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Wetting and interfacial interaction between the titanium-chromium carbide and molten
nickel were investigated by sessile drop technique in vacuum environment at a tempera-
ture of 1500°C. Molten nickel shows excellent wetting of TiCrC, forming the contact angle
0 = 8°. The interfacial interaction in the TiCrC—Ni system involves the dissolution and
infiltration of the ceramic substrate along grain boundaries with Ni to a depth of 400-
600 um. The diffusion of Ti, Cr, and C from the ceramic substrate into molten nickel leads
to a change in the chemical composition of the drop. Upon cooling, the recrystallization of
titanium and chromium carbides occurs with the formation of new phases TiC,~Cr, CryC,—
Ti and Cr;C5—Ni-Ti in the drop and the interaction zone. Thus, the TiCrC ceramics can be
successfully used to develop the cermets in combination with Ni as a matrix or binder.
However, in the manufacture of composite materials TiCrC—Ni, it is necessary to take into
account the interaction between TiCrC and Ni with a subsequent change in their chemical
composition.

Keywords: titanium-chromium carbide, cermet, nickel, wetting, contact angle, interac-
tion zone.

3mouyBanusn i mimdaszuna Bzaemomia y cueremi TIiCrCiNi. A.JI.Vmancoeruii, A.E.Te-
penmoves, M.C.Cmoposxcenro, I''A.Bazaiokx, B.5.Mypamos, A.A.Bacuaves, B.E.Illenydvro
Hocuig:keHo KOHTAKTHY BBa€MOJil0 MijK HiKejleM i rapsdyernpecoBaHOI0 KepaMikoio 3i
cKJagHoro Kapbimy rturamy-xpomy TiCrC y Baxkyymi mpu temmnepatrypi 1500°C. Busueno
KiHeTHMKYy IIpollecy Ta BU3HAUEHO KpailoBi KyTu 3MouyBaHHA y 1Ii#l cucremi. Buasieno, 1o
pigxmit mHikeas gobpe smouye TiCrC 3 yrBopenHsM KoHTakTHOro Kyrta 0 = 8 rpax. Ilpum
IbOMY KOHTAKTHA B3AEMO/Iisf B3MIMCHIOETHLCS IIJSXOM PO3UMHEHHS 1 IIPOCOYEHHS HiKeaeM
Kepamiku 3a mMe;kamu 3epeH Ha riaubuny 400-600 mrm. BunukawoTs nponecu gudysii Ti, Cr
i C 3 migkmagKmM y Kpamiio, I0 MPU3BOAUTEL A0 3MiHm ii ximiunoro ckiaaxy. Ilpu oxojop-
JKeHHI y Kpamji i1 mepexifguiit soHi BizOyBaeThcsa pekpucraiaisania KapbifiiB TUTaHY Ta XpoMY
3 yrsopenuam HoBux ¢as TiC,—Cr, CrgC,—Ti i Cr;,C;—Ni-Ti. Takum umHOM, 3a KpuTepiem
KOHTAKTHOro KyTa 3mouyBaHHs Kepamika TiCrC moike ycHimrHO BUKOPUCTOBYBATUCS MIJIS
cTBOpeHH:A KepMmeriB y moexguantui 3 Ni B sKocTi MmaTpuuHoro crnosyusoro kommnouenta. OgHak
HeoOXxiTHO BpaxoByBaTH (aKT MOKJIUBOI B3aeMoJii KOMIOHEHTIB 3 HACTYIIHOIO 3MiHOIO ix
ximMiuHOTO CKJIanLy.

HccsieoBaHO KOHTAKTHOE B3aWMOJENCTBUE MeEKJIy HUKeJeM U IopsiuellpecCOBAaHHOI Ke-
pPaMuKoO# m3 caoxHOro Kapbuzga turana-xpoma 1iCrC B Bakyyme mpu temueparype 1500°C.
Wsyuena KuHETHMKA MpOIlecca M ONPEAeJIeHbl KpaeBble YIJbl CMAUMBAHHUSA B 9TOM cuCTeMe.
BrisBieHO, 4TO MuUAKHI HuKenp xopomo cmaumbaer 1iICrC c¢ oOpasoBanmeM KOHTAKTHOTO
yraa 6 = 8 rpaj., Ipu 9TOM KOHTAKTHOE B3aUMMOJEHCTBUE OCYIECTBJAETCS IIyTEeM PacTBOpPe-
HAA ¥ OPOIMTKM HUKEJIEeM KepaMHKHU I10 rpaHuiam seped Ha rayoumny 400-600 mxm. Boas-
HuganT npomeccel auddysun Ti, Cr u C U3 mOAJI0MKKM B KAILII, YTO IPUBOAUT K HM3MEHE-
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HUIO ee XMMHUUYECKOTO cocTaBa. IIpM OXJaiKJeHHN B Kalljle U MePeXOJHONM 30He MPOUCXOIUT
PeKpHUCTALIN3AINA Kap6ujoB TUTaHa U XpoMa ¢ obpasosannem HOBHIX (as TiC,~Cr, CryC,—Ti
u Cr,Cs—Ni-Ti. Takum 06pasoM, 10 KPHTEPHUIO KOHTAKTHOIO YIJa CMAUYMBAHUA KePaMUKa
TiCrC moKeT yCIIEIIHO MCIIOJb30BATHCA AJs CO3LAaHNA KepmeToB B couertaHum ¢ Ni B Kauect-
Be MATPUYHOIO CBA3YMOIEro KoMmoHeHTa. OfHAKO HEOOXOAMMO YUYUTBHIBATE (DAKT BO3MOMKHO-
ro B3aMMOAENCTBUA KOMIIOHEHTOB C IOCIEeNYIOIIMM M3MEHEHHEM MX XHMUUYECKOI'0 COCTABA.

1. Introduction

Metal-ceramic composites are widely used
as construction elements or protective coat-
ings in many industrial fields such as air-
space, nuclear power, engineering, printing,
etc. As a rule, in such composites, the ce-
ramic phases include carbides, nitrides,
borides, oxides, and carbonitrides of tung-
sten, titanium, chromium, molybdenum;
while nickel, iron, cobalt, copper, aluminum,
other metals and alloys are used as metallic
phases [1-12]. The combination of ceramic
and metal components leads to significantly
improved performance: high hardness and
strength, fracture toughness, fatigue life,
wear and corrosion resistance. Furthermore,
by the proper selection of components and
manufacturing processes, it is possible to
design metal-ceramic composites with prop-
erties that meet specific requirements [1, 7,
13-16].

Currenly, the WC-Co and WC-Ni com-
posites remain in widespread commercial
use as wear-resistant materials and coat-
ings; however, the catastrophic oxidation
of tungsten carbide at high temperature
(> 600°C), as well as the lack of cobalt and
tungsten prompts the search for suitable al-
ternatives [17-19].

Titanium-chromium carbide with high
melting temperature, high thermal and elec-
trical conductivity, excellent thermal shock
resistance, high hardness and chemical in-
ertness is a promising material to develop
metal-ceramic composites [20, 21]. Several
attempts have been made to produce and
investigate the TiCrC-based metal-ceramic
materials and protective coatings [20-24].
In particular, under fretting conditions, the
TiCrC—FeCr plasma-sprayed coatings demon-
strate a high level of wear resistance com-
parable to WC—-Co coatings [20]. The addi-
tion of TiCrC particles into the NiCrBSiC
alloy results in an improvement of wear-re-
sistance of plasma-sprayed coatings under
dry sliding conditions [22]. The author of
[23] determined that the TiCrC-based cermet
coating has erosion resistance, comparable
to that of the tungsten carbide cermet coating,
but with a much higher thermal shock resis-
tance. In [24], the nickel additions were
found to substantially decrease the oxida-
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tion rate of the TiCrC-based composites and
shift the thermal effects toward much
higher temperatures. Thus, the TiCrC—Ni
system is appealing to design wear-resistant
composite materials and protective coatings
for the operation at high temperatures.

It should be noted that nearly all produc-
tion processes of metal-ceramic materials
and coatings, such as liquid-infiltration
techniques, powder metallurgical tech-
niques, hot pressing, self-propagating high-
temperature synthesis or reactive synthesis,
thermal spraying, physical-vapour deposi-
tion, are associated with interfacial phe-
nomena between liquid metal and solid ce-
ramic components [25—28]. The interfacial
bonding between the ceramic reinforcements
and the metal matrices is an important fac-
tor that affects the mechanical and tri-
bological properties of the composites. That
is why, the development of TiCrC-based
composite materials with nickel binder re-
quires the investigation of high-temperature
wetting and interfacial interaction in the
TiCrC-Ni system.

Although the wetting behavior of TiC in
contact with metal alloys have been investi-
gated rather extensively [29-35], the ex-
perimental data on the wettability of TiCrC
are very limited [86]. The aim of this study
is to study the interfacial interaction of ti-
tanium-chromium carbide in contact with
molten nickel at 1500°C to develop metal-ce-
ramic materials.

2. Experimental

The experiments were carried out using the
TiCrC plates as solid ceramic specimens. Com-
mercially pure TiCrC powder (9-10 um), pro-
duced by self-propagating high-temperature
synthesis (LTD "Composite Systems”, Ukraine)
[12], was applied to obtain ceramic specimens
(=9 mm, h =2 mm) by hot pressing. For
improvement of wetting processes, the speci-
men surfaces were polished.

The electrolytic nickel powder
(GOST9722-79) was placed in alundum cru-
cibles and melted at 1600°C in an argon
environment. Pieces of 0.5-1 g were cut
from the obtained ingot and used in the
wetting tests. Before the sessile drop test,

Functional materials, 28, 3, 2021
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600 pm

Fig. 1. Microstructure of the contact interac-
tion zone between TiCrC and Ni: 1 — Ni drop;
2 — interaction zone; 3 — TiCrC substrate.

Fig. 2. The microstructure of the drop on the
surface of TiCrC substrate.

the ceramic and alloy
cleaned with alcohol.

The wetting was evaluated by contact
angle measurements using the sessile drop
technique at 1550°C under a vacuum of
about 1.33:1073Pa. The specimens were
maintained at 1550°C for 10 min after the
constant angle was set and then cooled in-
side the vacuum chamber to avoid oxidation.
After the wetting tests, the metal-ceramic
couples were crosssectioned and polished.

The metal-ceramic interface structure
and chemical composition were studied
using a JEOL JAMP 9500 microscope,
equipped with a SEM-EDS (energy disper-
sive spectrometry) unit.

specimens were

3. Results and discussion

The test shows that wetting of TiCrC by
molten Ni is very good. The melt forms an
initial contact angle of 43 degrees, which
then decreases to a final contact angle of
8 degrees in 1 min. The microstructure of
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Fig. 3. The microstructure of interaction
zone in the TiCrC—-Ni system: a — general
view; b, ¢ — views from the lower boundary,

near the crack.

the contact interaction zone is heterophase
both from the drop side and the substrate
side (TiCrC) (Fig. 1). Inside the drop, the
metallic phase consists of a solid solution of
chromium, titanium, and carbon in nickel
(Fig. 2, Table 1: spectrum 1) with inclusions
of various chemical compositions. Large (up
to 30 um) dark grains formed on the sur-
face of the drop upon its cooling, which was
identified by SEM as chromium-doped tita-
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Table 1. Chemical and phase compositions of the drop formed on the surface of TiCrC substrate

Spectrum Chemical composition, at. % Phase
c Ni Ti Cr Fe 0 P S composition
1 4.38 81.92 1.91 9.87 0.57 0.50 0.52 0.33 Ni-Cr-Ti-C
2 43.43 0.27 51.52 4.78 - - - - TiC-Cr
3 36.46 0.79 0.57 61.18 0.30 0.43 0.20 0.08 CrsC,
4 97.78 0.20 0.06 0.03 0.18 1.58 - 0.17 C

Table 2. Chemical and phase compositions of the interaction zone in the TiCrC—Ni system

Spectrum Chemical composition, at. % Phase
c P Ti Cr Ni composition
1 43.13 0.00 42.92 13.57 0.37 TiCrC
2 42.49 0.03 43.42 14.06 0.00 TiCrC
3 42.49 0.10 43.12 14.18 0.11 TiCrC
4 43.41 0.19 49.24 6.94 0.22 TiC-Cr
5 5.14 0.84 3.51 11.37 79.14 Ni—Cr-Ti—C
(] 36.76 0.09 11.32 51.04 0.79 Cr,C,—Ti
7 26.07 0.00 5.37 56.66 11.90 Cr,C,—NiTi

Table 3. Chemical and phase composition of the boundary interaction zone in the TiCrC—Ni system

Spectrum Chemical compositions, at. % Phase
c P Ti Cr Ni composition
1 5.04 1.07 2.48 11.23 80.18 Ni—Cr-Ti—C
2 42.41 0.18 54.99 1.76 0.65 TiC,
3 35.31 0.00 2.42 61.56 0.71 CrsC,
4 42.92 0.00 51.97 4.88 0.22 TiC,—Cr
5 35.33 0.00 0.74 62.92 1.01 Cr,C,
6 6.07 0.60 1.67 9.58 82.08 Ni—Cr-Ti—C

nium carbide. (Fig. 2, Table 1: spectrum 2).
Smaller light-grey inclusions are formed by
the chromium carbide CriC, (Fig. 2, Table
1: spectrum 3). The third phase, repre-
sented by the needle-like black inclusions,
consists of free carbon (Fig. 2, Table 1:
spectrum 4).

The inclusions of carbides and free carbon
in the initial nickel indicate a chemical in-
teraction in the TiCrC—Ni system. It can be
assumed that in the process of high-tem-
perature wetting, the substrate of double
chromium-titanium carbide dissolves, fol-
lowed by diffusion of Ti, Cr, and C into the
drop zone (Fig. 8, Table 2). Upon cooling,
the solubility of the elements in nickel de- Fig. 4. The microstructure of the interaction
creases, which leads to the crystallization of zone on the drop interface (x1000).
particles of titanium and chromium carbides
in the drop zone.
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40 ym
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Microstructure and phase composition
analyses of the contact interaction zone
show that the dissolution of the ceramic
substrate occurs along grain boundaries of
double chromium-titanium carbide. SEM re-
veals the formation of a saturated solution
Ni-Cr-Ti-C at TiCrC grain boundaries (Fig. 3c,
Table 2: spectrum 5). The amount of dis-
solved TiCrC grains decreases with distance
from the drop interface (Fig. 3a, b).

When the Ni—-Cr-Ti—C solution cools
down, crystallization and formation of chro-
mium car bide phases doped with titanium
and nickel Cr;C,—Ti and Cr;Cs;—Ni-Ti also
occur in the space between the grains (Fig. 3c,
Table 2: spectra 6, 7).

The presence of chromium carbide grains
is also observed in the drop border zone: light
gray grains are present both in the substrate
and in the drop (Fig. 4, Table 3: spectra 3, 5).
Dark-colored grains of titanium carbide,
doped with a small amount of chromium,
were found also along the drop-substrate in-
terface (Figs. 2 and 4, Table 3, spectrum 4).
It indicates that titanium carbide recrystalli-
zation took place upon cooling in the drop
zone near the substrate surface.

The maps of elements distribution within
the interface region also confirm the disso-
lution and infiltration of TiCrC substrate
with nickel and the diffusion of titanium,
chromium, and carbon into the drop (Fig. 5).

Functional materials, 28, 3, 2021

40 pm ) Ti Ka1

Fig. 5. Distribution of chemi-
cal elements on the drop-sub-
strate interface in the TiCrC—Ni
system: a — general view;
b — carbon; ¢ — titanium;
d — chromium; e — nickel.

NiLal 2

4. Conclusions

The results of this work allow us to draw
the following conclusions:

— molten nickel excellently wets the ti-
tanium-chromium carbide ceramics (TiCrC)
with wetting angle 6 = 8 deg;

— the TiCrC-Ni system has an active in-
teraction between phases by dissolution and
infiltration of the ceramic substrate with

Ni and simultaneous diffusion of Ti, Cr,
and C into the drop;

— titanium is an interphase-active ele-
ment in the TiCrC—-Ni system;

— the TiCrC-Ni system can be success-
fully used to develop metal-ceramic composites.
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