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Abstract

Epoxy diane oligomer ED-20, 2,4-diaminoazobenzerearboxylic acid modifier, polyethylene polyamitardener,
microdispersed particles of synthesized powdergghand a mixture of discrete fibers were used tomfoomposite materials
and protective coatings for the transport industitye influence of aggressive media: oil, gasolseg water, acetone, NaOH
(50 %), HCI (10 %) and 80O, (10 %) on the corrosion resistance of the develamenposite materials with different content of
ingredients was studied. The results of experintestiadies suggest that the least swelling was obsgefor samples of
composite containing components in the followingora- modified binder: microdisperse filler in tfierm of a synthesized
powder charge (Fe (70 %) + Ti (10 %) + TiC ) +E¢g5 %)) (d = 10-12um) : mixture of discrete fibers (modal (42 %),
polyacrylic (38 %), polyamide (38 %)) — 100 : 0:0510. The use of such a composite in the fornprotective coatings of
vehicles will ensure (if compared to the modifiqubey matrix) reduction of the permeability of agegwe media in: 1.5-1.7
times (when being used in oil and gasoline); 18-+times (when being used in seawater, acetone a@HNsolution (50 %));
3.0 and 2.5 times (when being used in solutions¥%)®f hydrochloric and sulfuric acids, respectwvdhcreased corrosion
resistance compared to the matrix is caused byceadse of the amount of polymer in the developettrah and its increased
cohesion strength, which increases the path of tmtim of molecules of corrosive agents duringirtiiiffusion into the
composite due to additives.
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Nowadays, improvement of the performance obligomer only at the optimal content provides a
technological equipment, operating in variousignificant improvement in the properties of the
aggressive environments is a topical and impoitsue materials. It was considered that in order to imprthe
of modern industry. In this regard, it is importaot characteristics of polymeric protective coatings fo
improve the anti-corrosion properties of parts anttansport parts, it is advisable to introduce
mechanisms of the transport industry. The authb#8]] microdispersed particles and discrete fibers with a
demonstrate that it is possible to ensure thebiéityaof  critical homeopathic content into the binder agesn
vehicles and increase their service life through wse the modifier. In our opinion, only such an approach
of epoxy composites and protective coatings based the introduction of these components in the complex
them. Such coatings are characterized by the gyabfl will ensure the production of materials with maximu
the properties over a sufficiently long periodiofé. At cohesive strength. In this regard, it is advisadhel
the same time their efficiency is proved at operatiot effective to use active and relatively cheap
only in various aggressive environments, but also anicrodisperse additives in the form of synthesized
alternating temperatures and dynamic loads. powder charge (SB), as well as discrete fibers, which

The authors [4-6] substantiate that thean intensify the crosslinking processes in theniiion
improvement of the cohesion characteristics off epoxy composites.
composite materials (CM) provides a simultaneous The aim of the work is to study the influence o th
increase in their anti-corrosion properties. Irsthase, content of SE and discrete fibers on the anti-corrosion
the synergy in improving the properties consistshim properties of epoxy composites for the transport
predicted and predetermined introduction of modifie industry.
disperse fillers and continuous and discrete fibets
the epoxy binder. The introduction of additiveithe Materials and methods of research

The epoxy diane oligomer of ED-20 brand (GOST
10587-84) was chosen as the main component for the
binder in the formation of epoxy CM. It is characzed
by high adhesive and cohesive strength, low shgeka
and manufacturability while being applied to theface
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weight parts of ED-20 epoxy oligomer to improve thgolymer CM based on a modified epoxy binder with a
cohesive strength of CM. dispersed filler and discrete fibers, the contdntioich
Polyethylene polyamine PEPA hardener (TU 6-05was previously determined [9, 10].
241-202-78) was used for cross-linking of epoxy  We tested five compositions of anti-corrosion
compositions, which allows to harden materialsoaim  composites:
temperatures. PEPA is a low molecular weight matrix (control sample) the matrix was formed by
substance consisting of the following interconnéctethe following ratio of components — epoxy oligomer
components: [-CHCH,-NH-],. CM was crosslinked by (ED-20): modifier 4,4'-methylenebis (2-methoxyamd)
introducing the hardener into the composition at 8MBMA): polyethylene polyamine (PEPA) — 100: 0,25:
stoichiometric ratio of components by content (eig 10);
parts) — ED-20 : PEPA — 100 : 10 [-@BHx>-NH-],. CM 1 (composite was formed by the following
SPC was used as a microdisperse filler foratio of components — modified binder: microdispers
experimental studies. The filler was formed by highfiller in the form of a synthesized powder char@PC:
voltage electric discharge synthesis. SPC contdias Fe (70 %) + Ti (10 %) + TiC (15 %) + k& (5 %))
following ingredients, %: Fe — 70, Ti — 10, T#Cl5, (d = 10-12pum): a mixture of discrete fibers (DV 1:

FeC — 5. Powder grain siz, = 11.5pm. modal (42 %), polyacrylic (38 %), polyamide (38 %))
In the form of a filler, a mixture of discrete fitse (I=1.5-2.0 mm, d = 30-35m) — 100 : 0.05 : 0.10);
(DF) is additionally used, which contain the folliog CM 2 (composite was formed by the following

ingredients in the complex, %: modal — 42; polyticry ratio of components — modified binder: SPC: DV 1 —
38; polyamide — 20. Dimensions of discrete fibersi00 : 0.05 : 0.15);
| =1.5-2.0 mmd = 30-35um. CM 3 (composite was formed by the following
Epoxy composites were formed by the followingratio of components — modified binder: SPC: a nrixtu
technology: heating the resin to a temperaturef discrete fibers (DV 2: polyacrylic (40 %), nalir
T'=353 + 2K and holding at a given temperature for avool (40 %), bamboo (20%)) (I = 1.5-2.0 mm,
time © = 20 £ 0.1 min; hydrodynamic combination ofd = 30-35um — 100 : 0.05 : 0.05);
oligomer and filler particles during time= 10 + 0.1 CM 4 (composite was formed by the following
min; ultrasonic treatmentof the composition durfilge  ratio of components — modified binder: SPC: DV 2 —
t = 1.5 = 0.1 min; cooling the composition to room100 : 0.05 : 0.10).
temperature over time= 60 £ 5 min; the introduction The research results confirm the high chemical
of the hardener and stirring the composition fdinee stability of the developed materials based on the
1=5+0.1 min. CM was harderned according to thmodified epoxy resin ED-20 in various aggressive
mode: formation of samples and their aging overtimenvironments. This is primarily due to the slowing
1=12.0%0.1 h at atemperature T = 293 + 2 Kfihga down of the permeability of aggressive media in the
at a rate ob = 3 K/min to a temperature T = 393 + 2 K,volume of epoxy composites due to the increaséaif t
holding over timet = 2.0 £ 0.05 h, slow cooling to a cohesive strength [11, 12]. The latter, in turnpeteds
temperature of T = 293 + 2 K. In order to stabilthe on the degree of crosslinking of the epoxy matsiiich
structural processes in the composite, the sampdes is determined by the kinetics of physicochemical
kept for a timet=24 h in air at a temperature ofprocesses in the structure of materials. The iniztdn
T =293 £ 2 K, followed by experimental tests. into the binder of active fillers, in our case -
The corrosion resistance of CM was determined byicrodispersed particles and discrete fibers atitecal
immersing the samples in the following aggressiveontent, provides maximum conversion of the polymer
media: oil, gasoline, sea water, acetone, NaOHARO matrix into the state of the outer surface layerisich
HCI (10 %) and HSO, (10 %) [7,8]. Samples of size provides a synergistic effect in improving the phgb
60 x 10 x 10 mm were kept in aggressive media for and mechanical properties of the developed congmsit
timet =720 h at a temperatufe= 293 + 2 K. Samples Analysis of the results shown in Table 1 shows
before and after exposure to aggressive media weteat the least aggressive media for the developesye
weighed on analytical balances brand VLR-200 with acomposites are oil and gasoline. It is proved (&bl
accuracy oft0.0001 g. that the exposure of samples based on a modified
When increasing (decreasing) the mass of thmolymer matrix in aggressive media of oil and gawol
samples, the calculation of durability was perfadmefor a timet = 720 h leads to swelling of the polymer,

according to the formula resulting in its weight increases by 2.9 and 2.8 %,
_al respectively. Additionally, it was found that expos to
X =1OOT’ samples from the polymer matrix in seawater, a@eton

h . . . %.is th £ th and NaOH (50 %) under similar temperature and time
wherex is corrosion resistance, %,is the mass of the \,,4eq eads to more significant swelling, as alredu

sample before test, 9,is the mass of the sample afterWhich the material weight increases by 3.0-3.2 f6. |
test, g.

addition, it was found that the most aggressiveiantd
the polymer matrix are solutions of hydrochloricdan
sulfuric acids. It is shown (Table 1) that as aultesf
holding the samples in these media for a tiree720 h,
e€decrease in their mass by 0.3 and 0.5 %, respbgti

Discussion of the results of the experiment
For corrosion protection of technological
equipment operated in aggressive environments,
researches the anticorrosive properties of theldpgd
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Table 1 — Corrosion resistance of CM after exposurt aggressive environments
during time t = 720 h at temperatureT = 293 + 2K

Aggressive Change of the mass of the samples, %

environment Modified polymer matrix ™1 M 2 M 3 M 4
Oil 2.9 1.9 2.4 2.2 2.6
Gasoline 2.8 1.8 2.5 2.2 2.7
Seawater 3.2 1.8 2.6 2.0 2.9
Acetone 3.0 1.9 2.8 2.4 2.7
NaOH (50 %) 3.1 1.7 2.2 2.1 2.9
HCI (10 %) -0.3 -0.1 -0.2 -0.2 -0.3
H,S0O, (10 %) -0.5 -0.2 -0.3 -0.3 -0.4

was observed. In our opinion, the destruction a&f ththe molecules of aggressive media according to the
polymer in acid solutions is explained by the &pibf second Rehbinder effect [13], penetrating the radter
the matrix to oxidation processes, sorption during provide the formation of a wedging effect, espégiat
experiment of components of aggressive medighe interface "matrix — filler". This, in its turieads to
resulting in changes in the structure of the maaiid the accumulation of moisture at the hydrophilic teem

the destruction of unstable physical bonds in thef the solid phase and the emergence of osmotic
material volume and phase separation «matrixerfill  pressure sufficient for swelling and subsequent

The results of experimental studies (Table 13tratification of the composite. Diffusion forcexrease
suggest that the introduction of a modified epoiydbr the intensity of moisture permeability in the matks,
of microdispersed particles and discrete fiberpheéd which destroys the adhesive bonds of the matri wit
increase the chemical resistance of the developgdd Che filler, which reduces the cohesive strengththef
due to increased cohesion characteristics of eposystems.
composites. In particular, it is shown that the esyre At the final stage, the change in the mass of the
of samples to aggressive media of oil and gasolirmmples after their exposure in aggressive media of
during the time t = 720 h leads to swelling of theéhydrochloric and sulfuric acids was analyzed. It is
polymer and, accordingly, to an increase in theasssn shown (Table 1) that as a result of the study of
by 1.8-2.7 %. Note that the least swelling was nlest predetermined temperature and time parameters, the
for samples of CM 1 containing components in thenass of composites decreases by 0.1-0.4 %. lbisegdr
following ratio — modified binder: microdispersdldi that CM 1 is characterized by minimal weight loss,
in the form of SPC: Fe (70 %) + Ti (10 %) + TiC (% which is in good agreement with the results ofaheve
+ FgC (5 %) @ = 10-12um): mixture of discrete fibers studies. Compared to the epoxy matrix, after exygosu
(DV 1: modal (42 %), polyacrylic (38 %), polyamideto hydrochloric and sulfuric acids for this matérite
(38 %)) — 100:0.05:0.10). The use of such permeability decreases by 3.0 and 2.5 times,
composite in the form of protective coatings, whiglk respectively. In our opinion, the destruction obxp
used in oil and gasoline, will provide a 1.5-1/hds composites occurs due to the destruction of thgnpeit
reduction in the permeability of aggressive mediar due to the chemical interaction of the fillerdatie
compared to the modified epoxy matrix. The incraase molecules of aggressive media. n addition, as @tres
the chemical resistance of CM is due to a decr@aseresearch, it was found that the destruction of ausitps
the amount of polymer in the volume of composited a in acid solutions is preceded by swelling of thengkes
increased cohesion strength of materials. In amditi due to sorption and diffusion of aggressive media i
one of the reasons for the decrease in the periitgabithe polymer matrix. This is due to defects in the
of polymer composites is the increase in the pdth atructural network of the polymer due to the higeed
molecules of corrosive agents during their diffusia  of the crosslinking processes in the presencdlef,fas
the volume of CM. well as the nature of the aggressive environment.

The results of the study of anticorrosive propertie To confirm the above mentioned test results, the
of CM in aggressive environments of sea water,caet change of physical and mechanical properties of TM
and NaOH (50 %) confirm the above mentionedamples previously aged in selected aggressiveamedi
assumptions. In particular, it was proved (TablghBt for a timet = 720 h at a temperatufe= 293 + 2 K were
the introduction of additives in the epoxy bindeduces additionally investigated. It was experimentally
the weight of the samples during the study bgstablished (Table 2) that the destructive stredses
1.7-2.9 %. In this case, the formation of the cositeo tension and bending, as well as the hardness gbleam
CM 1 contributes to the maximum (among the wholef CM 1, aged in aggressive media of sea water,
range of investigated materials) improvement ofi-antacetone, oil, gasoline and NaOH (50 %), do not ghan
corrosion properties compared to the matrix. Bliewn  (indicators at the beginning and at the end ofstuely
(Table 1) that the formation of protective coatibgsed are within the error of the experiment). At the sam
on such composites reduces the permeability d¢inme, it should be noted that after holding similar
materials in these aggressive environments compgaredsamples in hydrochloric and sulfuric acid media th
the matrix by 1.6-1.8 times. This is due to the fhat indicators of physical and mechanical propertie€lif 1
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Table 2 — Influence of aggressive environments (dung time t = 720 h at temperatureT = 293 + 2 K)
on physical and mechanical properties of CM

. Indicators of properties of CM 1
Aggresswe Destructive tensile stresses| Destructive bending stresses
environment T Hardness, HRB
MPa MPa

Initial conditions 66.1 78.6 56
Seawater 64.2 74.2 54
Acetone 62.8 75.0 53
o] 61.2 76.9 53
Gasoline 63.4 75.0 52
NaOH (50 %) 62.0 74.8 52
HCI (10 %) 44.2 61.6 46
H,SO, (10 %) 41.3 60.8 45

decrease by 1.3-1.6 times. After the tests,

thehould be noted that after exposure to similar $asnp

appearance of the samples did not change, butein thydrochloric and sulfuric acid media, the indicataf
samples tested in acid solutions, a change in @idy physical and mechanical properties of the composite
accordingly, a decrease in mass were observed.dBaskecrease by 1.3-1.6 times. It can be stated theat th
on this, it can be stated that the stability of pheperties stability of the properties of the composite in shedied
of CM 1 in the studied aggressive media can baggressive media can be explained by the plastgizi
explained by the plasticizing effect of sorbedeffect of sorbed ingredients, and the significant
ingredients, and a significant decrease in physical deterioration of physical and mechanical propeisr
mechanical properties after exposure to acid soisti exposure to acid solutions is due to the penetratio
due to the penetration of aggressive media molscule aggressive media molecules into the polymer antiapar
destruction of epoxy matrix.
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KoposinHa TpuBKiCTb €NOKCMKOMMNO3UTHUX NOKPUBIB
ONA TPaHCNOPTHOI ranysi B arpecuBHUX cepeaoBuLlax

A. B. Bykemoe, O. M. bezoax, H. M. Bykemoesa, T. |. leuenko, /[. B. Kumnux, K. M. Kneeuos

Xepconcwra deporcasna Mopcoka akaoemist;
npocnexkm Ywakosa, 20, m. Xepcon, 13003, Vkpaina

Jdns GopmyBaHHS KOMIO3WTHUX MarepialliB 1 3aXMCHHMX IOKPHUTTIB Ul TPAHCIIOPTHOI rajly3i BUKOPHCTAHO
enokcuaHui aiaHoBui oniromep EJI-20, mogudikatop 2,4-1maminoa3o6eH3011-4'-kapOOHOBa KHCJIOTA, TBEPIHHUK
HOJNIETHIICHIIONIaMiH, MIKPOJMCHEPCHI YacTKM CHHTE30BaHOI BHCOKOBOJIFTHUM EJIEKTPOPO3PSIOM IOPOLIKOBOT
IIUXTH 1 CYMIlI IUCKPETHUX BOJIOKOH. JIOCTIKeHO BIUTMB arpecUBHUX cepenoBull (Hadra, 6EH3MH, MOPChKa BOJA,
arierod, NaOH (50 %), HCI (10 %)i H,SO, (10 %)) Ha KOpO3iiiHy TPHBKICTH pPO3pPOOJEHHX KOMIIO3UTHHX
MaTepialiB i3 pI3HAM BMICTOM iHTpEIi€HTiB. Pe3ynbTaTH eKCIepUMEHTAILHUX JOCHIIKCHb JT03BOJISIOTH
CTBEPIKYBATH, 1[0 HaliMEeHIIIe HaOyXaHHS CIOCTEPITacThCs IS 3pa3KiB KOMITO3UTY, 11O MiCTUTh KOMITIOHEHTH 3a
TaKoOTO CIIiBBIIHOIIECHHS — MOAM(DIKOBaHUH 3B’ s3yBad : MIKpOJHUCIIEPCHUA HAIMOBHIOBAY Yy BUTIISAI CHHTE30BAaHOI
nopouikoBoi mmxtu (Fe (70 %) + Ti (10 %) + TiC (15 %) + & (5 %)) @ = 10—12vkmM) : cyMill AUCKPETHUX
BosiokoH (Mogan (42 %), momiakpun (38 %), momiamig (38 %)) — 100 :0.050.10. BukopucTaHHS TaKoro
KOMIIO3UTY Y BHIJIIII 3aXMCHHMX HOKPHUTTIB 3ac00iB TpaHCHOPTY 3a0e3MEeUYUTh IMOPIBHAHO 3 MOIHM(]IKOBaHOO
CTMIOKCHHOI0 MaTpHIECI0 3MEHILIEHHs MPOHMKHOCTI arpecuBHHX cepenoBuinl y: 1.5-1.7pa3 mpu ekcruryatamii y
Hadri i 6ensuni; 1.6—1.8pa3 npu ekciuryaraliii y MOpCchKiii Bogi, ameroni i posunni NaOH (50 %); 3.0ra 2.5pas3
npu ekcruryaTanii y pozurnax (10 %) consHoi i cipuaHoi KMCIOT BiamoBigHo. ITiABUIIEHHS KOPO3iiHOT TPUBKOCTI
TOPIBHSHO 3 MATPHUIICIO 3yMOBJIICHO 3MEHIIEHHIM KUIBKOCTI TIOJIMEPY B PO3pOOJICHOMY MaTepiaji Ta IiABHIIEHOIO
HOT0 KOTe31HHOI0 MIIHICTIO, IO mepeadavac 301IbIICHHS MPOHUKHEHHS MOJICKYJI KOPO3iHHO-aKTUBHHUX arcHTIB i
yac IXHbo1 AU (y3ii B 00’ €M KOMIIO3UTY 32 paXyHOK HassBHOCTI JOOaBOK.

Kito4oBi ciioBa: anmuxopo3itini enacmueocmi; OUCKpemHi 80JOKHA, enoKCUOHUL KOMNO3UM, HANOSHI08aY,
NOKpumms.
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