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EQUIPMENT PROTECTION
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Summary. The efficient use of some innovative technologies in adhesives with advanced operational
characteristics development aimed at anti-corrosion properties increase of transport means has been
substantiated in the paper under discussion. The above-mentioned technologies involving the use of some
interaction-active ingredients forming the cross-linkable coatings composition, including some polymers, have
provided their cohesion properties essential improvement. Epoxy diane oligomer ED-16 has been chosen as the
main component for the matrix in the composite formation. The aliphatic resin DEG-1 (GOST 10136-77) as a
plasticizer has been added to the epoxy oligomer. The compound has been formed of the following concentration:
epoxy resin ED-16 : plasticizer DEG -1 — 100: 40. The hardener of cold hardening polyethelenepolyamine PEPA
(TY 6-05-241-202-78) has been used at the epoxy resin-based developed materials polymerization. Phthalic acid
anhydride has been used as a modifier to improve the properties of epoxy composite materials. The modifier was
added to the matrix in the following ratio: from 0,10 to 2,00 pts.wt. per 100 pts.wt. of epoxy oligomer ED-20. The
molecular formula of the modifier is as follows: CgH4O3. Molar mass is 148,1 g/mol. Density is p = 1,52 2/cm?®. To
form a composite material or a protective coating with some improved adhesive properties and inconsiderable
residual stresses the phthalic acid anhydride as a modifier was found to be added to the epoxy matrix with the
content g = 1,25 pts.wt. per 100 pts.wt. of the epoxy matrix (oligomer ED-20 + plasticizer DEG -1). In this case,
the adhesive strength of the coating is being increased from o, = 28,3 MPa to o, = 46,4 MPq, and residual
stresses — from o; = 1,9 MPa to o; = 2,1 MPa. First of all, the improved properties of the modified materials were
caused by the interaction of active carbonyl (C=0) groups of the modifier with nitrogen-containing (NH-) groups
of the hardener. It has provided the increase of the composite cross-linking degree resulted in their both adhesive
and cohesion properties improvement. Moreover, it was found that the modifier use in the compound with the
content q = 1,0...1,5 00 pts.wt. per 100 00 pts.wt. of the matrix has provided the increase of the river water
influenced coatings resistance from p = 12,1 Om-cm? 0o p = 21,2...22,4 Om-cm?. Though, some further increase
of the additive content in the coating has caused the deterioration of anti-corrosion characteristics of the
materials. Thus, the conducted study has contributed to the determination of the most efficient content ratio of
phthalic acid anhydride as a modifier to for the coatings of functional use.
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Problem statement. It is well known [1-4], that the ship navigation equipment is
constantly influenced by an aggressive impact of the environment. It has resulted in the early
ageing of machine parts and mechanisms and has caused their failure. In this case, the use of
some innovative technologies dealing with development of adhesives with advanced operating
characteristics aimed at anti-corrosion properties of transport means is quite promising
direction. The above-mentioned technologies have involved the use of interaction-active
ingredients in the coatings composition which provide the essential improvement of their
cohesive properties at the coatings cross linking, including the polymers case.

Analysis of the latest studies and publications. The authors [5, 6] have shown, that
nowadays some innovative technologies of polymer composite-based anti-corrosion coatings
formation and use have been widely spread. Moreover, the above-mentioned materials and the
protective coatings based on them have been formed on the basis of epoxy oligomers ED-16,
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ED-20, ED-22. Here, the use of epoxy matrix based on epoxy resin ED-20 is quite promising
direction as the materials on its basis have advanced adhesive and cohesive properties providing
the improvement of anti-corrosion characteristics of new composites.

It should be mentioned, that to improve the materials properties some modifiers and
plasticizers must be added to the epoxy matrix. On the one hand, it will make possible to
improve the materials plasticity, and on the other hand — to form the compounds with advanced
operating characteristics in general. Thus, the combination of active components and the most
efficient concentrations in the protective coatings has been an important direction of new
technologies development on the creation of materials with the required properties.

Paper purpose — to apply some innovative technologies due to the components’
optimization at the protective coatings’ formation for the ship navigation equipment.

Materials and technique of the research. The epoxy diane oligomer
ED-16 (GOST 10587-84) was used as a base in the polymer matrix formation. In addition,
the aliphatic resin DEG-1 (GOST 10136-77) as a plasticizer has been added to the epoxy
oligomer. The compound was formed of the following concentration: epoxy resin
ED-16: plasticizer DEG -1 — 100: 40.

A hardener of cold hardening polyethelenepolyamine PEPA (TU 6-05-241-202-78)
has been used in polymerization of the developed materials based on epoxy resin.

The phthalic acid anhydride (PAA) was used as a modifier for the epoxy composite
materials (CM) properties improvement. The modifier was applied to the matrix with content
from 0,10 to 2,00 pts.wt. per 100 pts.wt. of epoxy oligomer ED-20. The molecular formula
of the modifier: CgH40O3. The molar weight of MA — 148,1 g/mol. It looks like white cereals.
Density — p=1,52 g/cm®. Temperature of melting — 7=131,6 °C. Temperature of
boiling — 7= 295 °C. The scheme of chemical bonds of phthalic acid anhydride as a modifier
is shown on fig. 1.
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Figure 1. Scheme of chemical bonds of phthalic acid anhydride as a modifier

Epoxy composites have been formed by the following technology: the resin was heated
to the temperature 7= 353 + 2 K and the exposure at the given temperature within the time
interval z = 20 £+ 0,1 min; hydrodynamic shift of oligomer and the fractures of filling within the
time interval =1+ 0,1 min; ultrasound treatment (UST) of the composition within the time
interval = 1,5+ 0,1 min; the composition cooling till the room temperature within the time
interval z =60 + 5 min; the hardener applying and the composition mixing within the time
interval z=5+0,1min. The CM was hardened by the mode: during the time
interval = 10,0 £ 0,1 rox at temperature 7'= 303 + 2 K. After that they were heated up to the
temperature 7'= 413 + 2 K, were exposed during time interval z = 2,0 + 0,05 h were cooled to
the temperature 7'=293 £ 2 K.

The impact of a modifier content on adhesive properties of composites on the metal
surface has been studied. Moreover, the fracture stresses have been calculated («method of
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mushroomsy») under the homogeneous separation conditions of the glued pair of patterns
according to GOST 14760-69 (Fig. 1). The adhesive strength was studied on an automatic
tensile testing machine UM-5 at speed of loading » = 10 N/s. The diameter of steel patterns
working area was equal to d = 25 mm.

The residual stresses were studied by a console method.

The corrosion resistance of the protective coatings has been studied under laboratory
room conditions and according the results the temporal change in the patterns resistance
influenced by the aggressive environments was analyzed. To measure the resistance of the
protective coatings a device RCL-meter of type E7-22 was used. The device was connected to
a measuring cell where the patterns in the form of the coatings surfaced on the metal base were
located. Some glass cylinders of diameter d = 25 mm filled with sea water (TUU 006: 2011)
were glued on the coatings. The coatings resistance was measured for 30 days at temperature
T = 293 + 2 K whose values were calculated by the formulae: p = R-S, Om; S = zD?/4, cm?. To
obtain some average values of the coating resistance and capacity not less than 5 patterns have
been used whose working area was 4,9 cm?,

Results of the study and their discussion. During the initial stage the study aimed at
molecular mass determination of the synthesized modifier has been carried out by mass-
selective detection of gas chromatographic method.

In this case the substance of mass 0,0124 g was dissolved in methanol and the
chromatographic analysis was made under the following conditions:

- device — GC/MS Agilent Technologies 6890 N;

- capillary column — HP 19091S-433 (HP-5MS);

- length — 30 mm, diameter — 0,25 mm, phase — 0,25mkm;

- gas-carrier — helium;

- constant flow of gas-carrier — 1,5 ml/min;

- injector — autoinjector 7683, Split 20:1;

- temperature of evaporator — T =250 °C; technological modes of heating:
Tstart = 100 °C, retention — 2 min, speed of heating — 15 °C/min, Tfinish = 280 °C;

- detector — mass-selective, temperature of interface T = 280 °C;

- ionization by electronic impact, ionization energy — 70 eV

- ion source temperature — T = 230 °C;

- temperature of quadrupole — T = 150 °C;

- sample — 1,0 mkI.

Experimental results of the tests are shown on fig. 2. On the previous stage the
chromatographic analysis of the modifier samples was made and the signals values have been
found since their retention. On the next stage the parameters of signals were analyzed. As a
result, the signal was obtained at retention time t = 7,73 ¢ (fig. 2).

Then we have found the dependence of the values of characteristic signals on
m/z (m — the sample mass; z — charge) for the signal specified retention time RT = 7,73 mAU
which characterize only the substance under study, i.e. synthesized modifier. As a result, we
have found the values of characteristic signals, the biggest 10 peaks have been found at
m/z = 37,8; 38,1; 50,4; 74,19; 75,12; 76,8; 77,8; 104,9; 105,7; 148,3. We have compared the
obtained values with the table ones and due to this we have found the structural formula and
the value of molecular mass of the synthesized modifier. It has been proved that the modifier
formula looks like: CgH4O3. The molecular mass of phthalic acid anhydride is equal
to 148,16044.

The molecular mass of phthalic acid anhydride almost coincides with the same mass of
the hardener and does not differ considerably from the molecular mass of epoxy oligomer. In
our opinion, this is an important aspect of the directional arrangement of the processes dealing
with polymer compounds structure formation. Such structural characteristics and available
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active groups in the modifier will make possible to increase the degree of eco-composites cross-
linking and as a result to improve their adhesive and cohesive properties.
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Figure 2. Curves of signals values dependence on the retention time of the modifier sample
(within time interval t = 7,70...7,76 ¢)

It is generally known, that one of the most important properties of protective polymer
coatings has been their adhesive strength and residual stresses. We should mention, that the
dynamics of the specified characteristics indices depending on the modifier PAA content has
been studied in the paper under discussion. The epoxy matrix was formed by the following
concentration of the components: epoxy resin ED-16: plasticizer DEG-1 — 100 : 40.

The conducted experiments have proved (fig. 3), that adhesive strength for the
plasticized epoxy matrix is equal to o, = 28,3 MPa. The application of a modifier to the matrix
has caused an essential increase of adhesive strength values in case of separation from the epoxy
matrix. In particular, it is shown (fig. 3, curve 1), that the application of phthalic acid anhydride
under its inconsiderable content conditions (g = 0,50...0,75 pts.wt.) has provided an increase
in the matrix adhesive strength values from o, = 28,3 MPa to o, =40,1...44,3 MPa. The
maximum value on the adhesive strength influence curve on the modifier concentration
(0. = 46,4 MPa) was observed at the content of the latter in the coatings q = 1,25 pts.wt. Any
further increase of the additive content in the material has resulted in some deterioration of
adhesive properties of the developed materials.

The improvement of properties of the modified phthalic acid anhydride materials, first
of all, was caused by the interaction of active carbonyl (C=0) groups of the modifier with
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nitrogen-containing (NH-) groups of the hardener. It has provided the increase of the
composites cross linking degree and, as a result, has improved their adhesive and cohesive
properties.

oz, MPa o, MPa
50 L 2,3
2,2
4> 2 2,14
40 2,0 -
C
35 1 19
1,8—
30 1,7 -
25 + 1,6
T T R T T T A N A S RO T BT 0 T

0 0,25 0,50 0,75 1,00 1,25 1,50 1,75 g, pts.wt.

Figure 3. Curves of adhesive strength and residual stresses in CM vs the PAA as a modifier content: 1 —
adhesive strength at separation (o,); 2 — residual stresses (o). Material of the base — steel of St 3 grade

Residual stresses are one more property defining the durability of transport means
coatings. So, along with the tests on adhesive strength of the modified materials some additional
studies on their residual stresses’ values were conducted. The conducted experiments have
proved (fig. 3, curve 2) that the residual stresses in the initial epoxy matrix equal to
o; = 1,9 MPa.

The additive application irrespective of the concentration has provided the increase of
residual stresses from o; = 1,9 MPa to o; = 2,1 MPa. One can state, the modifier has provided
not only an increase of adhesive strength of the modified materials, but has contributed to some
extra increase of residual stresses. It means, that such materials have advanced adhesive and
cohesive properties in complex in comparison with the initial epoxy matrix. We have come to
this conclusion due to the fact that the residual stresses are indirectly a criterion of the material
strength determined by the degree of their cross linking.

On the final stage the anti-corrosion properties of the developed materials were studied.
Dynamics of the coatings’ specific resistance of their 30 days staying under river water
conditions was chosen as a criterion of corrosion resistance. The following materials were
studied: epoxy matrix (test sample), coatings with a modifier for which the maximum values of
adhesive strength were obtained in advance. The conducted experiments have proved (fig. 4),
that only plasticized epoxy matrix has been characterized by minimal values of specific
resistance among all the samples under study. Its value of specific resistance is
p =121 Om-cm?. The modifier application to the compound of content g =1,0...1,5 pts.wt.
per 100 pts.wt. of the matrix has provided an increase of resistance of the coatings under river
water conditions from p = 12,1 Om-cm?to p = 21,2...22,4 Om-cm?. Any further increase of the
additive content in the coating has resulted in some deterioration of anti-corrosion properties of
the materials. Thus, due to the conducted study the most efficient content of the phthalic acid
anhydride as a modifier has been determined to form the coatings of functional purpose.
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Figure 4. Values of specific resistance of protective coatings at frequency 1 kHz in aggressive environment
of river water depending on the modifier PAA content, ¢, pts.wt.:1 — epoxy matrix (test sample);
2-1,0; 3-1,5; 4-2,0

Conclusions. Some innovative technologies have been applied in the paper under
discussion dealing with the development of corrosion-resistant coatings aimed at ship
navigation equipment protection. They have provided the optimization of components in
formation of coatings of functional use according to the following criteria: adhesive strength,
residual stresses and corrosion resistance.

According to the results of the study of composites adhesive properties depending on
the phthalic acid anhydride as a modifier content we can state the following. To form a
composite material or a protective coating with advanced adhesive properties and insignificant
residual stresses one should apply the phthalic acid anhydride as a modifier to the epoxy matrix
of amount g = 1,25 pts.wt. per q = 100 pts.wt. of epoxy matrix (oligomer ED-20 + plasticizer
DEG-1). In this case, adhesive strength of the coating has increased from o, = 28,3 MPa to
ou = 46,4 MPa, but residual stresses — from o; =1,9 MPa to o; = 2,1 MPa. The improved
properties of the modified materials are, first of all, the result of interaction of active carbonyl
(C=0) groups of the modifier with nitrogen- containing (NH-) groups of the hardener. It has
provided the higher degree of composites cross linking and, as a result, contributed to the
advanced adhesive and cohesive properties in complex.

Moreover, we have found that the modifier application to the compound of content
g=1,0...1,5 pts.wt. per 100 pts.wt. of the matrix has provided an increase of resistance of the
coatings under river water conditions from p = 12,1 Om-cm? to p = 21,2...22,4 Om-cm?. Any
further increase of the additive content in the coating has resulted in some deterioration of anti-
corrosion properties of the materials. Thus, due to the conducted study the most efficient content
of the phthalic acid anhydride as a modifier has been determined to form the coatings of
functional purpose.
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IHHOBALIV{HI TEXHOJIOT'Ii [IPU PO3POBJIEHHI
KOPO3IMHOCTIMKNX MMOKPUTTIB JJISI 3AXMUCTY TEXHIYHUX
3ACOBIB CY/IHOBO/IIHHS

Ouaer be3doax

Xepconcwbka oepacasna mopcvka akademis, Xepcon, Ykpaina

Pe3tome. O61pynmosano nepcneKmueHiCmb 3ACMOCYS8AHHA 3 Memoio NiOSUWEHHS AHMUKOPOIIHUX
enacmugocmeti 3acobi@ MpaHcnopmy IHHOBAYIHUX MEXHONO02I Npu CMEOPEeHHi ad2e3usié i3 NioguujeHUMU
excnayamayiunumu xapakmepucmuxamu. Taxi mexnonoeii neped6auaioms 3aCmMocy8anHs y cKaadi NOKpUmmis
AKMUBHUX 00 83AEMOOIT IHepediEHMIB, SAKI NPU 3UUBAHHI NOKPUMMIG, Y MOMY YUCi il noiimepis, 3a0e3neyyoms
cymmeee noninuents ix Koeesitinux enacmusocmeii. K oCHOGHUI KOMNOHEHM O/l 36 'A3y68A4a NPU POPMYBAHHI
KOMRO3Umie 6ubpano enokcuonuti oianosuti oniromep mapku EJ[-16. [Jooamxoso 0o enokcudnoco onicomepa
86o0unu naacmughikamop y euensioi anigpamuunoi cmonu [JEI-1 (FOCT 10136-77). Komnayno ¢opmysanu 3a
HacmynHoi Konyenmpayii: enoxcuona cmona EJJ-16 : nnacmugixamop JEI-1 — 100 : 40. [Ipu nonimepusayii
PO3pobNeHUX Mamepiani@ HA OCHO8I eNnoKCUOHOI CMOAU 3ACMOCOB8Y8ANU MBEPOHUK XONOOHO020 MEepOHeHHs
noaiemunennoniamin IETIA (TY 6-05-241-202-78). V euensioi moougpixamopa 051 noainuients 1acmusocmett
EeNOKCUOHUX KOMNOZUMHUX Mamepianié suxopucmano ¢manesutl aneiopud. Moougikamop 8600unu y 36 ’a3yeau
3a emicmy 6i0 0,10 0o 2,00 mac.u. na 100 mac.u. enokcuonoeo onicomepa EJ]-20. Monexyaspua opmyna
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moougpikamopa: CgHiOz. Monspra maca — 148,1 e/monv. I'yvemuna — p = 1,52 o/em’. [ns popmysanus
KOMNO3UMHO20 Mamepiany yu 3axucHo20 NOKpUMMA 3 HONNUEHUMU A02e3iUHUMY  8IACIUSOCIAMU MA
HEe3HAYHUMU 3ATUUKOBUMU HANDYHCEHHAMU Y eNOKCUOHUL 38 'A3Y8a4 OOYiIbHO 8800Umu Moougikamop pmanesuli
aueiopuo y kinexkocmi Q= 1,25 mac.u. na q =100 mac.u. enoxcuomoeo 36’azysaua (onicomep E/J-20 +
naacmugpixamop ET-1). Ilpu yvomy aoeesitina miynicmo noxpumms 3spocmae 6i0 o, = 28,3 MIla oo
o, = 46,4 Mlla, a 3anuwurosi Hanpyscenusi — 6i0 o; = 1,9 Mlla oo o; = 2,1 Mlla. okpawenns eracmusocmen
Mooughikosanux mamepianie, y neputy uepey, 3yMOBIEHO 83A€MO0ier0 akmusHux kapoouinvHux (C=0) epyn
mooughikamopa 3 asomoemichumu (NH-) epynamu meeponuxa. Lle 3abe3neuye nioguiyeHHs CmyneHs 3UUBAHHS
KOMRO3UMIB, W0, Y CE0I0 Uepey, Npu3Booumv 00 NIOBUWEHHSA NOKASHUKIG iX AK A02e3iliHuxX ma KO2e3iliHux
enracmusocmeil. JJo0amKko8o 8CMAHOBNIEHO, WO 88e0eHHs V) KOMRAYHO mMoodugikamopa 3a emicmy (= 1,0...1,5
mac.u. Ha 100 mac.u. 36’a3y6aua 3ab6e3neuye niOBUUEHHS ONOPY BUMPUMAHUX Y PIUKOGIll 800i NOKpUmMMmMis 8i0
p=12,1 Om-cm? 00 p = 21,2...22,4 Om-cm?. Haoani 36invuenns emicmy 006asku y nokpummi npuzeooums 00
NOCIpuweHHss aHMUKOPO3IUHUX eracmusocmei mamepianie. Omoice, HA OCHOBI NPOGEOCHUX O0CHIONCEHD
6CMAHOBNICHO ONMUMANbHULL eMicm  Moougikxamopa @manesoeo auneiopudy Ois (HOpMyeanHs NOKPUMMIE
DYHKYIOHANbHO20 NPUSHAYEHHS.
Kniouogi cnosa: xomnosum, aoee3us, Koposis, NOKpUmMmsl, iHHOBAYIUHI MEXHON02I].
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