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Abstract. The structure and phase composition of chromium-alloy coatings consisting of the
following phases are investigated in the work: when boron doping the coating on brass C68700
consists of phases: CusAl, CuB, CuZn, and zones of solid solution Cr, Al, B in copper; during titanium
doping CusAl and CuAl phases in the transition zone: phases CuTi and CuTi, When tested on A572
steels, in conditions of sliding friction, the best wear resistance among the considered protective
coatings are doped with titanium and boron. Their wear resistance is 1,8 — 2,1 times higher than that
of coatings obtained under isothermal conditions. Under non-stationary temperature conditions, the
microhardness reaches the following values: when doped with boron Hio = 16500 — 17500 MPa,
when doped with silicon H;oo = 13500 — 14500 MPa, when doped with titanium H;s = 15000 — 16000
MPa. The obtained results correlate with the indicators of wear resistance. A comparative analysis of
the corrosion resistance of protective coatings obtained under non-stationary temperature conditions
and isothermal conditions shows that they have a weight loss of 1.7-2.1 times less. It was found that
when tested in a 30% aqueous solution of sulfuric acid, all protective coatings have good stability.
Thus, when doped with boron, the weight loss is 15,2 g/m? npu when doped with silicon - 10,8 g/m?,
and when doped with titanium - — 9,9 g/m?.

Keywords: diffusion, , microstructure, phase, micro hardness, non-stationary
temperature conditions, wear resistance.

Introduction.

Modern development of science and technology requires the creation of materials capable of
working effectively in conditions of long-term cyclic action of high-temperature aggressive
environments. Such materials must be heat- and erosion-resistant, have high heat resistance and low
density, resistance to high stress and thermal shock. Many researchers note that such materials can be
alloys based on intermetallic compounds [1-4].

Alloys based on intermetallics - a new class of materials, which by their structure occupy an
intermediate position between metals and ceramics. They have a complex crystal structure with the
presence of up to 30% of the covalent component in the interatomic bonds, which determines their
unique physical and mechanical properties [5]. Intermetallic compounds or intermetallics are chemical
compounds of metals related to each other:

mMe + nMe'— Mg, M¢e' .,

where Me and Me' — metals;
M and N — stoichiometric coefficients.

The general classification of intermetallics includes daltonides (having a purely definite
composition), bertolides (variable composition) and the Kurnakov phase. To date, more than 1,500
intermetallic compounds have been identified and described, which form about 200 different types of
crystalline structures [6]. The most promising structural materials include the following types of
intermetallics [6]:

1) phases of type 4B with a cubic crystal lattice (NisAl, Ni5Si, NisFe, NisMn, Zr3Al);

2) phases of type A3B with hexagonal lattice (TizAl, TizSn);

3) aluminides of theMesAl (43B) type with a structure different from the first two (FesAl,
NbsAl);

4) aluminides of the MeAl; type (NbAls, NiAls, TaAls, TiAls, ZrAly);

5) phases of the AB type (TiAl, CuAu, Nidl, CoTi, CoZr, NiBe, FeAl, FeCo, TiNi);

6) triple aluminides: Al Ti\Me, ne Me — Co, Cr, Cu, Fe, Mn, Ni;

7) Laves triple phases: (TaFeAl, TaNiAl, NbNiAl).
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High-temperature intermetallic alloys must have the following performance properties: high
heat-resistant and heat-resistant specific characteristics, sufficient wear resistance, acceptable ductility
and manufacturability, high corrosion and oxidation resistance. Surface saturation with aluminum,
chromium, zinc and other elements refers to diffusion saturation with metals. The product, the surface
of which is enriched with these elements, acquires valuable properties, including high heat resistance,
corrosion resistance, increased wear resistance and hardness [7-10].

Depending on the method of transferring the diffusion element to the saturated surface, the
following main methods of diffusion metallization are distinguished: immersion in molten metal if the
diffusion element has a low melting point; saturation from molten salts containing a diffusing element
(with and without electrolysis); saturation from the sublimated phase due to the evaporation of the
diffusing element; saturation from the gas phase (contact and non-contact method), consisting of
halogen compounds of the diffusing element [10-14].

Among the methods of surface hardening, chromium-alcohol coatings obtained by various
methods of chemical and thermal treatment are widely used. In this regard, for Ukraine, it is relevant
to develop new methods of chemical-thermal treatment, which make it possible to regulate the
composition and structure of protective coatings, to provide the necessary performance characteristics
with a minimum time of their formation. Such technologies are based on the phenomenon of self-
propagating high-temperature synthesis [15-18].

Materials and methods of research.

The purpose of the work was to increase the corrosion resistance of brass C68700 in the
conditions of SHS. Chemical-thermal treatment was carried out in an open-type reactor (P = 10° Pa) in
the operating temperature range of 900-1100 ° C. The duration of isothermal exposure varied from 30
to 60 minutes.

Surface preparation of the samples consisted of successive grinding, polishing and degreasing in
acetone. Initiation of the process of thermal autoignition was carried out by preheating the resistance
in the furnace to the temperature of the beginning of the exothermic reaction (t *).

To analyze the phase composition of the coatings, an X-ray diffractometer DRON-3M was
used. Investigation of the elemental composition of coatings was carried out by micro-X-ray spectral
analysis using the JEOL microprobe "Superprob-733".

The tests for corrosion resistance are carried out on cylindrical samples with a diameter of 10
mm and a height of 20 mm. The samples of brass C68700 are investigated in 30% - aqueous solutions
of hydrochloric, sulfuric and nitric acids at a temperature of 20 ° C. Before and after the test, the
samples were washed with acetone, dried and solved on analytical scales for 7 days every 24 hours
with accuracy up to 1 mg and the mass loss per unit surface of the sample under the influence of
corrosion is calculated [19].

The considered C68700 brass in its composition consists of a + § phases, where there is more
B-phase. Brass has good corrosion resistance in normal atmospheres as well as in maritime climates.
At the same time, brass containing less than 15% Zn is close to copper in corrosion resistance. The
corrosion rate of bronze in atmospheric conditions does not exceed 0.001 mm / year; in fresh water,
the corrosion rate is insignificant and at a temperature of 20 ° C is 0.0025 ... 0.025 mm / year.

Brass corrodes intensively under the influence of mineral acids (nitric, hydrochloric). Sulfuric
acid acts on brass much more slowly, but in the presence of oxidants {K2Cr207, Fe2 (S04) 3}, the
corrosion rate increases by two orders of magnitude. Bars are quite stable in alkali solutions (with the
exception of ammonia) and in concentrated solutions of neutral salts.

Hydrogen sulphide is highly corrosive to brass. At the same time, brass with a high zinc content
(over 30%) is more resistant to hydrogen sulfide environments than brass with a low zinc content.
Corrosion resistance studies are performed using corrosive materials that simulate the intended
application:

- pumps for pumping acid in titanium production;

- bearing assemblies at special equipment facilities of the rocket-space and defense industries;

- for the manufacture of parts of a simple configuration for critical purposes and fittings for
marine shipbuilding, operating at temperatures up to 300 © C of massive parts, propellers and their
blades.

Research materials and methods. Considered brass C68700, according to its
composition, finds itself within the o + B phases, where there is more 3-phase. Brass has good
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corrosion resistance in the ordinary atmosphere, as well as in the marine climate. At the same
time brass containing less than 15% Zn, in corrosion resistance is close to copper.

The bronze corrosion rate under atmospheric conditions does not exceed 0,001 mm/ year; in
fresh water, the rate of corrosion is insignificant and at a temperature of 20 °C is 0,0025 ... 0,025
mm/year.

Brasses intensively corrode under the influence of mineral acids (nitric, hydrochloric). Sulfuric
acid acts on brass much slower, but in the presence of oxidants {K,Cr,O, Fe,(S0,)s}, the corrosion
rate increases by two orders of magnitude. Bars are sufficiently stable in solutions of alkalis (with the
exception of ammonia) and in concentrated solutions of neutral salts.

Hydrogen sulfide provides strong corrosive action on brass. At the same time, brass with high zinc
content (more than 30%) is more stable in the hydrogen sulfide medium than brass with low zinc
content. For corrosion resistance research, corrosive materials are used that imitate the intended
applications:

- pumps for acid transfer in the production of titanium;

- bearing units on objects of special equipment in rocket space and defense industries;

- for the manufacture of simple configuration of parts for responsible purposes and armature of
marine shipbuilding, operating at temperatures up to 300 °C of massive parts, propellers and their
blades.

To enhance the corrosion resistance of brass, C68700 requires a protective coating containing
elements that form passive films. In this case, upon reaching the potential of ionic passivation, oxide
films of the composition: Cr,03, Al,O3,TiO,, SiO2 which protect the metal from destruction, are
formed.
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Fig. 1. Comparative characteristics of indicators of weight loss

When testing in 30% of aqueous sulfuric acid solution, good resistance to all protective
coatings. Thus, with boron doping, the mass loss is 15,2 g/m?, with silicon doping — 10,8 g/m?, and
when titanium alloy — 9,9 g/m®. Comparative analysis of corrosion resistance (Fig. 1) of protective
coatings obtained in isothermal conditions, shows that they have a weight loss of 1,7-2,1 times more.

The obtained results can be explained by the formation of doped phases on the surface, which
leads to surface passivation in aggressive environments. It is also possible to assume the effect of
electrochemical inhibition of anodic dissolution of metals at a higher concentration of alloying
elements in comparison with coatings obtained in isothermal alloy coatings, which indicates the
absence of micro cracking. It is known that mechanical stresses (in this case compressive residual
stresses) affect the corrosion behavior of metals due to the production of additional energy by the
structural material due to the fact that the level of residual stresses in coatings obtained under thermal
ignition of SHS-charge is higher. As a result, the probability of micro cracking of passive oxide films
decreases, which leads to increased corrosion resistance.

The test results of steel samples for wear under sliding friction on the friction machine SMT-1
are shown in Fig. 2.
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Fig. 2. Wear resistance of protective coatings on steel A572 tp = 10500C, tv = 60 min.,
(friction testing machine SMT-1)

When tested under sliding friction conditions, titanium and boron alloys have the best wear
resistance among the considered. Their wear resistance is 1,8 — 2,1 times higher than that of coatings
obtained under isothermal conditions.

This can be explained by the higher microhardness, which is for coatings obtained in
isothermal conditions during doping with boron Hyg, = 15000 - 15500 MPa, when doping with silicon
H10 = 12500 - 13000 MPa, when doping with titanium H100 = 14000 - 14500 MPa.

In the conditions of SHS the microhardness reaches the following values: at doping by boron
Hig0 = 16500 - 17500 MPas, at doping by silicon H;g = 13500 - 14500 MPas, at doping by titanium
Hi00 = 15000 - 16000 MPas. The obtained results correlate with the indicators of wear resistance. It is
known that the wear of the metal is accompanied by plastic and elastic deformations of the surface
layer, chipping and shear of individual metal particles of the surfaces and fatigue failure.

Conclusions.

1. Received diffusion coatings from composite saturating powder media consisting of both
pure metal powders and their oxides. The wear resistance of protective coatings was determined
when tested on the machine rubbing SMT-1.

2. When testing in 30% of aqueous sulfuric acid solution, good resistance to all protective
coatings. Thus, with boron doping, the mass loss is 11,7 g/m?, with silicon doping — 10,8 g/m?,
and when titanium alloy — 12,4 g/m® Comparative analysis of corrosion resistance of protective
coatings obtained in isothermal conditions, shows that they have a weight loss of 1,7-2,1 times
more.
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Cepena /I.b., k.T.H.
JHINpOBChKUH JiepKaBHUH TEXHIYHUN YHIBEPCUTET

EKCILTYATAIIMHI BJACTABOCTI KOHCTPYKIIMHUX MTAEPIAJIIB 13
3AXUCHUM ITOKPUTTAM OTPUMAHUMMU ITPU HECTAHIOHAPHUX
TEMIIEPATYPHUX YMOBAX

B pobomi docnidaceno cmpykmypa, i pazosutl ckiad XpomoarimosaHHux NOKpUmmie, uo
CKAA0aiomucst 3 HacmynHux Gaz: npu nezyeanni 6Oopom nokpumms Ha jaamyni C68700
cknaoaemocst 3 paz: CuzAl, CuB, CuZn, ma 3onu meepooco posuuny Cr, Al, B y mioi; npu
nezyeéanni mumarom, gasu CuzAl ma CUAl y nepexioniu 3zomi: ¢pasu CuTi ma CuTip Ilpu
sunpobysannsx Ha cmanu A572, 6 ymosax mepms KOB3AHHA HAUKPAWLY 3HOCOCMIUKICIb cepeo
DO32NAHYMUX 3AXUCHUX NOKPUMMIE MAIOMb 1€206aHi mumanom ma 6opom. Ix snococmitixicmo 6
1,8 — 2,1 paz suwa, uum y NOKpummis, ompumanux npu izomepmiunux ymoeax. Ilpu
HeCMayioHapHUX memMnepamypHux ymMoeax MiKpomeepoicms 00CA2a€ HACMYNHUX 3HAYEeHb. Npu
nezysanni bopom Higy = 16500 — 17500 Mlla, npu necyseanni kpemuiem Higo = 13500 — 14500
Mlla, npu nezysanni mumanom Hygy = 15000 — 16000 Mlla. Ompumani pesyrvmamu
KOpenooms 3 HOKASHUKAMU  3Hococmiikocmi. llopieuanvnuii ananis KOpoO3iuHOi cmiukocmi
3AXUCHUX TNOKPUMMI8 OMPUMAHUX NPU HECMAYIOHAPHUX MeMNepamypHux yMo8ax ma
i30mepMiuHUX YMO8ax, NOKA3YVE, WO 60HU Marome empamy eazu 6 1,7-2, 1 pazu meHuiy.
Bcmanoesneno, wo npu eunpobysanni 6 30% 600sanomy po3uumui cipuanoi xuciomu 000py
cmitikicms marome yci 3axuchi noxkpumms. Tax, npu jnezysanni 60pom empama macu CKiaoae
11,7 2/, npu neeysanni kpemmiem — 10,8 2/m? i npu nezysanni mumarom — 12,4 2/m®.

Keywords: ougysia, mikpocmpykmypa, ¢aza, mikpomeepdicmy, HeCmMAayioHAPHI
memnepamypHi yMoeu, 3H0OCOCMIUKICIb.
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Cepena /I.b., k.T.H.
JIHenpOBCKUI rOCYy1apCTBEHHBIN TEXHUYECKUM YHUBEPCUTET

SKCILTYATAIIMOHHBIE CBOMCTBA KOHCTPYKIIMOHHBIX
MTAEPHUAJIOB C 3AIIUTHBIMU ITOKPBITUAMU INIOJTYYEHHBIMMU I1PU
HECTAIIMOHAPHBIX TEMIIEPATYPHBIX YCJIIOBUAX

B pabome uccnedosanvl cmpykmypa u pazosviii cocmas XpomMoarumupOo8aHHbIX
HOKpbIMULL COCOAWULL U3 CRedylouux haz: npu 1ecuposanuy 60pom NOKPbIMUsS HA TAMYHU
C68700 cocmoum us paz: CuszAl, CuB, CuZn, u 3oner meepooeco pacmeopa Cr, Al, B 6 meou npu
neeuposarnuu mumarom, gazet Cu3Al u CuAdl 6 nepexoomnoii sone: gazor Culi u CuTiy Ilpu
ucnvimanusix Ha cmaiu AST2, 6 yCnoGuUsSX Mpenust CKOAbIICEHUS TYYULYI0 USHOCOCMOUKOCTb
cpeou paccMOmpeHHbIX 3aujUmHbIX NOKPLIMULL UMEIOm 1ecUpo8antvle mumanom u oopom. Hx
usnococmotixocms 6 1,8 - 2,1 paz eviuie, uem y NOKpvlmutl, NOAYHYEHHbIX NPU U3OMEPMUYECKUX
yenosusix. Tlpu nHecmayuoHapHvlx meMnepamypHuix YCio8usx, MUKpOmeepoocms 0ocmueden
credyrowux 3Havenull: npu aecuposaruu bopom HI100 = 16500 - 17500 Mlla, npu recuposaruu
kpemuuem HI100 = 13500 - 14500 Mlla, npu necuposanuu mumarom HI00 = 15000 - 16000
Mlla. [lonyuennvie pe3yibmamvl  KOPPeaupyiom ¢ HOKA3AMENAMU  UZHOCOCMOUKOCHIU.
Cpagnumenvhvlil. aHAIU3 KOPPOZUOHHOU CMOUKOCMU 3AUUMHBIX NOKPLIMULL NOTYYEHHbIX NpU
HeCMAayuOHapHbIX MeMnepamypHuIX YCA0GUAX U U30MEPMUYECKUX VCI08USX, NOKA3bIEAEm, YUMo
onu nomepio eeca 6 1,7-2, 1 paza menvwe. Ycmarnosneno, umo npu ucnoimaruu ¢ 30% 600nom
pacmeope CepHOll KUCIOMbL XOPOULYIo CIMOUKOCHb UMEIOm 6ce 3aujumuble nokpvimus. Tax, npu
ne2uposanuu 6opom nomeps maccvl cocmagnsiem 11,7 2 / Mm%, npu necuposanuu kpemnuem - 10,8 2
| M* u npu necuposaruu mumarom - 12,4 2 / M.

Keywords: ouggysus, mukpocmpykmypa, (haza, Mukpomeepoocniv, HeCmayuoHapHblil
MEMNEPAMYPHbBIIL PENCUM, UZHOCOCIMOUKOCTD.
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