Cobran’8 anri 8iurieni’8 criierion8
~ere iaken by [32].

Por ike/ir3i 3eries of iesi3 calcuiaieC Cockran?3
criierion 2a8 0Oc=0,3880, ~bicb i8 1e88 iban rroT ibe
iable OT{N=5; n=5; a=0,01}=0,5875 anri OT {N=5;
n=5; a=0,05}=0,5065 ror 8ignllcance leyei a=0,01
anri a=0,05 accorriin§ly. Tbi8 conrirt8 ibe rero
bypoibe8i8 abowi ro”™ botogeneiiy (5) or Mi8per8ions.
Error orexperiteni ror Ibe rir8l eries:

w5

3.= =N H9— =°.°2365 T T

Proxy inieryai ror ayerafe yaive:
N0 A=0.05;/=(¥W-1>Y=M M « -~ Mol

Por ike 3econci 3eries:

0aic=0,3773, ~“bicb i8 1e88 iban rroT ibe iable OT
{N=6; n=3; a=0,01} =0,6321 anri Ot {N=6; n=3;
a=0,05}=0,5391. Tbi8 conrirt8 boTtogeneiiy or
Ni8per8ion8 ro” (6). Error or experiteni ror ibe
8econri 8erie8:

Proxy inieryai ror ayerage yaive:

__J_/'II?:OLI&/ =(M?H=i4~,. 21100342 =+0r71rr
AR ANI e

Por ike ikirC series:

Odlc =0,2356, “bicb i8 1688 iban rroT ibe iable
OT{N=9; n=5; a=0,01}=0,3934 anri OT{N=9; n=5;
a=0,05}=0,3344. Tbi8 conrirt8 boTogeneiiy or
Ni8per8ion8 ro” (9). Error or experiteni ror ibe ibirri
8erie8:

Proxy inieryai ror ayerage yaive:

/ 1a=005;/ =(N9 - 1=44 }-=+01"00608= ,821Ma.
£ ¥ *
~oining up or rir8i anri ibirri 8erie8 or'ie8i8 ba8 leari
io 8ucb 8iaii8iic a88e88Teni8:

Oa@lc=0,2173, ~bicb i8 1e83 iban rrot ibe iable
OT1{N=14; n=5; a=0,01} =0,29624 anri OT{N=14;
n=5; a=0,05}=0,25114. Tbi8 conrirt8 boTogeneiiy
or ~i8per8ion8 ro” (14). Error or experiteni:

M=

26

Proxy inieryai ror ayerage yaive:

1, {&=0,05;/ ={LL-\=6%
4bl‘T1 0

Ke8uli8 or recurring ie8i8 or 0il8 Kl8ella-33,
Kl8ella-33, Oriie8-270 58, "aprol-2002, 8ynibe8o-b
201, Ki8ella-17, NKM-40, NKM-70, 5350, Yiiorex-
334, Oriie8-270 b8 (n=5) anri 0i18 EBPE, Kl8ella-
33+5% or Oriie8-270 B8, "aprol-2502 +20% or
EBPE, "aprol-2502 +20% or EBP, ~apro1-2002+20%
or EBP, ™aprol-2002 +20% or EBPE are repre8enieri
iniabl. 2.

KeB8uli8 or' calculaiion 8bo” ibai [Mi8per8ion or ibi8
ro™ i8 botogeneow (a=0,05). Proxy inieryal8 ror
ayerage yalve: £0.0097; £0,0177; £0,0164; +0,0113.

Ke8uli8 or calculaiion are recalleri. Error or
experiteni rioe8 noi baye big yalve.

4.3. Aniirriciion proper!ie8

~Noaning capaciiy anri anii“ear properiie8 “ere
ieBieri on rour-ball rriciion Tacbine (PBPM) [15; 16;
17; 18; 19]: ball8 &oT ibe 8ieel LLIX-15(LLUO 52-54)
Nib MaTeier 12,7 7T, loariing iiTe 1Tin., roiaiion
nutber or wpper ball 1140 (rivring ie8iing8 or
polyeibylene§lycol8 roiaiion nutber or wpper ball
1470 per Tinnie) an”™ 4 bour8 an” roiaiion nutber
1470 per Tinuie rivring ie8i8 on loariing capaciiy an®
anii®ear properiie8 accorriin§ly (in 1a8i ie8i axial
loariing§ N=200 N; Ni=82 N).

KeBuli8 or ie8i8 on PBPM on loariin§ capaciiy
(8eirmre loaMin§ on one ball Ni) an” anii®ear
properiie8 (ayerage “iaTeier or “ear 8poi "i) are
a™wuce” in Tabl. 3-5 an” 8bo™n in Pig. 1-11.

A8 e can 8ee rroT ibe Tabl. 3-5, by loating
capaciiy oil8 are placeri in a ro” (by 8eirure loating
on one ball): polyglycol8 (~=333 N) > Tineral (NI
=245,9 N) > polybuiene (» =225,4 N) > napbiene (NI
=206,1 No), an” by anii”ear properiie8 by “iateier or
~ear 8poi rivring long- “uraiion ie8i8:

polybuiene (*=0,549 7 T) > polyalycol8(0,651
TT) >napbiene ("i=0,695 7 T) nTineral (*=0,740
TT).

Tbi8 ro” i8 8itilar io ibe ro”8 or by*ro”*ynaric
erreci8 ai ibe beginning (889 anri ai ibe en”™ (88Y) or
ie8i8:

by 8bH polybuiene > polyglycol > Tineral >
napbiene;

by 8K‘: polybuiene > polyglycol > Tineral >
napbiene.

Thai i8, Tore «8ori» con/iiion8 or bownriary
rriciion 1ea8 io 8taller yalne8 or “ear “ben loariing
con”®iiion8 or ie8i8 are relaiiyely 8tall. Thai i8 by
inriex Aben NiI*Tin in 4 bour8 i8 noi enougb
infortaiiye relaiiyely “iib a88e88Tteni or anii“ear
properiie8 or 0i18.

More inrorTaiion giye re8uli8 “ben Ni~rnin in
30 bowur8 or ie8i8 (rig. 1), or realiraiion or long-

52 00807 ~ m,,



Bichuk [prukapriarchkoro HarjioHaTbHOTO yHiBepeuTeTy iMeHi Bacumsa Ctedanmka. Cepis Ximist. Brmyck XX1 (2017)

duration tests (4 hours) in boundary of loadings from
N=80 N to N;=362 N (tabl. 0).

In this case we have a row by antiwear properties:
polyglycols > polybutene compositions > naphtene.

It is known, that increasing of moisture in
polyglycol oils decreases antiwear properties of oils
and quality indexes of polyethylene.

Addition to naphtene (compare Risella-33 and
Risella-33+50% of PVBE) [5], poly-a-olefin
(compare this oil and it with addition of 4% of SKEP)
and polyglycol (compare Syntheso D-201 and
Syntheso D-201 N) oils antiseizure, antiwear and
viscous additives leads to substantial decreasing of
flashing temperature.

Testing of mixtures of polyglycol oil and glycerin
shows, that antiwear propertiecs of such mixtures
substantially become worse when content of glycerin
is more than 3% in polyglycol oil (tabl. 7). Input of

viscous polybutene additives to naphtene oils up to
5% decreases wear of steel, and input of more than
5% — not substantially influences on wear.

Testing of wear from loading during long-
duration tests (Tabl. 6), which determine temporary
resistance  of lubricant to thermomechanical
influences shows the advantages of Risella-33 over
naphtene oil NKM-40 and advantages of polyglycol
oil Laprol over Orites. Input of viscous additives into
naphtene oil also decreases wear during long-duration
testing, but critical loadings do not change much
(Tabl.617).

From, the synthetic oils Orites 210 DS has the
highest antiwear properties (Fig. 6).

As it seen from the Fig9, ramified
polypropyleneglycols on the base of glycerin give
substantial increasing of loading capacity when
molecular mass of oligomer increases.

Table 2
Statistic findings of wear tests on FBFM
Diameter of wear spot, mm (recurring tests)
Lubricant 1 | 2 | 3 [ 4 | 5
First series (Ni=82 N; t=4 hours; n=I 140 rot. /min.)

Risella-33 0,475 0,499 0,449 0,474 0,477

Risella-33 0,463 0,486 0,472 0,489 0,492

Orites-270 DS 0,624 0,700 0,640 0,648 0,690

Laprol-2002 0,439 0,453 0,477 0,458 0,454

Syntheso-D 201 0,540 0,534 0,571 0,616 0,568

Sum

Second series (N;=82 N; 1=4 hours; n=1140 rot. /min.)

EBPE 0,544 0,515 0,551 - _

Risella-33+5%

of Orites- 270ds 0,486 0,499 0,426 - _

Laprol-2502 +

20% of EBPE 0,480 0,440 0,460 _ _

Laprol-2502

+20% of EBF 0,418 0,377 0,421 _ _

Laprol-2002

+20% of EBF 0,495 0,576 0,480 _ _

Laprol-2002

+20% of EBPE 0,480 0,464 0,538 - _

Sum

Third series (Ni=82 N; x=4 hours; n=1470 rot. /min.)

Risella-17 0,992 0,784 1,010 0,930 0,926

Risella-33 0,652 0,780 0,788 0,750 0,754

NKM-40 0,710 0, 580 0,683 0,656 0,662

NKM-70 0,445 0,457 0,477 0,428 0,488

5350 0,491 0,643 0,585 0,474 0,548

Vitorex-334 0,568 0,505 0,601 0,560 0,520

Esso-Christo 0,738 0,728 0,637 0,694 0.686
Orites-270 DS ’

1 series 0,662 0,734 0,513 0,636 0,644

2 series 0,544 0,760 0,640 0,646 0,650

Sum
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Continuation of tabl.2

Average
. . . Mean-square
Lubricant diameter DISBFISIOI% deviation, Vqry
of wear (-10™) mm 2 coefficient, %
(*10™) mm
spot, mm
| First series (Ni=82 N; t=4 hours; n=1140 rot. /min.)
Risella-33 0,4748 3,142 1,773 3,73
Risella-33 0,4804 1,533 1,238 2,58
Orites-270 DS 0,6604 10,848 3,294 4,99
Laprol-2002 0,4562 1,867 1,366 3,00
Syntheso-D 201 0,5658 10,572 3,251 5,75
Sum 27,962
| Second series (N=82 N; 1=4 hours; n=1140 rot. /min.)
EBPE 0,5367 3,645 1,909 3,56
Risella-33+5%
of Orites- 270ds 0,4703 15,163 3,894 8,28
Laprol-2502 +
20% of EBPE 0,4600 4,000 2,000 4,35
Laprol-2502
+20% of EBF 0,4053 6,044 2,458 6,07
Laprol-2002
+20% of EBF 0,5170 26,67 5,164 9,99
Laprol-2002
+20% of EBPE 0,4940 15,16 3,894 7,88
Sum 70,682
| Third series (Ni=82 N; x=4 hours; n=1470 rot. /min.)
Risella-17 0,9284 78,25 8,846 9,53
Risella-33 0,7448 29,57 5,440 7,30
NKM-40 0,6582 21,00 4,580 6,96
NKM-70 0,4590 5,80 2,410 5,24
5350 0,5482 46,00 6,780 12,37
Vitorex-334 0,5508 14,25 3,770 6,84
Esso-Christo
Orites-270 DS 0,6966 15,50 3,940 5,65
1 series 0,6378 63,25 7,950 12,46
2 series 0,6480 58,45 7,650 11,79
Sum 332,07
Table 3
Antifriction and viscous-and-thermal properties of mineral oils
Oil Temperature of flashing, °C 5;;3;?5 Amwiirﬁgﬁfﬁ 13?:%“;13‘% fests
v, MM2/s 2 Spn,
ot | et [owreyn|vemds | et
(45°C)
Vitorex-334 206 - 11,3 | 238 49,7 6,04
Esso-Christo 212 - 10,6 | 213 53,8 6,74
5350 202 - 11,9 | 205 52,5 6,58
Risella-33 202 221 10,4 199 49,1 6,17
Risella-17 - - 4,15 164 12,3 1,51
INKM-40 195 - 10,7 | 201 47,8 5,92
INKM-70 205 - 159 | 203 83,2 10,45
NKM-200 - - 10,6 | 226 80,0 10,03
Compressorna
12(M) - - 11,5* | 278 109.8 13,99
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Coniiniiaiion ol labl. 3

Inin8lriai 20 - - 92 242 32,6 -

Inin8lriai 45 - - 12,1, 269 60,2 -

AVlaci™na

MCo20 - - 28,2 281 198 25,00
N .

MO ) 1.A}.M on Lle ba8e oi 210 ) 136% 349 ) ;

nie8ei oii P-14

N-50 - - - 213 - -

CPK-200 - - - 205 45,1%* -

BMT-15 - - - 175 - -

VaBeline i . 10,0 201 44,6 5,55

Tenicai

AniTear properlie8 iuring 1e8i8

Oil T=4 Pour8, Ni=82 N hen8lty, KA/T3
o 8b*, CHO-1
W3, ww ) 45°c;1) 450C 900C
Morex-334 0,60 0,99 842 819
E880-CPri8lo 0,69 1,69 869 845
5350 0,55 0,83 869 845
Ki8eiia-33 0,85 2,88 871 848
Ki8elia-17 0,93 0,93 852 826
XM-40 0,66 1,30 859 833
NeKM-70 0,46 0,77 871 848
XT1-200 0,82 4,21 869 835
CoTtpre88orna 12(M) 0,92 8,29 883 861
InAn8iriai 20 1,07 - - -
InAn8iriai 45 0,85 - - -852
AVlaci®na
MC-20 0,57 3,52 875 -
MO”-14M on
iPe ba8e oI 0,54 - - -
nie8ei oii P-14
N-50 0,60 - - -
CPK-200 0,50 - - -
BMT-15 0,96 - - -
VaBeline 0,65 1,16 863 838
Tenicai
e Hyiiropoi-200 (11);
In Pig. 12 riepenrience ol" &i2ure ioaining on one «  Proxanoi -3 (12).

baii on Toiecwuiar Ta88 ol poiygiycoi8 I8 repre8enlet

¢ linear poiypropyienegiycoi8 (1);

e rartiPieri poiypropyienegiycoi8 on LLe ba8e ol
niycerin (2);

e 8iali8iicB copolyTter8 ol propyiene ani
eiPyiene oxiine8 (70%) ~aprol (3);

*  8ialigiic8 copolyTer8 ol propyiene ani
eiPyiene oxilie8 (%) Orile8 (4);

¢ biockcopoiyTer8 ol eiPyiene oxiite (6-18%)
ani propyiene oxirie on LLe ba8e ol” giycerin (5);

e 8iali8iic8 copoiyTer8 ol propyiene oxiine8 ani
eiPyiene oxiine8 (70%) on LLle ba8e ol giycerin (6);

e poiyeibyienegiycoi PEC-400 (7);

e copoiyter ol propyiene oxiine8 (30%),
eiPyiene oxirie8 (67%) i Aiycerin _re8iriva (3%)
(Toiecnie wiP 8lar ointing ol bonl8; nutber o

openeii oxyaen aroup8 i8 TiniTn T (8); Pig. 1 “epeniience ol Tean MiaTeier ol Toear
*  8ynibe8o 202 (9); 8poi lor 8leei baiig (8leei LLIX-15) on
e 8ynllle8o 201 N (10); LLe liTe ol le8iing on PBPM in 0ii8 :
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1- koTpre88orna 12(M); 2 - yaseiine oii; 3 -
napbiene Kli8el1a-33; 4 - Tixiure or Kl8ella-33+PYBE
(30:70); 5- ibe 8aTe (50:50); 6 - PYBE.

o |

28

a8

Q4
¢ Q3 pse 9% €
Pig.2. bepenrience orTean riiaTeier or~ear 8poi or
8ieel bail8 (8ieel LLIX-15) rivring ie8i8 on PBPM on
conceniraiion (cy) or tinerai oii in PYBE:
1- Kl8ella-33; 2 - inriu8irial 45; 3 - ya8eiine
Teriical.Te8iing conriiiiow: Nn=1470 roi./Tin., N=200
(Ki=82 H), r=24,5 81, 1=4bownr8., 4=12,7 7 T.

N H

500 /

400 o

5170/

200 3=

Pig. 3. Bepenrience or bounriary loariing on one ball
rroT 8ieel LLIX-15 rivring ie8i8 on PBPM on
conceniraiion or PYBE in napbiene oil Kl8ella-33
(nuTber or'upper ball roiaiion8; 1-835; 2-1470).
Te8iing conriiiiow: ™=1T1in., rie=12,7 7T

A8"e can 8ee r'roT ibe Pig. 12, "ben Toiecuiar
Ta88 increa8e8 ioa’ing capaciiy or polyalycol8
increa8e8 limearly, Tore oyer ror eacb cla88 or
polynlycol8 ibere i8 riirrereni inclinaiion or 8iraigbi
line io ibe ab8ci88a axi8. By increa8ing or ibe
inclinaiion angle ibere i8 aro” or polyalycol8: (1)
<(6) <(2) <(3,4) <(5).

By ibe progno8i8 or N1*ben M=10000 ibere i8 aro”
or polyalycol8:

(1) <(6) <(2) <(5) <(3);K Ne 345 <418 <542 <675
<695. ~iib inrortaiion or ie8iing (rig.1-11) on
8eirvre loariing (1=60 8) by relaiion8 ~H=r(K) anri
i"=y (KO "e can e8iiTaie anii™ear properiie8 wib
rortmla8 (4.12), (4.13), (4.14), (4.15). Calculaiion8
are repre8enieri in Tabl. 8. A8 “e can 8ee IroT ibe
iabl. 8, yalve8 or criierion8 or anii®ear properiie8 or
0i18 (T=60 8; 8iep-by-8iep loariing) are riirrereni rrot
ibe one8 y"ben 1=4 bour8 anri K=con8i=200 N ibai i8
by ~1M can be reliable a88e88Teni8 or aniiear
properiie8.

Tbi8 i8 conrirteri by correlaiion8 or criierion8 or 8ucb
pair8 or oil8 KIl8ella-33/5350, 8ynibe8o 5201 N /
8ynibe8o b 201, “aprol 2502/ "“aprol 1502, Kl8ella-
33+50% PYBE / Ki8ella-33 (100%), Ki8ella-33+50%
PYBE / PYBE (100%) (iabl.9), ibai i8 ~by ne”
criierion8 8bo” anoiber 8ie or aniiy®ear properiie8 or
0i18 in coTparing io kno”n one8 ~bicb are obiaineri
ai 1o loariing8 anri lon§-rivraiion ie8i8.

Pig. 4. Belaiion8 or'~ear 8poi (¢ wib ibe axial
loariing (KO, loariing on one ball in ibe ibeoreiical
poini or coniaci (NO anri ayerage iniiial pre88ure in ibe
coniaci poini (Pg ror Bulli8:1 - NKM-40; 2 - 5350; 3
- E880-Cbri8io;4 - NKM-70; 5- Ki8ella-33; 6 -
Yiiorex-334;7 - Kl8ella-1.
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Table 4

Antifriction and viscous-and-thermal properties of naphtene and polybutene and others oils and

compaositions on their base

Temperature of . . Antiwear properties durin
ﬂashirilg, °C Loading capacity tests =4 h(f)ursr.), N=82 N ¢
oil closed opened v, mm?/s N. N v, mm?/s 1 0511116{) )
crucible crucible at45°C. v at45°C. o
(45°C)
Risella-33+50% of
PVBE 85 166 68,7 217 304 -
Risella-33+of
peroxide FGK ) ) ) 262 ) )
KPL-201 220 - 15,4 185 89.0 -
Witco CL-1000 230 >240 23,0 190 143 -
Witco CL-1200 250 >250 26,0 195 184 -
Witco CL-15 00 250 >250 29,5 220 215 -
Polybutene-200 - - - 267 - -
Polybutene for - - 374 320 5839 735,41
succynimide additives
Polybutene Tredkat-99 - - 146 201 1074 131,24
Lowmolecular - - 172,3 320 13842 1837,2
polyethylene
PVBE - 170 720,6 385 3850 516,56
Glycerin - - 15,6 275 129 -
234, 5%*
Poly-a-olefin 306 - 35,8%* 287 . 28 45%%*
Poly-a-olefin + 4% 257 5%*
of polymer SKEP 240 - 39, 1%* 277 . 31 39%**
KPL (additive) - - 220 - -
SKTN-A (additive) 180 - - 267 - -
Peroxide ®XKK - - - 287 - -
Continuation of tabl. 4
Antiwear properties during tests . 3
Oil ’E=41:;lOII;,)I‘S, N=82 Ng Density. ke/m
d;, mm Siw. (107 m” (45°C) 45°C 90°C
Risella- 33+50% of PVBE 0,63 - - -
Risella-33+of peroxide FGK 0,93 - - -
KPL-201 0,87 - - -
Witco CL-1000 0,45 - - -
Witco CL-1200 0,46 - - -
Witco CL-1500 0,46 - -
Polybutene-200 0,70 - - -
[Polybutene for succynimide additives 0,45 50,98 873 850
Polybutene 821
Tredkat-99 0,45 9.10 847
Lowmolecular 0.47 145.11 90 )
polyethylene
PVBE 0,56 69,01 930 -
Glycerin 0,64 - - -
Poly-a-olefin 0,61 4,91 %** 869.6* -
Poly-a-olefin + 4% of polymer SKEP 0,61 5 42%** 871,8%* -
[KPL (additive) 0,71 - - -
SKTN-A(additive) 0,88 - - -
Peroxide ®XK 1,04 - - -
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Antifriction and viscous-and-thermal properties of polyglycol oils

Table 5

Tg:fg;g{,%()f E;Sz(li;int? Antiwear properties during tests t=4 hours, Ni-82 N|
oil closed |opened | v, mm*/s v, mm?/s S}flé ) ShV_Vf4
crucible|crucible| (45°C) N, N (45°C) (10" ym™ | dy. | C10°7)
(45°C) | mm |@45°0)
PEG-200 - - - 246 - - 1,0 -
PEG-400 - - - 328 - - 0,81 -
Laprol 202 - - 43 238 20,0 2.88 0.62 | 0,52
Laprol 602 - - 8.4 242 34,5 4,98 053 | 0.56
Laprol 1002 - - 153 246 61,0 8.81 051 | 0.89
Laprol 2002 234 - 40,5 262 157.0 22.67 047 | 179
Laprol 1502-2-70 - - 31,0 361 105,0 9.93 0,76 | 3.32
Laprol 2502- 2-70 216 250 60,0 402 230 33,19 0,66 7,26
KSM 218 250 61,0 398 232 - 0,77
Orites — 125 DS - - - 395 - - 0,72 -
Orites-270 DS 220 250 59,0 447 237 34,2 0,64 6,82
Breox CL 660 - - - 287 - - 0,80 -
Breox CL 1300 214 285 63,2 328 2054 31,44 0,63 5,98
Breox CL 1400 247 58,2 369 2217 34.06 0,66 | 7.45
Laprol 503 - - 12.3 226 75,0 10.83 0,58 | L61
Laprol 3003 - - 458 308 195 28,15. 0,52 | 3,01
Polyol LG-56 - - 41,8 320 168 2424 041 | 127
Laprol 3503- 2-B6 - - 58,9 254 190 27424- | 044 | 178
Laprol 5003- 2-b10 - - 101,2 373 325 46,90 m49 420
Proxanol CL-3 - - - 340 - - 0,83 -
Laprol 3503- 2-70 - - 76,7 287 : 275 0,71 10,81
Laprol 10003- 2-70 - - 82,0 418 ~800** 123,78%* 0,74 |38,16**
Shyntheso D 201 242 >250 62,0 287 245 35,38 0,57 5,30
Shyntheso D 201N | 106 | 120 95,5 369 3347 45.70 0.56 | 6,45
Shyntheso D 202 | 238 | 270 57.9 451 264.7 4830 | 0,67] | 9.32
Hydropol-200 - - - 440 - - 0,78 -
Laprol 2503-2-70* - - - 369 - - 0,67 -
* star structure; ** at 40°C
Table 6

Influence of axial loading (N) on wear during long-duration tests (n=1140 rot./min., =4 hours, f=19 s

Diameter of wear spot, mm

il
© 198 N 294 N 392N 491N 589H [ 687N | 785N |883 N
Orites-210 DS 0,64 0,76 0,72 0,67 0,71 0,72 1,55 2.8
Laprol-2502-2-70 0,68 0,76 0,76 0,67 0,78 1,26 | 1,37 1.6
NKM-70 0;52 0.57 0,61 2.8
NKM-40 0,65 0,61 1,28 1,36
Risella-33 0,63 0,50 0,53; 0,53* 0,65 0,9%*
Risella-33+polybutene for
succynimide additives: 0,45 0,52 0,56; 0,61* 0.91
5% 0,51 0,53 1,6; 0,83* 0’94 1,7%*
15% 0,61 0,6 0,60,0,57* ’
30%
Risella-33+50% of 0.49 0.65 0.82 0.88 0,83;
polybutene 2,1

* 436 N (N=180 N); ** 540 N (N=220 N)
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Basic oii

Kizella-33

Kizella-33

Hicel1s-33
Kizella-33

KKM-70

Oriie3-210

Table 7

AniTear properiies oi Tixiures (1=19 81 1=4bours, N=200 N, n=1470 roi./Tin.)

Aliniite
nare

Poiybuiene lor
3uccyniTiiie aiiiiiites

~o”tolecular
poiyeiityiene
Poiybwiene or succyniTilie aininiines +
io~Toiecuiar poiyeiiiyiene
Poiybuiene

Poiybuiene lor
3uccyniTine aniiines

Ciycerin

%
0
5
15
30
100
5
15
30
100

50

15
30

[N

10
100

MiaTeier ol “ear 3poi, T T

0,85
0,48
0,48
0,48
0,45
0,46
0,48
0,46
0,47,

049

0,59
0,46
0,50
0,50
0,47
0,64
0,60
0,74
0,79
0,64

Pig. 7. Keiaiion ol “ear 3poi (6) 'wib iine axiai ioaining (K), ioaiting on one ball in ilie ineoreiicai poini ol coniaci
(N anii aVeraSe iniiiai pressure in iiie coniaci poini (Pc) [or iAniiis: 1- io~Toiecniar poiyeiityiene (Awiid); 2 -
poiypiieniieiier ®4E; 3 - polybuiene lor succyniTilie aiiiiiyes; 4 - polybuiene "Treiicai-99”; 5 - Kisella-33+
50% ol polybuiene; 6 - Kisella-33+30% ol io”*Toiecuiar poiyeiityiene; 7 - Kizella-33+30% ol polybuiene or

3uccyiTiite aliiiifes
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pi8. 8. Keiaiion or'”ear 8po{ (M) wib {be axiai ioariing (N) ror linear poiypropyienegiycoi8 anii 8LLIi8I;ic
copoiyTers or eibyiene ani1 propyiene oxi®e8:1 - "aprol 202; 2 - "aprol 602; 3- ~aprol 1002; 4 - “aprol 2002;
5- Maprol 1502-2-70; 6 - ~aprol 2502-2-70; 7 - Oriie8 210 Bb8.

Table 8
Criierion8 o1 a88€88T1eni o7 0il8 aniTear properiie8

.. T=608; 8iep-by-8iep ioaiing T=4 bour8; Ne200=con8{

Oii A A u ;

TT 2T T 3TT M n3TT 24
~aprol 2002 0,4425 0,1407 0,1429 0,5122 0,47 0,9915
~aprol 1500 0,4076 0,0848 0,0853 0,2646 0,76 2,2203
~aprol 2500 0,4306 0,0987 0,0997 0,2981 0,66 1,7966
Oriie 270 B8 0,4302 0,0897 0,0901 0,2675 0,64 0,7119
8y/lbe8o b 201 0,3870 0,0835 0,0840 0,2768 0,61 0,5847
8y/lbe8o B 201 N 0,4281 0,1049 0,1053 0,3284 0,56 0,3729
Hyiiropoi-200 0,6990 0,3587 0,3629 1,0492 0,78 2,3051
Proxanoi C"-3 0,3769 0,0550 0,0563 0,1943 0,83 2,5169
Ki8eiia-33 0,4680 0,1820 0,1882 0,6907 0,85 2,6017
5350 0,3278 0,0470 0,0471 0,1730 0,55 1,3305
PVBE (100%) 0,4816 0,1503 0,1728 0,4674 0,56 1,373
Wseiia-33+ 0,4910 0,2010 0,2230 0,7147 0,63 1,669

50% ol'PYBE

Iig. 9. Keiaiion or~ear 8poi () wib {be axiai
ioariing (N) ror raTirieri poiypropyiene on {be ba8e or
Alycerin:1l - ~aprol 503; 2 - "aprol 3003; 3 - "aprol
3503-2-70; 4 - "aprol 3503-2-65; 5- “aprol 5003; 6

- Maprol 10003-2-70.

lig. 10. Keiaiion or ~ear 8pol () "iib 'be
axiai ioaning (N) ror ratiriein poiypropyienegiycois:

1- Poiyoi bO-56; 2 - baproi 3003;

3- 8ynibe3o b 201 N; 4 - baproi 3503-2-70.
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Conclusions

1 Tke properiie3 ok WISAPIEs8NE PE
(iraCetark  10803-020) “ken iubricaiing Wik
napkiene anci poiyaiypoi oii3 "ere iesieC.

3. Nee ok napkiene anC poiybuiene oii3 kor
inbricaiton oK Kriciion pair OK ike eikyiene Kigk-
pressure coTpress3or3 3ubasianiiaily Ceierioraies using
COekkicieni oK coTpressors e”uipten”, bui u3e oK
poiygiycoi oii3 Ceierioraies properiie3 ok poiyeikyiene
- Cieleckricai anC 3aniiarian- kygienicai inCexe3 anC
resisiance io aitospkeric anC eiecirotagneiic
inKiviences.

4. ATioying ok coTpres3ors iubricanis wik
Vlscoms, aniizeirnke or oiker3 aCCiiAe3 3ubsianiiaiiy

CoTtparable cbaraclerisiic okaniTear properiie3 okoii3 baseC on Ibe criierions
T=603; 3iep-by-3iep T0aCing

Oii

b V 12v
Kiseiia-33/5350 1,428 3,872
8ynike3o #201 N 8ynikeso * 201 1,106 1,256
Naprol 2502 ~aproi 1502 1,056 1,164

Kizeiia-33+50% PYBE /
Kiseiia-33 (100%) 1,049 1,104

o 0

Ki3eiia-33+50% 1,020 1,337

PYBE/PYBE(100%)

Cecrease3 ieTperainre ok Kiasking anC Ceierioraie3
Cieieckricai properiie3 ok poiyeikyiene.

5.Por ike kir3i iiTe CepenCence OK 3eirure
ToaCing Cwuring iesiing on PBPM on ike Toiecmiar
Ta33 ok Cikkereni poiygiycoiz anC bounCing
conCikion3 kor Kigk VI3com3 KiviC3 (by exirapoiaiion)
are kounC
6.Imio proceCure ok peneraiiliton asses33Teni oK
aniwlear properiies ok inbricaiion 0ii3 oK ike base Ok
reauniia ok inyesiigaiions  aniisei®re  inCexes
Citensionie33 inCex ok "ear- Tean”umare reiairye
CeVlation ok CiaTeier oK3poi oK ear KroT ike 3poi by
Heri2 ka3 been brovaki in.

Table 9
NN
T7=4 Kour3; Ne200=con3i

) *
ry [ 14/ 3/ 3 i
3,996 3,992 1,545 1,955
1,254 1,1867 0,918 0,866
1,169 1,127 0,868 0,809
1,185 1,035 0,741 0,642
1,201 1,529 1,125 1216

Iig. 11. Aeiaiion3 ok”ear 3poi (C) wik ioaCing (~ on one baii in ikeoreiicai poini okconiaci ok poiyaiycoi
0ii3:1 - 8ynikeso ~-201 N 2 - 8ynike3o * 201
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rig. 12. Aelalion or loaiting capacily wlk Toiecuiar Ta88 or polyalycol8 ivring le8linE on rour-ball rriclion
Tackine:1 - linear polypropylene; 2 - raririek polypropyleneglycol8 on Ike baSe or giycerin ; 3- 8lall8lic copoiyTer or
propylene oxike ark elkylerie oxirie (70%) “ap™ol; 4 - 8lall8lic copolyTer or propylene oxige ank elkylene oxike (%) OrileS;
5- blockcopolyTer or propylene oxirie ank elkylerne oxike (6-8%) on Ike ba8e or glycerin; 6 - 8lall8lic copolyTer or
propylene oxirie ank elkylene oxike (70%) on Ike baBe or' glycerin; 7 - polyelkylenealycol PEO-400; 8- copolyTer or
propylene oxirie (30%), elkylere oxike (67%) ank glycerin re8lkua w ik Ike 8lar 8lrviclure or Tolecule; 9 - 8ynlke8o-
202;8ynlke80-201 N; 11 - Hykropol- 200; 12 - Proxanol ~-3.
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5. Compatibility of oils with And also indexes of flow of plastics (g for 10

olvethvlene mm.), changes of  bound of  strength
polyethy and flow during tension, relative extension during

. breakage ought to be found.

Introducglon , , Demands to physic-and-chemical properties of

Aboqt 60% of high-pressure polyethylene; ISUSeB i 1vethylene are determined by STATE STANDARD
for makingproducts by method of moulding and 16337-77  (for  polyethylene) and  STATE
pressurization-containers for food industry, products STANDARD  16336-77 (for
of domestic chemistry and children’s toys, 20%- for
making special films, which are stable to thermo- and and its composition are determined by [11-14]:
photooxidation, films of capacitors and cableisolation e tangent of angle of diclectrical loss — STATE
with the heightened demands to the thermal aging and STANDARD 22372-77:
dielectricproperties [14]. ’

One of the most important problems of the
making is choosing the highlubrication gaskets of the
cylinders or shafts of ethylene compressor. Delivering
fluid lubricant to the friction pair is realized cither by
injection it intothe gas (phase of the suction- when use
gaskets with the pistons rings) or byfeeding it through
the openings of drilling of gasket’s element (when use
gladgaskets) [1; 3].

According to [l], in compressors at the
compression up to 22-40 MPaspecific loadings of the
gasket’s elements reaches 7-10 MPa. In
ethylenecompressors gas compresses from 25 up to

110-120 MPa (on the first degree) and from 110-120 estimated by excess of organic substance during
MPa up to 180-250 (and even to 350) MPa (on the lubrication of ethylene compressors with mineral oil
and by using light mineral oils as solvents during

peroxidative initiation of polymerization of ethylene
[12-14].

Feasibility study of supplying of lubrication of
seal clements relates not only to quality of
polyethylene but to time wasted of compressor’s
equipment for repair (up to 2-7 days for a year),
which for high productivity producers (synthesis of
polyethylene) turns as substantial economical losses.
More over it is necessary to add that after every seal
replacement necessity (100-300 hours) of feeding

compositions  of
polyethylene). Dielectrical properties of polyethylene

e clectrical strength at variable voltage
(frequency 50 hertz) — STATE STANDARD 64333-
71;

e dielectrical penetrability (frequency 10°
hertz) — STATE STANDARD 22372-71,

e resistance to thermal aging — STATE
STANDARD 16336-77.

Block-effect (sticking together of films) and
content of extraction substances which are in initial
polyethylene and which educe from it during
secondary processing relate to quality indicators of
polyethylene too. Content of these substances is

second degree). There fore, gasket elements of
compressors experience during lubrication influence
of the limit specific loadings from the hydrodynamic
to limit regime and even to seizure [2;14].

In ethylene compressors friction pair are used:

e piunger made from the nitrided steel 38
XMIOA or with coating of Wolfram carbide ; gasket
elements from the bronze bp OCH 7-13-1;

e bush of the cylinder from the carbide of
Wolfram (type BK-6), gasket rings fromthe special
alloyed cast iron or from the bronze bp O®> 10-1.
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through lubricators excess of oil (for running-in of
friction pair) comes into existence. Polyethylene made
in this period contents of substantial quantity of oil
that is not up to the requirements (for cable isolation)
[6-7].

Table 1

Characteristic of properties of naphtene and
polyglicol oils (information of producers)

Riesllal NK NKM_Laprol Orites-

2502- | 270
33 |M-40 70 270 | DS

Index

Density,
kg/m’
at293 K
at303 K

384
878

873
867

384

878 | 1078 (1080

Cocfficient
of refraction
of light (293

K)

1,4820| 1,4794 1,480 - -

Viscosity
kinematic,
cs
at293 K 126 | 80,2
at303 K 42,4 | 393
at373 K 8.8 9,8

180
70,4
12.8

417
182
54

462
186
46,8

Acid
number, mg
KOH/g

0,007| 0,006 | 0,006| 0,019 | 0,016

Temperature
of solidifica-
tion, K

255 | 255 | 260 - <270

Tempera-
ture, K
in closer
crucible
in open
crucible

475
494

470
488

478
498

489
523

493
523

Content of

water, % 0.1

0,1

Content of

mechanic

impurities,
%

Materials

The demands to wear resistance of surfaces are:
intensity of wearing counterface from alloy BK-6 is

ought to be not higher than 0,02 mkm/hour or
0,05 mm for 2500 hours of compressor’s work.

Pressure of pumping is 200-300 MPa,
temperature of gas at the end of process reaches 373
K, average velocity of piston — up to 2.5 m/s.
Consumption of the oil for 1 t final product —
polyethylene for different compressors is from 0,7-0,9
to 4,7-6,5 kg.

Properties and nature of oils determine quality
indicators of polyethylene and reliability of work of
seal pistons and plungers of ethylene’s compressors.
For lubrication of friction pair of these compressors
mineral (naphthene - «white» oils), polybutene and

38

polyglycol oils are used [3; 4],

Specifications to oils are: transparence,
colourlessness, absence of sediment and mechanic
impurities, viscosity (not less than) approximately 450
cs at 303 K, 200 cs at 323 K, 50 cs at 373 K;
temperature of flash must be higher than 293 R from
the maximal allowable (373-383 K), but better not
lower than 473 K; temperature of solidification — not
higher than 273 K; acid number -not more than 0.4
mg KOH/g; alkali number 0 mg KOH/g; content of
moisture not more than 0,1%; ashes -0%; point of
turbidity of 1% solution -not more than 353K [9].

According to manufacturers naphtene and
polyglycol oils for the most quantity indicators satisfy
these requirements (Tablel).

Physic-and-chemical properties and quantity of
oil which ingresses in polyethylene determine its
properties and use for cable isolation, products, which
contact with food etc [8].

Methods of testing
Content of oil appreciably has an influence on

such quality indicators as resistance (durability) to
thermal aging and cracking and photooxidation
processes,tangent of angle of dielectrical loss,
dielectrical penetrability, breakdown electrical stress,
sanitarian-hygienical propertics. Content of oil in
polyethylene is estimated by IR-spectroscopy
(graduate by solution in CCly), tangent of angle of
dielectric loss (frequency 10°, 10", 10° hertz),
dielectric penetrability (frequency 10° hertz) [5-7].
Were tested properties of high-pressure polyethylene
(trademarkl0803-020), which was made in autoclave
reactor with lubrication of compressors by naphtene
oil Risella-33, and its artificial mixtures with 0,10 and
0,15% of oils: polyglycol Orites-210 DS and
Syntheso-201 N, polyvynilbutylether (PVBE) and
mixture 70% PVBE+30% Risella-33 without or with
addition of thermostabilizer and 0,1-0,5% inhibitors
of chain oxidation process — ionol, monox, diafen.
Artificial mixtures were got on laboratory
mixer «Venbery» with mixing during 5-7 min.
(t=393-403 K). After were made tablets, which were
rolled (T=433+5 K) and fiictioned 1:1,2 during 2-16
hours.
Were found indexes [6-9]:
tangent of angle of dieclectric losses tg o
(frequency 10° Hz) by STATE STANDARD
22372-77,
electrical strength U, during variable voltage with
frequency 50 Hz by STATE STANDARD 6433.3-
71;
dielectric penetrability e(frequency 10° Hz) by
STATE STANDARD 22372-77;
density p, boundary flow or, limit strength o and
relative elongationduring breakage vy by STATE
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STANDARD 16337-77; 125<3-10%
¢ index of solution flow (ISF). e diclectric penetrability e(frequency 10° Hz) not
More over were taken into account methods of more than €<2.3;
finding sanitarian-hygienical, diclectric, physics-and- ¢ clectrical strength when thickness of specimens is
mechanics properties and resistance to thermooxidative aging 1 and i variable voltage with
[10; 13; 14], Polyethylene for cable isolation by STATE frequency 50 Hz not less than U, >40 KB/MM
STANDARD 16336-79 has to have such indexes: [6-10].

o tangent of angle of diclectric losses tg o
(frequency 10° Hz) not more than

Table 2
Physics-mechanics and dielectric properties of polyethylene (trademark 10803-020), synthesized during
ingress of naphtene oil Risella-33, with addition of 0,15% of different oils and thermooxidants (recipe 01

and 02)
Time of
. Oils thermal 3 IFS, 4 OB, oT, o
Recipe additives aging, p. ke/m £/10 min. 180,10 MPa MPa 1%
hours
- - 0 918,5 2,05 1.0 12,65 9,91 630
Syntheso -
- D201 N 0 919,2 2,16 2,11 12,75 10,30 613
Syntheso -
0,2 D201 N 0 919,5 2,07 1,95 13,54 10,89 595
Syntheso -
0,2 D201 N 6 - 11,6 10,95 9,32 10,89 555
Syntheso -
0,2 D201 N 8 - - 16,8 8,50 9,90 430
Syntheso -
0,1 D201 N 0 920 2,15 1,95 12,96 10,3 598
Syntheso -
0,1 D201 N 6 - 2,21 1,99 12,85 10,2 574
Syntheso -
0,1 D201 N 8 - 2,26 4,28 11,67 10,0 563
- PVBE 0 9183 2,15 1,68 12,56 10,4 583
0,2 PVBE 0 918,5 2,22 1,65 13,54 11,09 608
0,2 PVBE 6 - 2,41 1,71 13,44 10,79 561
0,2 PVBE 8 - 2,51 2.5 13,34 10,59 560
0,1 PVBE 0 918,5 2,20 1,15 12,75 10,79 593
0,1 PVBE 6 - 2,22 1,52 12,16 10,20 565
0,1 PVBE 8 - 2,30 1,85 11,28 942 577
PVBE+30%
- Risella-33 0 918,3 2,06 1,98 12,56 9,71 600
PVBE+30%
0,2 Risella-33 0 918,3 2,37 2,10 13,63 11,09 612
PVBE+30%
0,2 Risella-33 6 - 2,39 2,19 12,26 10,04 555
PVBE+30%
0,2 Risella-33 8 - 2,44 2,72 11,48 9,91 550
PVBE+30%
0,1 Risella-33 0 918,3 2,22 1,05 13,54 10,40 603
PVBE+30%
0,1 Risella-33 6 - 2,32 1,36 12,85 10,20 600
PVBE+30%
0,1 Risella-33 8 - 2,35 1,44 12,36 9,91 593
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Table 3

Viscous-mechanical properties of polyethylene (trademark 10803-020) during addition of different
quantity of lubricants

Polyethylene oil Concentration ISF tg 5. 10” Resistance to
trademark of oil g/10 min ’ cracking, hours
M 10803-020 - - 2.05 1.0 2.5
M 10803-020 Syntheso D-201 N 0.15 2.16 2.11 2.5
M 10803-020 Syntheso D-201 N 0,10 2.11 1,82 2.5
M 10803-020 PVBE 0.15 2.15 1,68 2.5
M 10803-020 PVBE 0,10 2.23 1,04 2.5
PVBE
M 10803-020 (70%)+ Risella-33 0.15 2,06 1,98 2.5
(30%)
PVBE
M 10803-020 (70%)+ Risella-33 0,10 2,35 1,09 2.5
(30%)
Polyethylene oil Mechanical properties Density, km/m’
trademark 61, MPa 6>, MPa 7.%
M 10803-020 - 12,65 9,91 630 918.5
M 10803-020 Syntheso D-201 N 12,75 10,3 613 919.2
M 10803-020 Syntheso D-201 N 13,04 10,69 608 919.3
M 10803-020 PVBE 12,56 10,4 583 918.3
M 10803-020 PVBE 12,94 10,49 600 918.7
M 10803-020 PVBE
(70%)+ Risella-33 12,56 99,971 600 918.3
(30%)
M 10803-020 PVBE
(70%)+ Risella-33 12,26 10,11 555 918.1
(30%)
Table 4
Properties of ethylene compositions (recipe 0,1 and 0,2) with different content of oils inside
. . Concentration of The.nnal IFS, g/10 Tg o, Resistance to
Recipe Oil . aging, . V] .
oil min. 10 cracking, hours
hours
Syntheso D- init. 2,07 1,95
0.2 201N 0.15 55 11,6 10,95 2.5
init. 2.19 2.59
0.2 Sy‘gng;D' 0.10 6 donotsust. | 932 25
8 do not sust. 16,9
init. 2.15 1,95
0.1 Sy‘;tng;D' 0.15 6 221 1.99 2.5
8 2,26 428
init. 2.21 1.88
0.1 Sy‘;tng;D' 0.10 6 2.18 1.79 2.5
8 222 1,96
init. 2.18 115
0,2 PVBE 0,10 6 2.22 2,19 2.5
8 2.30 2.30
init. 2.22 1.65
0,2 PVBE 0.15 6 2,41 1,71 2.5
8 2,51 2.5
init. 2.20 1.48
0.1 PVBE 0,10 6 2.17 1,54 2.5
8 2,09 2,19
init. 2.20 115
0.1 PVBE 0.15 6 2.22 1.52 2.5
8 2.30 1.85
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Continuation Table 4

PVBE init. 237 2.10
(30%)+ 6 2,30 2,19
0,2 Risella-33 0,15 8 2,44 2.72 2.5
(70%)
PVBE init. 231 1,50
(30%)+ 6 2.35 1,53
0,2 Risella-33 0,10 8 2,38 1,54 2.5
(70%)
PVBE init. 2.15 1,09
(70%)+ 6 2.25 111
0.1 Risella-33 0,10 8 2.25 1,35 2.5
(30%)
PVBE init. 2.22 1,05
(70%)+ 6 2,32 1,36
0.1 Risella-33 0,15 8 235 1,44 2.5
(30%)
Continuation Table 4
. . Concentration of Mechanical propertics Dens1t§,
Recipe Oil . km/m
oil 1, MPa 1, MPa 61, MPa
Syntheso D- 13,54 10,89 595
0,2 201 0,15 9.32 10,89 555 19,5
12,76 10,39 595
0.2 Synﬂggslo D- 0.10 12.36 11.18 594 920.0
10,40 11,48 436
12,96 10,30 598
0.1 Synﬂggslo D- 0.15 12.85 10.20 574 920.0
11,67 10,00 563
12,46 10,69 610
0.1 Synﬂggslo D- 0.10 12.07 10,69 449 919.5
11,38 10,59 448
13,74 11,08 597
0.2 PVBE 0,10 12,46 9.32 555 918,7
12,26 9,52 560
13,54 11,09 608
0.2 PVBE 0,15 13,44 10,79 561 918,5
13,34 10,59 560
12.85 10,89 525
0,1 PVBE 0,10 12,95 10,40 585 918,7
13,54 10,49 588
12,75 10,79 593
0,1 PVBE 0,15 12,16 10,20 565 918,5
11,28 9.42 577
PVBE
(30%)+ 13,63 11,09 612
0,2 Risella-33 0,15 12,26 10,40 555 918,3
(70%) 11,48 9.91 550
PVBE
(30%)+ 12,36 10,11 570
0,2 Risella-33 0,10 12,46 9.91 563 918,3
(70%) 12,75 9.91 580
PVBE
(70%)+ 13,34 10,69 585
0.1 Risella-33 0,10 12,95 9.91 577 918,53
(30%) 12,26 9.91 595
PVBE
(70%)+ 13,54 10,40 603
0.1 Risella-33 0,15 12,85 10,20 600 918,3
(30%) 12,36 9.91 593
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Results and discussion

Results of laboratory tests are adduced in
Table 2. As we can see from Table 2, resistance to
thermal aging for ethylene composition determines by
oil’s nature, its content in polymer and activity and
content of thermostabilizer — antioxidants. For recipe
with content 0,05% of oil Orites-210DS and 0,1-0,2%
stabilizer nonox WSP resistance to thermal aging is 8
hours, that is up to the requirements of STATE
STANDARD 16336-77, for ethylene composition
with content 0,05% of polyvynilbutylether oil is more
than 14 hours.

As is seen from the tabl. 2, addition of 0,15%
of poly glycol Syntheso — D201 N with additive to
initial and with thermoadditives (by recipe 01 and 02)
of polyethylene leads to substantial changes of
physics-and-chemical and dielectric properties. For
recipe 02 of thermal aging during 8 hours leads to
decreasing: tgd from 1,95 to 16:10™, 65 from 13,54 to
8.5 MPa, o7 from 10,89 to 9,9 MPa, y from 595 to
437%, and for recipe 01 these changes smaller: tgo
from 1,95 to 4,28:10™, o from 12,96 to 11,67 MPa,
or from 10,3 to 10,0 MPa, y from 598 to 563%.

Addition of 0,15% of initial
polyvynilbutylether or with mixtures of Risella-33 to
initial and with thermoadditions polyethylene leads to
small changers its properties (these changes are
smaller for recipe 01 than for recipe 02) for indexes:
tgd from 1,05-2,1-10" to 1,44-2,72-10", o from
12,75-13,63 MPa to 11,28-13,34 MPa, ot from 10,4-
11,09 MPa to 9,42-10,59 MPa, y from 593-612% to
550-593%. In table 3 are adduced properties of
polyethylene (trademark 10803-020) during in put to
it of 0,1 and 0,15% (weight) of tested oils. As is seen
from the Table 3, physics-and-mechanical properties
of polyethylene stay up to requirements of STATE
STANDARD 16337-77.

Analysis of results in Table 4, shows that
physics-and-mechanical properties of compositions
arc up to requirements of STATE STANDARD
16337-77. Oil PVBE and its mixtures with oil Risella-

33 provide quality of compositions of recipe 0,1 and
0,2 up to requirements of STATE STANDARD
16337-77, ( and to index “resistance to thermal
aging”. Oil Syntheso D-201 makes worse properties
of polyethylene compositions of recipe 0,1 and 0,2,
especially its resistance to thermooxidative aging
[14].

Conclusions

Were tested properties of high-pressure
polyethylene (trademarkl 0803-
020), which was made in autoclave reactor with
lubrication of compressors by
naphtene oil Risella-33, and its artificial mixtures
with.

It is shown resistance to thermal aging for
ethylene composition determines by oil’s nature, its
content in polymer and activity and content of
thermostabilizer — antioxidants. As is seen, addition of
0,15% of poly glycol Syntheso — D201 N with
additive to initial and with thermoadditives (by recipe
01 and 02) of polyethylene leads to substantial
changes of physics-and-chemical and dielectric
properties.

Analysis of results shows that physics-and-
mechanical properties of polyethylene (trademark
10803-020) during in put to it of 0,1 and 0,15%
(weight) of tested oils and of compositions are up to
requirements of STATE STANDARD 16337-77. Qil
PVBE and its mixtures with oil Risella-33 provide
quality of compositions of recipe 0,1 and 0,2 up to
requirements of to index “resistance to thermal
aging”. Oil Syntheso D-201 makes worse properties
of polyethylene compositions of recipe 0,1 and 0,2,
especially its resistance to thermooxidative aging.
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