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[5 7 ] ABSTRACT 
A cellular precipitation type alloy is heated to a tem 
perature above its solvus temperature to form the high 
temperature single solid phase which is then quenched 
to retain it at about room temperature. The quenched 
single phase solid is heated unidirectionally through a 
thermal gradient at a velocity of transformation which 
on reaching transformation temperature directionally 
transforms it into an aligned composite of at least two 
phases with one of the phases aligned in the form of 
substantially uniform lamellae, ?bers or rods substan 
tially parallel to each other and to the thermal gradi 
ent. The transformation temperature is a minimum of 
20°C below that of the normal down-temperature 
technique at the same velocity in a certain velocity of 
transformation range resulting in significantly ?ner mi 
crostructures. 

2 Claims, No Drawings 
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DIRECTIONAL COMPOSITES BY SOLID-STATE 
UP-TRANSFORMATION 

The present invention relates generally to the art of 
directional control of cellular precipitation of metal al 
loys, and particularly, it relates to producing direc 
tional composites of cellular precipitation type alloys, 
i.e., alloys with one phase aligned in a matrix of a sec 
ond or other phases. 
The art has disclosed the directional transformation 

of eutectic and cellular precipitation type alloys to pro 
duce aligned composite structures. These transforma 
tions were accomplished by moving the alloy sample 
down a temperature gradient, i.e., moving the sample 
from a hot zone to a cold zone at a certain rate. Speci? 
cally, in cellular precipitation type systems the transfor 
mation occurs by cooling from the high temperature 
single phase solid through the solvus temperature 
below which transformation into at least two solid pha 
ses occurs. However, this normal down temperature 
transformation techniques as a means of producing 
aligned structures of most cellular precipitation type 
alloys has a major limitation and that is that it is too 
slow to be of practical value. Also, the relatively high 
temperatures at which precipitation occurs lead to a 
minimum attainable laminar spacing which is too 
coarse to provide the necessary properties for a num 
ber of applications. 
The present invention overcomes the aforemen~ 

tioned limitations and provides in a certain velocity of 
transformation range a lower temperature of transfor 
mation at the transformation interface or front which 
leads to ?ner aligned microstructures. In addition, the 
present invention provides a velocity of transformation 
which is signi?cantly faster than that attainable by the 
normal down temperature-transformation technique. 
Brie?y stated, the process of the present invention 

comprises providing an alloy which forms at an ele 
vated temperature a single solid phase that precipitates 
a second solid phase when cooled through a solvus tem— 
perature, said alloy having a precipitation temperature 
that varies with velocity of motion down a temperature 
gradient, heating said alloy to a temperature above the 
said solvus temperature to form said single solid phase, 
quenching the resulting single solid phase alloy to re 
tain said phase at about room temperature, unidirec 
tionally raising the temperature of the resulting 
quenched single solid phase alloy through a thermal 
gradient of at least 50°C per cm. at a velocity which on 
reaching transformation temperature directionally 
transforms said quenched solid to produce an aligned 
solid composite of at least two phases wherein one of 
said phases is aligned in the form of lamellae, ?bers or 
rods substantially parallel to each other and to the ther 
mal gradient, said aligned phase being substantially uni 
form in size and passing through a matrix of the second 
or other phases, said transformation temperature being 
a minimum of 20°C below said precipitation tempera 
ture when said velocities are equivalent in the range 
from a minimum velocity up to 75 percent of the maxi 
mum velocity of transformation to produce said aligned 
solid composite. 

Since the transformation temperature in the present 
process is at least 20°C below that of the precipitation 
or transformation temperature of the normal down 
temperature transformation technique, the aligned 
phase in the resulting composite is at least 10 percent 

20 

25 

30 

35 

40 

45 

60 

65 

2 
finer in size that that attained by the down temperature 
transformation technique. Also, with decreasing tem 
peratures of transformation in the present process the 
aligned phase is correspondingly ?ner in size. 
The present process uses an alloy which undergoes a 

cellular precipitation. Speci?cally, it is an alloy which 
forms a single solid phase at an elevated temperature, 
sometimes referred to as the high temperature single 
phase, and which, when cooled through a solvus tem 
perature, precipitates a phase resulting in at least a two 
phase solid alloy. By a cellular precipitation type alloy 
it is meant one which can be directionally aligned to 
grow the precipitated phase as lamellae, rods or ?bers 
substantially perpendicular to the transformation inter 
face or front, i.e., substantially parallel to the thermal 
gradient. Representative of such alloys are Fe-Zn, Ni 
Cr, Pb-Sn, Au-Ni, Ag-Cu, and Nb-Cr. 

ln carrying out the present process, the solid alloy, 
preferably in the form of an ingot, is heated to a tem 
perature above its solvus temperature to form the high 
temperature single solid phase. The formation of this 
high temperature single phase is determinable empiri 
cally by standard metallographic techniques. Also, the 
solvus temperature for a particular alloy is usually 
available in the literature. 
The single phase alloy is then rapidly quenched to re_ 

tain it at about room temperature. A number of con 
ventional methods can be used to carry out the quench 
ing such as, for example, a water quench. Generally, 
quenching is carried out at a rate in the range of about 
200°C per second to 400°C per second. The quenched 
single phase alloy is a supersaturated single-phase solid 
solution. 
The quenched solid alloy can be directionally aligned 

by a number of conventional methods which allow pas 
sage of the quenched single phase solid through a ther 
mal gradient in a single direction at a ?xed velocity of 
transformation to the transformation temperature. Al 
ternatively, the thermal gradient can be moved relative 
to the quenched solid. Generally, the apparatus is com 
prised of a heated vertical mold provided with a cooling 
system at its lower end, means for maintaining the de 
sired thermal gradient and means for pulling the 
quenched solid through the thermal gradient at the de 
sired ?xed velocity of transformation. The rate that the 
aligned composite is cooled, once it is formed, is not 
critical. The geometry of the aligned phase in the 
aligned composite depends upon the speci?c composi 
tion of the alloy and the velocity at which it is trans 
formed. The aligned phase may be in the form of lamel 
lae, rods or ?bers. The lower the velocity of transfor 
mation, the lower is the temperature of transformation 
and the ?ner is the resulting aligned phase in the com 
posite structure. 

In carrying out the present process, the quenched sin 
gle phase solid alloy is heated unidirectionally through 
a thermal gradient which achieves cellular precipita 
tion. This is determinable empirically and depends 
largely on the particular alloy composition. In the pres 
ent process, the thermal gradient usually ranges from 
50°C per cm. to about l,000°C per cm. For practical 
purposes the lowest thermal gradient which achieves 
transformation of the quenched solid is preferred. 
The velocity of transformation is determinable em 

pirically and depends largely on the particular alloy 
composition. Ordinarily, a certain minimum to maxi 
mum velocity range will achieve transformation of the 
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quenched alloy into an aligned solid composite. Within 
the velocity of transformation range, the temperature 
of transformation increases with increasing velocity. 
Speci?cally, ?xing of the velocity of transformation 
also fixes the temperature of transformation in a given 
system. ln the present invention the temperature of 
transformation is at least 60°C below the solvus tem 
perature of the alloy, and it is a minimum of 20°C 
below the precipitation or transformation temperature 
of the normal down temperature technique at equiva 
lent velocities in the range from the minimum up to 75 
percent of the maximum velocity of transformation. 
Specifically, at the minimum velocity of transformation 
in the present process, the temperature of transforma 
tion is at least 80°C below that of the precipitation tem 
perature of the conventional down temperature trans 
formation technique at the same-velocity. However, 
with increasing velocity the temperature of transforma 
tion increases, and at a velocity above 75 percent of the 
maximum velocity of transformation in the present pro 
cess, the difference between the present transformation 
temperature and that of the precipitation temperature 
of the conventional down temperature transformation 
technique is less than 20°C and at the maximum veloc 
ity of transformation in the present process, the differ 
ence in such temperatures is zero. 

In a preferred embodiment of the present invention 
the quenched single phase solid alloy is cold-worked to 
increase the driving force for the transformation, 

thereby signi?cantly increasing the obtainable transfor 
mation rates. For example, the alloy can be worked at 
room temperature by methods such as rolling and 
swaging. The degree of cold-working to achieve a sig 
ni?cant increase in the transformation rate is determin 
able empirically. Generally, a signi?cant increase in the 
velocity of transformation is attained after the 
quenched single phase solid alloy is cold-worked in an 
amount ranging from 1 to 90 percent with increasing 
amounts of cold work usually resulting in increased ve 
locities of transformation. However, amounts of cold 
work in excess of 90 percent are not suitable since such 
amounts inhibit the attainment of a suitably aligned 
composite product. Speci?cally, the rate of transforma 
tion can be increased by at least 10 percent by such 
cold-working and such rate of transformation is at least 
10 percent higher than that possible by the normal 
down temperature-transformation technique. 
The invention is further illustrated by the following 

examples. 
EXAMPLE 1 

A number of samples of Au-40 wt.% Ni alloys are 
prepared. This alloy undergoes a cellular precipitation 
reaction wherein the high temperature solid phase pre 
cipitates a second solid phase at a solvus temperature 
of 812°C. 
Each alloy sample, preferably made from elements of 

99.99 percent purity, is formed into a rod 0.175 in. in 
diameter. Each rod is heated in an atmosphere in which 
it is substantially inert, such as argon, to a temperature 
above the solvus temperature to convert it to the high 
temperature single solid phase, for example to 900°C 
for at least about 1 hour. Each sample can then be rap 
idly quenched by immersing it in 25°C water, which is 
at a rate of about 400°C per second, to retain this high 
temperature solid phase at room temperature. 
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4 
To carry out the directional transformation the 

quenched sample is placed in a graphite crucible, for 
example, 5 in. long with 0.250 in. outer diameter and 
0.035 in. walls and can be directionally aligned in a 
suitable apparatus where each is driven at constant ve 
locity through a temperature gradient of preferably 
300°C/cm. Speci?cally, each quenched sample is 
pulled under a substantially inert atmosphere such as 
flowing argon in, for example, a vertical platinum 
wound furnace and the aligned or transformed portion 
of the sample can be cooled by driving the crucible up 
wards through a 541 inch hole in a water-cooled copper 
toroid. 
An insulated chromel-alumel thermocouple can be 

imbedded in the center of a sample and moved with the 
sample during pulling and alignment to determine the 
temperature of tranformation, i.e. the temperature at 
which the quenched sample directionally transforms to 
produce an aligned two phase solid composite. The 
samples driven in the range of 5 X 10-5 cm/sec. to 6 X 
10'5 cm/sec. will form aligned composites at tempera 
tures of transformation ranging from about 570°C to 
about 600°C. 
The resulting aligned samples can be polished for me 

tallographic examination and etched for electron mi 
croscopy used a solution of CrOa in HCl. 
The aligned composites are of a substantially uniform 

microstructure composed of one phase in the form of 
lamellae substantially parallel to each other grown sub 
stantially parallel to the thermal gradient and passing 
through a matrix of the second phase. At lower temper~ 
atures of transformation the lamellae are signi?cantly 
?ner than at higher temperatures of transformation. 

EXAMPLE 2 

A sample is prepared as set forth in Example 1 except 
that it is cold-rolled in an amount of about 5 percent 
before alignment. It is aligned as set forth in Example 
1 except that it has a velocity of transformation range 
signi?cantly higherthan that of Example 1. . 

In copending US. Pat. application, Ser. No. 416,255 
(RD-5715) entitled “Directional Eutectoid Compos 
ites By Solid-State Up~Transformation” ?led of even 
date herewith in the name of James D. Livingston and 
assigned to the assignee hereof there is disclosed a pro 
cess of heating a eutectoid type alloy to a temperature 
above its eutectoid temperature to form the high tem 
perature single solid phase, quenching the single solid 
phase to retain it at about room temperature, heating 
the quenched single phase solid unidirectionally 
through a thermal gradient at a velocity of transforma 
tion which on reaching transformation temperature di 
rectionally transforms it into an aligned composite of at 
least two phases with one of the phases aligned in the 
form of substantially uniform lamellae, ?bers or rods 
substantially parallel to each other and to the thermal 
gradient. 
What is claimed is: 
l. A process for producing a solid composite of at 

least two different metal phases with one phase in the 
form of substantially uniform parallel lamellae, rods or 
?bers passing through a matrix of the second or other 
phases which comprises providing an alloy which forms 
at an elevated temperature a single solid phase that pre 
cipitates a second solid phase when cooled through a 
solvus temperature, said alloy having a precipitation 
temperature that varies with velocity of motion down 
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a temperature gradient, heating said alloy to a tempera 
ture above the said solvus temperature to form said sin 
gle solid phase, quenching the resulting single phase 
alloy to retain said phase at about room temperature, 
unidirectionally raising the temperature of the resulting 
quenched single solid phase alloy through a thermal 
gradient of at least 50°C per cm. at a velocity of trans 
formation which on reaching transformation tempera 
ture directionally transforms said quenched solid to 
produce an aligned solid composite of at least two pha 
ses wherein one of said phases is aligned in the form of 
substantially uniform lamellae, ?bers or rods substan 
tially parallel to each other and to the thermal gradient, 
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6 
said transformation temperature being a minimum of 
20°C below said precipitation temperature when said 
velocities are equivalent in the range from a minimum 
velocity up to 75 percent of the maximum velocity of 
transformation to produce said aligned solid compos 
rte. 

v2. A process for producing an aligned composite ac 
cording to claim 1 wherein prior to said unidirectional 
raising of the temperature said quenched single phase 
solid is cold-worked in an amount sufficient to raise the 
maximum velocity of transformation by at least 10 per 
cent. 

* * * * * 


