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compositions without silver addition. The effect
v4 of silver additions on fracture toughness of illoys

This Peview of iRecent levelopments on Alumi- in the T6 condition was considered to be genervlly
jnum and Magnesium represents the first issue of a - beneficial; however, silver additions were detri-

TlNew series dealing with the general metallurgy of menta to fracture toughness in experimental alloys
these metals. Although aluminum and magnesium were with a low zinc/magnesium ratio. Also, silver addi-
not reviewed separately in the past, the behavior tions were found to increase the quench sensitivity

d properties of these metals and their alloys have of the 7075 composition, i.e., equal or superior
en treated in othnr reviews such as those on cor- propc ties were achieved only when high cooling rates

rosion, joining, mechanical properties, and metal- were operative, as found in thin sections. The of-
rking. fects attributed to silver additionri were found to

be consistent in material produced under plant con-
9 ILVER ADDITIONS IN 7075-TYPE AOS ditions by two different suppliers.

The Boeing Company has reported on the effect Of the other factors studied in this work,
0 i of silver additions on the stress-corrosion, fattgue hiher copper contents were found to produce lower

and fracture properties of 7075-type alloys.( l In rates of fatigue-crack propagation and zinc/igne'sium
1 the program, the factors studied included variations ratios of 2.5 or more were associated with superior
c* in coper, zinc, magnesium, and chromium contents, fracture-toughness values. Zirconium additions

s m all additions of silver, boron, cerium, yttrium, (0.10 percent) appeared to produce a slight increase
and zirconitu, and heat treatment. The most sig- in fracture-toughness values.
nificant result of the study was the increesed re-
sistace to stress-corrosion cracking conferred on WDABP AIM PLATE ALLOYSp 0 Alloy 7075-T6 by the addition of 0.44 percent
silver. On the basis of the results of stress- A continuing program at Alcoa Research Labora-

0 corrosion tests, three effects were attributed to tories is devoted to the development of the aluminum

ts a the presence of the silver additions: (1) the delay alloys X2021 and X7007 for application as welded
M + of crack initiation, (2) a reduced rate of crack thick plate at cryogenic temperatcres.(2v3) The

o , growth, and (3) an increased susceptibility to pit- target properties of this program included 75 ksi
(D 4 ting corrosion. Alloys containing silver additions minimum tensile strength, 6 ksi minimum yield
U were found to be similar, to the usual 7075-all6y strength, 10 percent minimum elongation at room

composition in that they were imnr to stress- temperature and -423 F with very low notch sensi-
3 0 o corrosion cracking when ov raged (il.g., T6 plus 10 tivity, 80 percent weld-joint efficiency, and maxi-
+ % cours at 320 F). In thi raged condition, the mum resistance to corrosion and stress corrosion.

H increased susceptibility o' pitting attack of the Most of the target properties have been met or ap-
0 alloys containing silver resulted in the failure proached in plate thicknesses up to 1 inch. The

. )f these alloys before failure of the ordinary major problems encountered were those of weld-joint
075 composition. Results obtained from the expo- efficiencies in both alloys, and stress-corrosion

-4sure of overaged and stresse" pecimens in an al- cracking, notch sensitivity, and lack of low-
ternate immersion test (3.erctnt NaCl solution), temperature weld ductility in the X7007 alloy.

o indicated that specimens containing about 0.2 per- The tentative nominal compositions so far de-
cent silver were less susseptible to pittifg attaek veloped for these two alloys are as followss

it than were alloys containing 0.44 percent silver.

0 The effects of silver additions and other Si 0.20 max Si + Fe 0.4( max
p variations of composition also were studied In terms Fe 0.30 max --

of tensile properties, fatigue crack-growth rate, Cu 6.3 0.10
and fracture toughness. The silver additions pro- Mn 0.3 0.2
duced tensile strengths higher than those of the Mg 0.02 max 1.8
ordinary 7075 composit ion kTable 1). The M 0re0se - a 1.

in tensile properties associated with silver addi- Zn 0.10 max 6.5
tions was observed In all the heat-treated condi- Ti 0.06 0.04
tions examined - the T6, maximum aged hardness, Zr 0.18 0.12
and the overaged conditions (T6 plus 10 or 30 hours V 0.10
at 320 F). Limited tests indicated that crack- W 0.15
growth rates during frtigue testing in an environ- n 0.05 --

mont of distilled wate- were about 11 percent high- Other 0.15 m~x 0.15 max
er for alloys containing silver than for similar
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LUltAat' Tenileq
Alloy Composition, Tensile -Yield

-5. i.5 er4 t strength, StEringth, Elngation,. -- c,
Zn Jt CU AQ Zr ZvgRatio ksi isi percent kinfJ.

5.6 2 .5 1.4 - - 2.24 76.0 66.76-
5.7 2.5 1.4 0.44 - 2.28 78.3 69.0 10 -AVI
5.6 2.5 1.4 0.44 0.10 2.24 79.4 73.0 10 -
6.4 1.6 1.4 - - 4.00 74.6 67.9 16 99.1
5.2 2.3 1.4 - - 2.26 "76.1 68.2 15 96.8 I
4.5 3.0 1.4 - - 1.50 78.5 70.7 14 78.9
6.3 1.6 1.4 - 3.94 73.6 65.3 16 98.9
'6.3 1,7 1.4 -0,44 - 3.71 80.6 73.4 14 94.5
5.1 2.2 1.4 0.45- - 2.32 79.3 71.7 16 93.7 ,1
4.% 2.9 1.4 0.44. - 1.55- 78.5 70.8 14 55.8
6.4 1.7 1.4 0.44 0.10 3.76 78.8 7144 16 102.8

(a) Aged either 36 or 48 hoirs at 250 F.

However, recent studies have -established that a face sheets, X7005 core, and No. 719 brazing alloyp,., .
specification of a r imum of 0.01 percent magnesiw and their properties were evaluated at temperaturesv"
in Alloy X2021 wcul Vurantee maximum aged strength of -423 to 60 F. Some of the properties mesuredz,
Further, current work has indicated that the zir- on these panels are listed in Table 2. The core :-
conium content in Alloy X2021 is responsible for a materials were fabricated to a core density of ap-
high-Vuench sensitivity. Also included in current pzoximately 6 to 8 lb/ft 3 . All brazing was done in
work -on composition variations was a study of the an argon atmosphere., Also demonstrated Was the
effezts of additions of 0.2, 0.3, or 0.4 percent feasibiiity of quenching the brazed honiycomb as-
"silver on the stress-corrosion cracking behavior of sembly in liquid nitrogen to minimize distortion
Alloy X7007. Silver additions improved the resi,- and to achieve quenhing rates comensurate with
tance of the alloy to stress-corrosion cracking high-strength heat-treatable alloys. The honeycomb I
when exposed to an industrial atmosphere, but had with X7005-alloy face sheets was quenched directly
no such benefit in a 3-1/2 percent NaCi alternate from the brazing operation (it 1050 to 1075 F) and
ismer'Aon test. subsequently aged, while tne honeycomb with X7106-

alloy face sheets was brazed and subsequently solu-
The development of these two alloys has in- tion heat treated (875 F) and aged,

cluded the evolutfon of heat treatments to achieve
the standard T6-type condition as well as specia). An additional portion of the program involved
heat treatments and tempers adapted to the alloys, the development of brazing alloys with melting points
The processes established so-far are as followss more suitable for use with the X7005 and X7106

alloys. After the study of a considerable number of
Solution Aging compositions, two were considered most nearly opti-

Temper Het Pre-Aoe Treatment _.IL&... mum for use with these alloys: 68Al-15Ge-7Si-lOZn
Desig- Treathent, Time, Temp, Stretch, Time, Temp, and 68A-15Ge-7Si-lOAg. The alloy containing zincnUY aion. Temp, .F hr F percent hr F produced better quality honeycomb under the brazing

X2021 T6 995 - - 16 325 conditions used and had very little degrading effect
X2021 T6E31 995 1 300 1.5 12 325
X7007 T6 860 - - - 8 225 on the properties of the sheet alloy. In the study

16 300 using the alloy containing silver, the brazing tem-
perature was apparently too high since considerable
interdiffusion of the brazing alloy with the sheet

Welding materials are boing evaluated on alloy occurred.
joints made with experimental aluminum-copper-
magnesiur lloys as well as 2319 for use as filler DESIGN PROPERTIE OF ALLOY 7001-T=5
metal. I r, use of the experimental filler alloys
resulted in joint tensile strengthn of about 40 ksi The results of an extensive evaluation of the
compared with 35 kes achieved with 2319 filler metal. properties of aluminum alloy 7001-T75 have been

published.(6) The T75 temper 5,s a proprietary heat-
BRAZED HIGH-STRENGTH ALMINUM-ALLOY .NEYOC.. treated condition developed by Harvey Aluminum

Company. Samples of sheet, plate, extrusions, hand
A 3-year development program for NASA was con- f-sings, and die forgings were evaluated by 10

ducted by Aeronca to develop materials and labrita- aeroiipace companies for the purpose of establishing
tion methods for producing high-strength aluminum- design criteria. The properties of 7001-T75 were,
alloy honeycomb suitable for applications from in most cases, compared directly with similar test
-423 to 600 F.4,5) The program included develop- results for 7075-T6, 7178-T6, and 7178-T76. In
ment of fabricaticn methods using currently avail- general, the mechanical properties of 7001-T75 fell
able aluminum alloys as well as investigation of between the "minimum" and "typical" properties of
new compositionc of brazing alloys suitable for use 7075-T6, These mechanical properties were accompan-
with the higher strength alumintm alloys. ied by higher resistance of 7001-T75 than 7075-T6

to both stress-corrosion cracking and exfoliation
Pnnels 24 x 30 inches in size, both flat and corrosion. Most evaluators concluded that 7001-T75

cylindrical, were produced using X7005 and X7106 wes a candidate for substitution in applications
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Ally Mo~~ Ally. Tj ee,- e g- 2- _ _ _

i7o05 r705 7ig, !4x/2,. 54,060 I'mO 1~- -:,867
X1206 -6951 716 6OVin. 46,000 xe16
7039 6961 719 6-O l1in,, ~42,*O S 144
r7005 17005 719 6-N0 X 1/; in. 651#Ow WO - 60
X7106 -47006 -71 6-10 X /2 in. ~6i,660 -1,140 M3
X7106 1700 l-C*-fii-Zn 6-W0, x 1/2 in,. 6,O540

calling for the profierties of 7075-i6 end requziring MIXSL 3. 5$ETE ~~M~St
better resistince to stress-corroincacig aos7 -

OFWLTensile 2imt
Yield -Strength, Tenaile

Magnesium Elektron, Ltd., has developed tw 0o2%offsoti St3 ar4th, Elongation,
s agnesiu-zinc-rare earth casting alloys susceptible Alo - Pi -psi % in 2 inches
to strengthening by the formation of tare-earth
hydrides during-heat treamet in a hydrogen almos- Z6A 2,W4,0
phero.(7) Two alloy compositions hove been recoi- ZKI 2,004,06
mended as suitable for such a systems (1) 5.5-6.02n, F22 2800 4000
2.0-3.0 raretiarth tietals, 0.46n, balance magnesi ZE63A n8,000 42,000 6

and (2) the same comosition plus 0.75-1.25Ag. Zt638 331M,~ 19 0300 15-
Those alloy compositions are designated as ZE63A
and Z~F63B, respectively. The hest tresamnts for
these alloys consist of 3 solutioh treatment-
hydriding treatment at 890 F for Zi63A er 860 '0 for sheet woe studied f'nr &Ve-hardaning response.
ZE63B, Times are varied from 30G hours for 1/2-inch- Specimens were solution hoat tteated at 975 F, water
thick sections to 70-hours for 3/4- tob 1 -inch-thick quenched, anid aged at 7W'~, 345, 390, or 435 F for
sections. After quenching frm th. solution treat- up to 16 daye. Sat& age trdeoninq occurred in all

ment, aging is performed at 260 F for 72 hours. three slloyii, but wdxinw tengths were found in
the Ug-l0.6Y alloy. An as-solled specimen aged4

The tensile properties obtainable in these days a4. 2'92 F had a yicld strength of 55.1 ksi and
alloys are indicated in Table 3, which compares an elongation of 2 percent. Although mgneiuv-
tensile minima for premiume-quality castings, Class base &lloys generally exhibit considerable differ-
1, for ZK~61A and Q022A witit the coriresponding tenta- ences 1P tensile and compressive yield strengths,
tive minima for ZE63A and with properties of a the values foavnd in the Mg-b0Y alloy were 55 ksi
chilled casting of ZE63B. The comparison of tensile for tensile yield and 45 ksi for compressiva yield
properties must be qualified by .the following I.n sheet voiled and aged at 392 F.
conditions: (1) ZE63A his slightly better yield
strength and elongation than CE22A, and does not KElNLTiI ALO
contain the relatively *xpensive 2 percent silver
addition present in QE22A; (2) ZE63A has about the The Frankford Arsenal program on magnesium-

same strenigth and elongation as 2K61A, but offers lithium-type alloy castings has been continued to
the advantages of being weldable and of exhibiting include the development of foundry techniques for
greater freedom from porosity and shrinkage; and the production of lightweight castings.(9) Castings
(3) ZE63B has the highest tensile properties of the of a Ug-l4i-O.Si alloy were produced by a new
alloys compared, is also weldable and highly cast- pouring method referred to as the "counter-gravity
able, but contains a silver addition. In addition, technique". As applied to these castings, the tech-
these alloys offer the advantages of high fatigue nique involved the use of the pressure of the pro-
strengths relative to their tensile strengths, cor- tective argon atmosphere over the melt to force the
rosion resistances similar to other magnesium al- molten metal up a pipe from the crucible into a
boys, and compatibility with standard coating sys- sealed* mold on top of the furnace. The principal
tems. Unusual features of the alloys are the long- features of the technique included the use of a
time heat treatment in hydrogen required for hy- mold material of graphite particles bonded with
driding, and the assc.ziated restriction to section water and bentonite, the use of fan and ring gates,
thicknesses )f about 1 inch or less. The strength- and the use of insulating sleeves in the blind
ening achieved in theso alloys is attributed to the riagrs. Castings of three components typical of
decomposition of zinc-rare earth compounds in the space-via parts were produced up to 2 pounds in
alloy during hydride formation, making the zinc weight ~. wall thicknesses ranging from 1/8 to
available for strcengthening. I inch. stings were produced tn the two alloy

variation~, Mg-M4i-O.3Si and Ug-l4Li-O.M5. Test
M LSIU*YTTRIM A.100 bars cut from castings and separately cast test

bars were similar in strength with the following
Franjford Arsenal has published the results approximate tensile propertiess

of a study of t~ie aging behavior of magnesium-___________
yttrium aiioys.k8) Alloys containing 8.2, 9.0, *Apparently, the argon gas within is pexmitted to
and 10.6 percent yttrium inl the form of rolled escape. as the molten metal fills the mold.
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