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TINAL REPORT

"DIRECTIONAL SOLIDIFICATION OF NOM)XIDE EUTECTICS"

The directional solidification of the eutectic composition in the

systems SiC-TiBZ, TiC-TiBz, ZrC-ZrB2 and ZrC—TiB2 was studied. Microstructure,

crystallography, hardness, fracture toughness and wear were determined. 1In

several of studied systems mechanical properties exceeded that of the end

members. The important findings are:

The SiC-B,C Eutectic

Directionally solidified SiC—BhC eutectic formed lamellar microstructures

with no colonies if the solidification rate (R) was below 2cm/hr. It was

determined that <0Q01> of B4C and <111> of SiC were parallel to the cutectic

growth direction, and that the interlamellar spacing was proportional *“o

the inverse square root of solidification rate. The minimum wear was found
with compositions close to eutectic. At RI 9 cm/hr the most wear resistant
specimens were obtained. SiC—BAC eutectic ingot solidified at approximately

9cm/hr had considerably better wear resistance than solidified B

AC or hot i
pressed SiC.
i
The ZrC—ZrBZ_Eptectic !
(1) The microstructure consists of columnar grains of parallel lamellae :
whosz interlamellar spacings range from 2.75 to 1N63 um, coyggggpggiggﬂgg,_ﬂ___.
growth rates of 0.4 to 5.4 cn/hr.
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(2) The lzR law holds for this system where:

A%R = 9.32 x 1077 cn’/br

(3) At X values from 2.75 to 1.85 um, the microstructure consists only
of columnar grains of lamellae. At A values less than 1.85 pum, the presence
of misorientation and colonies is observed, the amount present increasing with

smaller X values, that is, as the growtn rate increases.

(4) The disordered regions have b:z2n assoclated with one of two
proposed plienomzna:

(a) The misorientation and colomies arising from the constitutional
supercooling efiect at fast rates of growth affect the entire bulk of the
body by inposing a strain field; or

(b) At A = 1.85 um, the phases approach coherenc; and a strain
field develops, whereby the misorientation and colonies may be an effect

rather than a cause,

(5) The mechanical properties of nearly all the directionally solidified

eutectics are superior to those of the individual components,

(6) The microhardness demonstrates Hall-Petch behavior from A = 2.75
to 1.85 um; it decreases for smaller A values. The maximum hardness foud

is 2449 kg/mmz.

/2

(7) The fracture toughness shows a maximunm of 5.44 MN/m3 at the X

value of 1.85 um.

(8) The wear resistance is at a maximum at X = 1.85 um.

P aion: 3 g,
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(9) The Evans and Wilshaw and Rabinowicz relationships between

1 .. -=3/4 =1/2 -3/4

the wear volume and H —, kIc , an® H KIC show consistent results

for these daia.

(10) The orientation relationships are:

Interfacial plane // (111)Zrc // (00-1)ZrBz
Growth direction // [Oli]ZrC // {01.0]

ZrB2

The ZrC—TiB2 Euteciic

(1) The microstructure consists of columnar grains of a Chinese
script type of broken and deformed lamellae morphology. Solid solution
between the twe phases exists.,

(2) The XAR law holds for this system where:

A%R = 9.86 x 10°° ca’/hr

(3) The interlamellar spacing decreases consistently from 8.27 to
4.49 ym as the growth rate increases from 0.2 to 1.0 em/hr at which point

the microstructure breaks down and the alignment is lost.

(4) The mechanical properties of nearly all the directionally solidified

eutectics are superior to those of the individual components.

(5) The microhardness shows Hall-Petch behavior until microstructural

breakdown occurs. The maximum hardness obtained is 2165 kg/mmz.

(6) The fracture toughness increases with decreasing A. The maximum

value of KIc is 2.85 MN/mJ/Z.
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(7) The wear resistance increases with decreasing ).
(8) The orientation relztionships are:
Interfacial plane // (111)ZrC // (OO'l)TiBz

Growth direction // [0011erC // [01-o]T_LBZ

In summary, the directionally solidified eutectic ZrC—ZrB2 should have
a definite possibility for high strength, high temperature uses. Its
mechanical properties are as high or higher than the best dense, hot-pressed
ceramics, and its melting point is extremely high. These qualities, in
conjunction with its low vaporization and absence of crackirg, make it a
potentially useful marerial.

The directlonally solidified eutectic ZrC-TiB,_ s a mechanically

2

inferior composite to the former. 1Its mechanical properties are consistently

of lower valu:, and its heavy vaporization and extensive cracking indicate

m.nimal potential for use.

The TiC-TiB, Euatectic
&

The directional solidification of the eutectic composition in the system
TiC-TiB2 was studied. Both the microstructural ana crystallograpaic
relativnships between the twc phases were investigated with the view to relate
structure vn a crystallegraphic and microscopic level to those parameters
which control the form of the final ensemble. Indentation hardness and
toughness and abrasive wear were observed as a function of the interlamellar
spacing to extend the understanding of wmechanical property behavior of in situ

composite materials.
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For the system which was investigated, the crystallographic relationship

between the two phases can be summarized as:
(1) The interfacial planes and growth directions have low Miller in ices.

(2) The difference in the spacing of ions on the titanium sublattice

is negligible between the carbide and boride phases on the interfacial plane.
(3) The interfacial planes contain only one kind of atom.

(4) The form of the microstructure may be predicted from the volume
fraction of minor phase as set out by Cooksey et al. (1964) by minimizing

the surface energy.

{5) Tue intcrlamellar spacing is a function of the inverse square root of

the solidificaricn rate.

Some mechanical properties of the TiC—TiB2 directionally solidified eutectic

were studied. It was concluded that:

(6) Harndess increases with decreasing interlamellar spacing to a

constant value which approaches that of the harde. end member.

{7) The fracture toughness exceeds that of either end member regardless

of solidification rate, and is best described by a Hall-Petch type relationship.

(8) The indentation toughness is affected by the orientatfion of the
crack to the microstructure. Thle crack does not always originate from an

apex of the indentation, nor does it always travel in a straight line.
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(9) The wear behavior is controlled by the solidificztion rate. The
more capid the solidificaticn rate, the more wear resistant the material.
Only the most rapidly solidified eutectic was more wear resistant than hot
pressed TiBZ.
Perscunel
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