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The p roduc t ion  of a l loys  by means  of ingot technology l eads  to m i c r o -  and m a c r o s e g r e g a -  
t ion,  s e p a r a t i o n  of phases  and i m p u r i t i e s ,  often into l a r g e ,  b r i t t l e  p a r t i c l e s ,  and c o a r s e  
g ra in  s i z e .  Al loy  deve lopment  is  f r equen t ly  r e s t r i c t e d  b e c a u s e  of the c o a r s e n e s s  of the 
s t r u c t u r e  and the r e su l t an t  imposed  l im i t a t i ons  on hot and cold  p l a s t i c i t y .  One r e a d y  m e a n s  
of avoiding these  p r o b l e m s  is  to p roduc e  the a l loy  in powder  or  pe l l e t  fo rm;  this  p e r m i t s  
a t t a inment  of high cooling r a t e s  in the l iquid and so l id ,  m i n i m i z e s  s e g r e g a t i o n ,  a l t e r s  phase  
s e p a r a t i o n  and d i s t r i bu t ion  advan t ageous ly ,  and r e s u l t s  in s ign i f i can t ly  f iner  s t r u c t u r e s .  
The powders  u t i l i zed  to p roduce  wrought  shapes  may  be much  c o a r s e r  than p r e s s - a n d -  
s i n t e r  p o w d e r s ,  l ead ing  to impor t an t  p r o c e s s i n g  economies  without s a c r i f i c e  of s t r u c t u r e  
r e f i n e m e n t .  The  a l l oy  s y s t e m s  C u - Z r  and C u - Z r - C r  w e r e  s e l e c t e d  for  the p r e s e n t  s tudy;  
these  a r e  high conduct iv i ty ,  high s t r e n g t h  a l loys  of c o m m e r c i a l  i n t e r e s t .  Cool ing r a t e s  for  
these  spec i f i c  powde r s  us ing n i t rogen  a tomiza t ion  v a r i e d  f rom about 103 to 104~ 
Powder s  we re  c l eaned ,  canned,  and hot ex t ruded  to p roduce  b a r  s tock ;  m e c h a n i c a l  t e s t ing  
was p e r f o r m e d  on both a s - e x t r u d e d  and t h e r m o m e c h a n i c a l l y - w o r k e d  s a m p l e s ,  with highly 
bene f i c i a l  i m p r o v e m e n t s  in s t r eng th ,  duc t i l i t y ,  and h i g h - t e m p e r a t u r e  s t r u c t u r a l  s t a b i l i t y .  

S P L A T  cool ing ,  o r  r a p i d  quenching of fine l iquid m e t a l  
d r o p l e t s ,  has d e m o n s t r a t e d  an ab i l i ty  to con t ro l  s t r u c t -  
u r e ,  and t h e r e f o r e  p r o p e r t i e s ,  in ways and to a d e g r e e  
not p r e v i o u s l y  p o s s i b l e  by a l t e r n a t e  ca s t i ng  m e t h o d s .  
So l id i f i ca t ion  p r o c e s s e s  a r e  p r i m a r i l y  r e s p o n s i b l e  for  
s e g r e g a t i o n  and phase  s e p a r a t i o n .  The s l ower  the 
so l id i f i ca t ion  p r o c e s s ,  the g r e a t e r  the d e g r e e  of s e g r e -  
gat ion and s e p a r a t i o n ,  the  c o a r s e r  the g r a i n  s i z e ,  and 
the c o a r s e r  the exce#s  p h a s e s .  This  d a m a g e  to s t r u c t -  
u r e  man i f e s t s  i t s e l f  to a g r e a t e r  d e g r e e  the l a r g e r  
the ingot o r  cas t ing .  P r e v e n t i o n  o r  m i n i m i z a t i o n  of 
such cas t ing  faul ts  would i m p r o v e  hot and cold  w o r k -  
ab i l i t y ,  enhance m e c h a n i c a l  p r o p e r t i e s ,  d e c r e a s e  
d i r e c t i o n a l i t y  e f fec t s ,  p e r m i t  u t i l i za t ion  of h igher  a l loy  
content ,  and pe rhaps  i n c r e a s e  the r e p r o d u c i b i l i t y  of 
p r o p e r t i e s .  

The  work r e p o r t e d  h e r e  i s  the r e s u l t  of an i n v e s t i -  
gat ion p r e s e n t l y  be ing  conducted for the powder  m e t a l -  
lu rgy  produc t ion  of wrought  C u - Z r  and C u - Z r - C r  
a l loys  of h igher  a l loy  content  than is  now p o s s i b l e  in 
ingot cas t ing .  The a i m s  of the p r o g r a m  a r e  to p roduce  
high s t r eng th ,  high e l e c t r i c a l  conduct iv i ty  copper  a l loys  
which wi l l  have exce l l en t  hot and cold work ing  c a p a b i l -  
i ty ,  while  exhibi t ing highly improved  s t r u c t u r a l  s t a -  
b i l i t y  in the t e m p e r a t u r e  r ange  of 500 ~ to 750"C 
c o m p a r e d  to p r e s e n t  c o m m e r c i a l  a l l oys .  

EXPERIMENTAL PROCEDURE 

The s t a r t i ng  m a t e r i a l s  used  for  this  i nves t iga t ion  
w e r e  minus  100 m e s h  (-149 ~) n i t r o g e n - a t o m i z e d  Cu-  
Z r  and C u - Z r - C r  a l loy  powder s .  The powders  we re  
given a r educ t ion  t r e a t m e n t  in d ry  hydrogen  (conta in-  
ing l e s s  than 0.0015 vol  pct  wa te r  vapor)  for  10 hr  at  
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450~ and w e r e  subsequen t ly  compac t ed  in copper  
cans  (in a d r y  box with 0.0003 vol pct  wa te r  vapor ) .  
The cans  w e r e  evacua ted  and hot ex t ruded ,  s ee  Table  
I .  M e t a l l o g r a p h i c  inspec t ion  and spec i f i c  g r av i t y  
m e a s u r e m e n t s  ind ica ted  that  a l l  a l l o y s  we re  e s s e n -  
t i a l ly  ful ly  dense  a f t e r  ex t ru s ion .  

V a r i o u s  t h e r m o m e c h a n i c a l  t r e a t m e n t s  w e r e  used  in 
o r d e r  to o p t i m i z e  p r o p e r t i e s .  T h e s e  a r e  l i s t e d  in 
Tab le  II .  

The fol lowing p r o p e r t i e s  we re  then d e t e r m i n e d :  

1) h a r d n e s s  a s  a function of anneal ing  t e m p e r a t u r e ;  
2) t e n s i l e  p r o p e r t i e s  at  r oom t e m p e r a t u r e ,  and as  a 

funct ion of anneal ing  t e m p e r a t u r e ;  
3) s t r e s s - t o - r u p t u r e  s t r e n g t h s  at 400~ 650~ 
4) e l e c t r i c a l  conduct iv i ty .  

RESULTS AND DISCUSSION 

Dendrite arm spacing is a function of the degree of 
supercooling I and since the extent of supercooling de- 
pends on the cooling rate, one can expect a relationship 
between dendrite arm spacing and cooling rate. Ex- 
perimental evidence available indicates that dendrite 
arm spacing in cast aluminum alloys is influenced only 
by cooling rate (or "local solidification time"). Bower 
et al. 2 plotted data obtained from a number of investi- 
gations with aluminum alloys, showing the relationship 
between secondary arm spacing d and local solidif- 
cation time 0f. Of the wide range of solidification 
rates examined, the dendrite arm spacing measure- 
ments were found to correlate linearly with Of on log- 
log coordinates: 

Table I. Alloy Compositions and Fabrication Variables 

Zr, Cr, 02,  Cu(bal) Extr. Extr. 
Alloy Wt Pct Wt Pct Wt Pct Wt Pct Ratio Temp, ~ 

ZA-2 0.20 - 0.04 99.76 25 to 1 600 
ZA-3 0.37 - 0.03 99.60 25 to 1 650 
ZA-8 0.80 - 0.08 99.14 25 to 1 650 
ZAC-I 0.10 0.32 0.04 99.54 25 to 1 650 
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d = 7.503 .39 

This  re la t ionship  was conf i rmed  for a n u m b e r  of a lum-  
inum alloys over a wide range  of cooling r a t e s  by 
Matyja  e t  a l .  3 They plotted dendr i te  a rm  spacing  as a 
function of cooling r a t e ,  and obtained a s i m i l a r  l inear  
core la t ion  with a s lope of 0.32. Such a r e l a t ionsh ip  has 
been  obtained in this  work for C u - Z r  a l loys ,  Fig .  1. 
The slope of this cu rve  was found to be g r e a t e r  
(approximately 0.48) than that observed for a l u m i n u m  
al loys  (0.32). 

It was found that the me ta s t ab l e  extens ion of the 
solid solubi l i ty  l imi t  of z i r con ium in copper can be in-  
c r ea sed  extens ively  by u t i l iz ing  cooling r a t e s  of 
approximate ly  107 to 109~ Subsequent s tudies  by 
Ray 4 showed that the so lubi l i ty  of z i r con ium in copper 
could be inc reased  f rom a max imum equ i l ib r ium value 
of 0.2 to around 30 wt pct.  F r o m  a p rac t i ca l  point of 
view, fine splat foils formed through such rap id  so l id i -  
f icat ion ra tes  a re  of l imi ted  c o m m e r c i a l  i n t e r e s t .  On 
the other hand, i n t e rmed ia t e  cooling ra tes  (102 to 
105~ achieved by means  of se lec ted  a tomiza t ion  
techniques  can r e su l t  in powders sui table  for conso l i -  
dation and convers ion  to yield improved s t r u c t u r e s  
and p rope r t i e s .  

To del ineate  the s t r u c t u r e - p r o p e r t y  i n t e rp l ay ,  
s e v e r a l  quenching and a tomiza t ion  techniques  a r e  being 
examined.  The r e s u l t s  obtained from fine (-149 /~) 
n i t rogen  a tomized powders  a r e  being r epor t ed  here .  

A typical  m i c r o s t r u c t u r e  of one of these  powders  is 
shown in Fig.  2; the ave rage  m e a s u r e d  dendr i t e  a r m  
spacing of about 6 p of these  powders co r r e sponds  to 
cooling ra tes  in the r ange  103 to 104~ Fig .  1. 
Table  I s u m m a r i z e s  the al loy composi t ions  and f ab r i -  
cat ion va r i ab l e s .  

The oxygen content  of the al loys var ied  f rom 0.03 to 
0.08 wt pct.  This  high oxygen content is due to the 
a tomiza t ion  p roces s .  If it is a s sumed  (as is  probable)  
that a l l  the oxygen is t ied up with z i r con ium to form 
ZrO2, then the aUoys conta in  0.11 to 0.54 wt pct ZrO2 
(0.03 to 0.08 wt pct O2). The p r e sence  of ZrO2 has 
been conf i rmed by X - r a y  and chemical  a n a l y s i s .  

In a p r e l i m i n a r y  evaluat ion of the s tab i l i ty  of the ex- 
t ruded a l loys ,  the effect of anneal ing  (1 hr at t e m p e r -  
a ture)  on the room t e m p e r a t u r e  ha rdness  was ex- 
amined .  The r e su l t s  obtained a re  p resen ted  in Fig .  3, 
and it is c lear  that a l l  the al loys a re  more  s tab le  above 
600~ than the c o m m e r c i a l  ingot cast  a l loy.  

Al l  the a s - ex t ruded  a l loys  were  found to have a very  
fine g ra in  s ize  (5 to 10 p) in the t r a n s v e r s e  d i rec t ion  
F ig .  4 shows typical  m i c r o s t r u c t u r e s  in the longi tudi-  
na l  and t r a n s v e r s e  d i r ec t ion  of one of these  a l loys  in 

Table II. Combinations of Processing Treatments 

Designation Treatment 

A 

B 

As-extruded, 300~ anneal for 1 hr after each 10 pet strain in- 
crement at R T., continued to the desired degree of  reduction. 

As-extruded, solution treated at 980~ for 30 mln, water 
quenched, followed by 50 pet R.A. at 20~ then aged at 500~ 
for 3 hr, air cooled, and further reduced to 75 pet R.A. (from 
mit]al d]ameter). 

As-extruded, solution treated at 980~ for 30 min, water 
quenched, followed by 50 pct R.A. at 20~ then aged at 450~ 
for 1 hr, water quenched and further reduced to desired thick- 
ness. 
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Fig. 1--Variation of dendrite arm spacing as a function of 
cooling rate for Cu-Zr alloys. 
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F i g .  2 - - M i c r o s t r u c t u r e  o f  n i t r o g e n - a t o m i z e d  C u - 0 . 2  p e t  Z r  
powder( Etch FeC13). 
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Fig. 3--Hardness at 20~ as a function of annealing temperature 
(1 hr at temperature) of as-extruded alloys. 

the a s - e x t r u d e d  condit ion.  Table  III l i s t s  the a s -  
t ruded p rope r t i e s  of these  a l loys .  As a r e su l t  of the 
fine g ra in  s i ze ,  the i nc rea sed  al loy content ,  and the 
f inely d i spe r s e d  CuaZr (or Cr + CuaZr in ZAC-1) the 
a s - e x t r ude d  tens ion  p rope r t i e s  a re  s l ight ly be t te r  than 
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(b) 
Fig.  4 - -Typ ica l  m i c r o s t r u c t u r e s  of ZA-2  a l l oy  in the  a s -  
e x t r u d e d  condi t ion .  (a) Long i tud ina l ,  (b) t r a n s v e r s e  s ec t ion .  
(Etch FeC13). 

Table III. Properties of As-Extruded Cu-Zr and Cu-Cr-Zr Alloys 

Elec. 
Red. Cond., 

Approx Hardness, Y.S., U.T.S., Elong., Area, Pct 
Alloy G.S, P RB psi psi Pct Pct IACS 

ZA-2 2 to 5 48 28,000 37,000 34.01: 84 5 
ZA-3 2 to 5 52 25,000 37,000 34.01: 88.0 
ZA-8 2 to 5 65 47,000 60,500 30.51: 65.6 
ZAC-I 5 to 10 52 35,000 37,000 22.61: 86 5 
AMZ1RC* - 42 19,000 37,000 19.0�82 - 
0.19 pct Zrt - 45,800 45,500 6.0�82 - 
0 40 pct Zrt - 46,900 47,800 5.0�82 - 
0 74 pct Zrt - - 45,800 49,800 5.0�82 

94.6 
92.0 
91.2 
82.6 
90.0 

*0 15 pct Zr, solution annealed at 980~ aged 1 hr at 500~ 6 
tExperlmental ingot type alloys produced by M. J. Saarw]rta. 7 Materml solution 

annealed at 900~ and quenched, cold rolled 25 pct. 
1: Gauge length 0.7 in; equals 4D. 
�82 Gauge length 2 0 m, equals 4D. 

} 

those of the c o m m e r c i a l  ingot a l loys .  
Except in the alloy ZA-2 (which was extruded at a 

t e m p e r a t u r e  50~ lower than the other a l loys) ,  Laue 
di f f ract ion on a l l  o ther  ex t rus ions  showed the absence  
of cold work s ince  the Ka doublets  could be c l ea r ly  

METALLURGICAL TRANSACTIONS 

Table IV. Effect of Thermomechanical and Age-Hardening 
Treatments on Strength of ZA-2 

Condition 

Elec. 
Reduction Cond., 

Y.S., U.T.S., Elong, in Area, Pct 
psi psi Pct Pct 1ACS 

As-extruded 28,000 37,000 34.0 84.5 93.6 
Ext. + 50 pct R.A. (A) 47,000 47,500 23.0 82.5 93.0 
Ext. + 80 pct R.A. (A) 49,000 52,500 21.4 88.0 92 5 
Ext. + 90 pct R.A. (A) 47,500 53,000 17.6 90.5 91.6 
Ext. + 75 pct R.A. (C) 56,000 58,000 16.4 90.5 - 
Ext. + 90 pct R.A. (C) 57,000 58,000 16.6 90.5 88.i 

Table V. Effect of Thermomechanicel and Age-Hardening 
Treatments on Strength of ZAC-1 

Condition 

Elec. 
Reduction Cond., 

Y.S. U.T.S., Elong., in Area, Pct 
psi pis Pct Pct 1ACS 

As-extruded 35,000 37,000 22.6 86.5 82.6 
Ext. + 60 pct R.A. (A) 42,000 44,500 21 2 84.5 80.9 
Ext. + 90 pct R.A. (A) 50,000 51,500 14.0 89.0 80.1 
Ext. + 75 pct R.A. (B) 63,000 66,000 14.6 85.0 85.8 
Ext. + 75 pct R.A. (C) 73,000 76,000 14.0 85.0 85.0 

I I I 1 I I I I / 

J _~ vo " - ' ~  . . . . . . . .  " " ' - .  

L ? q . " -  ....... . ~.so2 ; .... ~~ , ] ; :~L~S_z  . . . .  __~_ __~->,~2 h~ 

 ,oo - o 

�9 ZAC -I,EXT. + 75 Vo R.A(C) "~'#'A~. ' 
Z �9 ZA -3, EXT. + 75%R.A.(C) 
u a 3 0 -  I-- �9 ZA -2,EXT. + 90% RA.(A) 

I I I I I I I I 
0 I 00  2 0 0  5 0 0  4 0 0  5 0 0  6 0 0  7 0 0  8 0 0  

A N N E A L I N G  TEMPERATURE (~ 

Fig.  5 - - T e n s i l e  s t r e n g t h  a t  20~ a s  a func t ion  of a n n e a l i n g  
1 t e m p e r a t u r e  (for ~ h r  and  1 h r  p e r i o d s  a t  t e m p e r a t u r e ) .  

r e s o l v e d .  I n  t h e  c a s e  o f  Z A - 2  s l i g h t - l i n e  b r o a d e n i n g  
w a s  o b t a i n e d .  T h e r e f o r e ,  i t  i s  f e l t  t h a t  s t o r e d  e n e r g y  
d u e  to  e x t r u s i o n  d i d  n o t  c o n t r i b u t e  to  a n y  g r e a t  e x t e n t  

to  t h e  m e c h a n i c a l  p r o p e r t i e s  o f  t h e  a l l o y s .  T h e  d u c -  

t i l i t y  v a l u e s  o f  t h e  p o w d e r - b a s e d  a l l o y s  a r e  r e l a t i v e l y  
h i g h e r  t h a n  t h o s e  o b t a i n e d  f r o m  t h e  i n g o t - c a s t  a l l o y s .  

A l l  a l l o y s  w e r e  s u b s e q u e n t l y  t h e r m o m e c h a n i c a l l y  
w o r k e d  a n d  t h e  e f f e c t s  o n  m e c h a n i c a l  p r o p e r t i e s  d e t e r -  

m i n e d .  T h e  e f f e c t s  o f  c o m b i n e d  s o l u t i o n  t r e a t m e n t ,  

t h e r m o m e c h a n i c a l  w o r k ,  a n d  p r e c i p i t a t i o n  h a r d e n i n g  
w e r e  i n v e s t i g a t e d .  T h e s e  t r e a t m e n t s  a r e  d e f i n e d  i n  
T a b l e  I I .  

A l t h o u g h  z i r c o n i u m  a d d i t i o n s  to  c o p p e r  p r o d u c e  a n  

a g e - h a r d e n i n g  e f f e c t ,  r e s p o n s e  to  p r e c i p i t a t i o n  h a r d e n -  

i n g  ( u n l i k e  C u - C r  a l l o y s )  i s  s l i g h t ,  a n d  t h e  m e c h a n i c a l  
p r o p e r t i e s  a r e  d e v e l o p e d  p r i m a r i l y  b y  c o l d  w o r k i n g .  
A l l o y  Z A C - 1  u t i l i z e s  a t h i r d  e l e m e n t ,  c h r o m i u m ,  

w h i c h  r e s u l t s  i n  p r o n o u n c e d  i m p r o v e m e n t  in  p r e c i p i -  

t a t i o n  h a r d e n i n g .  A c o m p a r i s o n  b e t w e e n  t h e  t e n s i l e  
d a t a  f o r  Z A - 2 ,  T a b l e  I V ,  a n d  Z A C - 1 ,  T a b l e  V ,  c l e a r l y  

VOLUME 3, APRIL 1972-877  



{ 00  

69 

~o 
UJ 
n~ 

i IJIIIL i l q ib,lll I I I llllH I t I IIIIH i ~ ~ I~LIU 

ZA-5 

4ooo0 L ~ ~  ~ ~ -  

o EXT.+ 75% RA(C) (400 ~ " ~  
EXT+ 90% R A(A) (400"C) 
EXT+ 60% RA(A) (400~ 

o AS EXT. (400~ 
�9 EXT.+ 60% R A.(A) (650 ~ ) 

, , ,  ..... I . . . . . . . .  I , . . . . . . .  I . . . .  ,,,,I . . . . . . .  
0.01 0.1 1.0 I0 I 0 0  I 0 0 0  

RUPTURE TIME (HOURS) 

Fig. 6 - -S t ress - rup tu re  plot for alloy ZA-3 at 400 ~ and 650~ 

I00  - -  ' ' n ' r " T - - - ~ - ~ ' ~ T - - - ~ "  ' . . . . . .  I . . . . . .  '% . . . . .  

400~ 
[ ~ .  

~ I0 . . . . . . . .  

~- * EXT.+ 75% 650~ 
,.n o EXT.+ 90% R A(A) (400~ 

.,, EXT.*" 60%RA(A)(400*C) 
o AS E• (400~ 
t EXT+75%RA(C/ 16500C) 
�9 EXT+60%RA(A) (650 ~ 
t ~ ?i ~ ~ 0/0 ~ ~, ( a ~ ~ 61510Q} . . . . . . . .  t . . . . . . . . . . . . . . .  

o.oi o.I i io ioo Iooo 
RUPTURE TIME (HOURS) 

Fig. 7 - -S t ress - rup tu re  plot for ahoy  ZAC-1 at 400 ~ and 650~ 

s h o w s  t h i s  e f f ec t .  Z A C - 1  w a s  a l s o  found  to b e  s t r o n g e r  
in  s t r e s s - r u p t u r e  t h a n  any  of t he  o t h e r  a l l o y s .  

A s  a f u r t h e r  m e a s u r e  of s t a b i l i t y ,  t he  a l l o y s  w e r e  
t 

a n n e a l e d  a t  v a r i o u s  t e m p e r a t u r e s  f o r  E h r  a n d  1 h r  
p e r i o d s ,  and  t h e n  t h e i r  t e n s i l e  s t r e n g t h  v a l u e s  w e r e  
m e a s u r e d  a t  r o o m  t e m p e r a t u r e ,  F i g .  5. A g a i n ,  a s  i s  
t h e  c a s e  w i t h  a l l  t h e  o t h e r  m e c h a n i c a l  p r o p e r t i e s ,  
t he  a l l o y s  w e r e  found  to b e  v e r y  s t a b l e  a b o v e  400~ 
T h i s  m a y  b e  due in  p a r t  to  t he  p r e s e n c e  of  Z r O z .  

S t r e s s - r u p t u r e  t e s t s  w e r e  p e r f o r m e d  on  a l l  t h e  
a l l o y s ,  in  a i r ,  b e t w e e n  400  ~ a n d  650~ I t  w a s  f o u n d  
t h a t  a c o n s i d e r a b l e  i n c r e a s e  in  s t r e s s - r u p t u r e  l i f e  
w a s  o b t a i n e d  t h r o u g h  t h e r m o m e c h a n i c a l  a n d  p r e c i p i t a -  
t i o n - h a r d e n i n g  t r e a t m e n t s .  P l o t s  of i n i t i a l  s t r e s s  v s  
t i m e - t o - r u p t u r e  a r e  p r e s e n t e d  f o r  a l l o y s  Z A - 3  a n d  
Z A C - 1  in  F i g s .  6 a n d  7. A l l  t he  a l l o y s  w e r e  found  to 
b e  s i g n i f i c a n t l y  s t r o n g e r  in  s t r e s s - r u p t u r e  a b o v e  
400~ t h a n  any  i n g o t - c a s t  C u - Z r  a l l o y s  so  f a r  r e p o r t e d .  
F i g .  8 m a k e s  s u c h  a c o m p a r i s o n .  E l o n g a t i o n  a n d  
r e d u c t i o n  of a r e a  m e a s u r e m e n t s  f r o m  s t r e s s - r u p t u r e  
t e s t s  s h o w e d  c o n s i d e r a b l e  s c a t t e r ,  bu t  on t he  w h o l e  
t h e  d u c t i l i t y  w a s  f o u n d  to  b e  e x c e l l e n t .  T h e  r a n g e  in  
w h i c h  m o s t  v a l u e s  f e l l  w a s  4 to  10 pc t  e l o n g a t i o n  a n d  
30 to 85 pc t  r e d u c t i o n  of  a r e a .  

T h e  e f f ec t  of t h e r m o m e c h a n i c a l  t r e a t m e n t s  on  e l e c -  
t r i c a l  c o n d u c t i v i t y  of t h e  a l l o y s  w as  found  to b e  s m a l l .  
F o r  e x a m p l e ,  v a l u e s  f e l l  f r o m  94 pc t  IACS f o r  t he  a s -  
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Fig. 8--Plot showing s t r e s s  for 100 h r  rup ture  life at  s e v e r a l  
t empera tu re s .  

e x t r u d e d  c o n d i t i o n  to 92 pc t  IACS a f t e r  90 pc t  r e d u c -  
t i o n  of  a r e a  in  Z A - 2 ;  s e e  T a b l e s  IV a n d  V .  

S U M M A R Y  

P o w d e r  p r o d u c t i o n  by  m e a n s  of  n i t r o g e n  a t o m i z a t i o n  
of C u - Z r  a n d  C u - Z r - C r  a l l o y s ,  f o l l o w e d  by  t h e r m o -  
m e c h a n i c a l  w o r k i n g  and  hea t  t r e a t m e n t ,  r e s u l t s  in  f i n e  
w r o u g h t  s t r u c t u r e s  w i t h  e x c e l l e n t  m e c h a n i c a l  p r o p e r -  
t i e s ,  T h e  r e s u l t a n t  d u c t i l i t y  v a l u e s  o b t a i n e d  a r e  s u -  
p e r i o r  to  t h o s e  of c o n v e n t i o n a l  i n g o t - t y p e  m a t e r i a l ;  ho t  
and  c o l d  p l a s t i c i t y  a r e  e x c e l l e n t .  T h e  a d d i t i o n  of 
c h r o m i u m  to C u - Z r ,  c o m b i n e d  w i t h  s o l u t i o n  t r e a t m e n t ,  
t h e r m o m e c h a n i c a l  w o r k ,  a n d  p r e c i p i t a t i o n  h a r d e n i n g ,  
y i e l d s  t h e  b e s t  o v e r a l l  p r o p e r t i e s .  T h e  h i g h - t e m p e r -  
a t u r e  s t a b i l i t y  of  t he  a l l o y s ,  a s  m e a s u r e d  by  the  e x -  
t r e m e  f l a t n e s s  of t he  s t r e s s - r u p t u r e  d a t a  p l o t s  a t  
400 ~ a n d  650~ and  b y  t h e  r e t e n t i o n  of r o o m  t e m p e r -  
a t u r e  p r o p e r t i e s  a f t e r  e x p o s u r e  a t  400 ~ to 800~ i s  
e x c e l l e n t .  
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