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Summary. Titanium carbide based hard alloys with nickel-chromium binder possess high hardness,
wear and heat resistance. In order to improve physical and mechanical properties of alloys the polycarbide
basis TiC-5WC-5NbC and Ni (nano Ni)-Cr binder were used. The physical and mechanical properties of the
alloys with 10, 18 and 24% (wt) of the binder, which contained 7,5, 13,5 and 18% (wt) of nano Ni or fine
grained Ni respectively, were studied. It is found that the use of nano nickel (70 nm) compared to fine nickel
(1..2 um) allows to obtain lower porosity, more fine-grained microstructure (d = 0,7..1 um) and higher physical
and mechanical properties of the alloys by 10..15%. Binder with nano Ni prevents formation of carbide skeleton
and the nano Ni content increase results in the hardness, micro hardness, transverse rupture strength and
fracture toughness increase.
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Statement of the problem. TiC based hard alloys are successfully used as substitutes
of WC-Co hard alloys for cutting structural and alloyed steels and non-ferrous metals because
they possess high hardness, wear resistance and satisfactory strength [1 — 3]. The alloys have
three times lower density compared to common WC-Co alloys. Main applications of the
titanium carbide based hard alloys with nickel-chromium binder are semi-finishing and
finishing machining. Various carbides and metal binders are used as initial materials in TiC
based hard alloys to improve mechanical properties, but their fracture toughness is lower
enough. Potential possibilities of hard alloys significantly increased when new technological
methods of structure forming based on application of nanopowder and nanotechnologies have
appeared.

Analysis of the available investigations. It is known [4] that adding of nanopowders
to ordinary powders makes it possible to obtain high level of the properties. Reduced by
4...7% porosity of powdered products and decreased by 750...200°C sintering temperature
result in the strength and plastic properties improvement. The prevention of recrystallization
process, optimization of compaction pressure by the criteria of minimum carbide grain sizes
and maximum density of the alloy are of great importance for alloys with nano Ni addings.
However, obtaining of high-density compacts is a significant problem as nanopowders are
poorly pressed because of the adhesive interaction between particles, the value of which
increases rapidly with the particle size decrease [5]. Previous studies [1] observed that the
optimal compaction pressure is 150 MPa. Then samples pressed at such a pressure must be
sintered under special thermal-kinetic parameters [6].

An important issue during the alloys with nanoscale powders sintering is to preserve
their fine-grained structure at the final stages of sintering [7, 8]. High-speed sintering (HSS)
was used to resolve this issue. The applied new technology has certain features aimed at
solving the problem of structural heterogeneity formation and liquidating or minimizing the
number of isolated pores.

Corresponding author: Halyna Kramar; e-maiil: VF@MU.eULE.UA ... ... cve v ver eee eee e eee eee e e e ee e eee ee e en ee veeenn. D3


mailto:vr@tu.edu.te.ua

Effect of binder with nano Ni on mechanicalproperties of TiC based hard alloys

The aim of this paper is to investigate the effect of Ni(nano Ni) on the physical and
mechanical properties of the TiC-WC-NbC-Ni-Cr hard alloys.

Statement of the task. Research the using of polycarbide base and Ni(nano Ni)-Cr
binder in the alloys for increasing hardness which is higher than of common alloys and to
obtain higher fracture toughness and transverse rupture strength.

Materials and experimental procedure. TiC-5WC-5NbC with Ni(nano Ni)-Cr
binder (ratio of Ni(nano Ni):Cr = 3:1) in the alloys were used. The physical and mechanical
properties of the alloys with 10, 18 and 24% (wt) of the binder, which contained 7,5, 13,5 and
18% (wt) of nano Ni or fine-grained Ni respectively, depending on the sintering temperature
in vacuum, were studied. The hard alloys were manufactured by the common technology of
the powder metallurgy. The grinding of powder mixture was carried out in the ethyl medium
in a ball mill for 72 hours. A 5% solution of synthetic rubber was used as plasticizer.
Sintering was realized by two ways: vacuum double-stage sintering (DSS) with slow heating
in temperature interval of the plasticizer decomposition and HSS during which alloys were
heated at a speed of °C/min in the range from 600°C to sintering temperature. The sintering
was carried out at the temperatures of 1300°C, 1350°C and 1400°C for 20 min.

The chemical composition of the alloys’ binder, density of the alloys and sizes of the
initial Ni (nano-Ni) powders are shown in Table 1.

Table 1

Chemical composition of the alloys’ binder, density of the alloys and size of the Ni powder

Composition of the alloys’ binder, (Wt. %)? Dadd. glcm® Size, Ni
10 (7.5 Ni-2.5 Cr) 5,55 1.2 um
18 (13.5 Ni-4.5 Cr) 5,63 1.2 um
D4 (18 Ni-6 Cr) 5,8 1.2 um
10 (7.5 Ni (nano)®-2.5 Cr) 5,55 70 nm
18 (13.5 Ni (nano)®-4.5 Cr) 5,63 70 nm
24 (18 Ni (nano)"-6 Cr) 5,8 70 nm

aTiC-5WC-5NbC is the polycarbide basis in all alloys,
bNano Ni is produced by National University of Science and Technology « MISiS».

The mechanical properties of the alloys: hardness by Rockwell and Vickers, transverse
rupture strength otwrs and compression strength ocs were determined at the room temperature
according to the standard methods. Vickers hardness was measured by applying a load of
300 N (1SO 3878). Fracture toughness (Kic) was calculated after microscopic investigation of
the indentations and cracks. Transverse rupture strength ows was determined by the method of
three-point bend on specimen with following dimensions: a = 5 #0,25 mm, b =5 +0,25 mm,
¢ = 35 #1 mm. Cylindrical specimen with diameter d = 8 #+0,25 mm and height h = 16#1 mm
were used to determine the compression strength ocs. Density was measured by hydrostatic
weighing. Porosity was determined by the metallographic method.

Results and discussion. The reproducibility of mechanical properties and preserving
them at a high level are very important features in hard alloys manufacturing. Such
characteristics as transverse rupture strength and compression strength have considerable
variability of results.

Dependencies of the mechanical properties on the content of Ni and nano Ni and
sintering technology are shown in Figure 1. It is found that with the increase of Ni content the
transverse rupture strength increases in both cases. For alloys with fine-grained Ni it changes
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from 750 to 810 MPa, whereas with nano Ni — from 880 to 980 MPa. Alloys sintered by HSS
have higher transverse rupture strength by 10...15%.
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Figure 1. Effect of Ni (1, 2) and nano Ni (3, 4) content in the alloys on transverse rupture strength.
1,3-DSS; 2,4-HSS

Dependencies of transverse rupture strength and compression strength on temperature
and technology of sintering and chemical composition of the hard alloys are shown in Figure
2. It was determined that the sintering temperature of 1350°C and HSS are optimal for
obtaining high level of these properties. For the hard alloys of all compositions sometimes
significantly higher values of mechanical characteristics (oes = 3120 MPa, owrs = 1230 MPa)
were observed indicating the possibility of such properties improvement.
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Figure 2. Dependencies of transverse rupture strength and compression strength on sintering temperature
for Ti-5WC-5NbC-13,5 nano Ni-4.5Cr hard alloy (HSS)

Dependencies of physical and mechanical properties on the content of fine Ni and
nano Ni in the alloys’ binder are shown in Figure 3. Density of the alloys increases with
increased nano Ni content for all sintering temperatures and both sintering technologies. The
hardness has the similar behaviour — the increase of nano Ni content in the alloys results in
the significant increase of their hardness and micro hardness apart from the alloy with
18 wt.% nano Ni sintered at 1400°C for which these properties slightly decrease. Increasing
hardness of the alloys with nano Ni is probably connected with the fact that for the alloys with
nano Ni solubility of the carbides’ metals (Ti, Nb, W) increases in the binder [9] and the
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binder becomes more strengthened. For the alloy with 18 wt.% nano Ni sintered at 1350°C by
HSS Vickers hardness is 13,3 GPa and Rockwell hardness is 91,6 HRA.

Hardness of the alloys with fine-grained Ni decreases with its increased content as
well as for commercial alloys WC-Co, WC-TiC-Co, TiC-Ni-Mo [10, 11]. Moreover, it is
known, that for commercial alloys factors that increase hardness cause the Kic decrease. But
in our case the use of nano Ni in the binder resulted in obtaining an opposite dependence. It
was found that Kic increases with increasing binder content without a loss in toughness along
with the binder phase strengthening by Ti, W and Nb. The investigations testify that fracture
toughness of hard alloys obtained by DSS and HSS technologies is significantly different: in
the first case it was 6,2...7,5 MPa-m”, in the second case it was 6,7...8,1 MPa-m”.

Due to metallographic and fractographic analysis it was found early [9] that alloys
with nano Ni have more fine microstructure (d =0,7...7/ um) compared to fine-grain Ni
(d=1...2 um) and hard alloy with 10 wt.% binder (7,5 wt.% of nano Ni) is damaged by brittle
mechanism but fracture of the hard alloy with 24 wt.% binder (18 wt.% of nano Ni) is
accompanied by appearance of micro viscous fracture elements.
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Figure 3. Dependencies of the alloys’ mechanical properties (fracture toughness (a), microhardness (b), Vickers
hardness (c), Rockwell hardness(d)) on Ni and nano Ni content and sintering temperature
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Porosity of alloys with nano Ni changes from B 04 to A 02. It was found that at lower
sintering temperatures the use of nano Ni compared to fine Ni allows to obtain lower porosity,
more fine microstructure and, consequently, higher physical and mechanical properties of the
alloys by 10..15%. It is known [5] that the use of nano components in alloys results in high
stress and distortion of the crystal lattice, change in interatomic distances and appearance of
significant atoms displacements at nonequilibrium boundaries of grains. The binder in the
amount of up to 18% (wt) nano Ni uniformly surrounds carbide grains, prevents the formation
of a continuous carbide skeleton and results in the increase of fracture toughness and
transverse rupture strength. At the higher content of the nano structural component, the binder
«islandsy are formed and large conglomerates of carbide grains appear, resulting in the alloys
mechanical properties decrease.

In general, alloys containing nano Ni, obtained by HSS, have a significantly higher
fracture toughness and transverse rupture strength compared to alloys with fine grained Ni.
Rockwell and Vickers hardness of them are at the same level compared to another
polycarbide based and metallic binder of the alloys (Table 2). Fracture toughness of the
developed hard alloys is higher than of the known free-tungsten hard alloys and their
properties were comparable to commercial alloy (HV 14 — 15 GPa, Kic 8 — 10 MPa-m*?).

Table 2

Physical and mechanical properties of hard alloys

Hard alloys t:;g;zrl'ggy HRA HV 30 o, MPa Mfil'cr’nl/z
TiC-VC-NbC-WC-NiCr | DSS | 896...91,4 | 16,9...17,2 | 780...800 | 7.6...7,8
L AWCNDC-NILCY DSS 84...86 78..89 | 750...810 | 54..65

HSS 87...90 85..90 | 800...910 | 6,0..7,1
TiC-WC-NbC- DSS 85,5...87 | 12,8...14,9 | 880...980 6,2...7,5
Ni(nano)-Cr HSS 89..91,6 | 13,4..158 | 950...1040 | 6,7..8,1
WC-TiC-Co[10] 90,2 17,0 1100 8...10
TiC-Ni-Mo[11] 91 1150
Ti(C,N)-WC-Ni [12] 10,1 7,3
Ti(C,N)-WC-Co [13] 17,9 910 3,7

Results of the TiC- WC NbC based hard alloys with the Ni(nano-Ni)-Cr binder
mechanical properties investigation testify that they may be used as tool materials for inserts,
dies, press molds, wire dies. These alloys belong to P01-P25 according to ISO.

Conclusions. The alloys with 18% (wt.) and 24% (wt.) nano Ni content in the binder
sintered by HSS at the temperature of 1350°C possess high hardness with relatively high
toughness. This alloys has the maximum Vickers hardness of 15,3 GPa, Rockvell hardness of
91,6, fracture toughness of 7,6 MPa m*?, transverse rupture strength of 1040 MPa and
compression strength of 2820 MPa. Significant improvement in the mechanical properties of
the alloy with nano Ni in the binder was observed compared to that of fine-grained Ni and
their values are competitive with commercial alloys.
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BIIJIMB 3B’AA3KHU 3 HAHO NI HA MEXAHIYHI BJIACTUBOCTI
TBEPJIUX CIIVIABIB HA OCHOBI TIC

I'anuna Kpamap; JIvoomuiaa bogposa; Spocaas Kosanbuyk; Cepriii
Mapunenko; Irop Koannb

Teproninbcokutl HayioHaIbHUL MeXHIYHUU YHIgepcumem imeni leana Ilynios,
Tepnonins, Ykpaina

Pesztome. Teepoi cnaasu Ha ocHo8I Kapbidy Mumany 3 HIKeIb-XPOMOBOIO 36 SI3KO0I0 GUKOPUCMOBYIOMb 5K
mamepian pi3aibHUX IHCMPYMenmie npu 00poodyi eyeieyesux ma 1e208aHux KOHCMPYKYIUHUX cmaiel i Cniasié
HA4 OCHOBI KOIbOPOBUX Memdaiié 3a80sAKuU IX 6UCOKill meepoocmi, 3HOco- ma mepmocmiukocmi. Cymmesorw
nepesazoio Yux Cniaeie € Hu3bKa SyCMmund, wo 6 3 pasu MeHud, HidC y B01bpHpamMoKodAIbmosUx meepoux
cnaagie. OOHaK O IX WUPOKO20 6NPOBAONCEHHS HeOOXIOHO niosuwumu MIYHICHI xapaxmepucmuru. [[is
nOKpawjenusi  QisuKo-mexanivnux —eracmusocmeti cniagie Ha noaikap6ionit  ocnogi  TiC-5WC-5NbC
suxopucmosgysanu Ni(nano Ni)-Cr ik 38 ’a3Ky ma pi3Hi cnocoOu CnikauHsa y 6aKyymi — 080CMAOiliHe 3 NOBIIbHUM
HACPi6aHHAM 6 IHmMepeani memnepamyp po3kiady niacmu@ixamopa ma Cnikamus 3 6UCOKOUBUOKICHUM
naepisannsm (120°C/xe) ¢ inmepgani memnepamyp 6io 600°C 0o memnepamypu cnikanus. Buxopucmanus
O0py2020 Ccnocody CRIKaHHA O00360IUN0 3MEHWUMU KiIbKICMb [30/1b06AHUX NOp V CHIABAX, HPU YbOMY IX
nopucmicme 3minunaca 3 B 04 0o A 02. Bcmanosneno, wo cnikauHa npu HUXCYUX MeMnepamypax cnidaeis iz
Hano Ni y 36’s3yi nopienano 3 OpibHooucnepcHum Ni npu3600umv 00 3HUNCEHHS NOPUCMOCTE MA NIOBULYEHHS
MexaHiuHux eracmueocmeil. Bugueno gizuxo-mexaniuni enacmusocmi cnaagis 3 10, 18 ma 24% (mac.) 36 a3ku,
aki micmame 7,5, 13,5 ma 18% (mac.) nano Ni abo Opionooucnepcnozo Ni 6ionogiono. Buseneno, wo
BUKOpUCMAaHHSL HaHo-HiKento (70 Hm) y nopisuanni 3 OpibHoOucnepchum wikenem (I — 2 mrm) 0o3801s€
ompumamu OpibHo3epHucmiuty mikpocmpykmypy (d = 0,7..1 mxkm) ma Kpawi Qizuxo-mexaniymi e1acmueocmi
cnnasie na 10..15%. 36’a3xa 3 nano Ni 3anobicac ymeopennio kapoionoeo kapkacy, a 30invuenns ii emicmy y
CNIABAX, CNEYeHUX i3 BUCOKOWBUOKICHUM Hacpieanuam 00 memnepamypu cnikanus 1350°C, npuzeooums 00
niosuujentss meepoocmi 3a Poksennom 0o 91,6, meepoocmi 3a Bikkepcom oo 15,3 I'Tla, epanuyi miynocmi Ha
seun 0o 1040 MIla ma xoegiyienma mpiwunocmitixocmi 0o 7,6 MIIa-mY?. 3a pisnem ¢hisuxo-mexaniunux
eracmugocmeti ma 006AACMIO GUKOPUCMAHHS Q00CTIOdNCeH] cnaagu gioneceno 0o epyn P0OI1-P25 ionogiono 0o
cmanoapmy 1SO.

Knrwuosi cnosa: mexamiumi  @nacmugocmi,  HAHOHIKeAb,  KapOi0  mumawy,  meepoicmo,
MPIWUHOCMIUKICID.
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