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the atomic displaoemont?. and crystaliographic ra«chaais® la diffusionlea« trans-

formation of Au-Cd single crystals containing "7.5 atomic percent Od were investigated.

take® place when the alloy is heated to about 80°C. The lattice parameters of both

phases were determined by X-ray measurements to b@s p) » oi « 3.3165 ~ 0.0005 kX units
(corrected to room temperature)} p'p a ® 3*¥1776 * »CKK*S» b * ~.7579 + 0.0005,
e * 4.8546 + 0.0005 kX units.

Atonic displacements involved in the trmaformtion were discussed and transfor-
mation matrices were derived, fhe crystallographic mechanism of the transformation

simple homogeneous shear of about

3 degrees ( tanl0) = 0.05)* plus a possible contraction of the b sdg* of the ortho-
rhombic cell by about 0.015 kX units, fhe lattice parameters of the orthorhombic phase
calculated according to this crystallographic mechanism are in almost exact agreement

pP=7-73
with those directly obt ined by X-rt“y aeasureraents.



X. XVTROBUCHIOV Al /O - 76
DtffuBionl«8s transformation in ra«tal9 anti alloy? has h«*n a widsly studied
subject of both theoretical and practical Interest since a decade ago* Experimental

i . . o (1:2,3.7)%
inrestigatlona of the problem have b««n reported la literature on >e-C

paper is to determine the crystallographic mechanitit! and atomic displacements involved
in diffusionless tnmsforaation of this alloy.
ITI. CRYSTAL STRUCTURE
The Au-Cd alloy containing *7.5 atonic percent Cd undergoes a diffusionleeg

, transformation from an ordered body-centered cubic structure (fi ) to an orthorhombic

using powdered snat les. Single cryst 1B of both plmeec were prepfired by the author
and their crystal structures were verified by n» .no of back reflection Lntw method®
to be» reepectively, of the CeCl type and of orthorhombic symmetry. The lattice
parameters of both phases were determined by the joithor using single cryat'd oscillation
method with CuK radiation reflecting fro®! respectively, the (bn) plane of the

+ ordered body-centered cubic phase and (hoc), (060), (006) planes of the orthorhombic

phase. The results are compared with thosse of Bystrom and Aimin in Table I.

* e References are ut the end of the paper
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TABUS X. LATTIOS rARAKSTI*n OF
ft AND

i , body-oeatereA cubio, ordered, two atom® P«r *init cell

i' * orthorhombic, four atom* per unit cell

Cell idge Author* s, kX units Bystraa A Alania, ftX unite
D > (cube edge) 33165 + 0.0005 (25V 3.305 + 0.002
o 3.144 + 0.003**
7 a 3.1476 + 0.0005 (25°0)
b 4.7549 + 0,0005 (25°C) 4.755 z 0.004
c 4.8546 1 0.0005 (25°C) 4.851 + 0.004

*Extrapolated to room temperature fro® t”o Aecttrialaatlone, 3*3259 1 0.0005 hX unite

at 1Th9°c rmd 30203 =+ 0.0005 I0C unite at ?8°0.

The b and e cell edges given by Bystror, and Alialn are Interchanged In this paper

so that the cell edge increases frO« m to b and to c.

ITI. ATOMIC BISPLAOSMIfIStS AID TRAJSyoRHATIOH HATBICSS
The orientation relationships between p, and p' as determined by Chang and.

Recd*1”™ are*

(100). parallel to (100)«- , plants
‘
- u>
LIHjp, parallel to [IIOJA , directions
The orientation relationships shown above indicate that one of the cube edges of ™ is
approximtely pjufallei to the a-edge of , and two face diagonals of p, are approxi-
mately pjirallel, respectively, to the b- and c- edges of , with a deviation of 1 to
1-1/2 degrees, which I® about the Halt of experimental €rror in orientation relation-

ship determinations. These relationships can therefore, within the limits of experi-

mental error, be expressed by the parallelism of three pairs of directions!
~NW 3
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[100]p| parnll«*1 to [100]"
[Oll]™ pnrrdlal to [010]p>

Q)
[011]p] paraifll to [00I]p-

TK#. tbr*# dir*etion8 X 14, "o& fom a ecnv«ni«nt set of Int«naediat« rectfinjgular

» .
nxes of r(?f#r«ne« X» tho relations of t-diioh to this p) and p phases are det#rain«A by

the direction cosines between the ccyrreBpondiny< axes. The direction cosines between

the references axes Ly 1 and I s and the axes of \ and p' phases *o-e, according to

Y

equjition (2), as follows*
—~ 0 <@ * ()
"
12 O «2 *IZ 642 ‘GV/I (3)
v°e ®3 HS-S
-P' -1-~o0
1" -0 i o] w0 )
13 *0 “MN
We shall now use the above relations to refer to axea 8 the coordinates of an
”» 18)
atomic site known relative to axes p, , following the method of Jaflwon and Wheeler .
Consider the atomic site
( h*. ko™ f )
where htk,l are coordinate n”uabere, d the lattice parancter of p, (see Table I)* and the
subscript p indicate the axes of reference. If the coordinates of this saws atonic

site relative to axes ) are (h's, k*b# I’ejg' » where h « k , 1 tire coordinate

numbers, a, b and ¢ are the lattice parameters of p (see Table 1), and the subscript

Al

p' refers to the axes of reference, then the following relation holds*



[hr} 1 0 0\ kL

Wy 0 & —is ~ s)

K W Wp,
V.,

or, «xpr#8sin”* th* r~Intion b«twe«wn eoordinat* ntjabers instead; of coordinates, it

follows: x ) o
a
Ko— o ZA <) ©)
Vl/l(i)' o J2LI- |

Substituting the nua«ric?4. vnlues ofoi , a, b, end ¢ (see Table I) into equation (6),

it follows:
/h\ / 1.049 0 0

k 0 0.492 -0.492 (?)

Wit V 0 0482 0.482

where M is the matrix of transformation.

The coordinates of an atom in relative to axes p, , are of the fo> ™%

where n*, and are integers. Because the structure ofp; is OsGl tyj>«, the three
integers must be either all odd or all even. If the sites with n”, all even
belong to Au atoms, those with r”, n,, all odd must belong to 04 atoms.

The exact locations of the atoms in the orthorhombic § unit cell have not been

a7

established. Bystro® and Alrain reported that the unit cell contains four atoms

with tvo AU atoms “oc.nted approximately at 0 and ON/Z"7Q .vad two Od atoms

located approximately at 1/2, 0, //Z and 7/2"™\j2"~ifB. Since the exact positions

of these atoms in the unit cell ,re now known, it is reasonable, for purposes of
simplification, to describe the orthorhombic cell ns face-centered with tvo Au atoms

located approximately at 0~Op'0 and 0"~[f2¢ T/2 and two CA atoma located approxi-

mately at 1/2, 0, 1/2 and 1/2, 1/2, 0. The ooorAimtes of an atom in 0 referrsd to
->7773
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axes p' are then of the form CB_B3 I?b.j s"e) * vhere a2y are integer#

and (ift" + sJ? 4 i® even. The sites with ia® « even belong to Aa atone, and tl»o#e with
n*wodd belong to 0d atows.

:/# shall now consider the atonic ditplaoenenta involved in generating th* ™
straotare from the © structure, assawing that these sust constitute a homogeneous
deforoation of the entire structure. Such a homogeneous deformation is completely
defined if we deteraine the displacements of the atone constituting a primitive unit

cell in p, » Let the coordinate numbers of the four atoms defining a primitive unit

cell of * bet
( 0% 0)g (0, 1, 0 ¢o , @72, 172, 1/~ . @A/2, 1/2, -1/2)»
v n

where (0, O, 0)* and (0, 1, 0)0 are Au atoms and (1/2, 1/2, 1/2)11) e (1/2, 1/2, -1/2h

p
are Cd atoms. F ollowing the method adopted by Jaswon and heeler *' * and

aseuming that, of the many possible distortions of a primitive unit cell of ™ by
which the jj' structure could be generated, the one which actually occurs is the smallest,
wre immediately identify the displacements of the four atoms in question during the

transformation as being:

Qao - Fe M~ (0.0.0y Auatoa
(o L. 0)A —meees —e  (0,l/2,/2)'  Au-atom
RV Vo)) — _ 1/2.00/2y  Cdoton &
V/2,V2,-1/2)0 —omeev — (1/2,i/2,0y Cd»atom

The correspondence in equation (8) between the initial positions referred to
axes 6, and the final positions referred to a*ss jj' , of the four atoms defining a

primitive unit cell Ci»pn be expressed alternatively by a linear relation of the type:

7?-7 2>

7
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h 2 0 0
(D) 0 1-1 ©))
11/? 0 1 1,

where (T) la the matrix of a r~latioa which involves change of axis, change of lattice
parameter, find transformation displacement. The relation given in equation (9) applies
to the movement of every atom, since the deformation is homogeneous. This relation can
he easily converted to transformation matrices for both direction tranefonafttions and

plane tr'inifarmatione. The matrix (T) la in fact the direction transformation matrix

from to p? . Thus we havet
\% 20 0 h
k1 0 1-1 « Kk ao
-°1t_P, \o 1 1J w1y

and, usiiv®* the inverse matrix, we have*
h' 1 0o "n’
k <> 0 1 1 ¢ Kk an
U- p -i iy 1 op

* * 1 *
where Jr"h , k, 1 .}"/ are the indices of a giver, direction of /\I transformed from the

direction [h, k, Ijp( of ~ , and vice versa.

A similar operation yields the following plane transformation matricesJ

/h | I 0 o /
41;*/ <—> 0 1-1 - k 12)
P o 1 1i Kz
and
2 00 i
k i*-e Oil (13)

]
0.1 17
[ ) » ' P /
where (h , k , 1 )%/ are the indioes of a given plane of * transformed from the

(h, k, Dft plane of * — §S'22>73
i and vice versa.
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XV*  Cryatsullographlo Msohsmisa of th* 19" Transformation

Th« ataraic displacements and transformation matrices discussed in the previous

- section describe mly the initial and final stages of transfartaation but not the

»,

actual path tahen by the crystal in its truneformatlon from ™ to p' * or vice versa*
The actual cryst allographic mechanism of the * g/ transformation will b# derived

in this section directly from experimental data. It will be desirable, however, to

describe some of the physical chnract*ristics of the transformation' <” x-'hioh lead to

th* determination of the crystallographic mechanism:

(a) The transformation takes place typically by the slow movement of an interface
between the two phase#, p, and f}' .

(b) The transformation take# place in a well-grown and annealed ™ single crystal
by the formation of a ~ plate at one end of the specimen, thereby forming an inter-
face, and by slow movement of this interface to the other end of the specimen. On
“reverse transformation from p' to p, , the opposite happen#.

(o) An optically flat surface of th# p, ery*t%Il transform# into an optically flat
surface of the 8 crystal by a mechanism v*ry ainllar to simple homogeneou# shear.

(d) It is possible to naintain the interface near the middle of the specimen by
temperature control. On one side of the interface there is a single crystal of §
and on the other side of th# interface there i« a single crystal of” transformed
from p,

(«) The slow moving; interface h*is been previously identified~1** to be a (33D
type plane of th# p, phase. The interface move# on transformation at a velocity
(about 0.01 to 0.1 sn/e#o0.) almost directly proportional to the rate of cooling
(or heating) of the epeoimn.

Singl* crystal# of with two flat surfaces aero## th# length of the specimen
were therefore prepared. Th# interface between ft and was maintuined near the
.middle of the specimen. Th# two flat surface# of , A and B , transform,

respectively, to two flat surfaces, A* and B*, of B’ . If the mechanism of
| ~NT) 7
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transformation is a simple homogeneous shear, it should he possible to determine the
plane of shear, direction of shear, and degree of shear by measuring the angular
distortions involved in going from A to Ai and from 3 to Bt. The angular
differences between A and A and between B and B  were therefore measured by
means of a two circle option! goniometer accurate to within 2 to 3 minutes of arc.
The shear plane, shear direction, and degree of shear were found with the aid of
stereographie projection by a method similar to that used by Sreninger and Troiano

The results of two separate determinations tire shown In Table II.

Table II. Determination of Crystallographic Mechanlata of ft) Transformation
(A - A (3 -B)
Horisontal Circle -6? ¢ 2 Minutes -18 4 2 Miautes
VertlCftl Circle -20 * | Minutes -15 4 1 Minutes

Shear plane (331)p( * Shear direction [323]p( , Degree of shear V) * 302*(tan£«.053)

]
Horizontal Circle 4 33 i 1 Minutes 455 4 1 Minutes

Verticle Circle -40-+1 Minutes -89 4 2 Minutes

Shear plane (331}p( ¢ Shear direction [323]p * degree of shear 20hS'{tan .Oh?)

The experiaeatally menmured crystallographic raechnniam of transformation
ie therefore a simple homogeneous shear of the type (331)" [323]”by aljout 3 degrees.

V. Correlation of Experimentally Determined Shear
Mechanism with Theoretical Calculations

According to the orientation relationships given by equation (2), the lattice
point at (<, J2°1, J2°C) referred to axes 7 before transformation becomes the lattice
point ( a, b, ¢ ) after transformation referred to the same axes 1I. The dis“nceaent

of this lattice point due to tr;uisformation can therefore be calculated directly fro®
/oD?" 7>
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th« ori«nt«tion rOl«tionahipB an<! the Inttioe par«a»t*r« of th*«a two phases a*

follows* (¢, a, b, ¢ s«* 'Table I )

U xs a - a ( HoO{ ~ 1 )+
V¥ «b =-J2~= ( b - |12 H (iM
W+ K O ( clot - Jz )°-

On the other hand, knowing the shear mechanism we can calculate the displacements

of the lattice point P’ , [27) , thfit is, 13* / and W independsntly

without th* Knowledge of the lattice paraiwtsr# of th* B' phase. In other words. If

» ¢ §
0, Y and w ar« known, we esm calculate a, b and 0 according to er.uation (Ib)e

fhus it becomes possible to Calculate the lattice parameters of th® orthorhombic phase
fro® the shear mechanism. Comparison of the calculated lattice parameters and experi-
mental lattice parameters of the orthorhonubic phase then provider, a «ood check on
th® experlmeijtfdly determined shear ineohanis®.

A set of reference axes Is chosen such that th« Y-axis is the shear direction,

the 2-axis is the direction perpendicular to the shear plane, and the 'Vnxls is the

direction perpendicular to both Y find 2, that is.

X axis [7 12
Y axis [3 2 31p.

3 axis [5 3
fhe experimental shear therefore corresponds to the following set of lattice

displacementst

-dt. 35-

N T-=+<LHI) = 0.050
pSmg | as

«a

Vil _
53L %D '
//2r 73
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or

Zz»rif=0 f—f~"1H (16)

+2 - =(?
Xz A3 * )2 O> J

How we shall transform the strain components from reference axes X, T, Z

- EHE i -_— _ &«
to other reference axes X , Y, S where X « [I0Ojft , Y ¢ Joij~r . Z *[011J«

are the three directions parallel to, respectively, the a, b, ¢ axes of the

orthorhombic cell after transformation, fhe direction cosines between these axes sire:

X Y 2

7 12 iBJ 3 23] [53if

[100] R aic TT

Loitl 1 *27 R ) n« 2
) iNT A § N Un
[On] ] «" 3 n= 4

3 IS3T

i i i
fhe components of strain referred to the new references axes X , Y, Z are then:

2 2 2
“Sx' T T BT 1 oyt o e T 1 2 TR Qe A Yy

v Aa2l3 *€c + 2% NV +ay's Ve (""F +m3n2) V

yZz
+ <n213 + °3/2> *e* + <I2m3 + 13*%2) as)

V - h “X + 'Vl “y _*“1

,JT"rP
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t i {
referred to the siiXes X , T ,2 are, neglecting terns containing powers of

X , I , 2 above the firsts
Combining equations (16), (17), (18) and (19). we get the following displace-
meats of the lattice point ( X' >»tf , Y* *  JzoL , 2% « JgoC )t

0* « - 0.05140i
V» « 4 0.0242°" 0
W * + 0.0485°"-
Solving a, b, ¢ from eqtmtioae (14) and (20), we obtain the following
calculated lattice parameter®* of the orthorhombic cell:
a * 3*1460 kX units
b B 4.7704 kX units
c a 4.8510 kX units
fhe correspondence between the calculated and measured ( by X-ray method*)
lattice parameter© of th# orthorhombic ceil is very good for the & and ¢ axes
and fair for the b axis. The comparison does not take Into consideration .any lattice
readjustment, such as homogeneous contraction (or expansion) parallel to certain
crystallographic directions, which might take place during transformation. Thus,
a homogeneous contraction by 0.015 kX units along th# b-axis of the orthorhombic
cell will bring almost exact agreement between th# calculated and measured lattice

parameters of the orthorhombic phase.
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