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I. 

The research i n  progress  

c o n s i s t s  of tan experimental  and 
- 

INTRODUCTION 

under t h i s  gran t  (NASA Grant NGR-43-001-018) 

t h e o r e t i c a l  i nves t iga t ion  of t h e  r e l a t i o n s h i p  

between the  iocai ato~ilic aritage;;;ents i.2 m e ~ a l l i c  solid snlut inns and the  

phys ica l ,  mechanical, and thermodynamic p rope r t i e s  of  t h e  s o l i d  solut ions,-  

Alloys from t h r e e  systems have been chosen f o r  study during the  i n i t i a l  

s t a g e s  of  t h i s  research. These sys tems are the  Ni-Pd system, the  Fe-A1 

system, and t h e  Ni-W system. 

search  c a r r i e d  out  with respect t o  each of t hese  systems during the  per iod  

March 1, 1966 t o  August 31, 1966. 

The present  s t a t u s  repor t  o u t l i n e s  t h e  re- 

/- 

11. THE NICKEL-PALLADIUM SYSTEM 

ANi-Pd s i n g l e  c r y s t a l  of composition 50 at .  % N i w a s  grown by t h e  

Bridgman technique using the equipmmt descr ibed i n  a previous s t a t u s  re- 

p o r t  (1) .  t o r r  is main- 

t a i n e d  i n  t h e  chamber containing t h e  sample. 

I n  t h i s  equipment a vacuum of approximately 

The growth r a t e  of t h e  crystal  

was about l - inch  p e r  hour. 

96 hours a t  l l O O ° C  i n  order  t o  homogenize it. Both metal lographic  examina- 

t ion and x-ray d i f f r a c t i o n  evidence (Debye-Scherrer p a t t e r n s  of f i l i n g s  and 

Laue pa t t e rns )  

After  t h e  c r y s t a l  w a s  grown, i t  w a s  he ld  f o r  

i nd ica t ed  t h a t  no macroscopic segregat ion o r  cor ing remained 

i n  the  c r y s t a l  a f t e r  t he  homogenization t reatment .  

The o r i e n t a t i o n  of t he  c rys ta l lographic  axes was loca ted  by t h e  

back-ref lec t ion  Laue technique and a 1/8-inch t h i c k  d i s c  w a s  cu t  from t h e  

c r y s t a l  with an approximately (210) face.  This d i s c  w a s  meta l lographica l ly  

prepared and a l igned  on the  x-ray d i f f rac tometer  wi th in  a c ryos t a t  and 

vacuum chamber. 
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X-ray d i f f u s e  s c a t t e r i n g  measurements were made i n  t h e  lilh20 plane of 

r ec ip roca l  space a t  300°K and at 86°K. 

presented i n  Figure 1. 

ments shown have not  been corrected f o r  Compton modified s c a t t e r i n g  o r  temper- 

a t u r e  d i f f u s e  s c a t t e r i n g .  Contours g r e a t e r  than 70 near  t he  200 and 220 Bragg 

peaks have been omitted. 

The measurements made a t  300°K are 

The i n t e n s i t y  u n i t s  are a r b i t r a r y  and the  neasure- 

The most obvious features of Figure 1 a r e  the  d i f f u s e  m a x i m a  nea r  t he  

1.5 00, 2 1.5 0 ,  and 110 pos i t ions .  It is  indeed i n t e r e s t i n g  t h a t  the  maxima 

nea r  110 is approximately one-half as i n t ense  as t h e  maxima near  1.5 00. 

i s  no evidence f o r  any peaking of t h e  d i f f u s e  i n t e n s i t y  at  p o s i t i o n s  such as 

100, 210, o r  300, although the  i n t e n s i t y  i s  not  n e g l i g i b l e  a t  t hese  pos i t i ons  

due t o  the  over lap  of the  maxima centered nea r  1.5 00, 2 1.5 0, and 3.5 00. 

These f a c t s  would s e e m  t o  imply t h a t  the  cause of t he  s c a t t e r i n g  i s  not  s h o r t  

range order ,  s ince  even a s l i g h t l y  nega t ive  value of t h e  f i r s t  neighbor l o c a l  

o rde r  parameter,  a110, would produce a weak d i f f u s e  maximum of e q u a l  i n t e n s i t y  

a t  a l l  pos i t i ons  of mixed (odd and even) ind ices .  However, a t  t he  present  

t i m e  i t  i s  not  poss ib l e  t o  be c e r t a i n  of t h i s  i n t e r p r e t a t i o n .  

There 

Assuming t h a t  t he  d i f f u s e  s c a t t e r i n g  d i s t r i b u t i o n  shown i n  Figure 1 is 

n o t  due t o  s h o r t  range order ,  wha t ,  then,  could be its o r ig in?  I n  general  we  

may say t h a t  a l a r g e  atomic s i z e  e f f e c t ,  o r  c l u s t e r i n g ,  o r  both could cause 

t h e  modulations of t he  i n t e n s i t y  observed i n  t h e  da t a  of Figure 1. Futher- 

more, only the  atomic s i z e  e f f e c t  can produce an asymmetric d i s t r i b u t i o n  

about a Bragg peak such as is observed about t he  200. Thus the re  i s  de f i -  

n i t e l y  a l a rge  atomic s i z e  e f f e c t  ind ica ted  by t h e  d a t a .  It i s  no t  l i k e l y ,  

however, t h a t  t he  d i s t r i b u t i o n  is caused by the  s i z e  e f f e c t  a lone due t o  the  

e x i s t e n c e  of the  peaks a t  110 and 310. The observed i n t e n s i t y  d i s t r i b u t i o n  
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is, the re fo re ,  l i k e l y  due t o  a combination of c l u s t e r i n g  and the  atomic s i z e  

e f f e c t .  In  any case ,  t h e  remarks made here  must be considered t o  be prel imi-  

nary. 

very unusual i n t e n s i t y  d i s t r i b u t i o n  presented i n  Figure 1 can be  completely 

understood. 

A more d e t a i l e d  ana lys i s  of t he  da t a  must be c a r r i e d  out  before  t h e  

111. THE IRON-ALUMINUM SYSTEM 

In  our last s t a t u s  r epor t  (1) some prel iminary d i f f u s e  s c a t t e r i n g  

d a t a  from an Fe -14.5 at. % A 1  s i n g l e  c r y s t a l  w e r e  discussed. During t h e  

present  repor t  per iod we have completed numerous measurements of t he  d i f -  

fu se  s c a t t e r i n g  from the  Fe -14.5 at. % A 1  c r y s t a l  

at .  Z A 1  crystal .  A list of the  sample condi t ions 

i s  presented i n  Table I. For some hea t  t rea tments  

made throughout a plane i n  rec iproca l  space a t  t w o  

and a l s o  from an Fe -19.2 

and type of d a t a  co l l ec t ed  

measurements have been 

temperatures:  room 

temperature ( 30O0K) and approximately 136OK. For o the r  heat  t reatments  

d a t a  have been c o l l e c t e d  only along t h e  hlOO l i n e  i n  r ec ip roca l  space a t  

300OK. 

ments could be eva lua ted  i n  a reasonable t i m e .  

This approach w a s  used so t h a t  t he  e f f e c t s  of numerous hea t  t r e a t -  

Figure 2 shows the va r i a t ion  i n  the  d i f f u s e  s c a t t e r i n g  along t h e  

hlOO l i n e  i n  r ec ip roca l  space i n  t h e  neighborhood of t h e  100 pos i t i on  f o r  

d i f f e r e n t  hea t  t rea tments  of the  Fe - 19.2 a t .  % Al c r y s t a l .  The l e t t e r s  

l a b e l i n g  the  var ious  curves refer t o  t h e  hea t  treatments presented i n  

Table  I. 

from a high temperature causes t h e  state of  t h e  sample t o  gradual ly  change 

from one i n  which only s h o r t  range order  e x i s t s  t o  one i n  which e s s e n t i a l l y  

These d a t a  i n d i c a t e  t h a t  annealing a t  25OoC following a quench 



e 

a 
u a a 5 

h h  2 
g g  
4 4  

ala a u o  u 
ala a 
'UQ 

u u  u 
k k  k 

. .  . .  

h 
d 
El 
a u 
Q a 

h 
4 

El 
a 
U a a 

U 

k 

al 

d 
a 

0 

5 

N 

5 c 

aJu 
u l d  a 

3 3  
U O  c 
Jx 

a 
3 a 

al 
U 
U 
01 
d 
4 
0 
U 

a u 
ld a 
re( 
0 

91 
M 

cr: 8 

4 
aJ 
4 

a 
11) 

W 
0 
U 

E" 

$ 
U 
(d 
9) * 
u 
U a 
Q) 
X 

ri a 
& 

E 
V 

u 
k 
U a 

al 

rl a 

0 
N 

8 

5 
c 

aJu u a  

U 

k 
k 
aJ 
U a 
3 
al 
k 
3 
U 
(d 
k 
9) 

$ 
U 

0 
k 
Q) a 
3 

Fi 
d a 
0) 
E 

aJ al 

a 
4 d r l  

0 
N 

5 
s 

0 
O O N  0 0 s  0 

0 
r( e 

d d d  

c c c  

a 
al s 
% 
30 
W O  m 
* N  

V 
o u  o a  

U n  m 0 - u  
k o w  
3 m u  
0 a a  

I 
U k  

VI (dk 
w 0)  

ucd 
kr 
al s 
U 

a 
8 

2 
3.e 

U a 
rr, 

U 
4 

I 

d 

rl 
4 
M 

U 
a 
N 

o\ 
4 
I 

. 

E 



4 

# 

6 

20,00( 

20 25 30 35 40 45 50 
degrees 28  

Figure 2.  Intens i ty  d is tr ibut ion along the hlOO l i n e  i n  re- 
ciprocal  space near 100 for  an Fe -19.2 a t .  % A I  
sample given various heat treatments. The letters 
a through g refer  t o  the treatments indicated i n  
Table I .  
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long range order  e x i s t s .  

ordered s ta te  a t t a i n e d  a f t e r  holding 168 hours a t  25OOC corresponded t o  the 

Fe A 1  type r a t h e r  than the  Fe3A1 type .  This observat ion apparent ly  means t h a t  

the  Pe3Al ordered region i n  t h e  Fe-A1 equi l ibr ium diagram is completely sur- 

rounded by the  Fe A 1  ordered region. 

The two-dimensional da t a  showed t h a t  the  long range 

A problem w a s  encountered when w e  t r i e d  t o  i n t e r p r e t  t he  da t a  taken 

throughout a plane i n  r ec ip roca l  space q u a n t i t a t i v e l y  and obta in  two- 

dimensional s h o r t  range order  parameters. I n  t h i s  i n t e r p r e t a t i o n  i t  is 

necessary t o  know the  atomic s c a t t e r i n g  f a c t o r s  of Fe and A 1  q u i t e  accurate- 

l y .  

samples a s i g n i f i c a n t  Bijnl 

Furthermore, when Co Ka r ad ia t ion  is used f o r  t he  s tudy of Fe bear ing 

d ispers ion  cor rec t ion  t o  t h e  usual  atomic 

s c a t t e r i n g  f a c t o r s  mus t  be appl ied due t o  the proximity of the  Co Ka wave- 

length  t o  the  K absorpt ion edge of Fe. To our  s u r p r i s e  w e  found tha t  re- 

l i a b l e  values  of t h i s  co r rec t ion  f o r  the  case of Fe bear ing samples and 

Co K a  r ad ia t ion  were n o t  ava i l ab le  i n  the  l i t e r a t u r e .  Because of t h e  need 

f o r  accura te  values  of the  atomic s c a t t e r i n g  f a c t o r s  of Fe and A 1  i n  t h e  

i n t e r p r e t a t i o n  of our d i f f u s e  s c a t t e r i n g  measurements, and, a l s o ,  because 

t h e  measurements should be useful  t o  o the r  i n v e s t i g a t o r s  who wish t o  u s e  

Co Ka r ad ia t ion  f o r  x-ray s t u d i e s  on Fe--bearing samples, w e  decided t h a t  

t h e  b e s t  course would be  t o  determine the  values  of the  atomic s c a t t e r i n g  

f a c t o r s  of Fe and A l t o  be used with Co K a  r ad ia t ion  experimentally.  

I n  order  t o  assess experimentally the  appropr ia te  value of t he  
I 

atomic s c a t t e r i n g  f a c t o r  of Fe and A 1  t o  be used when Co Ka r ad ia t ion  is  

used, s eve ra l  powder compacts of carbonyl i r o n  (>99.9% pur i ty )  and high 

p u r i t y  Al were prepared. The s t a r t i n g  powders were each -325 mesh. Exper- 
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iments were performed t o  determine the  appropr ia te  compacting pressure  so as 

t o  obta in  a compact which w a s  f r e e  of p re fe r r ed  or ien ta t ion .  The compacts 

which were f i n a l l y  used were pressed with t h e  following pressures :  

Fe: 20 k s i ,  25 k s i ,  27.5 k s i ,  30 k s i  

Al: 4 k s i ,  5 k s i ,  5.5 k s i ,  6.0 k s i ,  6.5  k s i ,  7 k s i  

The i n t e n s i t y  p r o f i l e  of each Bragg r e f l e c t i o n  which could be reached 

using our  d i f f r a c t o n e t e r  and C o  Ka r ad ia t ion  w a s  measured f o r  each of the  corn- 

pac t s  l i s t e d  above. 

counting f o r  50 seconds a t  pos i t i ons  separa ted  by 1/4' 28 through each Bragg 

r e f l e c t i o n  a d  vel1 into t he  backgrer~nd intensity on e i t h e r  s ide .  S ince  t h e  

experimental  arrangement w a s  t h e  same as t h a t  used f o r  the  s i n g l e  c r y s t a l  

d i f f u s e  s c a t t e r i n g  measurements, t he  1/4" increments i n  28 proved s u f f i c i e n t l y  

s m a l l  t o  accura te ly  def ine t h e  shape  of each r e f l e c t i o n .  

i n  a r b i t r a r y  u n i t s  were computed by determining the  a rea  above background under 

each p r o f i l e  using Simpson's ru le .  

of t he  110, 200, 211 ,  and 220 r e f l e c t i o n s  from Fe and the  111, 200, 220, 311, 

222, and 400 r e f l e c t i o n s  of  A 1  were determined. 

The procedure used f o r  t hese  measurements was poin t  

In t eg ra t ed  i n t e n s i t i e s  

By t h i s  means t h e  in t eg ra t ed  i n t e n s i t i e s  

No systematic  d i f f e rences  

were observed between the  r e s u l t s  obtained from compacts prepared with d i f f e r -  

e n t  p re s s ing  condi t ions  i n  the  range given above. The r e s u l t s  from the  

var ious  compacts were, therefore ,  averaged. Also a cor rec t ion  f o r  t he  temper-  

a t u r e  d i f f u s e  s c a t t e r i n g  included i n  t h e  measured in t eg ra t ed  i n t e n s i t i e s  w a s  

app l i ed  according t o  t h e  method descr ibed by Chipman and Paskin (2) .  

The in t eg ra t ed  i n t e n s i t y ,  ! Id(28) ,  of a r e f l e c t i o n  from a powder i s  

given by 
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where 

Po 

R 

e 

m 

C 

e 

x 

j 

1! 

vC 

F 

e -2m 

power i n  the  inc ident  beam 

specimen t o  counter d i s tance  

charge of an e l ec t ron  

mass of an e lec t ron  

v e l o c i t y  of l i g h t  

Bragg angle  for t h e  monochromator c r y s t a l  

Bragg angle for t he  hkR r e f l e c t i o n  from t h e  sample 

wave length of r ad ia t ion  

m u l t i p l i c i t y  f a c t o r  f o r  (hkll) planes 

l i n e a r  absorption c o e f f i c i e n t  f o r  t he  sample 

volume of the  un i t  cell of t he  sample 

s t r u c t u r e  f a c t o r  of  sample 

temperature f a c t o r  

The i n t e n s i t y  s c a t t e r e d  from an amorphous s tandard such as polystyrene a t  

a f ixed  angle  8 '  is given by 

l+COS228 cos22 8 '  Po N e4 m 

2 mol.wt. ( v ' / p ' )  mZc4R2 2 em  COS I' = 

where 

N = Avogqdro's number 

f:A) * = the i n t e n s i t y  sca t t e red  from polystyrene i n  "e lec t ron  
uni t s"  pe r  molecule a t  8'. 

Taking the  r a t i o  of  equation 1 t o  equation 2 and so lv ing  f o r  : 
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Using equat ion 3 and measured values of J Id(28) ,  and 1', F2e -2m 

ca l cu la t ed  i f  (GU /M)' i s  known. 

sured s c a t t e r i n g  from polystyrene a t  126O 26 f o r  which (Ieu/M)' is 63.2. 

can be  

I n  t h e  present  research I' was the  m e a -  

Since Fe is bcc and A1 is  fcc ,  we have 

-2M -2M 
Fe = 4 fFe2 e FFe2 eFe 

and 

-2M -2M 
A 1  FA? e A l  , = 16 fA12 e 

where t h e  f ' s  are the  atomic s c a t t e r i n g  f ac to r s .  The experimentally de- 

 re presented  1n Table -2M -2M terz?%zd rslues cf f 2e ?nd fA12QAl 
Fe Fe 

11. 

-2M The temperature f ac to r ,  e can be evaluated from previously de- 

termined values  of t he  Debye temperature. Batterman, Chipman, and D e  Marco (3) 

g ive  a Debye temperature of 425'K f o r  Fe and a value of 395'K f o r  A l .  

t h e s e  values  f o r  t he  Debye temperature, values  of 

With 

If1 f o r  Co Ku r a d i a t i o n  

are as presented i n  Table 11. 

atomic s c a t t e r i n g  f a c t o r s ,  f , as obtained from the  I n t e r n a t i o n a l  Tables f o r  

X-Ray C r y s t a l l o g r a i ,  Vol. 111, pp. 202-205. 

These values  may be compared t o  the  c a l c u l a t e d  , 

0 

The d i f fe rence  I f [  - fo  i s  an 

e s t ima te  of t h e  Honl dispers ion  cor rec t ion  t o  be appl ied  t o  fo  when Co K a  

r a d i a t i o n  i s  used. 

At t h e  present  t i m e  we are  proceeding with t h e  i n t e r p r e t a t i o n  of t he  

d i f f u s e  s c a t t e r i n g  measurements using the  experimentally determined values  of 

If1 . 
discuss ion  of  t he  measured values of I f \  as w e l l  a s  of our d i f f u s e  s c a t t e r -  

i n g  measurements on Fe-A1 a l loys .  

I n  the  near f u t u r e  w e  expect t o  prepare a more complete r epor t  and 
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TABLE I1 

EXPERIMENTALLY DETERNINED VALUES OF THE ATOYIC 
SCATTERING FACTORS OF IRON AND ALUMINUM FOR Co K a  RADIATION 

Sample: Fe 

l f l *  f 0 I f l  -f, hkR 28 f2e-2M 

110 52-85 177.93 13.58 18.37 -4.79 

200 77.68 102.71 10.59 15.19 -4.60 

211 100.20 66.06 8.68 13.06 -4.38 

220 124.50 45.22 7.34 11.56 -4.22 

- 

Sample: A 1  

hkR 28 f2e-2M l f l *  fo 1 f l  -fo 
~ 

111 45.40 69.17 8.65 8.91 -0.26 

200 52.80 59.82 8.15 8.49 -0.34 

220 77.84 39.97 7.02 7.31 -0 29 

311 94.62 30.00 6.33 6.63.  -0.30 

222 100.36 27.23 6.02 6.43 -0.41 

400 124.60 19.36 5.42 5.76 -0.34 

-- 
* Assuming OFe = 425OK and efi = 395°K 
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IV. THE NICKEL-TUNGSTEN SYSTEM 

I n  order  t o  s tudy t h e  r e l a t ionsh ip  of t he  l o c a l  atomic arrangements 

i n  Ni-rich Xi-W s o l i d  s o l u t i o n s  to t h e i r  physical  and t h e r n a l  p rope r t i e s ,  

the following set of s p e c i f i c  goals w e r e  chosen: 

1. 

2. 

3. 

4. 

5 .  

Growth of a l a r g e  s ing le  c r y s t a l  of N i  -10 a t .  % W and t h e  in- 

ves t iga t ion  of t he  l o c a l  atomic arrangements i n  t h i s  a l l o y  

a f t e r  various hea t  treatments by t h e  s i n g l e  c r y s t a l  x-ray 

d i  f f use s c a t t e r i n g  technique . 
Measurement of the  s p e c i f i c  heat  as a funct ion of teniperature 

f o r  a previous ly  annealed sample of N i  -10 a t .  % W a l loy .  

Measurement of r e s i s t i v i t y  changes as a funct ion of p e r  cent 

reduction i n  area by swaging and a f t e r  var ious recovery hea t  

t reatments  i n  N i  -5 and 10 at. % W a l loys .  I 

Correlatj-on of the  r e s i s t i v i t y  measurements with d i f f u s e  

s c a t t e r i n g  measurements made. on cold worked and on recovered 

p o l y c r y s t a l l i n e  samples of N i  -5 and 10 a t .  X ;J a l loys .  

Measurement of the  s tored  energy of deformation i n  N i  -5 and 

10 at. X W a l loys .  

Most of t h e  experimental  work ou t l ined  above was completed during 

t h e  present  repor t  period. 

is p resen t ly  being c a r r i e d  out  i n  conjunction with t h e  prepara t ion  of a 

f i n a l  repor t  covering our research r e l a t i v e  t o  the  Ni-li system. 

f i n a l  repor t  should soon be ava i l ab le ,  these  r e s u l t s  w i l l  no t  be presented 

o r  discussed f u r t h e r  i n  t h i s  s t a t u s  repor t .  

The i n t e r p r e t a t i o n  of these  experimental  r e s u l t s  

Since t h i s  
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