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Abstract

Single erystals of pure and alloyed carbides of different
carton-to-metal ratio have been prepared using & floating zone techni-
que. This paper discusses application of this technique spécifically
to the growth of VC single crystals. Longitudinal variations in com-
position frém about VC0-82 to VCO-75 are observed when a rod of initial

uniform composition VC is zone refined. Variations in composition

0.75
from about VCO 85 to VCO 88 are produced in rods initially of composi-
tion VCO.88' However, since VLO.83 is close to the melting-point @aximum
in the VC phase, little variation in composition is observed on zcne
refinirg. These variations in composition are as expescted from considera-
tions of the rhase diagram and the principles of zone refining. The pro-

duction cf rods of constant composition utilizing the principles of zone

levelling is discussed.

To be presented at the "Internationai Conference on Crystal Growth,"
Birmingham, England, July 1948, and published in the Journal of Crystal

Growthe



I. Introduction

The cubic transition mestal carbides exhibit very high melting
points (2500-4000°C), extremely high strengths, and deformation charac-
teristics similar to the f.c.c. metals (1,2). They represent, therefore,
a potentially important class of msterials for high temperature struc-
tural applications. Unfortunately, many studies of the properties of the
carbides have utilized sintered material of dubious guality, whereas the
provision of experimental data of sufficient reliability to allqy funda-
mental interpretation usually entails working with well-characterized
single crystals. Such crystal; have now beenrprepared using a floating
zone technique, and this paper is concerned with the application of this
technique to the growth of VC single crystals.

The mechanical properties of the carbides are strongly influenced
by stoichiometry (1,3,4), and for this reason it was necessary to prepare
crystals of various carbon-to-m=tal ratios. Specifically, crystals of VCO.75’
VCO.83 and VCO.SS were required. Considerations of the phase diagram (5)
and the general principles of zone refining (6) suggest that crystals of
these compositions will differ in growth behavior; particularly with res-
pect to the occurrence ard severity of longitudinal compésition gradients
within the crystals. For example, & molten zone passed along & rod of
nominal composition VCQ.75 would be ekpegted initially to deposit solid of
composition close to VCO.82 (Fig. 1), and +ae composition of the solidify-
ing material will change progressively until zone levelling occurs, that

is, when the composition of the freezing solid is the same as that which
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is melting into the zone. Under these conditions, the composition of the
final liguid zone would be expected to be about VCO.63‘ VSimilarly, a
variation in composition from about VCO.85 to VCO.88 would be expected on
zone me}ting a rod of initial composition VCO.88' However, a rod of start-
ing composition VCO.83 may be expected to yieldrsolids heving comparstively
little variation in composition, since this composition is closge to that

of the melting point maximum. It will be shown that tre results of this

work are in accord with these expectations.

Apparatus and Growth Technique

The rawv material used was powder of composition VCO.92’ sup-
plied by Consolidated Astronautics, Inc. Starting materials of nominal
compositions VCO-88’ VCO.83 and VCO-?S were prcduced by blending this
powder with 5, 10 or 20 w/b vanadium, respectively. The resulting aggre-
gates were iscstatically pressed to 50,000 psi at room temperature to
produce rods about 7 in. long and 0.75 ine diam. After sintering at
17OOOC for 2 hrs in a vacuum of ]_O'5 torr., the density of these rods
averaged between 80% and 90% of theoretical. They were then diamond-
ground to a constant diameter of 0.60 in. prior to zone melting.

The crystal growth apparat.s is shown schematically in Fig. 2.
The specimen was held in a graphite holder between two water-cooled copper
chucks, the lower of which could be rotated. The upper chuck could be
moved independently of the direction of zone travel to compensate for den-

sity changes and to meintain zone sgtability. A 50 XKW r.f. generator was
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used as a power source, and the molten zone was produced vy a three-turn
coil, the clearance between the center turn and the sample being about
0.20 in. This comparatively large separation wis found necessary in
order to inhibit disturbance of thke melt by volatilization products which
condense on the water-cooled work coil. The furnace chamber was pres-
surized with ten atmospheres of nelium to reduce preferential volatiliza-
tion of vanadium from the VC at temperatures above 2000°%¢. Argon was
used initially for this purpose, but was found to be unsuitable because
of its lower ionizatiocn potential.

The molten zone was passed from the bottom to the top of the
rods at a rate of ~ 0.2 in./hr by lowering the specimen through the work
coil. An afterheater, operating at a temperature between 1500-200000,
was provided by a graphite susceptor placed below the work coil. This
served to reduce thermal shock cracking by reducing temperature gradients

in the crystal.

Results and Discussion

A typical VC crystal some 3 in. long and O.4 in. in diameter
produced by passing a single molten zone through a sintered rod of start-

ing composition VCO is shown in Fig. 3. In that part of the specimen

75
which was below the initial position of the work coil, surface melting has
occurred, and consequently the sintered rod extends as a cone into the

initially melted material. This is illustrated by the section in Fig. 4(b).

A fully-dense columnar-grained polycrystalline material, Fig. 4(c), forms
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from this region. In subsequent movement of the zone, prelerential
growth of one grain occurs, the growth direction being random, although
showing a preference for the low index directions.

A mscroscopic defect often §Bserved when faét growth rates
>~ 0;6 in./nr) are utilized, is a narrow polycrystalline outer rim, .
Fig. 4(d). The crystals produced by this technique also contain sub-
grain boundaries, bdbut ghe overall dislocagion density, as determined by
means of transmissicn electrén metallography and etch pitting technigues,
is low, and most dizlocations afe confined to sub-grain boundaries.

Debye-Scherrer powdei photogréphy, chemical analysis and
cptical métallbgraphy have been used to characterize the crystals pro-
duced. Chemical analyses and measuremenés of the lattice parameter,
:summarized in Fig. 5, indicate that when a rod of nominal compositicr
vc0_75 is zone melted, the first solid deposited has a composition close
to VCO-82' 4s the érystal forms, the carbcn-to-metal ratio decreases,
and the zone to solidify last ccntains a precipitate ideﬁtified by X-ray
diffraction as V,C, Fig. 6{a). Chemical analysis indicates that the com-

2
positicn of this zone is about Vco.éz’ which is within the VZC + VC phase
region. In accord with the expectations mentioned earlier, it is apper-
ant that a zone l2velling condition has been attained ir this crystal,
sinc> the compositior of the final molten zone is close to that antici-

pated irom the phase diagram for the solidification of material of nominal

composition VCO e—

sl
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Similar studies have established that crystals grown from
material of composition VCO.83 and VCO.BB also behave in the predicted
manner. For exemple, lattice parameter measurcments and chemical analyses
indicate that crystals r..oduced from a sintered rod of comﬁ0sition VCO.83
do not exhibit any marked longitudinal variation in composition. Thus
the domain structure associated with this composition (8) is observed
in the sintered rod, the crystal produced from it, and the final molten
- zone, Fig. 6(b). On the other hand, optical metallography studies indi-
cate that the final mélten zone in & rod of initial composition‘vcoceg
contains graphite, Fig. €(c). In accord with the expected composition
gradienisrin a crystal of this compcsition, lattice iarameter measure-
ments suggest that its carbon content increases as zone refining pro-
gresses.

In zone refining, the variation in composition is normally ex-
pressed in terms of the distribution or partition coefficient k, where:

_ the concentration of solute in the solid

k = The concentration of solute in the liquid’

For VCO-?S’ vanadium is the solute under consideration, and the disémi-
bution coefficient refers to ité concentration with respect to that at
the melting point maximum composition which appears to be close to
VC0.85' For VC0.88 on the other hand, carbon is the solute specles, and
its concentration is compaered to that at the maximum melting composition.

At present the positlions of phase boundaries in the carbides are not known
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precisely enough for exact equilibrium values of kK to be calculated*.
However, in this work, rods of some 10 zone lengths long were grown,

and it appears that zone levelling was attained in a rod of initial
cohposition VCO.75- On the basis cf Pfann's (6) computations of the
variation in solute concentration with zone travel for various values

of k, the present results indicate that the effective value of k is

~ 0.4-0.5. This value may be compared with that computed from the
equilibrium diagram shown in Fig. 1, namely ~ 0.3-C.4. It appears there-
fore, that a qualitative evaluation of the likely variation in composi-
tion in zone refined VC and perhaps other carbides also, may be obtained
using the value of k deduced from the phase diagram. 1In accord with
this, the effective value of k for rods of starting composition VCO.88
is ~ 0.1-0.2, and rcds of constant longitudinsl composition have not yét
been produced, although the composition varies more slowly with distance

than in the VC starting rod. This result is consistent‘with the

0.75

greater distance of zone travel required to attain zone levelling and

thereby to produce a crystal of constant composition.

*
+here are major discrepancies in recent determinations of phase equili-

bria in the vanadium-carbon phase system. Storms (7), for example, indi-
cates that the VC phase forms peritectically. However, this type of

phase diagram is not observed in any other metal-carbon system. Rudy et al.
(9) and Adelsburg and Cadoff (5), on the other hand, indicate a phase dia-

. gram of the form shown in Fig. 1. There are minor discrepancies in the
position of the melting-point maximum and, consequently, in the position of
the phase boundaries associated with the liquidus and solidus lines. The

~ present results appear to be more consistent with the diagram suggested

by Adelsburg and Cadoff (5).
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Although the composition variations observed in the crystals
are relativeiy small, they may have a significant influence on mechanical
‘behavior. For example, the two ordered compounds V6C5 (VCO.BM) (8) and
V807 (VCO.88) (10), occur at compositions close to the extreme limits |
expected after zone melting a rod of initial composition VCO.88‘ Sincé
the mechanical properties of these two compounds sre dffferent, it is
important to produce crystals as nearly as possible of constant composi-
tion. This could be achieved by increasing the distance of zone travel
or by controlling the molten zone composition to produce zone levelling
conditions on initial melting. For example, rods of constant composition
VCO.75 could be produced by forming a molten zone initially in a sintered

rod of composition VC

0.62 and passing this along a second sintered rod of

composition VCO.75'
In this zone refining technique, the composition of VC is

altered not only in carbon content, but also in impurity content. The boron

content of samples is of particular importance in mechanical behavior stu-

dies (11-13). It is apparent that the distribution coefficient for boron

is very low. Chemical anaiysis has shown that the boron content of an

initial sintered rod was about 0.07%, while that in the melted material

was < 30 ppm. However, the boron content in the final zone was 0.4%.

Consistent with these compositicn changes, boride pvhases are not observed

in the crystalé produced, but have been detezted in the sintered rods and

in the final molten zone, e.g. at A in Fig. 6(a). An enlarged micrograph
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of such an area from the last zone to solidify when a VC rod is zone

0.75
refined is shown in Fig- 7(a) and compared with an alphagraph (14,15,16)

of the same area Fig. T(b).

Summary

This paper has demonstrated that single crystals of the re-
fractory cubic éarbides of controlled carbon-to-metal ratio can be pro-
duced using a floating zone technique. The technique described, utiii—
zing rods of specific étarting composition, high pressure inert gas
environments to prevent volatilization of specific elements, and with
adequate precautions to prevent thermal shock failuré, can glso be applied
torproduce single crystals of carbides other than VG, and also alioyed
carbides. To date, in this program, good quality crystals of TiC and

TiC-VC alloys have been produced by this method.



«l7 =»

\

VA EIAL W Ve

Y.
CP v
A ) i\”f
\“,/‘.7

IH
AN

a&rede.

same

Optical micrograph of (a) part of the final solidified zone
, compared with an alphagraph (b) of the

.

N

N

fH "
g
O

Uy
=
5
=>4
o

« © £
to to
— & «©
= =



- 18 -

Acknowledgments

The authors would like to thank D. L. Novak and R. D. Huntington
for their assistance in characterizing single crystals produced in this
program, and-G. Johnson for designing and building power stabilizing
devices for fhe r.f« induction unit. We would also like to express our
appreciation to A.R.C. Westwood for his constructive criticism of the
manuscript and to R. G. Lye and J. D. Venables for particularly helpful
discussion throughout this work. The financial support of the Research
Division of the National Aercnautics and Space Administration under
Contract NASw-1290, and the Army Research Office (Durham) under Contract

DA-31-124-ARO-D-L€ 7, is gratefully acknowledged.



- 19 -

References
A ———

10.

11.

12.

3.

lh‘.

15.
16.

W.

Ge

L.

Jo

8. Williams, J. Appl. Phys., 35, 1329 (1964).
E. hollox and R. E. Smellman, J. Appl. Phys., 37, 818 (1966).
Steinitz, in "Nucl-ar Applicaz}ons of Now-Fissionable Ceramics, "
American Nuc%ear Soci;ty~(l966).
E. Hollox, J. Mats. Sci. and Enge., to be published.
M. Adelsburg and L. H. Cadoff, J. Amer. Ceram. Soc., 51,
213 (1968).
Pfann, "Zone Melting," Wiley, New York, 2nd Fd. (1966).
K. Storms, "The Refractory Carbides," Academic Press (19567).
D. Venables, R. G. Lye and D. Kahn, Phil. Mag., to be published.
Rudy, St. Windisch, C. E. Brukl, Aerojet-General Corp., Tech.
Rept. No. APML-TR-65-2, Part 1, Vol. XII, September (1967).
H. deNovion, R. Lorenzelli and P. Costa, Compt. Rend. 263,
775 (1966) -
S. Williams, Trans. ADME, 236, 211 (1966).
D. Venables, Fhil. Mag., 16, 143 (1967).
E. Hollox and J. D. Venables, Procs. International Conf. on
"Strength of Metals and Alloys," Tokyo, September 1967,
to be published.
L. Pleischer, P. B. Price and Re M. Walker, Phys. Revs,
A133, ALhlL3 {196L).
S. Armijo and H. S. Rosenbaum, J. Appl. Phys., 38, 2064 (1967).
D. Venables and A.R.C. Westwood, unpublished work. Also

J+ D. Venables, RIAS Tech. Rept. No. 67-2, March 1967.



DOCUMENT CONTROL DATA-R&D

(Security clasaification of title, body of abstract and indexing sonotation mus! be ontnred when the-uvverall repurt is efaseified)

Security Classification

1-ORICINA TN AT S TR ¥ Advanced Studies (RIAS) 1 ”{,&oﬂ"n ;'3;;;"" cLiammcaTion
i Martin Marietta Corporation TR T SSIFIED

1450 S. Rolling Road )
. Baltimare, Md. 21227 N/ A

3. REPORT TITLE

A FLOATING ZONE TECHRIQUE FCR THE GROWTH OF CARBIDE SINGLE CRYSTALS

4. DESCRIPTIVE NOTES (Type of report and inchwive d.too) .
Technical Report
8. AUTHOR(S) (First name, middle initisl, st nasw)

PRECHT, Walter and HOLLOX, Graham E.

,mwwm‘mmmwmmmhw

TILIPORT DATE . 78. TOTAL NO. OF RAGOS 75. NO. OF REFS
May 1968 ' 19 pages 16 references
. CONTRACT OR GRANT NO. . ORIGINATOR'S REPORY NUMBER(S)
DA-31-124-ARO-D-467 and NASw-1290 -
b PROJECT NO. RIAS TR—68-9C
DA-20014501B32D
e ob. g:.ntn REPORT NO(S) (Any other numbere thet mey Do aselgned
6388-MC
"

10. DISTRIBUTION STATEMENT

Distribution of this report is uanlimited.

11. SUPPLEMENTARY NOTES 12. SPORSORING MILITARY ACTIVITY

Ue. S. Army Research Office - Durham F

| sibddntinl
L3

t

Box CM, Duke Station
Durham, N. . 27706

i

13. ABSTMACT

viubiisiu

Single crystals of pure and alloyed carbides of different carbon-to-metal

ratio have been prepared using a floating zone technique. This paper discusses
application of this technique specifically to the growth of VC single crystals. J
Longitudinal variations in composition from about VC .82 to VC are observed

when a rod of initial uniform composition VC is zone refinéd.” Variations in
composition from about V€ 0.85 to VCy, gg are prgguced in rods initially of composi-
tion VC .8%' However, since VCp.83 is close to the melting-point maximum in the
- VC phase, little variation in composition is observed on zone refining. These
variations in composition are as expected from considerations of the phase diagram
and the principles of zone refining. The production of rods of constant composi-
tion vtilizing the principles of zone levclling is discussede.

.
Lot ymﬂﬂ

Lnumum_i

P e

”
i

REPLALES DD FORM 1470, 1 JAN 84, WHICHKH 18
OBS0LETE FOR ARMY USE. T 0T JUWSPICO LON




UNCLASSIFIED

“Becurity Classification

XKEY WORDS

LINK A LINK 8

ROLE ROLE wy

ROLE

Single crystals
Crystal growth

Floating zone technique

Zone refining

Carbides

Alloyed crarbrides
Characterization
Stoichiometry
Phase equilibriufn
Induction heating
Crystal nucleation

Distribution coefficient

d

TINITY ACSCIDT TG TY



	GeneralDisclaimer.pdf
	0008B03.pdf
	0008B04.pdf
	0008B05.pdf
	0008B06.pdf
	0008B07.pdf
	0008B08.pdf
	0008B09.pdf
	0008B10.pdf
	0008B11.pdf
	0008B12.pdf
	0008C01.pdf
	0008C02.pdf
	0008C03.pdf
	0008C04.pdf
	0008C05.pdf
	0008C06.pdf
	0008C07.pdf
	0008C08.pdf
	0008C09.pdf
	0008C10.pdf
	0008C11.pdf
	0008C12.pdf

