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ORDERED DOMAINS AND THE i RATIO OF_' TA64c 
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· ,; . _;,'-. _ ·" .. ·· . Reqent. investigations suggest that int~rsti tial elements produce 

. " -; -· ~ 
· '~. -~±-J~z:ing. i~ BCq met~ls ( l~5 ) . In the Ta~C system,. in the solid 'solution 

.,., .. 

~-· . . . ; · -. ::· ranges of carbon {less than 3 at. % C), a de,tailed diffraction analysis (3) 

, .. · 

... ~ . 

-) has sho-wn that the ordered structure can be described by Fig. 1. This '. 
:' -.;• . structure corresponds to a composition Ta64c and is defined by the 

<:!arbon atoms, whose positions relative to the "superlattice" unit cell 

are determined by body centered translations. The unit cell is not 
" 

·· ·- .. -_ isometric, but tetragonal {Fig~ 1), the carbon atoms occupy ~ octahedral 

. positions in the BCC tantalum unit cell, but it should be recognized 

that tetrahedral positions are equiprobable, the only difference being 

the location of the superlattice unit cell relative to the tantalum 

. matrix. 

Specimens were prepared from electron beam_ zone refined tantalum, 

-·_and resistivity.measurements showed these specimens to contain less than 

.. one impurity atom per 109 Ta atoms. The specimens were then doped with 

varying quantities of carbon and studied in the electron microscope, 

and in no case didthe pure Ta specimens,; which were subjected to the 

'"' ·"'·". . '. 

same treatment as the Ta-C samples, show any ordering transformation. 

> - ,', . As the super lattice was determined· on the basis . of thin foil transforma-

··.;.., :' 

.tiona carried out in the microscope, it was necessary to compare the 

thin foil. behavior with that of bulk specimens~ .The ordered structure 

, ._-·, '· corresponded to Ta64c, and so the bulk 1specimens were alloyed to 

i. 
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correspcmd ~o·thi~ ·composition, and contaii1ed 1.54 at. '{o Q. · Microscopic 

examination of this silecimezi, Fig. 2, showed ~:mu~titude of domain 

bo'Lindaries. 

A detailed dynamical theory explaining the contrast, anci the 

basic crystallographic conditions necessary for contrast have been 

·'· 

·. · developed by Gevers et al. ( 4' 5). The domain boundaries·of Fig~ 2 ... 

·.' c: 

,_;. 

c·orrespond to overlapping or stacked bounda:r:ies ~ The planes of· the 

various bbundaries are indexed in Fig~ 2. 

The existence of tetragonality can be found from the diffraction 

pattern particularly if the ~ axis lies (almost) parallel to the foil 

:surface, on one-half of the boundary and normal to the surface in the 

·other half, because then the diffraction maxima :lying parallel to the 

~ axis are paired. 

Further, a diffraction p:tttern taken across a domain.wall will· 

' show paired Kikuchi lines, as wel+ as split re·;;Lpoints. From· this 

splitting of the relpoints it is ·possible to find the degree of tetragon.;.. 
"'~. '·: 

ali ty induced by ordering,. but greater accura.cy is·· obtained using paired · · .. · 

· .. · Kikuchi lines • .·, •{ 

... ~'· 

If the angle between a (lOO]_reipoint and an (hk.t)c cubic relpoint 

· . ; is e, and the. angle betwe~n the (hk.e) c. relpoint and the (hk.t)T tetragonal 
. . 

··:::· relpoint is M, then the angle. between th~. (100) reipoint and the (bk.e)T 

·., .-.:~::relpoint is j2S = e + t::.e •. Substituting irtto the equation for the angle 
. ' .. ' 

· :.·::: between two planet:; in a tetragonal structure: 
. -~ ·-:; 

·,~-

··. '• ·~' 
. ' ' ~ .. ~ . 

' '~. 
~ . . 

_: .. _;_: 
·, .·· ~ :" ., 

.· ;. 

~ ·. . . '. 

'• ~. 

:·.:·· ., 

~ .. ·.; . 

· .. 
'. 

\' 



,, 

. ' 
·~·· 

. ·i 

·; ' 

~ :'' 

it.is possible to·~alculate the~ rati'o for ·the ordered structu.re · 
a 

.... 

. ~ ·, ' ·~ . .t ~ '~ • 
directly. !YJ ·is obtained from paired·Kikuchi lines, as it is more· 

.' :·· 

.. _ .' .. : · . accurate to work with Kikuchi lines rather than relpoints when carrying 

; , out diffraction and contrast analysis(6). 

...... 

Figure 3a is the diffraction pattern taken across the (llO) vertical 

·· domain boundary in Fig. 2. Although it is difficult to see the paired 

.Kikuchi lines on the print (measurements are made from the plate), the .. 
split spots are immediately apparent particularly at 420 and '332. 

·. Figure 3b is a sketch of this pattern and from the paired Kikuchi lines 

from this and other patterns the calculated ~ ratio is 1.128. A hard . a 

\sphere model based on Fig. 1 gi~es ~ = l.o8, but this value is low 

because the contraction. along the a axes is .neglected. s 

This work was done Under the auspices of the United States Atomic 

Energy Commission, through the Inorganic Materials Research Division 

of the Lawrence ~adiation Laboratory. 
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Figure 'Captions 

Structure of the Ta64c superlattice. The subscripts s 

·~ refer to the · superlattice cell where as = 4 f. c • a
0 

is 
'· a0 s 

• Figure. 2 

••• ,1 .. 

· . . I 

· ... · Figure 3 

·. 
. ·~' . .._ . 

I •- ' 

the unit cell length of tantalum (BCC). The circles .repre-

sent carbon atoms at <O~ defining a BCT cell. 

Domain boundaries in Ta - 1.5 at ~ %0 after annealing 24 hrs. 

at l000°C. Foil prepared from annealed bulk spe~imen1 

, orientation (243]. , 

a) Diffraction pattern fr.?m. Figure 2 showing paired spots 
.. 

and Kikuchi lines • .~ ·· 

,b) Analysis of~he pattern in (a). 
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Unpa ired Kikuchi l ines 
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Fig. 1 
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Fig. 2 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com­
mission, 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 information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­
mation, 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 Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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