
United States Patent [191 

Paris 

[54] ALUMINUM BASE ALLOY POWDER 
METALLURGY PROCESS AND PRODUm 

[75] Inventor: Henry G. Paris, San Diego, Calif. 

[73] Assignee: Aluminum Company of America, 
Pittsburgh, Pa. 

[21] Appl. No.: 718,861 

[22] Filed: Apr. 2,1985 

[51] Int. CI.4 ................................................ B22F 1/00 
[52] U.S. CI.  ........................................ 75/228; 75/245; 

[58] Field of Sa& ............... 420/533, 535, 543, 553; 
420/533; 420/535; 420/543; 420/553; 

148A26.1; 148/439; 419/25; 419/67; 419/28 

419/25,28,67; 148/126.1,439; 75/228,245 

qlil 3 40 

20 

[ill Patent Number: 4,629,505 
[45] Date of Patent: Dec. 16, 1986 

[561 References Cited 

3,876,474 4/1975 Watts et al. ........................... 148/32 
3,899,820 8/1975 Read et al. ......................... 29/420.5 
4,347,076 8/1982 Ray et al. .......................... 75/0.5 R 

U.S. PATENT DOCUMENTS 

Primary Examiner-Stephen J. Lechert, Jr. 
Attorney, Agent, or Firm-Daniel A. Sullivan, Jr. 

A metallurgical method including cooling molten alu- 
minum particles and consolidating resulting solidified 
particles into a multiparticle body, wherein the im- 
provement comprises the provision of greater than 
0.15% of a metal which diffuses in the aluminum solid 
state at a rate less than that of Mn. 
Aluminum containing greater than 0.15% of a metal 
which diffuses in the aluminum solid state at a rate less 
than that of Mn. 

PI ABSTRACI; 

7 Claims, 5 Drawing Figures 

*O t 1 2* 

https://ntrs.nasa.gov/search.jsp?R=20080008224 2019-08-30T03:35:21+00:00Z
brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by NASA Technical Reports Server

https://core.ac.uk/display/10541575?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


U.S. Patent Dec. 16,1986 Sheet 1 of 6 4,629,505 

AOP/M 

AOP/M & 88 k - 

00 P/M 21 24 

- 44 

20 22 - - 

Longitudinal yield strength 

- 88 

L - 1  K~CH VS. YS 
6.35 mm (0.25 in.) plate 
450K and 463K (350°F 
and 375'F) aging 

0 Hot rolled plate 
0 Warm rolled plate 
A 9.7 cm (3 In.) 21 24- 

2 - 44 

\r 1851 plate 
I/M 21 24-1851 

- 22 

Longitudlnal yleld strength MPa (ksi) 



Dee. 16,1986 

I I I I 
6.35 mm (0.25 In.) plate 
Alloy 51 41 63-1 8 warm rolled 
Aged at 450K (350'F) 
--Tensile strength 
-Yield strength 

- 80 - 
4 

60 - 
- 
(R 
Y 

- Longltudlnal peak yield strength 
16 hours at 450K (350.F): 455 MPa (66 ksl) 40 - 

20 - - 

0 I I I I 

Sheet 2 of 6 

552 

414 

8 s 
276 

138 

4,629,505 

I I I I 
68 mm (0.07 in.) sheet 
Alloy 514163-CC warm roiled 
Aged at 450K (350.F) 

-Yield strength 
- 80 - --Tensile strength 

- 
1- In 
Y 

- 
16 hours at 450K (350'F): 442 MPa (64.1 ksi) 

20 - - 

0 I I I I 

552 

414 

rn 
i 

276 

138 



Sheet 3 of 6 4,629,505 



Sheet 4 of 6 4,629,505 



U.S. Patent Dee. 16,1986 Sheet 5 of 6 4,629,505 

FIG.4a 

FIG.4b FIG.4c 

FIG.4d FIG.4e 



Dec. 16,1986 Sheet 6 of 6 4,629,505 

56 158-T8 
5 2 - T 3  

46 ’ 
1 I I 

0.25 0.75 I .5 

THICKNESS 

FIG. 5 



1 2 
solubility less than 0.1% at temperatures below the 

The invention offers unique combinations of strength 
and toughness for e.g. 2XXX alloys and significantly 

5 higher strength in their product sections than ingot 

good matrix for metal matrix composites due to its supe- 
rior strength-ductility and its chemistry which enhances 

A specific composition of 3.7 wt % Cu, 1.8 wt % Mg, 
wt % Zry 0*15 wt % Mn with the balance aluminum, 

except for standard level of impurities of elements si, 
Fe, Zn, etc., has been produced and tested with these 

ALUMTNUM BASE ALLOY POWDER solidus. 
METALLURGY PROCESS AND PRODUCI: 

SUMMARY OF THE INVENTION’ 

fomance of work under NASA antract N ~ .  NASI- 
and is subject to the provisions of Section 305 of 

The invention described herein was made in the per- metallurgy (rm) alloys. It provides a 

the National Aeronautics and Space Act of 1958 (72 1o interface bonding with silicon carbide ceramic* 
Stat. 435; 42 U.S.C. 2457). 

It is an object of the invention to provide method and 
product yielding improved properties, for instance me- 
chanical properties. 
This as well as other objects which will become ap- 15 properties: 

parent from the discussion that follows are achieved, 
according to the present invention, by providing (1) a 
metallurgical method including cooling molten alumi- o.25 Piate num particles and consolidating resulting solidified par- 
ticles into a multiparticle body, wherein the improve- 2o 0.07 Sheet 
ment comprises the provision of greater than 0.15% of 
a metal which diffuses in the aluminum solid state at a 
rate less than that Of m, and (2) aluminum containing 
greater than 0.15% Of a metal which diffuses in the 
aluminum solid state at a rate less than that of Mn. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Naturally Aged 
61.9 ksi yield, 
74.6 ksi tensile 

69.4 ksi tmsile 

Aged 16 Hours at 350’ F. 
65.4 ksi yield, 
69.7 ksi imsile 

69.1 ksi tensile 
55.4 ksi yield, 64.1 ksi yield, 

‘ Yield strength and tensile strength vs. product size 
shows these improvements for similar VM and p/M 

25 (powder metallurgy) alloys. 

FIG. 1 shows toughness vs. yield strength relation- I/M P/M 

ships in extrusion and plate, as follows: (a) the depen- mcia~ess (Itsi) = W) Ys (ksi) W) 
dency of Kp and K,on yield strength of extrusions and 30 0.07 in. 42 68 55.4 68.4 
(b) the dependency of Charpy toughness on yield 0.25 in. 49 70 61.9 74.6 

strength of 6.35 mm plate. 
FIG. 2 Shows the aging response at 450” K. of warm 

rolled plate and sheet as follows: (a) the warm rolled 
6-35 

FIG. 3 shows the (1 11) pole fiiWeS of hot and W a r m  
rolled plate after heat treatment, as follows: (a) warm 
rolled 6.35 mm plate and @) hot rolled 6.35 mm plate. 

FIG. 4 shows grain structures of billet, plate and 
Sheet as follows: (a) the T/2 longitudinal billet Strut- 40 
ture: (b) the TI2 longitudinal hot rolled plate grain 
structure after heat treatment: (c) the T/2 longitudinal 
warm rolled grain structure after heat treatment: (d) the 
T/2 longitudinal hot rolled sheet grain structure after 
heat treatment; and (e) the T/2 longitudinal warm 45 

SYNOPSIS rolled grain structure after heat treatment. “T/2” means 
“at midplane”, i.e. located in the plate or sheet one-half The benefit of rapid solidification processing of 
way through the thickness T. 2XXX aluminum alloy compositions over ingot metal- 

FIG. 5 shows behavior of a prior art Alloy 2024. lurgy processing was evaluated by comparison with an 
THE mmoN 50 ingot metallurgy control alloy. The P/M alloy extru- 

sions showed a reduced age hardening response com- 
In its broad format, this invention uses rapid cooling pared to similar I/M compositions with higher naturally 

as achieved, e.g. in atomization or spht cooling, e.g. aged tensile properties but lower artificially aged prop 
cooling rates in the range of 104” to 106” C./sec., to erties. However, the tensile properties of naturally and 
introduce, into aluminum metal, highly insoluble, slow 55 artificially aged P/M alloy extrusions based on a ver- 
diffusers, such as zirconium, at higher levels than previ- sion of I/M 2034 but containing 0.6 wt % Zr were 

comparable to the VM control extrusions and had sig- 
These slow diffusers, which have relatively high niiicantly superior combinations of strength and tough- 

solubility in the molten Alp exist at first in a metastable ness. The tensile properties of this P/M alloy showed 
solid solution state and later form fine precipitates, of 60 even greater advantage in 6.4 mm (0.25 in.) and 1.8 mm 
e.g. ZrAl3, which act to resist recrystallization, i.e. act (0.070 in.) plate and sheet, the yield strength being about 
to keep grain size about at the size of the particles result- 8 MPa (10 h i )  larger than reported values for the VM 
ing from the atomization or splat cooling. 2034 alloy sheet. An artificially aged P/M alloy based 

To the extent that there is some recrystallization and on 2219 also showed comparable strength and strength- 
grain growth, the low diffusivity keeps the ZrAl3 small 65 toughness combination to the P/M Al-Cu-Mg-Zr alloy, 
such that it acts as a strengthener. substantially outperforming VM 2219. These results 

show that rapid solidification offers the flexibility to 
modify conventional I/M compositions to produce new 

concept also will be applicable to other 2 m  
doys  such as Al-694, a, which in an example of the 

The invention embodies the use of high levels of 
&conium which cannot be cast usefay in ingot metal- 
lurgy cast using rapid 
solidification. 

Rapid solidification also imp- control of insoluble 
constituent particle size to improve toughness. 
% alloy type also shows similar improvements in 

strength and in the product form of e m -  
sions. 

Plate and @) the Wafm mlled 1.8 mm sheet. 35 invention would include 0.5% Zr. 

but which are 

ASPECTS 

In general, the slow diffusers used in the present 
so are highly insoluble in Al, i.e. equilibrium 

4,629,505 
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alloy compositions with superior mechanical proper- 
ties. 

INTRODUCTION 
Rapid solidification processing has produced signifi- 

cant improvements in the notched fatigue strength and 
the combination of strength and fracture toughness of 
solution heat treatable 7XXX alloys (1). The ZXXX 
ingot metallurgy (I/M) aluminum alloys based on 

AI-Cu and Al-Cu-Mg, particularly 2219,2618,2024 and 
their later improvements (Table 1) are widely used in 
aircraft structures where fatigue and fracture resistance 
m d  elevated temperature strength are important design 
considerations. Extending the favorable property com- 
binations of I/M 2XXX alloys through rapid solidifica- 
tion processing using powder metallurgy (I"/ppap would 
be of considerable value to aerospace design and con- 
struction. While some evaluation of the benefit of rapid 
solidification has been done on specific 2XXX composi- 
tions (2,3), no systematic exploration of the 2XXX alloy 
systems using rapid solidiftcation has been undertaken. 
This paper presents the results of a systematic study to 
identify and develop P/M 2XXX alloys conducted at 
Alcoa Laboratories and Lockheed-California Company 
under support of NASA - Langley Research Center 
(4-6). 

The alloys of Table 2 were evaluated. The more 
promising alloys involved a modified 2024 composition 
which contained substantial amounts of zirconium 
added. The manganese level in these alloys was reduced 
and the copper and magnesium subsequently modified 
to compensate €or this reduced manganese level. These 
P/M 2XXX alloy extrusions showed comparable 
strengths to an I/M control and had substantial im- 
provement in toughness and S-N notched (Kt=3) fa- 
tigue strength (4-6). The improved P/M composition 
showed a marked advantage in tensile properties and 
toughness in the product forms of plate and sheet due to 
the ability of the P/M microstructure to better control 
recrystallization and grain growth processes. 

4 
TABLE 1 

Typical 2XXX Ingot Metallurgy Alloy Compositions 
Cu Mg Mn Fe Si Ni Zr AI 

5 2124 4.4 1.5 0.6 0.2 0.3 - - bal 
2034. 4.2 1.5 0.8 0.05 0.03 - 0.1 bal 
2618 2.3 1.5 - 1.1 0.15 1.05 - bal 
2219 6.3 0.02 0.3 0.3 0.2 - - bal 

*modified 2124 

TABLE 2 
The P/M 2XXX Alloy Chemistries 
Cu Mg Si Fe Ni Mn Zr 

AI-CU-M~ 
2024 type: 
513708 A 3.93 1.57 - 0.06 0.01 1.50 - 

T 4.00 1.60 - - - 1.50 - 
513709 A 4.06 1.62 - 0.05 - 0.51 - 

T 4.00 1.60 - - - 0.50 - 
514041 A 3.73 1.81 0.02 0.04 0.01 0.14 0.12 

T 3.70 1.85 - - - 0.20 0.14 
514042 A 3.67 1.84 0.03 0.03 0.04 0.16 0.60 

T 3.70 1.95 - - - 0.20 0.70 

503315 A 4.36 1.56 0.07 0.06 0.00 0.90 0.10 
T 4.30 1.50 - - - 0.90 0.12 

I/M: - 

2618 type: 
513707 A 3.80 1.93 0.07 1.53 1.73 0.01 

T 3.80 1.80 0.15 1.50 1.50 - 
513888 A 3.32 A67 0.06 1.03 0.93 0.01 

T 3.50 1.65 0.20 1.20 1.10 - 
513889 A 3.19 1.67 0.24 0.07 - 0.01 

T 3.50 1.65 0.20 - - - 
AI-CU 
2219 tym: 
513887 A 5.19 0.38 0.12 0.06 - 0.18 

T 5.50 0.35 - - - 0.30 

PROCEDURE 
The alloys used in this study were produced by gas 

40 atomization of fine powders. The average powder size 
(APD) of the alloy powder lots was maintained be- 
tween 12 and 15 micrometers. Billets of the standard 5Q 
Kgm (1 10 lb?) size were produced using consolidation 
and vacuum hot pressing practices orighdly developed 

45 for 7XXX P/M alloys (7-12). Vacuum hot pressing and 
subsequent fabrication temperatures were modified to 
accommodate the Al-Cu-Mg-Mn alloy compositions. 
These modifications are noted in detail elsewhere (4-6). 
The target and actual alloy compositions are noted in 

50 Table 2. To assess the effects actually due to rapid solid- 
ification processing, an I/M control with a similar com- 
position (Alloy 503315) to one of the P/M alloys 
(514041) was used. It was cast as a 15.3 cm (6 in.) diame- 
ter ingot, stress relieved, scalped and extruded with the 

55 powder alloys. Flat bars of 7.6 cmx 1.9 cm (3 x0.75 in-) 
cross section were directly extruded at 625" KO (666" 
F.). Both 6.4 mm (0.25 in.) thick plate and 1.8 mm (0.070 
in.) thick sheet QF the more promising composition 
(Alloy 514163) were produced from an additional rupp 

60 of powder. Rolling stock was prepared by directly 
forging a 50 Kgm (I 10 IIb.) bdet into a 5 cm (2 in.) slab 
on open dies. This slab was cut into four pieces approxi- 
mately 50 cm long by 15 cm wide (20 in. x 6  in-) for 
unidirectional rolliig. Two microstructures were at- 

65 tempted in the plate, one produced by rolling at 740' KO 
(875" F.) was intended to produce a more unrecrystd- 
k e d  microstructure, and one by annealing and rolling 
in the range of 533" K.-644" K. (500"-700" F.) was 
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intended to produce a more recrystallized microstruc- in Table 4 supports these hypotheses. The naturally 
ture. These extremes were selected to evaluate the me- aged extrusions of the AI-Cu-Mg-Zr alloy had im- 
chanical property response of the limiting microstruc- proved strength-toughness combination over the PA4 
tures produced in a production process. The processing Al-Cu-Mg-Mn alloy. The artificially aged earusions 
was not totally successful in producing these variations 5 showed substantial hardening, producing the highest 
aS the zirconium Contailling microstructure was highly yield strength among the p/M alloys. 

TABLE 3 
resistant to recrystallization. Due to the small size of the 
billets and the small rolling mill, the processing schemes 

Tensile Properties of 2XXX P/M and I/M Extrusions also did not represent realistic fabrication schedules 
involving large billet stock which might be used to 10 
obtain such microstructures. A sheet gage also was Temper Strength Strength EI. R.A. 
produced in two microstructural variants by similar Alloy MPa @si) MPa (ksi) (%) (%) 

processing of one additional hot rolled slab. 

examine the microstructures. Pole figures from (111) 15 PA (2) 453 (65.7) 494 (72.7) 10 - 
PA (2) 451 (66.1) 497 (72.7) 14 - 

fractometer. The data were corrected for absorption 5,4w1 NA 438 (63.5) 536 (77.6) 18 20 
and compared to a randomly oriented aluminum stan- PA (3) 494 (71.6) 533 (77.3) 13 27 

514042 NA 463 (67.2) 571 (82.8) 15 19 
Mechanical testing was performed with specimen 20 PA (3) 508 (73.7) 548 (79.4) 13 29 

ASTM standards. Tapered seat, 0.64 cm (0.25 in.) dim- NA 442 (64.1) 572 (82.8) 14 13 
PA (3) 525 (76.1) 570 (82.6) I1 25 

extrusions, while full thickness, flat specimen were used 513707 NA 384 (55.7) 484 (70.2) 12 
for plate and sheet. Full thickness compact tension (CT) 25 PA (4) 407 (59.0) 455 (66.0) IO 
specimen from the extrusions were tested by the meth- 513888 NA 360 (522) 470 (68.1) 16 13 
ods of ASTM-E399, and either full thickness, pre- PA (5) 364 (52.8) 420 (60.9) 13 42 

388 (56.2) 506 (73.3) 16 15 cracked Charpy specimens (plate) or Kahn tear speci- 513889 NA 
PA(6) 418 (60.6) 471 (68.3) 13 28 men (sheet) used to evaluate toughness. 

30 513887 NA 383 (55.4) 498 (72.3) 15 15 
P A 0  436 (63.2) 514 (74.5) 14 33 

Yield Tensile 

2024 type: 
Standard metallographic procedures were used to 513708 NA 420 (60.9) 520 (75.4) 10 - 

419 (60.8) 518 (75.1) 16 - diffraction were obtained on an automated Rigaku dif- 513709 NA 

configurations and procedures according to existing 

eter gage tensile specimen were used for tensile tests of 2618 -: 

2219 Wve: 

RESULTS 

Extrusions N o m  
The tensile properties of extrusions of the three (1) NA desigoam 

relieved by stretching 1.5%-20%. 
age .ad PA dsignatcs PaL %% all allow 

classes Of P a  alloys are summarized in Table 3. These 

on 2024 demonstrate the highest yield and ten- 
Sile Strengths in the naturally aged (NA) tempers. The 

similarly, although the tensile strengths of the alloy 
similar to 2219 (513887) are comparable to that of the 40 

(2) SOIU~~OU h a t  tratd at 766. K. (920. E). PA - 12 how at 450- K. (350- E). 

(4) Solution heat mated at 766' K. (9W E). PA - 12 horn at 464' K. (375' E). 
Solutio,, h a t  frrafed at nr K. (940' E), PA - 8 hours at 464' K. (375' E). 

(6) solution heat matd at nz' K. (940' F.), PA - 4 hours at 464' K. (375' F.). 

results &ow that the alloy compositions based appro& 35 (3) Soluhon hat treated at 77s' K. (935' E), PA - 4 hours at 464' K (375' E). 

artificially aged (PA) tempers of the p/M alloys rank (7) SolUtion h a t  trrated a1 802' K. (985' E), PA - 4 horn a 450' K. (350' F-). 

lists the strength-tou@ess values for the 
alloy extrusions. 130th Kp (5% SeCBnt) and Kr (25% 
-t) are Plotted in FIG- la The & data showed a 
well behaved, but inverse strength-toughness depen- 
dency. A least-squares line was fitted to the data. The 

45 P/M data markedly outperformed the VM control, 
especially in the artificially aged condition. FIG. lo also 
shows the yield strength-K, (25% secant) relationship. 
Although a line also was fitted to this data to show the 
trend of the dah the data could as easily be described 

containing alloy. hP=tion of the data in Table 4 sug- 
gested that the 2024-type alloy with added manganese 

50 by the average except for the aged & 

(513708) and the naturally aged 2219 analogue (513887) 
have decidedly poorer strength-toughness relationships 

55 than the other alloys. The trend of increasing toughness 
with increasing strength observed in the aged 2034-oype 
P/M alloy with high zirconium addition was similar to 
that seen in the Kp values. 

Both toughness indicators for the I/M alloy showed 
60 the expected trend of decreasing toughness with in- 

creasing strength. The strength-toughness combination 
of the aged VM alloy was markedly inferior to the 
combinations shown by the comparable P/M alloy. The 

during hot working than the manganese dispersoid/- reversed trend of the P/M data, i.e., increasing tough- 
constituents. Rapid soliditkation offered the possibility 65 ness with increasing strength in both the & and K, was 
of obtaining an additional age hardening contribution unexpected but reproduced on retesting. In both mea- 
by increasing the amount of zirconium added to the sures of toughness, the separation of the values for the 
alloy in excess of solid solubility. The tensile properties aged P/M alloy with 0.6 wt % Zr resulted in a basically 

I 
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flat response with change in strength. Even this result 
implies a distinct improvement in toughness response in 
the aged tempers of these zirconium containing P/M 
alloys. This observed relationship may reflect effects 
related to differences in slip mode and/or grain bound- 
ary precipitation characteristics. Until further micro- 
structural examination clarifies the cause of these 
trends, the data should be used only to indicate that the 
P/M alloy definitely outperformed the I/M control 
Composition. 

TABLE 4 

rally aged sheet shows a marked loss in strength relative 
to the plate as would be expected from recrystallization, 
the tensile properties of the sheet after aging essentially 
reproduced those of the plate. In ingot alloys, one typi- 

5 cally observes a marked decrease in tensile properties of 
such thin sheet relative to thicker plate. 

The data for yield strength and L-T precracked 
Charpy toughness are plotted in FIG. lb. The data do 
not yield a clear linear relationship. The yield strengths 

10 were scattered between 407-448 MPa (59-65 ksi), but 

The Strength-Toughness Combinations for 2XXX P/M and I/M Alloys 

Alloy Temper (1) MPa (ksi) MPa m(4) (ksi in.(i)) MPa m(4) (ksi in.(h)) 
2024 type: 
513708 

513709 

514041 

514042 

503315 

2618 type: 
513707 

513888 

513889 

Yield Strength b ( 5% Secant) K, (25% Secant) 

420 
410 
419 
405 
438 
416 
463 

442 

384 
407 
403 
414 
425 
421 

(60.9) 44.6 
(60.3) 53.0 

(58.7) 53.3 
(63.5) 53.9 
(69.0) 75.2 
(67.2) 53.8 
(72.9) 78.9 
(64.1) 48.7 
(75.6) 36.7 

(55.7) 42.2 
(59.0) 41.0 

(60.8) 55.7 

(58.5) 45.8 
(60.0) 55.1 
(61.6) 45.0 
(61.1) 38.1 

(40.6) 78.8 
(48.2) 72.3 
(50.7) 100.2 
(48.5) 91.9 
(49.0) 100.1 
(68.4) 108.5 
(49.0) 95.2 
(71.7) 84.7 
(44.3) 93.1 
(33.4) 65.5 

(38.4) 71.3 
(37.3) 55.7 
(41.6) 88.6 
(50.1) 95.6 
(40.6) 67.4 
(34.7) 54.2 

(71.7) 
(65.8) 
(91.2) 
(83.6) 

(98.6) 
(86.6) 
(77.0) 
W.8) 
(59.5) 

(64.7) 
(50.9) 
(80.6) 
(87.0) 
(61.3) 
(49.3) 

(91.0) 

2219 type: 
513887 NA 383 (55.4) 40.7 (37.1) 81.4 (74.0) 

PA (5)  436 163.2) 59.1 (53.8) 93.1 (84.8) 
~~ 

Notes: 
(1) aged 12 hours at 464' K. (375' F.), (ovmged). 
(2) aged 4 hours at 464' K. (375' F.). 
(3) aged 12 hours 8t 450' K. (350' E). 
(4) aged 16 hours at 450' K. (350' E). 
(5) aged 4 hours at 450' K. (350' E). 

Plate and Sheet 
The Al-a-Mg-Zr d O Y  Composition which showed 

the promising tensile and toughness results in extrusion 
(514042) was also evaluated in the product forms of 

the Charpy toughness varied markedly between 55-99 
MPa m@) (50-90 h i  h.(i)). 

me toughness number wm calcdated by the empiri- 
cal fomdz 
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but the strength of the cube texture of the warm rolled 
condition in FIG. 3a is sharper, and the maximum inten- 
sity observed in the pole figure is approximately 45% 
stronger (14.22 times random vs. 9.02 times random) 
than that of the hot rolled texture in FIG. 3b. The L-T-S 5 
grain structures observed in FIG. 4 support this obser- 
vation. The hot rolled condition has a more uniform, 
small recrystallized grain structure, but the W a r m  rolled 
Condition yielded a heterogeneous recWMlbed 
structure With large recWsaized 
equiaed recrystalked gains. The Presence of this 
mixed grain Structure may have a beneficid effect On 
fatigue crack growth characteristics in the lower range 
of stress intensities by its influence on crack Closure 
(17-19). FIG. 4 compares the microstructure of billet 15 alloys was 

amount of ineffective precipitation on them increases. 
(This effect will contribute to a higher quench sensitiv- 
ity of P/M alloys which also will reduce maximum 
attainable strengths, especially in thicker sections). 

It was expected that as section size decreased the 
p/M alloy will show increasing strength-toughness 
advantage Over the I/M alloy by its superior ability to 
control recrystallization with high zirconium content. 
This benefit was obtained in the 1.6 mm (0.070 in.) sheet 

and VerY fine, 10 which had equivalent aged tensile properties to the 
thicker plate. Both these P/M alloy product forms 
showed a 69 MPa (10 hi)  advantage in naturally aged 
yield over the best I/M 2- alloy in similar 
section thicknesses. ne tensile of the p / ~  

$hilar to fie best I/M 2 m  alloy. 
Quite remarkably, the microstructures of the sheet in 
FIG. 4, shows that recrysMli&on occmed, but high 

was The high strengths must 
from either a different texture evolution or the contribu- 

20 DISCUSSION 
2XXX alloys are precipitation hardened by zone 

formation and partially coherent AlzCuMg, or Al2Cu. 
Extension of the limits of solid solubility of the age 
hardening solutes, Cu and Mg, is not a realistic avenue 25 
for alloy design using P/M techniques since these sol- 
utes are quite mobile at the processing temperatures for 
2XXX aluminum alloys. Benefits from P/M in systems 
such as these arise from improved control of micro- 
structure and possibly from a contribution of second 30 
phase hardening by the use of additional solute species 
resistant to coarsening and not useable in effective 
amounts by I N  processing. Of the alloys evaluated in 
this study, only the ones in Table 2 demonstrated im- 
provements in tensile and toughness properties compet- 35 
itive with 2XxX VM alloys. 

The most promising P/M alloys are based on 2024 
and 2219 (Alloys 514041, 514042, and AUoy 513887 in 
Table 2). Alloys 514042 and 513708 show that a large 
addition to aluminum of a highly insoluble, slow dif- 40 
fuser such as zirconium is better than a more soluble 
species like manganese. Zirconium produced a very 

y of either composition would 
tetragonal Al3Zr or AlmMn- 
a concomitant degradation in 

50 

As the surface area of sub- 
es increases, the relative 

tion to hardening by the zirconium aluminide. The per- 
formance of Alloys 514041 and 514042 show that rapid 
solidification can be used to control large amounts of 
the highly insoluble element, Zr, producing useful mi- 
crostructures with improved tensile properties and 
toughness. 

The response of the extrusion of Alloy 513887 also 
was promising. While this alloy (similar to VM 2219 but 
with zirconium addition) had relatively low naturally 
aged tensile properties and toughness, its artificially 
aged condition showed properties comparable to those 
of the Al-Cu-Mg P/M alloys. This alloy may offer more 
competitive properties if solute additions are used to 
better control grain structure in fabrication. The tensile 
properties of the P/M alloy are significantly better than 
that of the I/M 2219 alloy counterpart. 

CONCLUSION 
This evaluation of 2XXX aluminum alloys has shown 

that rapid solidification processing can be used to signif- 
icantly improve the performance of 2XXX composi- 
tions. The best P/M alloy found in this study is based on 
the 2124 composition with manganese and zirconium 
modifications to improve strength and toughness. Zir- 
conium additions of as much as 0.6 wt % have been 
used successfully, while the practical limit of Zr addi- 
tion used in I/M alloys is approximately 0.10-0.15 wt 
%. An aged alloy based on 2219 also showed promising 
properties. It is anticipated that further compositional 
refinement of this alloy could result in an artificially 
aged alloy with comparable tensile properties to the 
2024based alloy, and with the improved elevated tem- 
perature strength associated with a theta' microstruc- 
ture. 

As the product section thickness is reduced, the ad- 
vantage of the P/M alloys containing zirconium in- 
creases greatly by their innately better ability to control 
grain structure. These results again show that one may 
expect better performance of P/M microstructures over 
VM alloys, but compositional modifications may be 
necessary to effectively control recrystallization. 
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Stretching improves both flatness and properties. body being based on an average particle size (APD) of 
Artificial aging for 16 hours is typical, while natural about 15 micrometers, whereby, in 1.9X7.6 cm extru- 

aging involves 4 days minimum. Artificial aging at sions, toughness increases with increasing strength and 
longer thes  at lower T or artificial aging at shorter toughness K, values above 100 MPa.m& at longitudinal 
times at higher T is acceptable. 5 yield strengths above 450 MPa may be achieved. 

The present invention presents a new process of fabri- 2. A method as claimed in claim 1, said metal being 
eating the d O Y  as Well as a new Product. with COnven- selected from the group consisting of Zr, Ti, Hf, W, Ta 
tional ingot metallurgy, only about 0.12% Zr can be and v. 
added to Al alloys. With rapid solidification (equal to 3. A method Bs in 1, refining 

crystallization and increase strength. 
The advantages of the present invention are as fol- 

lows. It provides a product in thin extrusions which has 
an unrecrystallized structure. Prior art thin extrusions 15 falling in the range o.3-0.8 
are recrystallized. Unrecrystallized structures are stron- 

uct are unique. 

noted otherwise. 

104"-1O6" c*/wc) about 1% can be added. The zr pre- '0 elements of diffusion rate of Mn or above being present 
Cipitates as f i e  particles of ZrN3 which suppress re- about only to their solubility limit at room temperame. 

4. A method as claimed in claim 2, the particles con- 

5. A method as claimed in claim 4, the zr content 

6. An aluminum base alloy powder of average parti- 

essentially of aluminum, 34.5 wt % Cu, 1.25-2.25 wt % 
2o Mg, 0.3-0.8 wt % Zr and up to 0.5 wt % Mn, whereby, 

MPa.mi at longitudinal yield strengths above 450 MPa 
may be achieved. 

7. A consolidated aluminum alloy metal particle com- 

taining 0.2-1 wt % zr. 
% zr. 

ger and tougher. Therefore, the propertis of the prod- cle si,e (ApD) of about 15 micrometers, 
Percentages herein are percent-by-weight, unless 

me the invention has been described in terns of 
preferred e m m e n & ,  the claims appended hereto are 

in 1.9X7.6 cm extrusions, toughness increases with 
increasing strength and toughness KI values above IOo 

intend& to encompass d l  
within the spirit of the invention. 

which fall 

What is claimed is: 25 
1. A mesurgical method including -ling molten 

aluminum particles and consolidating resulting solidi- 
position consisting essentially of aluminum, 3 4 . 5  wt % 
CU, 1.25-2.25 wt % Mg, 0.3-0.8 wt % Zr and Up to 0.5 

fied particles into a multi-particle body, wherein the wt % my the average particle size (MD) being about 
improvement comprises provision in the particles of an 15 micrometers, the composition providing, in 1.9X7.6 
elemental composition consisting essentally of 3-4.5 wt 30 cm extrusions, increasing toughness with increasing 
% Cu, 1.25-2.25 wt % Mg, up to 0.5 wt 9% Mn, and strength and toughness K, values above 100 MPa.mi at 
greater than 0.15% of a metal which ditfUses in the longitudinal yield strengths above 450 MPa 
aluminum solid state at a rate less than that of Mn, the * * * * *  
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