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SYNTHESIS OF LOW-VISCOSITY PARTING LUBRICANTS
BASED ON DOMESTICALLY-MADE SOLVENTS AND OILS
WITH IMPROVED ORGANOLEPTIC CHARACTERISTICS

CUHTE3 HU3KOBA3KUX PASAEAUTEABHBIX CMA30K
HA OCHOBE OTEYECTBEHHbIX PACTBOPUTEAEM

U MACEA C YAYMLWIEHHbIMH
OPrAHOAENTUYECKHUMMU NOKA3ATEAAMMU

ABSTRACT

The article describes the results of studies carried out in Institute
BelNIIS Republican Unitary Enterprise (RUE) in synthesis of especially
low-viscosity parting lubricants with the kinematic viscosity about
2mm?/s at 20 °C; the need for these lubricants arose at several enterprises
in the Republic of Belarus as a result of commissioning of several imported
process lines for making reinforced-concrete articles on horizontal trays
with movable sidewalls. As a result of these studies, the method has been
designed for physicochemical treatment of low-viscosity hydrocarbon
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solvent, Nefras-C4-150/200, made by Naftan OJSC, making it possible
to eliminate bad odour of the initial solvent and provide it with properties
necessary for its application as a component in lubricants. The product
resulting from physicochemical treatment of the aforementioned solvent
makes homogeneous solutions with mineral oils, with a wide range of
viscosities typical for them, depending on the composition and suitable
for application as a hydrophobic component in low-viscosity parting
[ubricants meeting modern requirements in terms of viscosity, sanitary
and hygienic characteristics and other properties.

Isoparaffin oil from Rosneftekhim Innovative Industrial Company
CJSC, industrial oil from Naftan OJSC and the product of physicochemi-
cal treatment of Nefras-C4—150/200 solvent from Naftan OJSC were used
as basic materials for synthetizing low-viscosity parting lubricants with
kinematic viscosities 2.7 and 5.3 mm?/s meeting modern requirements
including the requirements in sanitary and hygienic terms and making it
possible to produce articles with high quality of concrete surface meeting
the category A2. The designed parting lubricants are similar, in terms of
their operational characteristics, to imported lubricants, Formenal FT-
SV and Divinol, being in use now at Gomel Integrated House-building
Works OJSC, and surpass them in sanitary and hygienic terms.

AHHOTALIUA

B cmambe u3s0mceHbl pe3yabmamsl @blNoJHeHHbX 8 PYII
«Mncmumym BenaHUHNC» uccnedosanuii no cuHmesy 0cob60 HU3KOBA3-
KUX DA30enUmeNbHblX CMA30K C KUHEMAMUUECKOTl 8A3KOCMbH 0KO-
70 2 mm2/c npu 20 °C, nompebHOCMb 8 KOMOPbLX NOSABUAACL HA PslOe
npednpuamuii Pecnybnuxu Benapycs 8 853U ¢ 3anyCKOM UMNOPMHbLX
MeXHON02UUEeCKUX JIUHUIL N0 Npou3goocmay Jene300emoHHbIX U3-
Oenull Ha 20pU3OHMABHBLIX NOOOOHAX C NepedsUNCHbIMU bopmamu.
B umoze uccnedosarnuii pazpabomax cnocobd Guauko-xumuueckoii 0o-
pabomxu HU3K08A3K020 Yes1e8000p00H020 pacmeopumens Hegppac—
C4-150/200 npousgodcmea OAO «Hagpman»,—no3goaawnujuil ycmpa-
HUMb HENPUAMHDLIL 3anax UCX00H020 pacmeaopumens u npudams emy
ceoticmeqa, HeobxoouMble ONS €20 UCNONL308AHUA 8 Kauecmae KOM-
noHeHMa cmazok. IlonyueHHsblil NpodyKm PuaukKo-xumuueckoii obpa-
6omxu ykazaHHoz0 pacmeopumeJisi 06pazyem 0OHOPOOHble Pacmaeopbl
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C MUHEPANbHbIMU MACAMU, XAPAKMEPU3YULeca Wupokum ouana-
30HOM 853KOCMU 8 3a8UCUMOCTMU OM COCMABA U NPU2OOHblE ONA UC-
noab308aAHUA 8 Kauecmae 2U0poPobH020 KOMNOHEHMA HUIKOBAZKUX
pa3deniumenbHbLX CMA30K, OMEeUARWUX COBPEMEHHbIM MPebo8aHUAM
8 OMHOUleHUU 8A3KOCMU, CAHUMAPHO-2UUEHUYECKUX nokaszamenell
u opyeux ceoticma.

Ha 6a3ze uzonapagunosozo macna 3A0 HIIK «Pochegmexum», UH-
dycmpuansrozo macaa OAO «Hagman» u npodykma ¢uauxo-xumuue-
ckoii obpabomxu pacmeopumens Hegppac-C4-150/200 OAO «Hagpmam»
CUHME3UPOBAHbL HU3KOBA3KUE PA30eUMeNbHble CMA3KU ¢ KUHEMAMU-
yeckoli gsa3Kocmyvio 2,7 u 5,3 Mm2/c, omeeuaroule co8peMeHHbIM mpe-
608aHuAM, 8 MOM UUCIE 8 CAHUMAPHO-2UUEHUUECKOM OMHOWEHUL,
U N038ONAULUE NOJLYUUMDb U30e/UA C 8bICOKUM KAUECTN8OM NOBEPXHO-
cmu 6emowna, omeeuarouleli kamezopuu A2. PazpabomanHbie pazdenu-
meJibHble CMA3KU NO IKCNIYAMAUUOHHBIM NAPAMEMPAM aQHAN02UUHBL
ucnoavyemvim HoiHe Ha OAO «lomenwvckuil /JCK» umMnopmtsivM cMas-
kam Formenal FT-SV u Divinol u npegocxo0sim ux 8 CQaHUMapHo-zuzue-
HUYECKOM OTNHOWEHUL.

Keywords: kinematic viscosity, lubricant for formwork, petroleum
solvent, mineral oils, surface quality.

KimrogeBble cioBa: KMHeMaTH4YecKas BA3KOCTb, CMa3Ka JId onla-
ny6ku, HeQTAHON pacTBOPUTENb, MUHEPAJIbHBIE Mac/Ia, Ka4eCcTBO I10-
BEePXHOCTH.

Recently, the need arose in our country for especially low-viscosity
parting lubricants, with their kinematic viscosity as low as 2-5 mm?/s
at 20 °C. However, the best lubricants been in use earlier had the
viscosity at least 12-20 mm?/s at 20 °C. The aforementioned need
arose due to installation and commissioning of up-to-date imported
process lines at several Belarusian enterprises, similar to lines from
Vollert Weckenmann (Germany) and Plan (Italy) companies, for
making reinforced-concrete articles on horizontal steel trays with
movable sidewalls fastened by magnets. Equipment installed on these
lines for application of the parting lubricant on trays is operable only
when quite low-viscosity (5 mm?/s or less) lubricants are used.
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Manufacturers of aforementioned process lines recommend
imported low-viscosity lubricants to be used. In particular, Gomel
Integrated House-building Works OJSC uses German lubricants,
Formenal FT-SV and Divinol [1,2]. Attempts to replace imported
lubricants by domestically-made commercially available lubricants are
still unsuccessful at this enterprise.

These lubricants, Formenal FT-SV and Divinol, provide easy
separation of manufactured reinforced-concrete articles from
steel trays and sidewalls and quite high quality of concrete surface
approaching the requirements of category A2 according to [3].
However, they not always provide protection of steel moulds against
corrosion during concrete hardening at higher temperatures in high-
moisture environment. The serious shortcoming of these lubricants is
bad odour of highly-volatile solvent adversely affecting the operating
personnel’s health. Also, these lubricants are quite costly.

The specificcharacteristicof Formenal FT-SV and Divinol lubricants
is high content of low-viscosity highly-volatile solvent (about 70% by
weight). The percentage of the active substance effectively providing
the parting effect is less than 30%. The viscosity of the composition
of components acting as the active substance is much higher than
the viscosity of solvent. The solvent function is to impart the required
low viscosity (2-3 mm?/s at 20 °C) to the whole composition (i.e.
lubricant), making it suitable for application on mould surfaces by
spraying through the nozzles and for uniform distribution on the
aforementioned surface as a continuous thin layer. Due to solvent’s
high volatility, it is evaporated soon (15-30 minutes) after the lubricant
application on a mould, and the very thin layer of the active substance
(7-10 g/m?) remains on the mould surface, consisting of mineral oil
and targeted additives providing easy separation of hardened concrete
articles and high quality of concrete surface.

It should be noted that the principle taken as a basis for the design
of the composition and the technology of application of Formenal
FT-SV and Divinol lubricants deserves most serious consideration.
This principle involves deposition of the minimal amount of parting
lubricant’s active substance on the mould surface, as required to
provide minimal adhesion between the hardened concrete and the
mould material as well as defect-free quality of concrete surfaces and
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mould surfaces. This principle is confirmed by the results of studies
carried out in Institute BelNIIS RUE with regard to the properties of
lubricants based on the «I20A industrial oil-targeted additives»
system. For optimal compositions, the concrete adhesion to steel was
only 0.2-1.0 kPa, with the lubricant layer thickness corresponding to
the consumption of 6-10 g/m?. The concrete surface quality in such a
case met the requirements for the category A2 according to [3]. With
the lubricant layer increased to 20-50 g/m? the concrete adhesion
to steel remained almost unchanged, while the quality of surface of
concrete and steel substrate worsened: pits arose on concrete, up to 2
mm, and friable substance layer arose on steel.

Thus, lubricant layer thickness on a mould surface in terms of the
active substance corresponding to the consumption of 6-10 g/m? is
sufficient to ensure high-quality article formwork removal. However,
when lubricants based on most of industrial mineral oils (including
[-20A) are used, such thin layer cannot be made in industrial
environment by available application tools due to high viscosity of
lubricants. As a rule, the quantity of lubricant applied is 4-6 times
higher than the required amount. Among the methods for application
of lubricants on mould surfaces with the minimal lubricant quantity in
terms of the active substance is the active substance dilution by volatile
solvent followed by the solvent removal resulting from evaporation.

The goal of this study is the design of the receipt and technology
for preparation of domestically-made low-viscosity lubricants with the
kinematic viscosity 2-5mm?/s at 20 °C, based on hydrocarbon oils and
solvents made in Belarus or Russia.

Hydrocarbon oils are produced in the Republic of Belarus and
the Russian Federation, meeting the requirements in terms of their
properties, except for viscosity, for their application as hydrophobic
components of low-viscosity parting lubricants. Among these oils
are, in particular, industrial oil I-20A (Naftan OJSC, the Republic of
Belarus) and basic isoparaffin oil (Rosneftekhim Innovative Industrial
Company CJSC, the Russian Federation). Commercially available
hydrocarbon solvents have low viscosity and, when mixed with
aforementioned oils, provide combinations with the required viscosity.
In terms of their properties, the most suitable are Nefras-C4-150/200
solvents made by Naftan OJSC in accordance with [4]. The kinematic
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viscosity of this solvent at 20 °Cis 1.4 mmZ2s, and the flash point is at
least 31 °C. However, as for application as a component in lubricants,
this solvent has a significant shortcoming - the specific odour making
the especially low-viscosity lubricants less attractive in sanitary and
hygienic terms.

In Institute BeIlNIIS RUE, the method has been developed
for elimination of bad odour of the aforementioned solvent,
Nefras-C4-150/200, by special physicochemical treatment focused on
removal of odour-producing compounds from the solvent composition.
The result is a low-viscosity product free of the aforementioned
shortcoming and suitable to make homogeneous solutions with
hydrocarbon oils, meeting the sanitary and hygienic requirements.

The viscosity of solvents made of the product resulting from the
physicochemical treatment of Nefras-C4-150/200 and hydrocarbon
oils varies in wide range depending on the ratio of components. For
example, see Figure 1 for the resulting «composition vs. viscosity»
relationship.

Content of product resulting from physicochemical treatment
of Nefras-C4-150/200, %

Figure 1. Kinematic viscosity relationship for compositions based on the product
resulting from physicochemical treatment of Nefras-C4-150/200 and the basic
isoparaffin oil made by Rosneftekhim Innovative Industrial Company CJSC
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The compositions of the aforementioned product with the
industrial oil I-20A from Naftan OJSC and the basic isoparaffin oil from
Rosneftekhim Innovative Industrial Company CJSC were used as basic
materials to make low-viscosity parting lubricants with the kinematic
viscosity 2.7 and 5.3 mm2's at 20 °C.

The technology for making these lubricants consists of mixing the
solutions of the product resulting from Nefras-C4-150/200 treatment
and mineral oilswithtargeted additivesto impartthe required functional
properties - high lubricant adhesion to the material of moulds and low
concrete adhesion to this material, capability to provide high quality of
surfaces of concrete articles and protection against corrosion of steel
moulds during the concrete hardening process. The specific feature
exists in application of resulting lubricants: a mould with the lubricant
applied must be kept for some time (30-60 minutes) before filling it
with concrete mix. This delay is necessary for evaporation of solvent
from the lubricant composition and for formation of continuous thin
layer of the active substance from the lubricant on the mould surface.
See Figure 2 for the solvent evaporation kinetics.

Time, hom

Figure 2. The plot of solvent evaporation from DSK-29 lubricant
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The plot demonstrates that the solvent evacuation is especially
rapid during the initial time interval (80% is evacuated during the first
30 minutes); then, it becomes much slower.

See Tables 1 and 2 for the composition and physicochemical
characteristics of the resulting lubricants.

Tablel
Composition of experimental lubricants
Lubricants’ laboratory index,
Lubricant components’ description | faw material component content (% by weight)
DSK-29 DSK-30
Industrial oil
1-20A (Naftan OJSC) - 47.63
Basic isoparaffinic oil (Rosneftekhim 28.95 3
Innovative Industrial Company CJSC) ’
Product resulting from physicochemical
treatment of Nefras-C4-150,/200 69.81 50.39
lubricant (Naftan OJSC)
Component for improvement of mould 0.80 1.33
material moistening by the lubricant ’ ’
Modifier for improvement of lubricant
adhesion to the mould material 0.07 0.08
Lubricant surface tension modifier 0.04 0.10
Component for protection of steel 0.34 0.48
surfaces against corrosion
Table 2
Physicochemical characteristics of experimental lubricants
Lubricants’ laboratory index
Characteristic description and unit and characteristic value
of measurement
DSK-29 DSK-30
State of matter at 20 °C and atmospheric Homogeneous trans- Homogeneous trans-
pressure parent liquid parent liquid
Odour Neutral Neutral
Density at 20 °C, kg/m? 790 820
Kinematic viscosity at 20 °C, mm?/s 2.7 5.3
Weight of lubricant applied on a steel 18 18
plate, calculated per 1 m? of surface, g/m?
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Table 2 (continued)

Characteristic description and unit
of measurement

Lubricants’ laboratory index
and characteristic value

DSK-29

DSK-30

Time for evaporation of 90% of solvent
from the layer of applied lubricant at
ambient air temperature 20 °C and relative
humidity 60%, min

45

60

Weight of lubricant that remains on the steel
plate surface, calculated per 1 m?, g/m?

5.4

8.9

Concrete adhesion to steel after hardening
under the temperature and moisture condi-
tions in accordance with the mode [5], kPa

0.6

0.5

Concrete surface condition according to [5]

Clean, free of visible

Clean, free of visible

defects defects
Corrosive effect for concrete according to [5] No effect No effect
Corrosive effect for steel according to [5,6] No effect No effect
Concrete surface category according to [3] A2 A2

According to the results of laboratory tests, both lubricants provide
easy separation of concrete specimens from steel moulds, defect-free
concrete surface, protection of steel mould surfaces against corrosion.
The concrete adhesion to steel is only 0.5-0.6 kPa. The concrete surface
meets the requirements for the category A2 according to [3].

In terms of their functional physicochemical characteristics, the
resulting lubricants, DSK-29 and DSK-30, are equivalent to imported
lubricants, Formenal FT-SV and Divinol, used at Gomel Integrated
House-building Works OJSC uses; however, they significantly surpass
the imported lubricant in sanitary and hygienic terms. Lubricants
Formenal FT-SV and Divinol have bad odour and not safe for the
operating personnel’s health. Synthetized lubricants, DSK-29 and
DSK-30, are almost odourless, and there is no need to install the high-
power exhausting system when they are in use.

Thus, the method has been developed in Institute BeINIIS RUE
for improvement of quality of especially low-viscosity lubricants by
physicochemical treatment of Nefras-C4-150/200, the domestically-
made lubricant being in use. As a result of works carried out, the
lubricants DSK-29 and DSK-30 are made, providing high quality of
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surfaces of manufactured concrete and reinforced-concrete articles,
meeting the raised requirements in terms of sanitary and hygienic
safety of the operating personnel and the requirements of modern
equipment in terms of application of lubricants on surfaces of moulds.
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