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; ﬁ This Paview of Recent Jevelopments on Alumi-

ﬁ:m and Magnesium represents the first issue of a
ew series dezling with the general metallurgy of
thess metals, Although aluminum and magnesium were

Nnot reviensd separately in the past, the behavior
and properties of thes2 metals and their alloys have

en treated in other rxeviews such as those on cor-

rosion, juining, mechanical properties, and metal-

&orking.

LVER T E

The Boeing Compzny has zeported on the effect
of silver additions on the stress~corrosion, fatigue,
and fracture propertiss of 7075-type alloys.{l} 1In
the program, the factors studied inciuded variations
in coyper, zinc, magnesium, and chromium contents,
sitall additions of silver, boron, cerium, yttrium,
and zirconium, and heat treatment. The most sig-
nificant result of the study was the increceed re-
sistance to stress-corrosion cracking conferred on
Alloy 7075-T6 by the addition of 0.44 percent
silver. On the basis of the results of stress-
corrosion tests, three effects were attributed te
the presence of the silver additionss (1) the delay
of crack initiation, (2) a reduced rate of crack
growth, and (3) an increased susceptibility to pit~
ting corrosion. Alloys containing silver additions
were found to be similar, to the usual 7075-alloy
compasition in that they wers im‘uqq to stress-
corrosion cracking when overaged (#ig., T6 plus 10
Ghours at 320 F). In thi’_ﬁ raged condition, the
increased susceptibility to pitting attack of the
alloys containing silver resulted in the fallure
f these alloys before failure of the ordinary
075 composition. Results gbtained from the expo-
Hisure of overaged and stresse®¥specimens in an al-
ternate immersion test {3 perceni NaCl solution),
indicated that specimens containing about 0.2 per-
cent silver were less susceptible ta phitihg aktiaek
‘ than were alloys containing 0.44 percent silver.
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The effacts of silver additions and other
variations of composition also were studied in terms
of tensile properties, fatigue crack-growth rate,
and fracture toughness. The silver additions pro-
duced tensile strengths higher than thoge of the
ordinary 7075 composition (Table 1), The iucresse
in tengile properties associated with silver addi-

tons was observed in 2ll the heat-~treated condi-
tions examined -~ the T6, maximum aged hardness,
and the overaged conditions (T6 plus 10 or 30 hours
2 at 320 F}. Limited tests indicated that crack~
2 growth rates during fetigue testing in an environ-
R mont of distilied watex were about 11 percent high-
er for alloys containing silver than for similer
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compositlens without silver addition. The effect
of silver additions on fracture toughness of alloys
in the T6 condition was considered to be generiily

- beneficial; however, silver additions were detri-

mental to fracture toughness in experimental alloys
vith a low zinc/magnesium ratfo. Also, silver sddf
tions were found to increase the quench sensitivity
of the 7075 ccmposition, i.e., equal oxr superior
propc ties were achieved only when high cooling rates
were operative, as found in thin sactions. The ef-
fects attributed to silver additions were found to
be consistent in material produced under plant con-
ditions by two different suppliers.

Of the other factoxs studied in this work,
higher copper contents were found to prodiuce lower
rates of fatigue-crack propagation and zinc/magnesium
ratios of 2.5 or more were associated with superior
fracture-toughness values. Zirconium additions
(0.10 percent) appeared %o produce a slight incresse
in fracture-~-toughness vaiues. -

WELDABLE ALUMINUM PLATE ALLOYS

A continuing program at Alcoa Research Labora-
tories is devotad to the develcpment of the aluminum
alloys X2021 and X7007 for application as walded
thick plate at cryogenic temperatures.(2,3) The
target properties of this program included 75 ksi
minimum tensile strength, 65 ksi minimum yleld
strength, 10 percent minimum elongation at room
temperature and -423 F with very low notch sensi-
tivity, 80 percent weld-joint efficiency, and maxi-
mum resistance to corrosion and stress corrosion.
Most of the target properties have been met or ap-
proached in plate thicknesses up to 1 inch. The
major problems encountered were those of weld~joint
efficiencies in both alloys, and stress-corrosion
cracking, notch sensitivity, and lack of low-
‘emperature weld ductility in the X7007 alloy.

The tentative nominal compositions so far de-
veloped for these two alloys axe as followss

X202 X1007
St 0.20 max St + Fe 0,40 max
Fe 0,30 max -
Cu 6.3 0.10
Mn 0.3 0.2
Mg 0,02 max 1.8
Cr —re 0.12
Zn 0.10 max 6.5
T4 0.06 0.04
Zr 0.18 0.12
v 0.10 ’ -~
d 0.15 —_—
!.n 0.05 -
Other 0.1% max 0.15 max
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AGED?‘M PROPERTIES OF- 7075-TYPE« Sy.

| SOLUTICN HEAT msmn, wzuc:zs, ) T0 PRODUCE mxmu §
S § o - s
P Ultiute Tensils ) T toa e
Alloy Composition, Tensile  Yield - ..
Strength, Strength, E).ongntion,_o ~Kes -
Zn Mo Cu Ay Zr Infig Ratlo . ks . kst pezernt kst /id.
5.6 55 ld4 - - 2.24 760 6647 6 T
5#7 205 1.4 0044 — 20% 78.3 6900 10 - ;3'41
6.4 16 144" «- o _4.00 . 74,6 6749 16 99.1 .
5.2 23 14 - - 2,26 76,1 68.2 15 96.8 ki
4.5 3.0 14 — - 1.50 78,5 70,7 14 7849
603 106 164 —— — 3.94 7306 6503 16 9809 P ‘;
6,3 L7 le4 0,44 o~ 3.71 - 80.6 73.4 . 14 94.5 v
%1 2.2 1.4 0045 t - 2.32 79.3 T1.7 16 93.7 R
4.5, 2.9 1.4 0.44. - 1,55 . 78.5 70.8 14 55.8 . )
6.4 1.7 144 0,44 0,10 3.76 78.8 71,4 16  102.8 I
(s) Aged either 36 or 48 hoirs at 2%0 F, -
ol

However, recent studies have-established that a
specification of ar ‘mum of 0.0l percent magnesivm

face sheets, X7005 core, and No. 719 brazing alloy,.. -
and their properties were evaluated at temperatures:

in Alloy X2021 weuld yuirantee maximum aged strength  of =423 to 600 F. Some of the properties measuredy.,

Further, curzsnt work has indicated that the zir-
conium content in Alloy X2021 is rssponsible for a

hiah-quench .sencitivity, Also included in curient
work on composition variations was 3 study of the
effects of additions of 0.2, 0.3, or 0.4 percent
‘eilver on the stress-corrosion cracking behavior of
Alloy X7007. Silver additions improved the resicr~
tance of the alloy to stress-corrosion cracking
when sxposed to an industrial atmosphere, but had
no such benefit in a 3-1/2 perceant NaCl alternate
ixmercion test,

The development of these two alloys has in-
cluded the evclution of heat treatments to achieve
the standard T6é~-type condition as well as specis)
heat treatments and tempers adapted to the alloys.
The processes established so-far are as followss

Solution Aging
Temper Hest  _Pre-Age Treatwent . Treatment
Desig- Treatment, Time, Temp, Stretch, Time, Temp,

Alloy nation Temp, ¥ hr F__percent _hr B
X2021 716 995 - - -— 16 325
X202} T6E3L 995 1 300 1.5 12 325
X7007 T6 860 - - - 8 225
16 300

Welding materials are being evaluated on
joints made with experimental aluminum-copper-
magnesiuy alloys as well as 2319 for use as filler
metale Trv use of the experimental filler alloys
resulted in joint tensile strengthn of about 40 ksi
coppared with 35 ksi achieved with 2319 filler metal

D TRENGTH INUM-ALLOY HONEY

A 3-year development program for HASA was con~
ducted by Aeronca to develop materials and Zabrisa-
tion methcds for producing high-strength aiuminum-
alloy honeyc su}table for applications from
-423 to 600 F.(4,5) The progrsm included develop-
ment of fabricaticn methods using currently avail-
able aluminum alloys as well as investigetion of
new compositionc of trazing alloys suitable for use
with the higher strength alumimm alloys.

Panels 24 x 30 inches in size, both flat and
cylindrical, were produced using X700% and X7106

on these panels are listed in Table 2. The core siar
materials were fabricated to a core density of ap-
proximately 6 to 8 1b/ft3. All brazing was done in
an argon atmosphere.. Also demonstrated was the
raasibinty of quenching the brazed honeycomb as-
sembly n liquid nitrogen to minimize distortion
and to achieve quenching rates commensurate with
high-strength heat-treatable alloys. The honeycomb
with X7005~alloy fzce sheets was quenched directly
from the brazing operation (st 1050 to 1075 F) and
subsequently aged, while tne honeycomb with X7106-
ailoy face sheets was brazed and subsequently solu-
tion heat treatad (875 F) and aged,

An additional portion of the program involved
the development of brazing alleys with melting points
more suitable for use with the-X7005 and X7106
alloys., Aftexr the study of a considerable number of
compositions, two were considered most nearly opti-
mum for use with these alioyss 68A1-1%Ge-751~10Zn
and 68A1-15Ge-751~10Ag. The alloy containing zinc
produced better quality honsycomb under the brazing
conditions used and had very little degrading effect
on the properties of the sheet alloy. In the study
using the alloy containing silver, the brazing tem-
porature was apparently too high since considerable
interdiffusion of the brazing allcy with the sheet
alloy occurred.

DESIGN PROFERTIE OF ALLOY 7001-T75

The results of an extensive evaluation of the
properties of aluminum alloy 7001-T7% have been
published.(6) The 175 temper 1s a proprietary heat-
treated condition developed by Harvey Aluminum
Company. Samples of sheet, plate, extrusions, hand
f~c3ings, and die forgings were evaluated by 10
aeroupace companies for the purpose of establishing
design criteria. The properties of 7001-T75 were,
in most cases, compared directly with similar *est
results for 7075-16, 7178-T5, and 7178~T76. In
general, the mechanical propsrties of 7001-T75 fell
between the "minimum® and "typical” properties of
707516, These mechanical properties were accompan—
ied by higher resistance of 7001~T75 than 7075-T6
to bsth stress—corrosion cracking and exfoliation
corrosion. Most evaluators concluded that 7001-T75
was a candidate for substitution in applications
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TABLE-2, RESULTS OF SOKE ROON-TBUPERATUBE TESTS JF 3UGH-STRENW ALIZdl-2ily SOMEYEEBh Y - o7

- . .. _ L. - P ’\:‘ LSS ‘»4,4./’ T i mm. o : - . ; Lo ﬂf

. o Edjjensss Compression. Fiitelfs Tessils FlollssCipmeseln  Core :
Face E , . Test; Fice Shest ~ - Izshi Fallide Zpec, PRiivE - .. Shess 4
Shest Brazing o Strass at Fallure, = “Sizess,.” - Fesx, L Stréd 3
Alloy Alloy  Alley . - Type Coze.. - =~ psi T e 37 ;
X700% X205 . 7l9 680 x 3/2 s#. 39,000 - ;
X7106 6951 716 680 x 3/2 ia. 45,000 - .
7039 651 719 -6-80 x 1/2 ins. - 42,200 : .
X7005  X7005 719 650 x 1/2in. . HLOG0 !
X7106  X7005 719 650 x 1/2 in. R x Y AR
X7106 -X7005 -7i9- -, 550 x /2 4n, B, - T 1,140 P £
L7106 X7905  Al-Ge-Si-Zn  6-50.x 1/2 in. 56,200 530 - Tk

ni

caliing for ihe properties cf 7075-T6 and requiring
better resistince to stress—corrosion cracking.

¥agnesium Elektson, Ltd., has developsd two e gty *3?2:;3 Elongation
magnesium-zinc-rare esrth casting alloys susceptible  jyj5, - o8t - ’ ‘pal  %in2 inches
to strengthening by the formation of rare-earth — <
hydrides during heat treatment in 8 hydrogen atmos~ .
phere.{7) Two alloy compositions have been recom- IK61A - 25,000 42,000 6
mended as suiiable for such a systems L1} 5.5-6.02n, GE224 28,000 40,000 4
2,0~3.0 rarevesrth metals, 0.4Zn, balance msgnesim ZE63A 28,000 42,000 6
and (2) the sams composition plus 0.75~1.25A. ZE63B 33,200 47,300 13

These alloy compositions are designated as ZEG3A
and ZES3B, respactively. The heat treatments for
these alloys consist of a solution. treatment~

hydriding treatment at 890 F for ZE63A cr 860 ¥ for

ZE63B, Times are varied from 30 fiours for 3/2-inch-
thick sections to 70 hours for 3/4~ to l-inch-thick

sections. After quenching from the solution treat-

ment, aging is perforwed at 260 F for 72 hcurs.

The tensile properties obtainable in these
alloys are indicated in Table 3, which compares
tensile minima for premium-quality castings, Class
1, for ZK61A and QE22A witi: the corvesponding tenta-
tive minima for ZE63A and with properties of a
chilled casting of ZE63B. The comparison of tensile
properties must be qualified by .the following
conditionss (1) ZE53A has slightly better yield
strength and elongation than (E22A, and does not
contain the relatively expensive 2 percent silver
addition present in QE22A; (2} ZE62A has about the
same strength and elongation as ZK61A, but offers
the advantages of being weldable and of exhibiting

reater fresdom from porosity and shrinkages and
?3) ZE63B has the highest tensile propercies of the
slloys compared, is also weldable and highly cast~
able, but contains a silver addition. In addition,
these alloys offer the advantages of high fatigue
strengths relative to their tensile strengths, cor-
rosion resistances similar to other magnesium al-
loys, and compatibility with standard coating sys-
tems., Unusual features of the alloys are the long-
time heat treatment in hydrogsn requirsd for hy-
driding, and the asscciated rastriction to section
thicknesses f zbout 1 inch or less. The strength-

LI

sheat were studied for age-hurdening response.
Specimens were solution heat treated at 975 F, water
quenched, and aged at 0, 345, 390, or 433 F for
up to 16 dayes Sate age hirdening occurred in all
three sllové, but waximum civengths were found in
the Mg-10.6Y zlloy. An as~solled specimen aged 4
days a% $52 F had & yicld strength of 55.1 ksi and
an slongation of 2 percent. Although magnesivw-
base slloys generally exhibit considerable differ-
ences ir tensile and compressive yield strengths,
the values found in the Mg~10Y alloy were 55 ksi
for tensile yield and 45 ksi for compressive yield
jn sheet vorled and aged at 392 F.

MAGHESTUM-LITHIUM ALLOY

The Frankford Arsenal program on magnosiuve-
tithium-type alloy castings has been contimnued to
include the development of foundry techniques for
the preduction of lightweight castings.{9) Castings
of a Mg-14L5i~0.55% alloy were produced Dy a new
pouring method referred to as the “counter-gravity
technique™, As applied to these castings, the tach-
nique involved the use of the pressure of the pro-
tective argon atmosphere over the melt to force the
molten metal up a pive from the crucible into a
sealed* mold on top of the furnace. The principal
festures of the technique included the use of &
mold material of gmphite particies bonded with
water and bentonite, the use of fan and ring gates,
and the use cf insulating sleeves in the blind

ening achieved in thesv alloys is attributed to the rlasrs. Castings of three components typical of
decomposition of zinc-rare earth compounds in the space~ve v parts were produced up to 2 pounds in
alloy during hydride formaticn, making the zinc weight »  wall thicknesses ranging from 1/8 to
available for strengthening. 1 inch. stings were produced in the two alloy

MAGNESTUA-YTTRIUM ALLOYS

Frankford Arsenal hes published the resuits
of a study of the aging behavior of magnesium-
yttrium alloys.\8) “Alloys containing 8.2, 9.0,
and 0.6 percent ytirium in the form cf rolled

variationy, Mg~14L1-0,351 und Mg-14L1i-0.984. Test
bars eut from castings and separately cast tesi
bars wore similar in strength with the following
approximate tensile propertiess

%Apparently, the argon gas within is permitted to
escape 3s the molten metzl fllls the mold.
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Ho=ldd0.3%8  ¥rmddi-0igsl
Ultixatz Tensile 15,000 18,2006
Stresgth, psi
Tensile Yislc 9,500 13,240
Strength, psl
Elongation, 10 t0 3B B
percent
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