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I ntr oduction

About 60 % of high-pressure polyethylene is used
for making products by method of moulding and
pressurization-containers for food industry, products of
domestic chemistry and children’s 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 [14].

One of the most important problems of the making is
choosing the high lubrication gaskets of the cylinders or
shafts of ethylene compressor. Delivering fluid lubricant
to the friction pair is redized either by injection it in to
the gas (phase of the suction- when use gaskets with the
pistons rings) or by feeding it through the openings of
drilling of gasket's element (when use glad gaskets)
[1,3].

According to [1], in compressors at the compression
up to 22-40 MPaspecific loadings of the gasket's
elements reaches 7 —10 MPa. In ethylene compressors
gas compresses from 25 up to 110 - 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
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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:
piunger made from the nitrided steel 38 XMIOA
or with coating of Wolfram carbide ; gasket elements
from the bronze bp OCH 7-13-1,
bush of the cylinder from the carbide of
Wolfram (type BK-6), gasket rings from the special
alloyed cast iron or from the bronze bp O® > 10-1.

And also indexes of flow of plastics (g for 10 mm.),

changes of bound of strength
and flow during tenson, relative extension during
breakage ought to be found.

Demands to physic-and-chemical properties of
polyethylene are determined by STATE STANDARD
16337-77 (for polyethylene) and STATE STANDARD
16336-77 (for compositions of polyethylene). Dialectical
properties of polyethylene and its composition are
determined by [11-14]:
tangent of angle of dialectical loss — STATE
STANDARD 22372-77;
electrical strength at variable voltage (frequency
50 hertz) — STATE STANDARD 64333-71;
dialectical penetrability (frequency 10° hertz) —
STATE STANDARD 22372-71;
resistance to thermal aging

STATE
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STANDARD 16336-77.

Block-effect (sticking together 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 estimated by excess of organic
substance during lubrication of ethylene compressors
with mineral oil and by using light minera oils as
solvents during peroxidative initiation of polymerization
of ethylene[12-14].

Feasibility study of supplying of lubrication of seal

dementsreates not only to quality of polyethylene but to
time wasted of compressor’s equipment for repair (up to
2—7days 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 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-

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 um/hour or 0.05 mm for
2500 hours of compressor 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
compressorsisfrom 0.7 - 0.9t0 4.7 - 6.5kg.

Properties and nature of oils determine quality

indicators of polyethylene and reiability of work of seal
pistons and plungers of ethylene's compressors. For
lubrication of friction pair of these compressors mineral
(naphthene - «white» qils), polybutene and polyglycol
oilsareused [3; 4],

Specifications to  odils are  trangparence,
colourlessness, absence of sediment and mechanic
impurities, viscosity (not less than) approximately 450 cs
at 303 K, 200 csat 323 K, 50 csat 373 K; temperature of
flash must be highe 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 guantity of oil
which ingresses in polyethylene determine its properties
and use for cable isolation, products, which contact with
food etc. [8].

II. Methods of testing

Content of oil appreciably has an influence on such
quality indicators as resistance (durability) to therma
aging and cracking and photooxidation processes,
tangent of angle of dialecticd loss, dialectica
penetrability, breakdown electrica stress, sanitarian-
hygienically properties. Content of ail in polyethyleneis
estimated by |R-spectroscopy (graduate by solution in
CCl,), tangent of angle of didlectric loss (frequency 10°,
10%, 10° hertz), dielectric penetrability (frequency 10°

Tablel
Characterigtic of properties of naphtene and polyglical oils (information of producers)
Index Riesla-33 NKM-40 NKM-70 Lapr°'7%502'2' Orites-270 DS
Density,kg/m®
at 293K 884 873 884
at 303 K 878 867 878 1078 1080
Coefficient of
refraction of light 1.4820 1.4794 1.4800 - -
(293K)
Viscosity kinematic,
cs 126 80.2 180 417 462
at 293K 42.4 39.3 70.4 182 186
at 303 K 8.8 9.8 12.8 54 46.8
at 373K
Acid number, mg
KOHIg 0.007 0.006 0.006 0.019 0.016
Temperature of
solidification, K 255 255 260 - <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
Cor!tent of _mechanlc 0 0 0 0 0
impurities, %
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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
Risdla-33, and its artificia mixtures with 0.10 and
0.15 % of ails: polyglycol Orites-210 DS and Syntheso-
201 N, polyvynilbutylether (PVBE) and mixture 70 %
PVBE+30 % Risdla-33 without or with addition of
thermostabilizer and 0.1-0.5% inhibitors of chain
oxidation process —ionaol, monox, diafen.

Artificial mixtures were got on laboratory mixer
«Venbery» with mixing during 5—-7min. (t=393-
403 K). After were made tablets, which were rolled
(T =433+ 5K) andfiictioned 1:1.2 during 2 - 16 hours.

Were found indexes [6-9]:
tangent of angle of didectric losses tg &
(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 o7, limit strength o
and relative elongationduring breskage y by STATE
STANDARD 16337-77,

index of solution flow (ISF).

More over were taken into account methods of
finding sanitarian-hygienical, dielectric, physics-and-
mechanics properties and resistance to thermooxidative
aging [10; 13; 14], Polyethylene for cable isolation by
STATE STANDARD 16336-79 has to have such indexes:
tangent of angle of didectric losses tg 6
(frequency 10° Hz) not more than
tgd < 3-10%

Table?2

Physi cs-mechanics and diel ectric 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
. Qils 3 | IFS, g/10 4 OB, o7,
Recipe - thermal p, kg/m . tgo,10 v,%
additives aging, hours min. MPa MPa
- - 0 918.5 2.05 1.0 12.65 9.91 630
- S}[/)nztgﬁ\ol i 0 919.2 2.16 211 12.75 10.30 613
Syntheso -
0.2 D201 N 0 919.5 2.07 1.95 13.54 10.89 595
Syntheso - i
0.2 D201 N 6 11.6 10.95 9.32 10.89 555
Syntheso - i i
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 - i
0.1 D201 N 6 221 1.99 12.85 10.2 574
Syntheso - i
0.1 D201 N 8 2.26 4.28 11.67 10.0 563
- PVBE 0 918.3 2.15 1.68 12.56 104 583
0.2 PVBE 0 918.5 2.22 1.65 13.54 11.09 608
0.2 PVBE 6 - 241 171 13.44 10.79 561
0.2 PVBE 8 - 2.51 25 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 9.42 577
PVBE+30%
- Risdlla33 0 918.3 2.06 1.98 12.56 9.71 600
PVBE+30%
0.2 Risdlla33 0 918.3 2.37 2.10 13.63 11.09 612
PVBE+30%
0.2 Risdlla33 6 - 2.39 2.19 12.26 10.04 555
PVBE+30%
0.2 Risdlla33 8 - 244 272 11.48 9.91 550
PVBE+30%
0.1 Risdlla33 0 918.3 2.22 1.05 13.54 10.40 603
PVBE+30%
0.1 Risdlla33 6 - 2.32 1.36 12.85 10.20 600
PVBE+30%
0.1 Risdla33 8 - 2.35 144 12.36 9.91 593

462



Problem of Selection and Properties of Lubricants for Ethel ene High-Pressure Compressors...

Table 3

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

Polyethylene oil Concentration of ISF tas. 10° Resistance to
trademark oil 9/10 min g0, cracking, hours
M 10803-020 - - 2.05 1.0 25
. Syntheso D-
M 10803-020 201N 0.15 2.16 2.11 25
M 10803020 | YheD- 0.10 211 182 25
M 10803-020 PVBE 0.15 2.15 1.68 25
M 10803-020 PVBE 0.10 2.23 1.04 25
PVBE
] (70%)+
M 10803-020 Risdla-33 0.15 2.06 1.98 25
(30%)
PVBE
] (70%)+
M 10803-020 Risdl|a-33 0.10 2.35 1.09 25
(30%)
Polyethylene ol Mechanical properties Density, km/m®
trademark 61, MPa 65, MPa v, %
M 10803-020 - 12.65 9.91 630 918.5
M 10803-020 Sy ”ztgﬁ\ol D- 12.75 103 613 919.2
M 10803-020 Sy ”ztgﬁ\ol D- 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%)+
Risdla-33 12.56 99.971 600 918.3
(30%)
M 10803-020 PVBE
(70%)+
Risel|a-33 12.26 10.11 555 918.1
(30%)

- dielectric penetrability ¢ (frequency 10° Hz) not
more than £ <2.3;

- dectrical strength when thickness of specimens
islandi variable voltage with

- frequency 50 Hz not less than U, > 40 xB/mMm
[6-10].

I11.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 ail Orites:210DS and 0.1- 0.2% <abilizer
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 morethan 14 hours.

Asiit is seen from the table 2, addition of 0.15 % of
poly glycol Syntheso — D201 N with additive to initial
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and with thermoadditives (by recipe 01 and 02) of
polyethylene leads to substantial changes of physics-and-
chemica and diaectic properties. For recipe 02 of
thermal aging during 8 hours leads to decreasing: tgé
from 1.95 to 16:10™, o from 13.54 to 8.5 MPa, o1 from
10.89t0 9.9 MPg, v from 595 to 437 %, and for recipe 01
these changes smaller: tgs from 1.95 to 4.2810, og
from 12.96 to 11.67 MPa, o7 from 10.3 to 10.0 MPg, y
from 598 to 563 %.

Addition of 0.15 % of initia polyvynilbutylether or
with mixtures of Risdla-33 to initid and with
thermoadditions polyethylene leads to small changers its
properties (these changes are smaller for recipe 01 than
for recipe 02) for indexes: tgé from 1.05-2.1-10™ to 1.44-
2.72:10", og from 12.75-13.63 MPato 11.28-13.34 MPa,
o7 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 input to it
of 0.1 and 0.15 % (weight) of tested qils. Asis seen from
the Table 3, physics-and-mechanical properties of

polyethylene stay up to requirements of STATE
STANDARD 16337-77.
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Table4
Properties of ethylene compositions (recipe 0,1 and 0,2) with different content of dilsinside
Recipe oil Concentration of Theirr:nal IFS, /10 Tgs, Resistance to
P ol aging, min. 10* cracking, hours
hours
Syntheso D- init. 2.07 1.95
0.2 201 N 0.15 55 116 10.95 25
init. 2.19 2.59
0.2 Syniheso b- 0.10 6 donotsugt, | 9.32 25
8 do not sust. 16.9
init. 2.15 1.95
0.1 antgﬁ\ol D- 0.15 6 2.21 1.99 25
8 2.26 4.28
init. 2.21 1.88
0.1 antgﬁ\ol D- 0.10 6 2.18 1.79 25
8 2.22 1.96
init. 2.18 1.15
0.2 PVBE 0.10 6 2.22 2.19 25
8 2.30 2.30
init. 2.22 1.65
0.2 PVBE 0.15 6 241 1.71 25
8 2.51 2.5
init. 2.20 1.48
0.1 PVBE 0.10 6 2.17 154 25
8 2.09 2.19
init. 2.20 1.15
0.1 PVBE 0.15 6 2.22 1.52 25
8 2.30 1.85
PVBE init. 2.37 2.10
(30%)+ 6 2.30 2.19
0.2 Risdlla-33 0.15 8 2.44 272 25
(70%)
PVBE init. 2.31 1.50
(30%)+ 6 2.35 153
0.2 Risdlla-33 0.10 8 238 154 25
(70%)
PVBE init. 2.15 1.09
(70%)+ 6 2.25 1.11
0.1 Risdla-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 Risdla-33 0.15 8 2.35 1.44 2.5
(30%)

Analysis of results in Table 4, shows that physics
and-mechanical properties of compositions are up to
requirements of STATE STANDARD 16337-77. Qil
PVBE and its mixtures with oil Risdla-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, especialy 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 ail
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Risdla-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
glycal 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 input to it of 0.1 and 0.15% (weight) of
tested oils and of compositions are up to requirements of
STATE STANDARD 16337-77. Oil PVBE and its
mixtures with oil Risdla-33 provide quality of
compositions of recipe 0.1 and 0.2 up to requirements of
to index “resistance to thermd aging”. Oil Syntheso D-
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Continuation Table 4

_ _ Concentration of Mechanical properties Densit%/,
Recipe Qil ' km/m
oil o1, MPa o1, MPa o1, MPa
Syntheso D- 1354 10.89 595
0.2 201 0.15 9.32 10.89 555 9195
12.76 10.39 595
0.2 Syntheso 0.10 12.36 11.18 594 920.0
D-201 10.40 11.48 436
12.96 10.30 598
0.1 Syntheso 0.15 12.85 10.20 574 920.0
D-201 11.67 10.00 563
12.46 10.69 610
0.1 Syntheso 0.10 12.07 10.69 449 919.5
D-201 11.38 10.59 448
13.74 11.08 597
0.2 PVBE 0.10 12.46 0.32 555 018.7
12.26 9.52 560
13.54 11.09 608
0.2 PVBE 0.15 13.44 10.79 561 9185
13.34 10.59 560
12.85 10.89 505
0.1 PVBE 0.10 12.95 10.40 585 018.7
13.54 10.49 588
12.75 10.79 593
0.1 PVBE 0.15 12.16 10.20 565 918.5
11.28 0.42 577
PVBE
(30%)+ 13.63 11.09 612
0.2 Risdla-33 0.15 12.26 10.40 555 918.3
(70%) 11.48 0.01 550
PVBE
(30%)+ 12.36 10.11 570
0.2 Risdla-33 0.10 12.46 9.01 563 918.3
(70%) 12.75 0.01 580
PVBE
(70%)+ 13.34 10.69 585
0.1 Risdla-33 0.10 12.95 0.01 577 9185
(30%) 12.26 0.01 595
PVBE
(70%)+ 1354 10.40 603
0.1 Risdla-33 0.15 12.85 10.20 600 918.3
(30%) 12.36 0.01 593
201 makes worse properties of polyethylene Sulyma |.V.— Ph.D. student of Department of General
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H.B. H_[Manbuepl, M.L erTOBs, A.M. 3a1301711<04, O.B. Ky3H1HHH1

IIpoOsiema BUOOPY Ta BJIACTUBOCTE MACTWIBLHUX MaTepiaaiB s
eTeJIEHOBUX KOMIIPeCOpPiB HAABMCOKOI0 TUCKY. 5. CyMicHiCTH 0J1HB 3
NOJIieTHJICHOM

Ypukapnamcoruii nayionanemui yrisepcumem imeni Bacuns Cmeganuka, syn. Illesuenxa, 57, m. Ieano-®panxiscok, 76018,

VYkpaina
2Xmenvruyoruti nayionaneruti yrisepcumem, yi. Incmumymecoia, 11, m. Xvensnuyoxuii, 29016, Vpaina
3BO «d30m» m.ITpoono, Pecnybnixa Binopyce.
*Hayxoso-oocaionui incmumym «/TenHU xummauw» m.Canxm-Ilemepbype, Pociticoka Dedepayis

JlociikeHO TEXHOJOTII0 OTPUMAHHS Ta BIIACTUBOCTI €THICHOBHX KOMITO3UIIK 3 PI3HMM BMICTOM MacCTHII
BcepeauHi. [Toka3aHo B'I3K0-MeXaHi4YHI BIACTUBOCTI MOMiETIWICHY IPH JI0laBaHHI Pi3HOI KUIBKOCTI MacTHIIbHHUX
MatepianiB. [IpuBeneHi pe3yabTaTH JOCTIDKEHb (Di3MKO-MEXaHIYHMX Ta MiCIEKTPHYHUX BJIACTUBOCTEH
TONTieTHIICHY, 110 CHHTE30BaHUI PU Ha/IXO/PKEHHI HaTEHOBOT0 Macia, 3 pofaaBaHHsM 0,15% pi3Hux MacTwi Ta
TEPMOOKCHIAHTIB.

KirouoBi cooBa: momiermiieH, MacTHia, KOMIIO3MMIi, IONITJIIKOMI, Ji€JIEKTPUYHI BJIACTUBOCTI,
TEPMOOKCHIAHTH, KOMIIPECOPH.
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