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Purpose. Determination of the indexes of outdoor resistance and water absorption for new protective coatings based
on the aluminosiloxane polymer and the influence of the original composition on the physical properties of the coatings.

Methodology. During the research, we used methods that allow examining of the physical and mechanical properties
of protective coatings and meet the national standards. Hydrophobic properties of the coating are characterized by the
degree of wetting of the surface of coating material, which was evaluated by limiting wetting angle on phase boundary by
the method of selective moistening.

Findings. It was proved that the aluminosiloxane polymercoatings have high insulating and protective properties, as
the limiting wetting angle was more than 90 degrees for all compositions. Thewater absorption of the coated surface of
steel equals 0.18—0.58, and in case of concrete,0.29—0.92 wt.%. The partial destruction of the coating appears at negative
and alternating temperatures due to corrosion processes in the surface layers of the coating. The limiting wetting angle
diminishes by 4—13 degrees for steel and 10—18 degrees for concrete. It was determined that the aluminosiloxane poly-
mer-based coatings are characterized by high indexes of physical properties (outdoor resistance, water absorption) and
sufficient temperature and fire resistance.

Originality. The influence of the full aluminosiloxane polymer-based coatings initial composition on the resistance to
corrosion and outdoor stability.

Practical value. The suggested protective coating based on full aluminosiloxane polymer can be used in various in-
dustries. The role of oxide and silicate fillers in the protective coatings was evaluated to provide the task-oriented control
over the performance properties of the coatings in a wide range of temperature.

Keywords: coating, polyorganosiloxanes, protective efficiency, corrosion resistance, weather resistance, hydrophobi-

city, water absorption, limiting wetting angle

Introduction. A promising way to protect building
constructions of industrial objects from the action of ag-
gressive factors is coating their surfaces with coatings that
have to work durably and reliably under conditions of
sharp fluctuation of temperatures. Building structures are
protected with different coatings, which due to high attri-
bute do not only increase the term of exploitation, but also
provide the necessary complex of valuable physical, me-
chanical and chemical properties while adjusting the
phase composition and structure as a whole.

One of the most effective protections is coating based
on organic silicate materials which are products of chemi-
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cal interaction of silicon connections, silicates and refrac-
tory oxides. Quite economical methods of preparing of
initial compositions of organic silicate coating through
mechanic-chemical dispersion of the filler in an environ-
ment of silicon-organic film-forming agent and putting
them on paint technology create significant advantages
over other types of coatings.

The lack of comprehensive data on physical and chem-
ical processes that occur in the coatings affected by atmo-
spheric factors does not give possibility to regulate their
operating properties directionally.

Analysis of the recent research. The selection of con-
structional materials which operate being exposed to high
temperatures and fire depends on the term and conditions
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of exploitation. Choosing coating composition, it is neces-
sary to take into consideration not only the fire and heat
resistance, but also weather resistance of finished coat-
ings. The resistance of the coating to external factors can
be increased by forming the corresponding phase compo-
sition and structure [1, 2], and by adjusting the coating of
barrier type, which makes it almost impossible for oxygen
to access the surface of the material [3, 4].

Technical and technical-economical properties of sili-
con coatings are predefined by thermodynamic stability of
siloxane connection (Si—QO). To protect metal construc-
tions, polyorganosiloxanes are used. They combine ther-
mal stability and chemical inertness of silicon-oxygen
frame with high physical and mechanical properties [3, 5].

Thermal properties of protective coatings have been
investigated fully enough and diversely. However, by
compounding the coating with additional ingredients it is
possible to not only increase the indicated properties, but
to enhance weather resistance of coatings as well, which
will increase their durability and reliability considerably.
Therefore, there is a necessity for the quantitative estima-
tion of protective coating resistance to weather factors.

Thus, the article aims at solving this particular prob-
lem, which has not been studied sufficiently.

Objectives of the article. The purpose of this article is
to study hydrophobic properties of protective coatings
based on full aluminosiloxane polymers.

The objects of research. The object of the research
involves compositions for protective coatings based on
aluminosiloxane lacquer KO-978 with fillers (aluminium,
zirconium (IV) oxides), kaolin, kaolin fibre and miner-
aliser (titanium (IV) oxide).The research of coatings was
conducted on structural rimming steel (St3kp) and con-
crete linings. The physical and chemical methods of ex-
perimental research studies were used: X-ray analysis,
chemical analysis, electronic-microscopic and electronic-
graphical researches of the structures of coatings.

The main research and explanation of scientific re-
sults. As it is well known, durability and service ability of
building materials and constructions are determined pri-
marily by working temperature condition and resistance
of protective coating to the effect of unfavourable weather
conditions.

Under real-life conditions of exploitation, materials
and wares are exposed to integrated effect of atmospheric
actions, the accumulation of which increases corrosion
greatly. This fact conditions necessity of quantitative as-
sessment of protective coating resistance to atmospheric
factors.

Weatherablity of coatings depends on the composition
spread over the materials protected, on the method of their
application, on temperature of hardening etc. The pro-
posed compositions of protective coatings (Table 1) were
applied to the pre-treated surfaces with a layer thickness
of 0.4-0.6 mm. Solidification of the coating occurred at
room temperature during 24 hours to achieve the maximal
degree of micro hardness (at least 200 MPa).

Formation of coating is accompanied by the processes
of wetting and spreading of suspension, and by formation
of the contact area between the phases and origin of adhe-
sive bond. Accelerated research studies to determine the
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weather resistance showed high insulating ability of coat-
ings, which depends on the content of film-forming mate-
rial and filler. Water absorption of coatings on concrete is
1.5-2 times as high as the similar index for steel St3kp due
to lower wholeness that is determined by relief of surface
(Table 2).

Boundary wetting angle for investigated coatings is
greater than 90 degrees which confirms their high hydro-
phobicity (Table 3).

The study of dynamics of index changes of protective
ability of coatings affected by atmospheric factors indi-
cates the deterioration of their properties, especially for

Table 1

Initial protective coatings compositions based on full
aluminosiloxane polymer

No Contents KO — Filler contents, wt %

| 978 wt% | A1,04| ZrO, | Kaolin | Kaolin fibre | TiO,
1 20.0 40.0 | 35.0 - 5.0 -
2 30.0 30.0 | 36.5 — 3.5 -
3 40.0 20.0 | 38.0 — 2.0 —
4 25.0 40.0 | 10.0 | 20.0 5.0 -
5 30.0 40.0 | 11.5| 15.0 3.5 -
6 35.0 35.0 | 18.0 | 10.0 2.0 —
7 25.0 40.0 | 14.0| 15.0 5.0 1.0
8 30.0 30.0 | 22.0| 12.5 3.5 2.0
9 35.0 25.0 | 25.0| 10.0 2.0 3.0

Table 2
Water absorption of coatings

No. of coating | Water absorption after 48 hour of exposition, %
composition for St3kp steel for concrete

1 0.58 0.92

2 0.45 0.63

3 0.14 0.27

4 0.52 0.77

5 0.43 0.62

6 0.18 0.29

7 0.43 0.57

8 0.41 0.62

9 0.32 0.51

Table 3
Boundary wetting angle of coatings
. Boundary wetting angle, degrees
No. of C(.)a.ltmg for St3kp steel for concrete
compositions
293 K 243 K 293 K 243 K

1 92 90 91 90

2 96 91 93 91

3 103 90 97 90

4 93 89 90 88

5 95 93 91 89

6 98 90 92 88

7 93 89 90 90

8 95 93 91 92

9 102 89 93 89
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coatings filled with kaolin due to their high adsorption ca-
pacity.

Boundary wetting angles at the indicated temperature
are 88—93 degrees that is 4—13 degrees less compared
with the similar data at room temperature (Table 3). The
maximal value of hydrophobicity is observed in protect-
ing coating compositions No. 2,5 and 8.

Operating properties of filled silicon-filled organic
coatings substantially change under conditions of long-
term effect of negative temperatures (exposure 240 hours,
T'=243 K, lining St3kp) (Fig. 1).

Thus, the protective coating resistance to the effect of
negative temperatures mainly depends on the content of
aluminosiloxane polymer and kaolin.

As it is shown in Fig. 1, the dependence of the relative
degree index of screening (X') on exposure duration for
the coatings with compositions No. 2,5 and 8, which have
the most stable properties under the influence of negative
temperatures, has a clearly definite extreme character.
During the first 48 hours of exposure the X! index reaches
a minimum and in the interval from 48 to 96 hours starts
growing considerably, followed by a gradual decline. The
value of relative degree of screening is stabilized after
150 hours of exposure, and after 240 hours its value is
0.42-0.48.

Thus, the action of negative temperatures slightly af-
fects the protective coating. Boundary wetting angles de-
crease no more than on 4—13 degrees and for most coat-
ings exceed 90 degrees that is explained by the action of
mineral filler which considerably reduces the diffusion of
water.

Along with the destroying effect of water, the destruc-
tion of the coating material is possible at negative tem-
peratures. Laboratory research studies found that the cy-
clic action of alternating temperatures influences hydro-
phobicity more considerably (Table 4).

Analyzing the results of research studies of coating
weather resistance, it is necessary to note that the action of
weather factors does not cause deep destruction of protec-
tive coatings. The basic processes of oxidation occur only
in the surface layer of the polymer without a considerable
decrease in the filler content.

X!

0,8
0,6

0,4

0,2

0 48 96 144 192 240 T, ron.

Fig. 1. Dependence of the relative degree of screening
on the exposure duration for the coatings with com-
positions: 1 —No. 2; 2—No. 5; 3 — No. 8 on St3kp at
negative temperature (243 K)
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The fact that corrosive processes occur in the surface
layers of the coating is confirmed by the change of their
roughness (Table 5). Tests were conducted under dry — 60 %
humidity and moist — 90 % humidity conditions for 1 year.

After one-year testing under conditions of dry and
moist environments the maximal increase in roughness of
R, and R, was found for composition No. 9 (by 1.9 times)
and minimum for composition No. 5 (by 1.3 times). The
maximum and minimum roughness indexes were respec-
tively 0.683 and 0.487 microns (under dry conditions).
Under moist (wet) conditions the maximal increase in
roughness is determined for composition No. 6 (by 5.1 ti-
mes), the minimum one is for composition No. 1 (by
2.2 times). The values of maximal and minimum rough-
ness are 1.331; 1.573 microns, respectively. Corrosive
processes under wet conditions occur more intensively,
which is demonstrated by higher values of R, and R,

The increase in the roughness index is confirmed by
the change of surface microstructure of protective coat-
ings (Fig. 2).

This process is the most intensive on the coating sur-
face of composition No. 5. The destruction occurs on sep-
arate areas of 200 X 400 microns. Adhesive contact with
the metal surface for all investigated protective coatings is
strong and its destruction as a result of environmental
effect was not identified.

Table 4

Boundary wetting angle of coatings after cyclic effect of
alternating temperatures of 24 cycles

No. of coating Boundary wetting angle, degrees
composition for St3kp steel for concrete

1 81 79

2 88 86

3 95 93

4 75 73

5 89 84

6 87 83

7 85 81

8 86 83

9 98 85

Table 5

Coating roughness indexes during tests

. Index R, (numerator) and R,
No. of Co.a.t ng denominator), mkm
composition ( — —— —
under dry conditions | under moist conditions
1 0.323/0.521 0.412/0.912
2 0.357/0.537 0.391/1.141
3 0.412/0.683 0.382/1.240
4 0.352/0.487 0.253/1.007
5 0.381/0.510 0.268/1.217
6 0.351/0.612 0.308/1.573
7 0.287/0.492 0.408/0.978
8 0.312/0.572 0.398/1.127
9 0.308/0.603 0.348/1.331

Note: R, is the roughness value before the test; R, is the roughness
value after testing.
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Fig. 2. The surface microstructure of protective coating
(composition No. 5) after testing (x 1000): a—
original; b — under dry conditions; ¢ — under wet
conditions

Conclusion: the results of accelerated research studies
of atmosphere resistance of filled silicone coatings show
their high insulating ability that depends on the content
and nature of both film-forming material and filler.

The research studies determined that the coatings on
the base of full aluminosiloxane polymers are character-
ized by high physical property indexes (weather resistance
and weather absorption) at preservation of sufficient tem-
perature and fire resistance.

Recommendations for further researches in this
area are not only to determine operating properties of pro-
tective coatings which are aluminosiloxane polymer-
based, but to estimate their environmental safety.
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MeTa. Bu3HaueHHs TOKa3HHUKIB aTMOC(HEpPOCTIHKOCTI,
BOJIOTIOTJIMHAHHSI HOBUX 3aXWUCHUX MOKPHUTTIB HA OCHOBI
TIOJTIaJIFOMOCHIIOKCaHy Ta BCTQHOBJICHHS BIUIMBY CKJIany
BUXI1JTHOT KOMITO3HUIIi1 Ha (hi3WYHI BJACTUBOCTI TIOKPHUTTIB.

Metoauka. Ilpu 1OCHIPKEHHSX BUKOPHCTOBYBAIN
riependadcHi TIFOYNMHA IEPKABHIMHU CTaHIAPTAMH METO-
A, TII0 JIO3BOJISTIOT BUBYUTH (Di3MKO-MEXaHiIgHI BIACTH-
BOCTI 3aXHCHHUX MOKPHUTTIB. ['inpodoOHi BIacTuBOCTI 1M0-
KPUTTSI XapaKTEePU3YIOThCSl CTYNEHEM 3MOYYBAaHHS I10-
BEPXHI MaTepiany MOKPUTTSM, SIKMH OLIHIOBAJIH 33 BEJIH-
YUHOIO KPailoBOTO KyTa 3MOYYBaHHS Ha MEXi PO3ZILTY
(a3 3 BUKOPUCTAHHSIM METO/1y BUOIPKOBOIO 3MOUYBaHHS.

PesysnbTaTn. BeraHOBIIEHO, 1O MOKPUTTS HA OCHOBI
HaIrOBHEHOT'O MOJIIaJIFOMOCHIIOKCaHy MArOTh BUCOKI 130J1F0-
104l Ta 3aXUCHI BJIACTUBOCTI, OCKLIBKH KPaHOBHH KYyT 3MO-
YyBaHHS JUISl TOKPUTTIB YCIiX CKIIaAiB € OinbiuM 3a 90 rpa-
JIyCiB, 3HaYEHHS BOAONOTTIMHAHHS ITOKPUTTIB Ha CTaJl J0-
pisatoe 0,18-0,58, a Ha 6eToni — 0,29—-0,92 mac.%. YacTko-
Ba JECTPYKIIiSl TIOKPUTTS BinOyBaeThCsS 3a BiI €MHHX Ta
3HAKO3MIHHHX TEMIIEPaTyp 3a PaxXyHOK KOPO3IHMHHUX IIpoIie-
CiB y TOBEpXHEBHX IIapax IMOKPHUTTS, IPH IIbOMY KpaiioBHiA
KyT 3MOYyBaHHs 3MeHIIyeThest Ha 4—13 Ta 10—18 rpamyciB
BIAMOBIHO [T CTayli Ta OeToHy. BcTaHoBieHO, 1m0 1mo-
KPUTTSI HA OCHOBI HAIlIOBHEHUX MOJIIAJIFOMOCHIIOKCaHIB Xa-
PaKTEepHU3YyIOThCSl BUCOKUMH ITOKa3HUKaMH (Di3MYHUX BIla-
CTHBOCTEH (aTMOC(EPOCTIHKOCTI Ta BOIOIOIMHAHHS) IIPH
30epekeHH1 I0CTaTHBOT TEMITEpaTypo- Ta BOTHECTIMKOCTI.

HayxoBa HoBH3HA. BcTaHOBIICHO BIUIMB CKIIaly BH-
X1THOT KOMITO3MIIi{ Ha aTMOC(HEPOCTIHKICTh Ta KOPO3iHHY
CTIMKICTh MIOKPHUTTIB HA OCHOBI HAITOBHEHUX ITOJIAIFOMO-
CHJIOKCAHIB.

IpakTuyHa 3HAYUMIiCTb. PO3po06ieHi 3aXHCHI TOKPUT-
TS HA OCHOBI HAIIOBHEHHX MONIATIOMOCHIIOKCAHIB MOXYTb
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BUKOPUCTOBYBATHCSI B PI3HHX Tally3sX HPOMHUCIOBOCTI.
BcranopieHHi BIUTMB OKCH/IHHX 1 CHJTIKATHUX HAaIlOBHIOBA-
YiB y CKJIAJIi 3aXMCHUX TIOKPHTTIB, L0 3a0e3Ieuye MOKIIH-
BICTB IIJICHANIPABIICHOTO PETYJIFOBAHHS TX EKCTUTyaTalliHHIX
BJIACTHBOCTEH y IIMPOKOMY iHTEpBaJIi TEMIIEpaTyp.

KuarouoBi cioBa: noxpumms, noniopeanocunoxcanu,
3aXUCHA epeKmuenicmyv, KOpO3illHaA CMIUKICMb, ammo-
cgpepocmitixicmo, 2iopoghodHicmMb, B000N0TUHAHHA, KpaA-
1108ULL KV 3MOYY8AHHSL

Heas. Onpenencane mokaszareneii aTMochepoycToii-
YUBOCTH, BOJOTIOTIIOMIECHISI HOBBIX 3aIIUTHBIX TTOKPBITHIA
Ha OCHOBE TOJIMATIOMOCHIIOKCaHA M YCTAaHOBJICHUE BIIUS-
HUS COCTaBa MCXOJAHOW KOMIIO3MIIMM Ha THIpodu3nue-
CKHE CBOMCTBA ITOKPBITUI.

Metoauxka. [Ipu uccienoBaHusX UCIOIb30BAIM MPE-
YCMOTpPEHHBIE JICHCTBYIOIUMHU TOCYIapCTBEHHBIMU CTaH-
JapTaMyd METOIbI, KOTOPBIC MO3BOJIIOT HM3Yy4UTh (HU3H-
YECKHE CBOMCTBA 3AlUTHBIX IMOKPBITHH. [HapodoOHEIe
CBOWCTBA TOKPBITHS XapaKTEPU3YIOTCS CTCIICHBIO CMadH-
BaHUs ITOBEPXHOCTH MaTepHaja IMOKPHITHEM, KOTOPYIO
OLICHWBAJIM TI0 BEIWYHHE KPAaeBOTO yIiia CMaYWBaHHS Ha
rpaHuIe paszmena (a3 ¢ UCIONB30BaHUEM METOIa BBHIOO-
POYHOTO CMaYNBAHUS.

Pe3yabTarbl. YCTaHOBJIEHO, YTO IIOKPBITHS HA OCHOBE
HAMOJIHEHHOIO TOJHAIIOMOCHIIOKCAHA HMEIOT BBICOKHE
W30JIUPYIONIME M 3allMTHBIE CBOMCTBA, BBICOKHE THIPO-
(oOHbIE 1OKa3aTes M, MOCKOIBKY KPaeBOl yrojl cMaunBa-
HUS JUTSL TIOKPBITHI BCEX COCTAaBOB COCTABISCT OOJIBIIE
90 rpamycoB, 3Hau€HHE BOAOIOMIOIIEHUSI MOKPHITUH Ha
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craym paBHo 0,18-0,58, a Ha 6etone — 0,29—0,92 macc.%.
YactuuHas AeCTPYKLUS MOKPBITUSI MPOUCXOIUT MPH OT-
PpHUIATSIIEHBIX U 3HAKOIICPEMEHHBIX TEMIICpaTypax 3a CUeT
KOPPO3UOHHBIX MPOIECCOB B MOBEPXHOCTHBIX CIIOSX ITO-
KpBITUS, TIPH 3TOM KpPAcBOH YTOJ CMadWBaHHS yYMEHB-
maetcst Ha 4—13 u 10—18 rpangycoB COOTBETCTBEHHO ISt
CTayi 1 OeTOHA. YCTaHOBJICHO, YTO TIOKPBITHS Ha OCHOBE
HAITOJIHEHHBIX ITOJTHATFOMOCHIIOKCAHOB XapaKTePU3YIOTCS
BBICOKMMH TIOKa3aTeNsIMd TUAPOPUINISCKUX CBONCTB
(armMochepoCTONKOCTH M BOMOIOIVIONICHHS) TIPU COXpa-
HEHUU JIOCTAaTOYHOI TeMIlepaTypo- U OTHECTOMKOCTH.

Hayuynasi HoBU3HA. YCTaHOBJICHO BIIMSIHME COCTaBa
HCXOJIHOW KOMITO3UIIMK Ha aTMOC(HEPOCTOHKOCTh U KOP-
PO3HOHHYIO CTOMKOCTh IMOKPBITHH Ha OCHOBE HAIIOJHEH-
HBIX TIOJTHATFOMOCHIOKCAHOB.

IIpakTHyeckasi 3HAYUMOCTb. Pa3paboTaHHBIC TMO-
KpBITHSL HA OCHOBE HATIOJHEHHBIX ITOIHAFOMOCHIIOKCA-
HOB MOTYT HCIIOJIB30BaThCS B PA3IMYHBIX OTPACIIAX MPO-
MBIIIJICHHOCTH. YCTAHOBJICHO BIIMSIHUE OKCHJIHBIX U
CIJIMKATHBIX HAIIOJTHUTEINEH B COCTaBE 3alUTHBIX TOKPHI-
THH, 9TO 00€CTIEYUBAET BOSMOXKHOCTh IIeJIEHANPaBIECHHO-
IO PEryJUPOBAaHUS X IKCIUTYaTAllHOHHBIX CBOMCTB B I~
POKOM MHTEpBaJIe TEMIIEPaTyp.

KuioueBble ¢ji0Ba: noxpwvimus, noauopeanoCuiloca-
Hbl, 3AUWUMHAS IPPEKMUBHOCMb, KOPPO3UOHHASL CMOT-
KOCmb, ammocghepocmoukocms, 2uOpoghodHOCHb, 8000-
noanoujeHue, Kpaegou y2oi CMavyueaHus

Pexomenoosano oo nybrikayii dokm. mexH. HAYK
JI. I batioaxosoro. [lama naoxodacenns pykonucy 02.04.15.
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