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HEAT RESISTACE OF THE POWDER COBALT
ALLOYS REINFORCED WITH NIOBIUM OR TITANIUM CARBIDE

®

Heat-resistance of powder cobalt alloys at 1100 °C has been studied. These alloys have been designed for the protection
of GTE blade platforms from wear and prepared by hot compaction of cobalt, chrome, aluminum, and iron powders and
niobium or titanium carbides. Heat resistance of the alloys containing carbides between 30 and 70% (vol.) depends on the
type of carbide: the alloys with titanium carbide have a higher heat-resistance as compared with the alloys containing
niobium carbide. The most significant factor affecting the heat-resistance of alloys is porosity: as it increases the parameters
decrease regardless of the type and content of carbide. The optimum composition of powder heat-resistant alloy containing
titanium carbide with a melting point above 1300 °C, to be used in the aircraft engine industry has been established.
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The service life of aircraft gas-turbine engine
(GTE) depends on reliability and durability of
the crucial parts of hot gas path, such as Z-lock
and nozzle buckets whose contact surfaces inten-
sively wear down in the aggressive environment,
at high temperature and varying loads acting for
a long while. Shrouding of blades in turbine ro-
tors increases time between repair of GTE. Du-
ring the operation, the contact surfaces of plat-
forms suffer from friction, vibrating shocks, colli-
sions, and high-temperature oxidation. As a re-
sult, the edges of platforms wear down, with a
gap appearing between them. A platform wear of
0.5 mm causes almost a tenfold increase in vibrat-
ing stress of blade airfoil, which can lead to a fa-
tigue breakdown of the airfoil and a failure of the
engine as a whole. The reinforcement of platforms
by coating them with more wear-resistant mate-
rial as compared with the blade material, enables
extending the service life of blades between re-
pairs. In this case, the repair is made by replacing
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the welded pads instead of the blades. Nowadays,
for this purpose, wear-resistant alloys KhTN-61
and KhTN-62 designed by the Institute of Phy-
sics of Metals of the NAS of Ukraine [1, 2] are
used. These alloys are eutectic composites where
the volume share of reinforcing carbide is limited
with composition of eutectic system [3]. To in-
crease the share of reinforcing carbide component
and to enhance significantly the alloy wear resist-
ance one can create an artificial composite by
powder metallurgy technique.

This research is aimed at creating powder al-
loys based on cobalt, with carbide reinforcement.
At this stage, it means to ensure their high wear
resistance as one of key requirements for protec-
tive coatings of platform edges within the whole
range of operating temperature that can reach
1100 °C and melting point >1300 °C, which meets
the blade manufacturing process (1270 °C — gas
removal and brazing).

Increasing heat resistance of eutectic cast al-
loys based on Co—NbC is ensured by impurity
doping complex [4—8]. New powder alloys used
for protection of platform edges are in contact
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with high-temperature combustion products con-
taining a large amount of oxygen. Therefore, they
should have a high resistance to oxidation. The
impurities for raising heat resistance of cobalt
powder alloys have been selected on the basis of
previous studies. The key element is chrome that
gives required resistance to oxidation and hot
corrosion, with aluminum used for additional in-
crease in heat resistance. All impurities have high-
er sensitivity to oxygen as compared with cobalt.
The use of hot compaction technique has enabl-
ed comparing the alloys reinforced with niobium
and titanium carbides that are the most resistant
to oxidation amongst the refractory metal car-
bides [9].

On the basis of research results, the optimal
complex of impurities and the effect of niobium
and titanium carbides on heat resistance of cobalt
powder alloys have been established.

MATERIALS AND METHODS
OF RESEARCH

The researchers used multicomponent alloys
consisting of reinforcing carbides of niobium and
titanium and Co—Cr—Fe—Al The content of chro-
me, iron, and aluminum ensures required heat re-
sistance of alloys.

For preparing powder alloys, pure powdered co-
balt PK-1U, chrome PAKh99H5, aluminum PA-0,
and iron PZhV1.71 powders and carbides of re-
spective standard were used. The initial size of the
major part of particles (approximately 50%) is
5—10 pm; the share of particles smaller than 5 um
is 25%, and that of particles bigger than 10 pm
accounts for 20%.

The samples were prepared by the powder me-
tallurgy technique that foresees grinding of pow-
der mixes in a planetary mill at a ratio powder :
steel balls = 1:5, in acetone, during 30 min. After

Table 1
Composition and Porosity of Alloys Studied
Content, weight. %
Sample NbC Tic Por(())sity,
no- Cr Al Fe Co &
vol. % weight. % vol. % weight. %

1 30 27.0 — — 17.7 2.66 2.66 49.98 1.0

2 40 36.5 — — 15.39 2.31 2.31 43.49 4.4

3 50 46.5 — — 12.97 1.95 1.95 36.63 5.0

4 70 61 — — 8.0 1.2 1.2 22.6 4.2

5 — — 30 19.0 19.6 2.95 2.95 55.5 25.0

6 — — 30 19.0 19.6 2.95 2.95 55.5 3.2

7 — — 30 19.0 19.6 2.95 2.95 55.5 18.0

8 — — 40 27.0 17.7 2.66 2.66 49.98 10.0

9 — — 50 36.0 15.51 2.33 2.33 43.83 6.0
10 — — 50 36.0 15.51 2.33 2.33 43.83 3.1
1 — — 50 36.0 15.51 2.33 2.33 43.83 10.4
12 — — 50 36.0 15.51 2.33 2.33 43.83 28.0
13 — — 50 36.0 15.51 2.33 2.33 43.83 3.4
14 — — 60 45.5 13.21 1.98 1.98 37.33 9.5
15 — — 60 45.5 13.21 1.98 1.98 37.33 4.4
16 — — 70 56.5 10.54 1.58 1.58 29.8 25.0
17 — — 70 56.5 10.54 1.58 1.58 29.8 6.7
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the milling, the share of particles smaller than 5 pm
increased up to 48%, while that of particles having
a size of 5—10 um grew up to 38%. The powder
mixes were baked in graphite molds, in hydraulic
press, at a temperature of 1300—1400 °C, under a
load of 2—3 kN. The samples were compacted at
ambient temperature, under aload of about 1 MPa.
As temperature reached hot compaction tempera-
ture and pressure came to 15—50 MPa, the sam-
ples were kept under these conditions for 20—
30 min. The content of carbide in alloys ranged
from 30 to 70% (vol.). The actual specific weight
of samples prepared was measured by hydrostatic
weighting with the use of analytical balance AD-

200 in order to find porosity from the formula

17 =| 1- Lot | 10006,

p calculated

(D

For neutralizing free carbon that is always pre-
sent in the carbides (approximately 1.5% C for
TiC and 1.0% for NbC) in order to prevent the
formation of fusible chrome eutectic system Co—
Cr,,C,, titanium hydride was added to the alloys.
During the alloy compaction, as temperature in-
creases, it decays thereby preventing titanium oxi-
dation, with free titanium reacting with excessive
carbon into carbide.

Table 2
Alloy Melting Pont and Heat Resistance
o, MeltiI;gépoint, Increase in weight, Am x 10, g/mm?
10 hours 20 hours 30 hours 40 hours 50 hours

1 1340 81.36

2 1320 75.82

3 1320 112.75

4 1270 222.03

5 1340 13.505 18.0 20.25 24.4 28.6

6 1350 4.098 6.831 18.85 24.04 28.96

7 1240 12.634 19.35 25.0 30.9 36.8

8 1320 18.39 29.502 37.55 40.99 48.27

9 1270 8.971 12.69 16.19 20.34 23.84
10 1325 5.6 7.67 9.14 10.32 11.8
1 1315 20.16 26.703 28.61 30.25 30.79
12 1280 24.479 43.48 61.7 74.47 84.36
13 1250 11.42 15.38 18.4 21.44 23.77
14 1325 32.55 38.936 49.79 57.02 64.89
15 1260 6.86 9.35 11.22 13.3 14.97
16 1200 37.065 67.15 84.57 94.5 103.2
17 1300 29.27 44.058 58.26 67.82 78.55

Table 3
Temperature of Commencement of Carbide Active Oxidation [9]
Carbamide TiC 7rC HfC VC NbC TaC Cr,C, Mo,C wC

T,°C 1200 1100 900 800 600 650 130—1400 900 800
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Fig. 1. Heat resistance of powder alloy Co, ., — 50% TiC of
various porosity: no. 10 — 3.2%; no. 9 — 6.0%; no.11 — 10.4%;
and no.12 — 28.0%

Fig. 2. Oxidation of alloy no.10 at 1100 °C: a — formation of
surface amorphous oxides; b — oxidation in the area of crack
formation

The cast alloy samples had approximately the
same size and were cut from blanks by the elec-
tro-spark technique. Having measured their sur-
face area and weight, the researchers put them
into a stone oven, in aluminum oxide crucibles.
Each sample was in individual crucible. The heat-
ing in electric resistance furnace up to a tempera-
ture of 1100 °C in air was controlled by a thermo-
couple. The samples were kept at these conditions
for 10 hours and cooled together with the fur-
nace. The procedure was repeated five times. To-
tally, the samples were kept at 1100 °C during 50
hours. Heat resistance was determined as increase
in the sample weight every 10 hours of annealing
divided by its surface area. The phase transfor-
mation temperature (commencement and end of
melting, start and end of crystallization, solid pha-
se transformations) was found by the differential
thermal analysis with the help of VDTA-8M de-
vice. The samples having a diameter and height of
5 mm were cut of central part of mold by the elec-
tro-spark technique.

The microstructure was studied sing optical mic-
roscope OLYMPUS IX70 with a magnification
of x50—500 and by ESM technique (JSM-6400
(JEOL Ltd) equipped with EDS) with a magnifi-
cation of x1500 — 2000.

THE RESEARCH RESULTS

In order to study wear resistance of compacted
powder alloys based on cobalt with niobium or
titanium carbides at a temperature of 1100 °C,
samples of the following composition have been
prepared (Table 1).

The melting point of alloys was measured by
the differential thermal analysis method in order
to exclude the alloys melting under 1300 °C. The
alloy thermograms show that the cobalt alloys
reinforced with carbides neither contain fusible
phases nor undergo phase transformations under
the melting point (1300—1350 °C depending on
carbide type), which testifies to the fact that
there are no additional effects on them, except
for the alloys with high content of carbide, for
which it is difficult to reach an equilibrium sta-

ISSN 2409-9066. Sci. innov. 2016, 12(1)



Echantillon 76

100 um
Co Kal Cr Kat

100 pm

100 um

Fig. 3. Microstructure and qualitative content of oxidative layer for alloy no.10 (see the next page as well)



Al Kal CKal 2

100 pm 100 pm

Fe Kal O Kal

100 pm !

Si Kol Ti Kol

100 pum !

: 100 pm '

Fig. 3. Continuation



Heat Resistace of the Powder Cobalt Alloys Reinforced with Niobium or Titanium Carbide

te. However, these alloys keep their shape up to
1400 °C, which is important in terms of their ap-
plication.

Heat resistance of the cobalt alloys with nio-
bium and titanium carbides obtained by the hot
compaction method is given in Table 2.

The compacted alloys with titanium carbide
have showed higher heat resistance as compared
with that of alloys containing niobium carbide.
The further experiments with the latter (over 10
hours) were inexpedient because of very poor re-
sults. Doped cobalt being the same base metal for
the alloys with both carbides, the difference in
heat resistance is caused by resistance to oxida-
tion of metals themselves.

Carbides were chosen on the basis of data
concerning oxidation resistance of carbides of
IVa—VTIa subgroup metals [9]. Table 3 shows
temperature of commencement of carbide active
oxidation.

Chrome carbide Cr,C, is known to possess the
highest resistance to oxidation, with titanium car-
bide being the second behind it. However, in tita-
nium carbide, unlike other carbides, at high tem-
perature, TiO, phase is formed due to diffusion
of titanium cations through lattice points. This
slows down oxygen dissolution in titanium car-
bide and raises resistance of titanium carbide to
oxidation as compared with other carbides.

It has been decided to use titanium carbide for
reinforcement of powder alloys since its hardness
is 2—3 times higher than that of chrome carbide,
its melting point is 1.5—2 times higher and its re-
sistance to oxidation is twice as much than those
of niobium carbide [9, 10].

The study of heat resistance of alloys with tita-
nium carbide has showed that high-temperature
oxidation, at the beginning (during the first 10
hours), goes quickly but later, in a little while, the
weight starts to grow with a very small almost
fixed rate. The most important factor effecting
the alloy heat resistance is porosity: as it increases
the parameters go down irrespective of type and
content of carbide. One can see this from the de-
pendence of weight growth rate on duration of
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exposure at 1100 °C for the alloys with the same
content of titanium carbide (50% vol.) and differ-
ent porosity (Fig. 1).

The comparative analysis has showed that the
more compacted is material the higher is its heat
resistance. Large number of pores facilitates oxy-
gen penetration into the base material to a large
depth. The width of oxidized near-surface layer
can reach dozens of microns (Fig. 2, ). In addi-
tion, inner surfaces of pores and cracks undergo
chemical reactions as well (Fig. 2, b), i.e. the area
of contact increases, with heat resistance of the
material deteriorating.

The ESM study of alloy surface after heat resis-
tance trials have showed a significant oxidized lay-
er in the near-surface layer (Fig. 3, see color inset).
The map of sample’s edge shows that main ele-
ments involved in oxidation are chrome, titanium,
and cobalt. It should be noted that the higher is
content of element, the more intensive is color.

According to the data of X-ray analysis, the
main components of minor traces of cinder remai-
ning in the crucible after the heat resistance trials
are rutile TiO,, cobalt-titanium oxide CoTi,O,,
cobalt-chrome oxide CoCr,O,, and iron-titanium
oxide FeTiO,,

To summarize the results, it should be pointed
out that the powder alloys based on doped co-
balt with titanium carbide possess an acceptable
heat resistance and a melting point higher than
1300 °C and can be used as wear- and heat-re-
sistant material for protecting the GTE blade
platforms. These alloys can be used by various
application techniques such as: brazing, micro-
plasma powder deposit welding, micro-discharge
and diffusion-reaction deposit welding (elabo-
rated in cooperation with the Paton Electric
Welding Institute).

CONCLUSIONS

1. The cobalt alloys with titanium carbide con-
tent ranging from 30 to 70% (vol.) for protection
of GTE blade platform edges have higher heat re-
sistance as compared with the ones with niobium
carbide.
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2. Heat resistance of the powder alloys with
titanium carbide at 1100 °C corresponds to that
of ZhS-32 alloy, which testifies to their high
protective properties. The lowest gain in weight
for the alloy with 50% vol. TiC amounts to near-
ly 118 g/m? per 50 hours. The melting point of
powder alloys reaches 1320 °C.

3. Porosity is an important factor effecting heat
resistance of the powder alloys with niobium and
titanium carbides: as it grows the parameters go
downward irrespective of type and content of
carbide.
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T.C. Yepenosa, I'11. /Imumpicsa, B.K. Hocenxo

InctuTyT Metanodizuku
im. ['B. KypmiomoBa HAH VYxpainu, Kuis

JKAPOCTIVIKICTb HOPOIIIKOBUX
KOBAJIBTOBUX CIIJIABIB, SMIITHEHIMX
KAPBIJAMU HIOBIIO ABO TUTAHY

JlocmimkeHo XapaKTePUCTUKHU sKapOCTIHKOCTI TIPH TeMTIe-
parypi 1100 °C nopomkoBux KoGaJbroBUX CILIABIB, PO3PO-
GJIEHMX I 3aXUCTY OaHIaKHUX MOJUIb POOOYMX JIONATOK
I'T/1 Bix 3nomryBanus. CriiaBu oTpuMaHi METOZIOM Tapsiuoro
MIPeCYBaHHs MOPOIIKIB KOGAIBTY, XPOMY, aTiOMiHII0, 3asTi3a,
KapOiy Hi06i10 a00 THTaHy 3 BMICTOM KapOiiB B Meskax Bij 30
10 70% (006.). BeraHoBiieHo, 1110 CILIaBy 3 KapOiJoM THTaHy
[EPEBAKAIOTH 32 JKAPOCTIMKICTIO CrjiaBu 3 KapOigoM HioOio.
CyTteBuM (haKTOPOM, SIKHIT BITMBAE HA JKAPOCTIMKICTD CILIa-
BiB, € TIOPHCTICT: 3 1i 36IIBINTEHHIM TIOKa3HUKI 3HUKYIOTHCST
Hesa/le;kHO Bijl BUAy Ta BMicTy KapOimy. BeranosmieHo ornru-
MaJIbHUI CKJIa/| TIOPOIIKOBKX JKapOCTIMKUX CIUIaBiB 3 KapOi-
JIOM THTaHYy 3 TeMIIepaTypolo IyIaBIeHHs Bunoo 3a 1300 °C
JUISI 3aCTOCYBAHHSI B aBial[liiHOMY JIBUT'YHOOY [y BaHHI.

Kmouosi crosa: ciiasu kobassry, kapbin Hiobi0, kapbiz
TUTAHY, >KaPOCTIHKICTD.

T.C. Yepenosa, I11. /Imumpuesa, B.K. Hocenro

WncturyT Metamnodusnkn
nM. ['B. KypaiomoBa HAH Ykpannsi, Kues

JKAPOCTOMKOCTD ITOPOIIKOBDIX
KOBAJIBTOBBIX CIIJIABOB, YIIPOUHEHHBIX
KAPBUJIAMU HUOBWY NIV TUTAHA

Vcese1oBaHbl XapaKTePUCTUKHU SKAPOCTOMKOCTH [IPU TeMITe-
parype 1100 °C nopouikoBbix KOGAJIBTOBBIX CILIABOB, pa3pabo-
TAHHBIX JIJI51 3AIUTHI OAHIAKHBIX TIOJIOK pabounx jonatok [T/
ot usHoca. CIUIaBbI TIOJIyYeHbI METOIOM TOPSAYETO [PECCOBAHMSE
HOPOIIKOB KOOAIIBTa, XPOMA, AJIIOMIHISL, 5KeJie3a, KapOu/ia H1o-
Oust MJIM TUTaHA ¢ coziepykaHneM KapOuzoB B ripezesiax ot 30 10
70% (00.). YcTaHOBJIEHO, YTO CIIABBI ¢ KAPOWIOM THUTaHA Tpe-
BOCXOJIAT TI0 KaPOCTOUKOCTH CILIABBI ¢ KapOuiom Hrobust. Cy-
IECTBEHHBIM (HAKTOPOM, BAUSIONINM HA JKAPOCTORKOCTD CILIa-
BOB, SIBJISIETCS TIOPUCTOCTD: € €€ YBEIMYEHIEM TIOKA3ATEIH CHI-
JKAIOTCST HE3aBUCHMO OT BUJIA U COJIEPYKAHMsT KapOrjia. YCTaHOB-
JICH OHTI/IM&HthIﬁ COCTaB TTOPOMIKOBBIX }KapOCTOﬁKHX CILJIaBOB
¢ KapOMIOM TUTaHa ¢ TeMIepaTypoii miassieHus Bbie 1300 °C
JULA TIPUMEHEHUA B aBUAITMOHHOM JIBUTATEJIECTPOCHUU.

Kniouesvie crosa: cninasbl Kobasbra, KapOu HUOOMS, Kap-
6uz TUTaHA, KAPOCTOINKOCTD.
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