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X-ray diffraction measurement of the linear
thermal expansion coefficients of WCoB
in the range 300 to 973 K

Orthorombic WCoB (ordered PbCl, structure,
Type E-TiNiSi) has been found in the ternary
system tungsten—cobalt—boron [1, 2]. Its crystal
structure is described by the space group Pnma,
the lattice constants being a =0.5724nm, b =
0.3240nm and ¢ = 0.6632 nm [3]. In some earlier
papers [4, 5] it was shown that high-temperature
treatment of tungsten carbide—cobalt hard alloys
in TiB, media leads to the formation of a surface
diffusion coating which contains WCoB. Hard
alloy carbide cutting tools coated in this way have
better performance due to enhancement of the
wear resistance and their resistance to high-
temperature oxidation [5, 8].

The diffusion coating of this type is hetero-
geneous. It consists of a number of crystallites of
different phases. More detailed studies of the cor-
relation between their physical properties could be
of special importance with a view to enhancing the
wear resistance of cutting tools. In this connection,
the thermal expansion of WCoB was of primary
interest, since the wear resistance of the coating
obviously reflects the degree of matching of the
thermal expansion - coefficients of the different
phases.

Polycrystalline WCoB samples were prepared by
crystallization from cobalt-rich melts of the corre-
sponding powdery components. Compacted pellets
of mixed tungsten, cobalt and boron powders were
melted in an induction furnace under argon atmos-
phere. The temperature of the melt was slowly re-
duced from 1880K to room temperature for 24 h.
Under these conditions primary crystallization of
WCoB was observed [3]. Selective dissolving in
boiling HCl was used to isolate the polycrystalline
powder of WCoB from the co-products. The X-ray
powder diffraction analyses of the end product
showed the presence of single-phase WCoB.

Attempts were also made to prepare larger
single crystals. Pressed pellets of the cobalt-rich
powder mixture of the components were out-gased
(at 107 torr) in the induction furnace vacuum
chamber. The system was then filled with argon and
the pellets were melted by increasing the tempera-
ture at a rate of SOKh™'. After a homogenization
period lasting several hours the temperature of the
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melt was slowly decreased at a rate of 1 to2Kh™.
Before the start of crystallization, a tungsten wire
attached to the water-cooled pulling shaft was
dipped into the melt and pulled out at a linear
speed of 0.3mmh™!. The drop-like matrix pulled
in this way contained a considerable number of
large WCoB single crystals, some of them having
dimensions of 1 x 1.5 x 3 mm. The single crystals
were isolated from the matrix by selective dissol-
ution of the co-products, as in the previous case.
X-ray Weissenberg diffraction patterns and oscil-
lation diffraction patterns showed the preferred
direction of crystal growth to be (0 1 0). For high-
temperature powder diffraction measurements,
several large single crystals were ground in an agate
mortar, the powder was then pressed into pellets
{1 mm thickness, 10 mm diameter) and annealed
at 1170K for 24h in an argon atmosphere. No
change in the phase composition was observed
after the thermal treatment.

X-ray diffraction patterns were observed using
a Seimens diffractometer using CuKa monochro-
matic radiation and a scintillation counter. The
diffraction spectra were recorded at a constant
speed using a chart recorder. The samples were
mounted in a continuous helium-flow high-tem-
perature attachment. The heating element was a
tantalum resistive band, with a profile designed in
such a way as to maintain a constant geometry of
the experiment. The heater also played the role of
a sample holder. The temperature was controlled
by means of a Pt—PtRh thermocouple and kept
constant to within an accuracy of +2K. The
powder diffraction pattern lines seen at room tem-
perature were indexed according to published [3]
values of the cell parameters. Accurate values were
calculated by minimizing the difference between
the observed and calculated sin®# values, where 8
is the Bragg angle, for all lines having Bragg angles
up to 8 = 60°. The cell parameters at 12 different
temperatures in the range 300 to 973 K were cal-
culated from the diffraction lines with Bragg
angles 30° <0 <55°. A routine least-squares fit
computer program, written in the Institute of
Mineralogy, University of Bonn, was used for the
calculations. The accuracy of the cell dimensions
was within the limits of +0.0002 nm for ¢ and ¢
and *0.000l nom for b. The high-temperature
measurements carried out several times at increasing
and decreasing temperatures showed a good repro-
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Figure ] Temperature dependence of the Ilattice par-
ameters of E~WCoB.

ducibility. The temperature dependences of the
cell parameters and the corresponding values of
the thermal expansion coefficients are given in
Fig. 1.

As is seen in Fig. 1, the linear thermal expansion
coefficients along the three principal crystallo-
graphic directions have different values. The ex-
planation of this fact can be given in terms of the
bonding features in the solid.

In the crystal lattice of the E-phase all the
atoms are situated in the mirror planes perpendicu-
lar to the b-axis at y = 1/4 and y = 3/4, forming
two-dimensional nets of pentagons, centred in the
b projection by the W atoms. Boron atoms have 9
nearest neighbours: 4W and 2Co form a distorted
trigonal prism with a boron atom in the centre;
2Co and 1W are outside the rectangular prismatic
faces in the same plane as the central atom. The
inter-atomic distances list (Table I) supports the
assumption that the interactions Co—Co and W—W
are weaker than those in the corresponding metal

TABLE I Data of inter-atomic distances

Interatomic distances in WCoB,  Interatomic Me-—-B

from [3] Me—Me, distances
; : Me, -Me, inW,B,
Atom  Neighbours l()nlrs:;mce distances (10, 11]
from [9] (nm)
(nm)
W 2W 0.2829
2w 0.3035 0.2816
2W 0.3240
2Co 0.2588 0.2660
2Co 0.2619
1Co 0.2628
1Co 0.2649
2B 0.2350 0.2380
2B 0.2362
1B 0.2494
Co 2w 0.2588 0.2660
2W. 0.2619
1w 0.2628
1w 0.2649
2Co 0.2456 0.2504
2Co 0.3240
2B 0.2122 0.2150
1B 0.2146
1B 0.2230
B 2W 0.2350 0.2380
2w 0.2362
1w 0.2494
2Co 0.2122 0.215
1Co 0.2146
1Co 0.2230

lattices [3]. On the other hand, the interaction of
the boron atom with metal atoms of the under-
and overlying nets is stronger than the interaction
with the nearest metal atoms from the same net.
The last two details could explain the observed
anisotropy of the thermal expansion coefficient.
A similar temperature behaviour was observed for
the iron boride Fe, B [6].

The absolute values of the thermal expansion co-
efficients, @, are also of special importance. WCoB
shows a considerably stronger expansion  with
temperature than does tungsten carbide (awe =
3.8-3.9x 107 K™ [7]). Thus, in a composite
material, which can be regarded as consisting of
support and coating, the thermal deformation will
give rise to strains. The magnitude of these strains,
generally, is proportional to the difference in the
thermal expansion coefficients of the support and
the coating. In particular, the strains in the coating
may be dependent on its morphology, i.e. on
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whether it is an “island” formation or a continu-
ous film. In the first case practically strain-free
support and coating could be expected; in the sec-
ond case the coating and the support will also be
strain-affected.
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Effect of voids on the electrical resistivity
in lead zirconate—titanate ceramics

Lead zirconate—titanate (PZT) is an important
ceramic material widely used for piezoelectric de-
vices [1,2]. Electrical conductivity which relates
to the power loss of the devices is an important
physical property. Previous investigators have only
considered the resistivity problem from the stand-
point of defect structure in PZT [3—5]. Because
of differing fabrication techniques, complete
densification is usually not achieved in ceramic
materials. An understanding of the effects of voids
or porosity on the electrical resistivity of PZT is
necessary for a complete characterization of this
property. Some work has been conducted to try to
relate the ceramic microstructure of PZT to the
other ferroelectric and piezoelectric properties
[6—9].

The major problem encountered when studying
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the electrical properties of PZT is PbO loss during
sintering. It has been reported that even a small
amount of PbO loss from the system can cause
appreciable differences in the electrical and physi-
cal properties [10]. Previous investigators at-
tempted to control the grain size and porosity by
varying the processing parameters, mainly the
pressure, temperature, and time for hot-pressing
and sintering. The PbO loss from the system is also
affected by the process parameters. Therefore, the
previous studies, while obtaining data on the effect
of grain size and porosity, have not clearly demon-
strated that the defect structure has remained con-
stant. Holman and Fulrath [11] established the
PbO activity for the PbZrQ; —PbTiO; system and
determined the single-phase solid-solution width
of the compounds in the system with temperature.
Thus, a multi-phase packing powder technique
was established that allowed reproducible process-
ing of PZT compositions to a controlled and con-
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