Lawrence Berkeley National Laboratory
Recent Work

Title
INTERSTITIAL ORDERING IN TANTALUM

Permalink
https://escholarship.org/uc/item/59z5r96t]

Authors

Rao, P.
Thomas, G.

Publication Date
1970

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/5qz5r96t
https://escholarship.org
http://www.cdlib.org/

Submitted to Scripta Metallurgica UCRL-19151 z.
Preprint <.

INTERSTITIAL ORDERING IN TANTALUM

RECE|VED
LAV/RENCE
RADIATION LABCRATORY P..Rao and G. Thomas
MAR o 1970 January 1970

LIBRARY AND
DOCUMENTS SECTION

AEC Contract No. W-7405-eng-48

TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call
Tech. Info. Division, Ext. 5545

- , J

=TEDN

LAWRENCE RADIATION LABORATORY: ¢
_UNIVERSITY of CALIFORNIA BERKELEY \
25



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
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INTERSTITIAL ORDERING IN TANTALUM

P. Rao and G. Thomas
Inorganic Materlals Research Division, Lawrence Radiation Laboratory and
Department of Materials Science and Engineering, University of California,
Berkeley, California 94720

In recent years, there have been a number of investigations of the
structure of interstitially ordered phases obtained,és a result of the

introduction of itnerstitials into the Group V B_body centered cubic

(1-8)

metals . Of particular interest is the structure of the interstitially

ordered phase obtained on the introduction of carbon into tantalum.(l’7’8)

(1)

Villagrena andthoﬁas “have shown that‘Ta—C alloys containiné uﬁ
to three atomic percent carbon are ordered. On the basis of electron
diffractioh data, the existenee of s sew phaser 64C was predlcted (see
Figs. 6 and 7 of ref. 1). The existence ef this ordered phase, correSponeing

to a chemical composition of 1.56 atomic‘percent carbon, has been confirmed °

(7

in a receﬁt investigation '’ and the efféct of the microstructural

changes accompanylng this 1nterst1tlal orderlng transformation on the

(8 )

mechanical properties of tantalum—carbon alloys will be reported later."
Since the results of Villagrana and Thomas have been published, iden-

~tical electron diffraction patterns to those from Ta64C have been reproted

(3)

for‘vanadium—oxygen alloys and re-~interpreted in . terms Of the V64

(2) (4) ( )

structure " More recently St2eb and Renner and Geiss and Lawless

worklng on the Ta-0 system also obtalned 1dent1ca1 results to those of

C and V but these workers 1ntermreted their dlffractlon patterns

Tag,, 64 ’

in terms  of a compound_Ta32’9.

We wish to point out that the results of these latter investigations
v : i ' .

(refs. 4,6) can also be completely accounted for by the Taéal_SUperlattice
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(where I represents. the interstitial;-in these cases probably carbon)

and not in terms .of Ta3209. Geiss and'Lawless, in fact, point out that

they'éannot explain all the observed spots on the basis of a Ta3209 super-—
lattice. Our arguments and interpretations of the results of refs. 4,6

in terms of Ta,,I follow exactly those already published in references 1,2

‘ 64
‘and there seems no need to repéat them-again now. Further doubt on the
Ta3209 propdsé; is provided bv the results of vap Lahduyt and Wayman(5)

who also investigated ﬁhe Ta-0 system and.identified.the sub-oxide TaOV
(orthorhombic).

The data obtained thus far on interstitially ordered Group V B metals
containing'carbon, nitrogen, oxygen confirm the predictibns made by Beshers
in that the’structurés_ideﬁtified by electron diffraction are consistént
with the modélé he proposed forvthé expected interstitial site oécupénéies.
According to Beshers' calculations,(g) bxygen’and nitrogen in tantalum
and qiobiﬁm és‘well aé nitrogen and carbon in vanadium should prefér
tetrahedral site occupancy, whereaé carbon and nitrogen in-a—iron; carbon
in tantalum, and oxygen in vanadium should prefe; octahedral sites. There-
fore, aécording to these calculations, carbon in tantalum and éxygen in
-vapadium,_occupying octahedral sites, should give rise to similar ordered
phaseé, as is observed (1,2,3).

Itlmust be noted, howevér, that the TaéaC structure reported by » E
Villagrana and Thomas(l) exists only at the critical {1.56 atomic percent !
carbon} composition. At ali other stages, a state of partial ordef : :

exists. It has been shown that the final Ta6élstructure is obtained by

the superposition of four sets of carbon composition fluctuations along

(7)

. the {11Q}Ta planes such that 2 Ad{llo}Ta. 64C

{110}C = 'ihe\b.c.t. Ta
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structure 6ccurs oﬁly wﬁen fhe‘éérban atom positions are uﬁiquely défiﬁed
by fSur siﬁultaneoﬁshséts.of carbon compositon fluétuatibns'along the
.{110}'p1anes(v The Ta64C struéture is, therefore, a "maéréscop?c"
structure, cémposed Qf‘regions wherein the degree éf ofder may vary.

The structufe is correct, howevér, in terms of chemi;al compositioh (that
is, 1.56 atomic percentvcarbon) as shown by Heliﬁm;B activation analysis.

A more detailed account of the development of the superlattice as a result

(8)

of interstitial ordering will be reported later.

.Acknowledgements

This work was performed under the auspices of the Undited States:

Atomic Energy Commission.



Sl

References _ . UCRL-19151

. R. E. Villagrana and G. Thomas, Phys. Stat. Sol. 9, 499 (1965).
. R. E. Villagrana and G. Thomas, Acta Met. 14, 1633 (1966).

. J. W. Edington and R. E. Smallman, Acta Met. 13, 155 (1965).

S. Steeb and J. Renner, J. Less Common Metalsvlg, 246 (1966).

. J. van Landuyt and C. M. Wayman, Acta Met. 16, 8 (1968).

. R. H. Geiss and K. R. Lawless, Proceedings of the Twenty-sixth

~ Annual EMSA Meeting, New Orleans (1968), p. 428.

. P. Rao, Ph. D. Thesis, University of California, Berkeley (1969);

University of California, Lawrence Radiation Laboratory Report
UCRL 19113.

P. Rao and G. Thomas, to be published.

. D. N. Beshers, J. Appl. Phys. 36, 290 (1965).



LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.




£y e b

TECHNICAL INFORMATION DIVISION
LAWRENCE RADIATION LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720

L]





