Vol. 10 Ne. 3

Trans . Nonferrous Met. Soc . China

Jun. 2000

Article ID: 1003 - 6326(2000)03 - 0405 - 03

TiC Fe coatings prepared by flame spray synthesis procoss®

LIU Chang-song( XIHA%) , HUANG Ji hua( 34k |

ZHAO Yong(

By, LIU Mu( Ml

) ., YIN Sheng( & 74)

School of Materials Science and Engineering,
University of Science and TechnOZOgy Bei]'ing, Bei]'ing 100083, P.R. China

Abstract : A new process , flame spray synthesis ( FSS) , has been developed for producing cera mic-containing composite

coatings . By combining self- propagation high-te mperature synthesis (SHS) and flame spraying, the cermet-based material

was synthesized and deposited simultaneously . TiC- Fe coatings were deposited from com mercial ferrotitanium , iron and

graphite powders by the flame spraying synthesis process. Microstructure analyses revealed that TiC was synthesized dur-

ing spraying , and that submicron and round TiC particles were dispersed within an iron matrix . Flame-spray synthesized

coatings were composed of alternate soft and hard layers , whose hardness were 3.0 ~6 .0 GPa and 11 ~13 GPa, respec-

tively .
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1 INTRODUCTION

It is generally accepted that wear resistance is a
consequence of a specific favorable combination of
hardness and toughness . Because of their brittle na-
ture , pure hard ceramic materials cannot be used for
all protective coatings . Fine-grained multiphase coat-
ings composed of hard materials dispersed in a metal
matrix would be tougher and more resistant to crack
propagation than pure ceramic coatings while ensuring
wear resistance imparted by the hard ceramic phase .
Multilayer coatings in which interfaces are parallel to
the substrate interface can also limit crack propaga-
tion, thus increasing the toughness[1 1.

Multiphase coatings composed of mixed hard
phases and metals have been currently produced by
plas ma spraying mixtures of metal and ceramic pow-
ders , metal-coated ceramic powders and agglomerated
metal and ceramic powders[z]
ever, these plasma-sprayed multiphase coatings are

. In many cases, how-

not composed of lamellae containing finely dispersed
hard phases. They can contain angular particles of a
size larger than the lamella thickness .

In order to obtain a homogeneous microstructure
and to ensure good wettability of the ceramic particles
by the metal matrix, thus improving the bonding be-
tween the metal matrix and the ceramic particles, a
socalled plasma spray synthesis, or reactive plasma
spraying process has been developed for producing ce-

3751 However,

ramic-containing composite coatings[
plas ma spraying units are too expensive for the Chi
nese thermal spraying factories where the flame spray
technique is widely used ®1.

It is noted that SHS is an imrsitu technique for
preparing materials because of the following advan-

tages: high purity of products, low energy require-
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ments, short reaction time and relative simplicity of
process . When the reaction between reagents is initi-
ated, it will maintain without any other energy[”.

Considering the national conditions of China,
TiC based coatings were prepared by a new process,
called Flame Spray Synthesis ( FSS) combining SHS
and flame spraying in this study. The TiC Fe com-
posites in the process were produced by the exother
mic reaction between
graphite. The microstructure and characteristics of
the coatings are described below .

ferrotitanium, iron and

2 EXPERI MENTAL

Commercial ferrotitanium , iron and graphite
powders were used as raw materials for preparation of
micropellets and spray powders. Table 1 gives the
che mical analyses of these powders. X ray diffraction
analysis showed that ferrotitanium mostly consists of
Ti and FeTi ( Fig.1) .

The raw materials ferrotitanium and iron pow-
ders were separately milled in alcohol and then mixed
together. The batch compositions were prepared by
adding graphite and binder. The mixture contains a
slight excess of carbon to compensate the loss of

Table 1 Che mical composition of com mercial
raw materials (%)
Composition/ %
Material

Ti Si Al S P C Fe

Ferrotitanium 65.12 1.5 0.51 0.022 0.025 0.15 Balance
Iron >99

Graphite 99 .5
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Fig .1 X ray diffraction patterns of
raw materials and coatings

carbon during spraying . For this purpose , the calcu-
lated carbon titanium atomic ratio corresponds to
1.2 . The batch was adjusted to obtain 60 %( volume
fraction) TiC phases in the spray synthesized coat-
ings . After the solid micropellets were agglomerated,
they were then sieved to - 150 ~ + 300 mesh. The
resultant powders were flame sprayed on 10 cm x 10
cm x 0.8 cm mild steel substrates with the process pa-
rameters listed in Table 2 .

Table 2

Acetylene

Flame spraying parameters

Oxygen
pressure/ MPa pressure/ MPa  pressure/ MPa

Protective gas Spray
distance/ m m

0.8 0.09 0.5 150

Scanning Electron Microscopy (SEM) was car
ried out on polished samples. X ray diffraction with
copper K, radiation was used to characterize the reac
tion products and coatings. Vickers microhardness
measure ments were conducted under a 0.5 N load.

3 RESULTS AND DISCUSSION

The fundamental reaction in the flame spray syn-
thesis of TiC-Fe coatings takes place exothermically
between titanium and graphite. When iron is added
into the mixture, it will promote the reaction be-
tween ele ments by dissolving them in an iron batht®1,
Thus , a te mperature as low as 1 200 C, correspond-
ing to the melting point of ferrotitanium , is obtained

[5-81 1t is worth

to initiate the dissolution of carbon
mentioning that the starting reaction te mperature is
lower than by using pure ele ments , namely titanium
and graphite , whose reaction is initiated at approxi
mately 1 600 €l®Y. This is why ferrotitanium was
used to take the place of titanium . In this case, iron
plays a role not only as a diluent but also as a reac

tant .

After injected into the flame , the reactive micro-
pellets (comprising ferrotitanium , graphite and iron)
form TiC and iron according to the following reac
tion :

FeTi+ Ti+2C~—-2TiC + Fe (1)

Fig .1 gives the Xray diffraction patterns of
starting materials and coatings .

Although the calculated carbon titanium atomic
ratio corresponds to 1 .2 in the reactive micropellets,
the coatings mostly consists of TiC and Fe, and C is
difficult to be identified . However, when the synthe-
sis was conducted in an electric arc furnace where
rapid heating and cooling could be obtained in an at-
tempt to simulate conditions of spraying , an excess of
carbon within the matrix would be found''®!. The
loss up to 20 %( mole fraction) of graphite here could
be the oxygenated carbon during spraying process .

Fig .2 shows the back scattered SEM image of
TiC Fe coatings fabricated by flame spray synthesis
process . It is found that these coatings are composed
of alternate , laminated dark, gray and white layers .
X ray analysis shows that the coatings mostly consists
of TiC and Fe. The dark areas have microhardness
values in the range of 11 ~ 13 GPa. Therefore, the
dark layers would be TiCrich, containing very fine
and rounded TiC crystals dispersed in an irom based
matrix , as shown in Fig .3 . As a matter of fact, the
compositional analysis performed by energy dispersive
spectroscopy with X ray microanalysis revealed that
they are titanium rich while the white areas seem to
be rich in iron. The irom rich layers should also con
tain TiC but to a lesser extent . Indeed, the pseudobi-
nary TiC Fe phase diagram predicts that iron can con-
tain 3 .8 % TiC at the eutectic te mperature . As a re-
sult, those iromr rich layers have a hardness of 3.0 ~
6.0 GPa. The Ti content of those gray areas will be
varied with the shades of color, so their hardness
varies between 7 .0 and 10 GPa.

The presence of irorm rich layers within coatings
could result from inadequate micropellet fabrication or
their partial breaking-up when they enter the flame .

Fig .2 Back scattered SEM image of flame
spray synthesized TiC Fe coatings
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Fig.3 Back scattered SEM image of
TiC rich lamellae within flame spray
synthesized TiC Fe coatings

Iron-rich micropellets or fragments of them are re-
sponsible most likely for the formation of ironrich
layers in coatings .

It is noted that TiC grains within the TiC rich
layers are very fine ( <1 pm) and round. When TiC
is combustion synthesized from pure Ti and C mixture
with a molar ratio of 1 .0 and without any metal addi-
tion, it is composed of agglomerated angular grains
with a size about 15 um . This can be explained as fol-
lows . With the addition of iron, the combustion te m-
perature becomes lower and the grain size becomes
smaller since the grain growth of TiC is an exponen-
tial function of the combustion temperature; also,
when the layers are deposited on the substrate, the
rapid cooling prevent the growth of TiC grains .

The peculiar microstructure of the composite
coatings , containing very fine and round TiC com-
posed of alternate TiC rich and TiC poor layers, is
expected to play a major role in their tribological
prOperties[“]. Fine-grained carbides can achieve an
increase in yield strength through dispersion and grain
size mechanisms, and modify the plasticity of the ex-
posed surface . What’ s more , alternate hard and soft
layers would increase the toughness by limiting crack
propagation .

4 CONCLUSIONS

1) Anew process, flame spray synthesis ( FSS) ,
has been developed for preparing coatings containing
hard ceramic phases without a need to reach the melt-
ing point of these ceramics .

2) TiC Fe coatings were deposited by the flame
spray synthesis process. The flame-spray synthesized
coatings were composed of alternate soft and hard lay-
ers, whose hardness is 3.0 ~ 6.0 GPa and 11 ~ 13
GPa, respectively .

REFERENCES

[1] Holleck H. Basic principles of specific application of ce-
ramic materials as protective layers [ J]. Surf Coat Tech-
nol, 1990, 43 ~44: 245 .

[2] Lugscheider G, Eschnauer H, Muuer U, et al. Thermal
spray technology [ J]. Powder Metallurgy International ,
1991, 23:33.

[3] Dallaire S and Champagne B. Plasma spray synthesis of
TiB,-Fe coatings [ J]. Thin Solid Films, 1984, 118:
477 .

[4] Champagne B and Dallaire S. Plasma spray synthesis of
TiB,-Fe coatings [ J]. J Vac Sci Technol, 1985, A3:
2373 .

[5] Cliche Gand Dallaire S. Synthesis and deposition of TiC
Fe coatings by plasma spraying [ J]. Surf Coat Technol,
1991, 46:199.

[6] CHEN lJiayin. The study and application of oxygem
acetylene subsonic flame spraying [ A]. Chinese National
Thermal Spraying Conference 98 [ C], Beijing, 1998 .

[7]1 YIN Sheng. The Self Propagation High Te mperature
Synthesis Technology and Materials [ M], (in Chinese) .
Beijing : Metallurgical Industry Press, 1995 .

[8] Saidi A, Chrysanthou A, Wood J V, et al. Characteris-
tics of the combustion synthesis of TiC and Fe- TiC com-
posites [ J]. J Mater Sci, 1994, 29 : 4993 .

[9] Choi Y and Rhee S. Effect of iron and cobolt addition on
TiC combustion synthesis [ J]. ] Mater Res, 1993, 8:
3202.

[10] Cliche G and Dallaire S. Synthesis of TiC and Ti( W,
C) in solvent metals [ J]. Mater Sci and Eng, 1991 ,
Al48:139.

[11] Dallaire S and Cliche G. Tribological properties of TiC
Fe coatings obtained by plasma spraying reactive pow-
ders [ J]. J Thermal Spray Technol, 1993, 2: 39 .

(Edited by PENG Chao qun)



