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Abstract

Boron carbide, B,C, is an attractive candidate mate-
rial for reinforcement in metal matrix composites,
whose application is severely hampered by its reac-
tions with most engineering alloys at the high pro-
cessing or service temperatures. The reactivity of
B,C with some of the metals, however, may be made
use of to create protective coatings on its surface. In
the present research, the microstructure of coatings
obtained by the interaction of B,C with Ti and Cr
powders at 1000—1200°C was investigated employing
X-ray diffraction, scanning electron microscopy and
Auger electron spectroscopy. Coatings obtained by
treating B,C in Ti powder were found to contain Ti
carbide, TiC, y, and Ti borides (TiB, and TiB). A
relatively thin inner layer of the coating was car-
bide-free and contained only borides, while the major
part of the coating was a mixture of TiC,.y and TiB.
In contrast to this, coatings formed by reaction of
B,C with Cr powder contained no carbides, and were
shown to consist of Cr borides (CrB, CrB, CrsB;
and Cr,B) and amorphous carbon. A thick outer
layer of the coating was carbon-free and consisted
almost entirely of CrB. In both cases, the growth of
the coatings was controlled by diffusion, the activa-
tion energy for the growth of B,C/Ti coating being
approximately 175 KJ/mol. The phase composition,
layer sequence and morphology of the coatings
obtained were interpreted on the basis of kinetic and
thermodynamic data of the ternary systems involved.
A good agreement between the experimental results
and theoretical predictions was obtained.

1 Introduction

Non-oxide ceramics are important materials having
a high potential for advanced structural and elec-
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tronic applications, as well as reinforcements for
metal matrix composites (MMCs). Boron carbide,
B,C, is especially attractive due to its very low den-
sity, high hardness and relatively low cost, at least
in the particulate form. However, the use of B,C (as
well as other non-oxide ceramics) as a reinforcement
for Fe-, Ni- and Co-base alloys is severely ham-
pered by reactions that occur at the ceramic/metal
matrix interface at the high processing and/or ser-
vice temperatures. Although large bulk of evidence
exists for the reactivity of non-oxide ceramics with
metals,! the interaction between B,C and struc-
tural Fe-, Ni- and Co-base alloys has practically not
been investigated. The solid state reaction between
B,C and nickel at 880°C was reported to yield a
complex product at the interface, Ni being a domi-
nant diffusing species.* The formation of undesir-
able reaction products, as well as the dissolution of
the ceramic in a metal, result in the degradation of
the reinforcement and in the deterioration of the
mechanical properties of the matrix and of the
MMC as a whole. Since the performance of MMCs
is, to a large extent, controlled by the structure and
properties of ceramic/metal interfaces, it is impor-
tant to prevent or, at least, to minimize the reac-
tions at these interfaces. This may be achieved by
creating diffusion barriers. The necessity of a diffu-
sion barrier for application of B,C as a reinforce-
ment for MMCs was emphasized in Ref. 4. One of
the possible ways of creating a diffusion barrier is
by coating the ceramic prior to inserting it into a
metal matrix.

It has been recently shown that non-oxide
ceramics such as SiC, Si;N, and B,C, can be coated
employing their interaction with powders of met-
als having high affinity for carbon, silicon and
boron, and a new powder immersion reaction
assisted coating method (PIRAC) has been pro-
posed.>® The objective of the present research is
to study the microstructure of PIRAC coatings
obtained by treating B,C in Ti and Cr powders.
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2 Experimental

In the present research, Cr metal powder (< 150
wm) from Merck, Ti metal powder (~ 100 um)
from Alfa Products and hot pressed boron car-
bide, B,C, were used. Plates of B,C were
immersed into the metal powders and heat treated
at 1273-1473 K. Heat treatments were conducted
in evacuated quartz tubes (10 Torr at room tem-
perature). After heat treatment, the reacted layers
were investigated employing X-ray diffraction,
XRD (Philips 1730/10), scanning electron micro-
scopy, SEM, with energy dispersive analysis, EDS
(JEOL 840), and Auger electron spectroscopy,
AES (Perkin-Elmer PHI 590A).

3 Results and Discussion

3.1 Microstructure of B,C/Ti powder interface

A representative micrograph of the coating
obtained by treating B,C in Ti powder is shown in
Fig. 1. According to the XRD pattern, Fig. 2, the
coating consists of a Ti boride, TiB, and the Ti
carbide, TiC,y. The intensities of the TiB peaks
do not match the standard intensities, indicating a

Fig. 1. A representative micrograph of the reaction layer
obtained by treating B,C in Ti powder (1100°C, 6 h), cross
section.
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Fig. 2. A typical XRD pattern of the coating obtained by
treating B,C in Ti powder (1100°C, 1 h).

pronounced (020)-preferred orientation. It should
be mentioned that preferred orientation in the
direction of the shortest lattice parameter (and
[020)/[010] is such a direction for TiB) is often
observed during the diffusion growth of compounds
with orthorhombic structure.” The peaks of TiC,.x
are slightly shifted from the standard positions of
the stoichiometric TiC, yielding the lattice param-
eter a = 0-431 nm. This value corresponds to a
hypostoichiometric TiC,. carbide.'®

Thin coatings obtained after short PIRAC
treatments were found to be tightly bonded to the
B,C surface. On the other hand, thicker coatings
(> 2-3 wm) tended to spall off the ceramic sub-
strate and stick to the Ti powder, thus revealing
the inner surface (coating/B,C interface) of the
reaction layer. A similar behavior was previously
observed for PIRAC coatings obtained by treating
SiC” and Si;Ng in Ti powder. This allowed to
obtain separate AES depth profiles for both the
inner, Fig. 3(a), and the outer, Fig. 3(b), layers of
the B,C/Ti coating with good depth resolution.
The depth profile in Fig. 3(a) clearly shows that
the inner part of the coating is carbon-free and is
assumed to be TiB, since this is the only boride
detected by XRD. Towards the B,C surface, how-
ever, an increase in the boron content and a corre-
sponding decrease in the Ti content is observed,

B4C+Ti powder, 1373 K, 1h

Peak-to-peak
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Sputtering time (min.)

B4C+Ti powder, 1273 K, 30 min.

Peak-to-peak
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Fig. 3. AES depth profiles of the coatings obtained by treat-

ing B,C in Ti powder: (a) 1100°C, 1 h, sputtering starting

from the B,C/coating interface; (b) 1000°C, 0-5 h, sputtering
starting from the coating surface.
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Fig. 3(a), suggesting the presence of a thin layer of
TiB, (or'another B-rich boride). Apparently, this
layer is too thin to be detected by XRD.

Unlike the inner part of the coating, the outer
part contains all the three components — Ti,
boron and carbon, Fig. 3(b). It is believed that
this part of the coating is a mixture of TiB and
TiC, x, with the amount of TiB gradually decreas-
ing towards the surface. The drop of carbon con-
centration at the surface of the coating indicates
the presence of a layer of TiC, x with the composi-
tion approaching the lower homogeneity limit, i.e.
TiCys. The described sequence of layers in the
coating obtained by treating B,C in Ti powder is
schematically shown in Fig. 4.

The results of the kinetic studies, Fig. 5, reveal
that the coatings obtained by treating B,C in Ti
powder grow according to the parabolic law, sug-
gesting the diffusion controlled process. The acti-
vation energy of growth as calculated from the
slope of the Arrhenius plot, Fig. 5(b), is approxi-
mately 175 KJ/mol.

In Fig. 6, the diffusion path corresponding to
the layer sequence in Fig. 4 is shown superim-
posed upon the isothermal section of the B-C-Ti
system. This diagram has been slightly modified
from the one given in'!"'? to reflect the presence of
the Ti;B, phase that has been discovered more
recently.!’> However, since there is no experimental
or theoretical evidence for the stability of this
phase at temperatures as low as 1473 K, the
Ti;B,TiC, x tie-line is shown as a dotted line. It
can be seen that the experimental results are in a
good agreement with the ternary isotherm. The
consideration of the diagram shows that TiB, is
the only phase that forms a stable interface with
the stoichiometric B,C, hence the formation of a
thin TiB, layer (or TiB, and Ti;B, layers) on the
B,C surface. Sections of the diffusion path run-
ning along the tie lines from B,C to TiB, and
from TiB, to TiB are dashed, indicating that B,C,
TiB, and TiB single-phase layers are separated by
flat interfaces. Similarly, sections of the diffusion

TiCq.x i TiB,

Fig. 4. Schematic of the layer sequence in the B,C/Ti powder
reaction layer obtained at 1000-1200°C.
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Fig. 5. Kinetics of the coating growth during B,C/Ti powder

interaction: (a) reaction zone thickness versus square root of

time at different temperatures; (b) rate of the reaction layer
growth versus reciprocal absolute temperamre.

path running across a three-phase field to connect
a two-phase region to another single-phase region,
e.g. (TiB+TiC,x) to Ti, are drawn with dashed
lines, too. This is to indicate that, since no three-
phase regions can be formed in course of three
component diffusion,'* the two-phase layer is
directly followed (or preceded) by the single-phase
layer. (The above comments on the use of dashed
lines apply also to the following discussion on the
B-C-Cr ternary system). The formation of the

M
¥

C
Fig. 6. Isothermal section of the B-C-Ti system at 1500°C.
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hypostoichiometric TiC,, is also in agreement
with the diagram, since only a carbon-deficient
TiC, x is in equilibrium with TiB. The same value
of (1-x) = 0-6 was obtained by Barsoum et al.' as
the lower limit of (1-x) for TiC,.x in equilibrium
with TiB, at 1600°C, or, conversely, as the upper
limit for TiC, xin equilibrium with TiB.

In Fig. 6, the major (TiB + TiC, ) layer of the
coating is represented by a section of the diffusion
path that passes into a two-phase region (TiB +
TiC, x) from a single phase one (TiB) at an angle
to the tie lines and exits into another region.
According to Kirkaldy er al,'* such a diffusion
path represents a columnar or a columnar-plus-
isolated-precipitate two-phase zone. This suggests
that the mixed zone in the B,C-Ti powder couple
contains columnar (and, possibly, some isolated)
TiB precipitates in a TiC,x matrix, the former
being rooted in the parent TiB phase, as shown
schematically in Fig. 4. Such a microstructure
would be consistent both with the observed pre-
ferred orientation of TiB, and the columnar-like
morphology of the coating cross section, Fig. 1.

The formation of the two-phase (TiB + TiC, k)
layer may be explained by referring to the kinetic
model for the formation of an aggregate versus
layered morphology in diffusion couples, sug-
gested by Rapp er al.'® Although developed for
less complicated diffusion layer sequences, the
model seems to be well applicable to our B,C/Ti
powder system. If an initially planar interface be-
tween the TiB and TiC, x layers is assumed, the
model predicts!®!7 that it will remain flat provided
the growth of the TiB layer is limited by B diffu-
sion through TiB. Alternatively, if the diffusion of
Ti through TiC,x is the rate-limiting step, the
two-phase aggregate morphology will result. In
our case, the growth of TiB is, most probably,
limited by Ti diffusion (the mobile B atoms usu-
ally diffuse much faster than the Ti atoms), hence
the formation of the two-phase (TiB + TiC,y)
layer in the coating, Fig. 4. Another comment that
can be made regarding the relative diffusion rates
in the B,C/Ti couple is that, since the TiC, x car-
bide constitutes the major part of the foremost
layer of the coating leaving behind the TiB boride,
the diffusion of carbon in TiB must be more rapid
than that of boron.

3.2 Microstructure of B,C/Cr powder interface

A representative microstructure of the coating
obtained by treating B,C in Cr powder is shown
in Fig. 7. In the micrograph, two morphologically
different layers can be distinguished, the outer one
having a pronounced ‘columnar’ structure. Coat-
ings obtained after 1 — 4 h exposures at 1200°C
were approximately 14 — 18 wm thick, and they
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Fig. 7. A representative micrograph of the reaction layer
obtained by treating B,C in Cr powder (1200°C, 4 h), cross
section.

easily split (e.g. during polishing) along the sub-
layer interface. A layer of carbon black was
detected on both fracture surfaces. On the other
hand, no splitting was observed in the thinner
coatings (~7 um) formed during 0-5 h exposure at
1100°C.

In Fig. 8(a), a typical XRD pattern of the coat-
ings obtained at 1100-1200°C is presented. It can
be seen that the coatings consist of different Cr
borides: CrB as a major phase, CrsB; and Cr,B.
The pronounced (002) orientation of CrB suggests
that this boride constitutes the outer layer of the

B4C+Cr powder, 1473 K, 4h CrB (002)
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Fig. 8. XRD patterns of the coating obtained by treating B,C
in Cr powder (1200°C, 4 h): (a) the entire coating; (b) the
inner layer.
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coating having the ‘columnar’ morphology, Fig. 7.
Similarly to the case of TiB, the preferred orienta-
tion is in the direction of the orthorhombic unit
cell shortest parameter—[002)/[001] for the CrB
lattice. The splitting of the coatings obtained at
1200°C made it possible to remove the outer layer
and identify the phase composition of the inner
layer more accurately. According to the XRD pat-
tern in Fig. 8(b), the inner layer of the coatings
obtained at 1200°C consists of CrB (with no pre-
ferred orientation) and CrB, (It should be men-
tioned that the XRD detection of CrB, is not
unequivocal due to the superposition of the lines
of CrB, and CrB or B,C. However, the anoma-
lously high intensity of the CrB peak at around 26
= 46° gives ground to the suggestion that the peak
is, in fact, a superposition of the CrB (I/l,,, =
80%) and CrB, (I/1,,,, = 100%) peaks. An alterna-
tive assumption that the high intensity of the peak
is a result of a certain preferred orientation of CrB
is not corroborated by other CrB peak intensities.)
Since the coating obtained at 1100°C did not split,
no separate XRD analysis of the inner layer phase
composition was made. The XRD pattern of the
coating as a whole does not indicate the presence
of CrB, observed in the inner layer of the coating
obtained at 1200°C.

The striking feature of the XRD results is the ab-
sence of Cr carbides or any other carbon-contain-
ing phases including graphite. It is clear, however,
that since carbon is one of the products of B,C de-
composition, it should be present in the coating in
some form. Indeed, a typical AES depth profile in
Fig. 9(a) (1200°C, 4 h) shows that the inner layer of
the coating contains, in addition to B and Cr, a
large and constant amount of carbon. This mixed
C-B-Cr layer is followed by a thin sublayer of pure
carbon apparently corresponding to the ‘split
plane’ of the coating. (It should be mentioned, that
AES profiling to such a depth (~14 um) was only
made possible due to the splitting of the coating. In
fact, three separate depth profiles were obtained:
one from the surface of the coating, and two from
each ‘split surface’. The profile in Fig. 9(a) is a
reconstruction based on the three above profiles.)
The shape of the carbon KVV-peak in the AES
spectrum, Fig. 9(b), was found to match that of the
free rather than bound (carbide) carbon.'® Since no
graphite peaks were observed in the XRD pattern,
the carbon in the coating is assumed to be amor-
phous. The profile in Fig. 9(a) clearly shows that
the outer layer of the coating is carbon-free thus
confirming our early assumption that this is a pure
CrB layer. The increase of Cr concentration to-
wards the surface of the coating, coupled with the
XRD results, Fig. 8(a) suggests the presence of thin
Cr;B; and Cr,B surface sublayers.
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Fig. 9. AES results for the coatings obtained by treating B,C

in Cr powder: (a) 1200°C, 4 h, reconstructed depth profile,

depth scale given according to SEM thickness; (b) 1200°C, 4

h, spectrum from the inner layer: 1 — KVV peak of free (un-

bound) carbon, 2 — KVV peak of bound (carbide) carbon;
(c) 1100°C, 0-5 h, depth profile.

AES depth profile of the coating obtained at
1373 K, Fig. 9(c), being in all other respects simi-
lar to that in Fig. 9(a), does not reveal the pres-
ence of the pure carbon sublayer. This is
consistent with the observation that these coatings
do not split along the sublayer interface. It should
be mentioned, however, that the inability to detect
a thin carbon layer may also be the result of an
insufficient depth resolution.

Based on the above observations, the sequences
of layers in the coatings obtained by treating B,C
in Cr powder at 1100 and 1200°C were suggested
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Fig. 10. Schematics of the layer sequences in the coatings
obtained by treating B,C in Cr powder at: (a) 1200°C;
(b) 1100°C.

and are shown schematically in Figs. 10(a) and
(b), respectively. It can be seen that for the coat-
ing obtained at 1200°C, Fig. 10(a), the inner layer
containing amorphous carbon, CrB and a small
amount of CrB,, is followed by a thin sublayer of
pure carbon black which is, in turn, followed by a
layer of columnar (002) oriented CrB grains.
Towards the surface of the coating, CrB gives way
to the thin sublayers of Cr-rich borides CrsB; and
Cr,B. For the coating obtained at 1100°C, Fig.
10(b), we assume the inner layer to be a mixture
of amorphous carbon and CrB only (since no
indication as to the presence of CrB, was
obtained). The outer carbon-free layer of the coating
obtained at 1100°C is similar to that of the
1200°C coating; however, no intermediate sub-
layer of carbon black is observed in the former.
As seen from Fig. 10, the coatings obtained
have rather complex microstructures. Thus, it
would be very interesting to try and superimpose
the diffusion paths corresponding to the observed
phase sequences onto the B-C-Cr ternary dia-
gram. (The ‘diffusion path’ approach is justified,
since the coatings growth in the B,C—Cr powder
system was earlier reported® to be controlled by
diffusion.) Unfortunately, no isothermal sections
of either complete B-C—-Cr ternary diagram, or of

(a)

(b)

Fig. 11. Tentative isothermal sections of the B-C—Cr system
at: (a) 1200°C; (b) 1100°C.

its B- and C-rich corners are available in the litera-
ture. In order to make the discussion of our results
possible, an attempt was made to construct tentative
isothermal 1100 and 1200°C sections of the B-C—Cr
diagram, based on the available literature data as
well as on our own experimental results. The tenta-
tive isothermal sections are shown in Fig. 11, and
they are based on the following assumptions:

e B-C-Cr ternary diagram is, in general, simi-
lar to the B-C-Mo'? and B-C-W!'"!? ternar-
ies, since Cr, Mo and W are transition metals
belonging to the same group of the periodic
table;

e CrB and CrB, are at equilibrium with car-
bon at temperatures above 1350°C."*% If we
assume that the equilibrium pertains to the
lower temperatures (down to 1100°C), there
are CrB-C and CrB,-C tie lines on the
B-C—Cr ternary isotherms at both 1100 and
1200°C;

e CrB, is at equilibrium with B,C up to
2100°C," i.e. there is a B,C—CrB, tie line on
the B-C—Cr ternary isotherms at both 1100
and 1200°C;
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e Cr;B, is unstable at temperatures below
~1200°C, and it decomposes at 1100°C < T
< 1200°C according to Cr;B, —» 2CrB +
CrB,, similarly to the decomposition of
MoB, into MoB and Mo,B; at ~1480°C.?!
To establish this, and elemental Cr/B
powder blend with the composition corre-
sponding to Cr;B, was compacted, heat
treated and analyzed by XRD. The only
phase found in the compact annealed at
1200°C for 4 h and rapidly cooled to the
room temperature was Cr;B,. On the other
hand, only traces of Cr;B, were found in the
sample slowly cooled from the same temper-
ature, the main peaks being those of
CrB and CrB,. Similarly, the compacts an-
nealed at 1100°C, both rapidly and slowly
cooled, consisted of CrB and CrB, phases,
only. These resuits suggest that Cr;B, is
thermodynamically stable at 1200°C, but is
not stable at 1100°C. Therefore, the Cr;B,
boride is present in the B-C-Cr ternary
isotherm at 1200°C, but it is absent at
1100°C.

Since the Cr-rich corner of the B-C-Cr ternary
1s very complicated and as it is not this part of the
diagram that we’re concerned about, its presenta-
tion in Fig. 11 is rather simplified (hence the use
of dashed lines). An accurate representation of the
Cr-rich corner may be found in Ref. 22.

The diffusion paths mapped onto the ternary
isotherms in Fig. 11 correspond to the layer
sequences shown in Fig. 10. The existence of the
CrB, - C tie line makes the equilibrium between
B,C and CrB impossible and thus requires the
presence of CrB, at the B,C/coating interface. We
assume, therefore, that there is a thin interfacial
CrB, sublayer in the coatings obtained at both
1100 and 1200°C. The layer must be so thin that it
could not be detected by XRD, at least for the
1100°C coating. AES depth profiling also proved
ineffective in revealing this thin CrB, sublayer,
apparently as a result of the poor depth resolution
in the vicinity of the deeply buried (~7 um for the
1100°C coating) B,C/coating interface. (It is worth
mentioning, that the detection by AES of the simi-
lar TiB, sublayer at the B,C/Ti-base coating, Fig.
3(a), was only made possible due to the spalling of
the coating off the ceramic substrate along the
B,C/TiB, interface.)

With the above considerations in mind, one can
see that the diffusion path in Fig. 11(b) closely fol-
lows the layer sequence observed in the coating
formed at 1100°C, Fig. 10(b). This is also the case
for the coating obtained at 1200°C, with one
exception, however. Namely, the diffusion path
depicted in Fig. 11(a) requires the presence of a

(Cr;B, + carbon) two-phase layer preceding the
pure carbon layer, whereas, in the real coating,
the (CrB + CrB, + carbon) layer is observed, Fig.
10(a). It is apparent that such a three-phase layer
could not be formed in our three component sys-
tem during the process of diffusion growth. This
discrepancy can easily be explained by the already
mentioned decomposition of Cr;B, at tempera-
tures below 1200°C. We believe that a (Cr;B, +
carbon) layer is actually formed at the processing
temperature of 1200°C, and is subsequently trans-
formed into the experimentally observed (CrB +
CrB, + carbon) layer on cooling to the room tem-
perature. Since the exact compositions of the (CrB
+ CrB, + carbon) layer in the 1200°C coating and
of the (CrB + carbon) layer in the 1100°C coating
have not been measured, the points P and Q rep-
resenting these layers on the ternary isotherms,
Figs. 11(a) and (b), respectively, are given just as a
reference.

The formation of the two-phase (Cr;B, + car-
bon) layer versus the flat carbon/CrB interface in
the 1200°C coating is in an agreement with the
kinetic model'® referred to in the previous section.
The model predicts that, assuming initially planar
interfaces and Cr diffusion as the rate-determining
step (that is justified considering the much higher
mobility of carbon and boron atoms), the aggre-
gate morphology should develop at the Cr;B,/car-
bon interface yielding the two-phase (Cr;B, +
carbon) region, whereas the layered morphology
should be preserved at the carbon/CrB interface.
These are the morphologies experimentally
observed in our diffusion couple, Fig. 10. On the
other hand, the attempt to apply the model to the
1100°C coating morphology proved unsuccessful.
A more thorough investigation of the microstruc-
ture of the coatings obtained by treating B,C in
Cr powder at 1100°C is now in progress. An inter-
esting observation regarding the coatings in the
B,C/Cr powder system is that thick carbon-free
pure boride (CrB) surface layers are formed. This
suggests that, in contrast to the B,C/Ti coatings,
the diffusion of boron through the reaction prod-
ucts is faster than that of carbon.

4 Summary and Conclusions

It was shown that the interaction of B,C with
Ti and Cr powders at 1000-1200°C yielded com-
plex multi-layer coatings on the ceramic substrate.
Coatings obtained by treating B,C in Ti powder
were found to contain the Ti carbide, TiC, x, and
Ti borides (TiB,, TiB). A relatively thin inner
layer of the coating was carbide-free and con-
tained only borides, while the major part of the
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coating was a mixture of TiC,x and TiB. In con-
trast to this, coatings formed by reaction of B,C
with Cr powder contained no carbides, and were
shown to consist of Cr borides (CrB,, CrB, Cr;B;
and Cr,B) and amorphous carbon. A thick outer
layer of the coating was carbon-free and consisted
almost entirely of CrB. In both cases, the growth
of the PIRAC coatings was controlled by diffu-
sion. The activation energy for the growth of
B,C/Ti coating was found to be approximately
175 Kj/mol. The phase composition and the layer
sequences in the coatings obtained were analyzed
by mapping the diffusion paths onto the corre-
sponding ternary isotherms. Since no B-C-Cr
phase diagram was available in literature, tenta-
tive B-C—Cr ternary isotherms were proposed for
the temperatures of 1100 and 1200°C. The layer
sequence and morphology of the PIRAC coatings
were interpreted also on a kinetic basis. The
experimental results were found to be in a fair
agreement with the kinetic and thermodynamic
predictions for the ternary systems involved.

Once PIRAC has been proved useful for coat-
ing B,C ceramic, the next question to be answered
is whether the coatings obtained are feasible as
protective layers at various B,C/metal interfaces.
To be effective, these coatings should act as diffu-
sion barriers as well as be sufficiently inert with
respect to the metal. In addition, thermal expansion
coefficients (CTE) of B,C, the metal and the coat-
ing should be considered. Due to the complex
structure of the coatings obtained, as well as to
the lack of essential data on the diffusion of met-
als, carbon and boron in borides and carbides and
their CTE’s, theoretical predictions of the coatings
integrity as protective layers are hard to make.
Preliminary results have shown that both the
Ti- and Cr-based PIRAC coating effectively suppress
the interaction of B,C with iron at 1000-1100°C.°
Clearly, only relatively thin reaction layers that do
not spall off the B,C surface can be considered as
candidates for protective coatings. It would be
especially interesting to study the effect of the
pure carbon and the mixed carbon/CrB layers on
the protective behavior of Cr-based PIRAC coat-
ings on B,C surface. Carbon coatings are now
routinely used as protective layers on SiC fibers
(e.g. SCS-6 Textron-AVCO SiC fibers). It should
be mentioned, however, that if B,C-particulate
reinforced MMCs (e.g. for wear applications) are
considered, the low strength of a pure carbon
layer may have an adverse effect on the bonding
integrity of B,C particles in a metal matrix. Further
investigation of the coatings’ behavior in different
metal matrices is required to find out whether they
can act as adequate protective layers at B,C/metal
interfaces.
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