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Abstract

Objective: The objective of the article is research into the effect of liquid crystal additive concentration and electric

field on the viscosity of industrial oil, and study into influence of concentration on low-temperature properties of oil.
Methods: The research and calculations were made by the methods presented in State Standards DSTU GOST 33-2003,
GOST 25371-201 and GOST 20287-91. Findings: The authors obtained dependencies of change in viscosity and
chilling temperature of industrial oil on liquid crystal additive concentration. Besides, they obtained dependencies of
change in industrial oil viscosity treated by electric field at various concentrations of a liquid crystal additive. The
study deals with the viscosity index for industrial oil with various concentrations of an additive. A range of the
concentrations chosen was also substantiated. The results of the research were processed in Statistica software;

regression equations which described dependencies of oil viscosity on additive concentration were obtained.

Keywords: viscosity; viscosity index; industrial oil; liquid crystal additive; chilling temperature

1. Introduction

Nowadays technologies cannot be developed
without application of different appliances and
mechanisms. Any engineering system consists of
friction units which can malfunction; therefore they
may require repair or replacement. Thus, their lower
wear-out, longer service life and fail-safe operation
are of primary importance. And lubricants for them
are improving. New syntactic basic oils and
compounds of additives are being developing. Their
price increases in comparison with additive-free
mineral oils. Industrial mechanisms and equipment
require a vast amount of oils. Industrial oils are in
widespread use. The cost of these oils is relatively
low, and they do not contain the functional additives
which decrease their lubrication capacity. Thus, a
search for reasonably priced alternatives which can
improve the properties of industrial oils and
maintain their qualitative characteristics is a
strategic pathway of research.

2. Analysis of recent research and publications,
statement of the problem

There is a lot of research into different additives. All
these additives are of different origin, chemical

structure, aggregate state, etc. However, the authors
studied into liquid crystal substances as additives for
lubricating materials [1-5]. There are various types
of such substances: neumatics, smectics,
cholesterics, lyotropic liquid crystals and others [6-
8]; and there exist a lot of tests on them. It is known
that liquid crystal additives form an oil film on
friction surfaces, and this film is of high supportive
capacity and low friction in the layers [9, 10], which
makes them promising for application in the field.
Additives can also affect qualitative characteristics
(viscosity, chilling temperature) of basic oils
[11,12].

Analysis of the results presented in [13, 14]
shows high efficiency of cholesterics as additives.
They considerably improve the lubricating capacity
of basic oils. In their previous research the authors
chose and tested a liquid crystal substance of
phenanthrene structure, which was added in various
concentrations to the M-30A industrial oil. The
results of tribological research demonstrated the
maximum decrease in the average wear scar
diameter at the 0.4% additive concentration by
about 35...50% relative to the wear scar diameter of
an additive-free oil obtained in research. Besides, the
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load wear index also increased by 48...49% in the
testing range, the same as the critical loading. Thus,
a liquid crystal additive of phenanthrene structure
positively influenced the anti-wear extreme pressure
properties of industrial oil. The results of
tribological research will be presented in more detail
in an individual publication.

Though such an additive considerably improved
the tribological properties of industrial oil, there was
a need to be convinced that it did not worsen the
qualitative properties regulated by GOSTs. Thus, for
U-30A oil by GOST 20788 the kinematic viscosity
at 40°C is 41-51 mm?/sec, the chilling temperature
does not exceed -15°C.

Moreover, the effect of an external electric field on
properties of oils with above-mentioned additives is
not studied, thought it is known, that liquid-crystal
substances strongly respond to electric fields [8,10,15].

3. Objective and tasks of the research

1. Research into the effect of concentration of a
liquid-crystal additive and electric fields on viscosity
of industrial oil.

2. Research into concentration of a liquid-crystal
additive on low-temperature properties of industrial
oil.

4. Materials and research methods

The effect of a liquid-crystal additive of
phenanthreme structure on kinematic viscosity of the
industrial oil U-30A GOST 20799-88 was studied
with a Viscosimeter VPJ-4 according to DSTU
GOST 33-2003. The study was based on measuring
a flow time for the oil in the viscosimeter placed in a

temperature control bath (thermostat Gradient-2) at a
given temperature. The measurements were taken at
temperatures of 40°C and 100°C. Besides, the
viscosity index (VI) was also determined by GOST
25371-2018.

The effect on the chilling temperature was
determined by GOST 20287-91. The test example
was heated, then placed in a chilling bath (in a test-
tube) and cooled at a given speed. When the oil
under study reached a needed temperature, the test-
tub was leaned at 45° and kept in this position for a
minute. A displacement of the meniscus was
observed. The temperature at which the test oil
thickened (its level was motionless when the tub
leaned at 45° for one minute) was established as the
chilling temperature.

On the basis of the studies considered, the
following samples were manufactured:

1. additive-free M1-30A industrial oil;

2. U-30A + 0.1% liquid crystal additive;

3. U-30A + 0.3% liquid crystal additive;

4. U-30A + 0.5% liquid crystal additive;

For better dissolvability of an additive in oil, the
samples were treated with ultrasound in an
ultrasound bath at a frequency of 40 kHz and
capacity of 50 W. The additive-free sample was also
treated similarly. The samples were treated by
electric field according to the recommendations
presented in study [15].

5. Results of the research

The results of the research are given in Table.

Table
Viscosity and low-temperature properties of the test samples
. . Viscosity | Viscosity at . . Chilling
No Concentoratlon Ultrasound Electric field at 40°C, v, 100°C, v, Y1sc0s1ty temperature,
C, % treatment treatment N b index, VI o
mm/sec mm/sec T, °C
1 0 - - 44.649 6.477 93 -18
2 0 + - 44.625 6.473 93 -18
3 0.1 + - 44.962 6.537 94 -17
4 0.3 + - 45.176 6.534 93 -17
5 0.5 + - 45.859 6.567 92 -15
6 0.5 + + 45.873 6.613 94 -14
The results of the research were processed in - at 40°C:
Statistica software; the regression equations which v=27.0583-C° —18.49-C* +4.9484-C +44.625; (1)
described dependencies of oil viscosity on - at 100°C:

concentrations of the liquid-crystal additives were
obtained.

v=5267-C°—429-C* +1.016-C +6473. (2)
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The equations were adequate. The adequacy was
checked by Fisher’s ratio test [16].
The dependencies determined by the results of
the research are graphically presented in Figs. 1-4.
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Fig. 1. Change in viscosity of M1-30A oil according to
additive concentration; temperature 40°C
1 — substances not treated with ultrasound;

2 — substances treated with ultrasound;
3 — substance treated with ultrasound and electric field
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Fig. 2. Change in viscosity of 1-30A oil according to
additive concentration; temperature 100°C
1 — substances not treated with ultrasound;
2 — substances treated with ultrasound;
3 — substances treated with ultrasound and electric field
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Fig. 3. Change in viscosity of 11-30A oil according to additive concentration
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Fig. 4. Change in viscosity of -30A oil according to additive concentration

7. Conclusions

1. Research into viscosity change of M-30A oil at
various concentrations of a liquid-crystal additive of

phenanthreme  structure  demonstrated  higher
viscosities at  higher  concentrations from
44.625 mm/sec’ (additive-free oil treated with

ultrasound) to 45.859 mm/sec’ (0.5 % additive
treated with ultrasound) at 40°C, and from
6.473 mm/sec’ (additive-free oil treated with
ultrasound) to 6.567 mm/sec? (0.5% additive treated
with ultrasound) at 100°C. In the chosen range of
concentrations the viscosity was within the values
regulated by the normative documentation for
industrial oil, i.e. by GOST 20788-88 the kinematic
viscosity of industrial oil M-30A at 40°C has to be
within a range of 41-51 mm?*sec. For additive-free
oil treated by electrical field kinematic viscosity
decreases, and at concentrations higher than 0.2% it
increases in comparison with that of non-treated
samples.

2. The viscosity index demonstrated such results:
93 for additive-free oil M-30A with and without
treatment with ultrasound; 94 and 93 — for 0.1 and
0.3 % additives, respectively; 92 — for 0.5%
additive; and 94 for 0.5% additive treated by electric
field.

3. Research into low-temperature properties of oil
showed an increase in the chilling temperature from
-18°C (additive-free oil) to -15°C (0.5% additive).
The chilling temperature in the chosen range of
concentrations did not exceed the range regulated by
normative documents for industrial oils, e.g. by
GOST 20799-88 the chilling temperature of
industrial oil U-30A at 40°C should not exceed -
15°C. On the basis of the results obtained the authors
can conclude that additive concentration should not
exceed 0.5%, as the chilling temperature at this
concentration reaches the boundary possible
temperature  regulated by the  normative
documentation. Electrically treated oil with 0.5%
additive worsens the low-temperature properties at -
14°C which goes beyond the admissible values. At
lower concentrations the chilling temperature is
satisfactory and similar to oils without electric
treatment.
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Meta: MeToro cTarTi € BUBYEHHS BIUIMBY KOHLEHTpPALil PIAKOKPHCTAIIYHOI MPHUCAAKHU Ta €IEKTPUYHOTO
Mojii Ha B’A3KICTh IHAYCTpIaNbHOI OJIMBH, a TaKOX JOCHI/DKEHHS BIUIMBY KOHIIGHTpAIlii Ha
HU3BKOTEMIIEpaTypHi BIacTHUBOCTI oiuBU. Metoam: JlocmikeHHs 1 po3paxyHKU NPOBOAMIIMCS 32 METOAaMHU
ommcannuMu B aepkaBHuX craHmaprax JCTY I'OCT 33-2003, TOCT 25371-2018 Ta I'OCT 20287-91.
Pesyabratn: OTprMaHO 3aJISKHICTh 3MiHH B’SI3KOCTI Ta TEMIIEPaTypH 3acTUTaHHs 1HIYCTpiaJbHOI ONUBH
BiJl KOHIEHTpAIlil PiAKOKPUCTANIYHOI mprcagkd. OTpUMaHO 3aJeXKHICTh 3MIiHH B’S3KOCTI iHAYCTpiadbHOI
OJIMBH TIpH OOpOOIli ENESKTPUYHWM IIOJIEM, 3a PI3HUX KOHIIGHTpAIliil PiAKOKPUCTAIIYHOI TPHCAIKH.
Po3paxoBaHo iHAeKc B’SA3KOCTI JUIs iHAYCTpianbHOI OJHMBHM 3 PI3HUMH KOHLECHTPALISIMH MPUCAIKH.
OOrpyHTOBaHO 0O0OpaHWii HaMH Jiana3oH KOHIeHTpamiid. Pesynbratn mocmimkeHs 0OpoOiieHi B mporpami
Statistica, oTpMaHO pIBHSHHS perpecii, fKi OMUCYIOTh 3aJCKHICTh B’SI3KOCTI OJIMBH BiJl KOHIICHTpAIlii
MIPUCAJKH.
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Heas: Llenpio craTbu SABISIETCS M3YYEHHUE BIMSHUS KOHLUEHTPALUHU >KUAKOKPUCTAIUIMYECKON MPHUCAAKH U
JNIEKTPUYECKOTO TONISi Ha BA3KOCTh MHAYCTPHAIBHOIO Macia, a TakXKe MWCCICAOBAaHUE BIMSHUS
KOHIIGHTpallud Ha HHU3KOTEMIIEpaTypHble cBoiictBa Macina. Meroabl: lVccinenoBaHue M pacueTsl
MIPOBOJIMIIMCH IO METOIaM, OIIMCAHHBIM B rocyaapcTBeHHbIX cTannaprax 'OCT 33-2003, I'OCT 25371-2018
n I'OCT 20287-91. Pesyabtatbl: IlomyueHsl 3aBUCUMOCTH HW3MEHEHHMS BS3KOCTH M TeMIEpaTyphl
3aCTBIBAaHMS HMHAYCTPHAJIBHOIO Macjla OT KOHLEHTPALUH >KUAKOKPUCTAIUIMYECKOW mpucanku. llomydena
3aBUCUMOCTh U3MEHEHHS BS3KOCTH HHIYCTPHUAILHOTO Maciia MpH 00paboOTKe AJIEKTPUYECKAM IOJIEM, TPU
pasHBIX KOHLEHTpAaUUAX  KUIKOKPUCTAUTMUECKOW TpHcagkd. PaccuWtaH WHAEGKC BSA3KOCTH IS
WHAYCTPUAIBHOTO Macja € Pa3IMYHBIMH KOHLIEHTpauusMu npucagkd. OOOCHOBaHHO BBIODaHHBIH HaMU
UATia30H KOHICHTpanui. Pe3ynmpTaThl mcciaemoBaHmii 00paboTaHBI B mporpamMme Statistica, IOTy9IeHO
ypaBHEHHUE PETPECCHH, OMUCHIBAIOIINE 3aBUCUMOCTD BS3KOCTH Macja OT KOHLIEHTPAIHU PUCAKH.
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