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GENERAL

X7005 is a wrought, age-hardenable aluminum-zinc-
magunesium alloy developed recently for use in large
srructures where post-hraze solution hear treatment is
impractical. This high strength 2luminum alloy has a
high melung range and can be readily brazed, soldered
or welded, Its high mechanical properties are main-
tained after brazing or welding without the aced for
golution heat treamment. The low quench sensicivity

of this alloy requires oaly a moderate rate of cooling
from brazing or soldering temnperaiures. Thus, severe
distortions are avoided.

X7005 exhibits good corrosion and stress-corrosion
cracking resistance, good mechanical properties at room
and cryogenic temperatures and its fracture toughness
appears to be excellent, {1)(2).

The alloy is considered to be experimental, at present,
except for extrusions made by the producer.

.01  Commercial Designation
X7005.
1.02 Alternate Designation
None.
1.03 Specifications
Nene.
1.04 Compositian
Table 1.04.
TABLE 1.04
Source Alcoa {1}
Percea:
Min Max
Chromium 0.06 0.20
Copper - 0.10
Eren - 0.35
Magnesium 1.0 I.8
Manganese 0.20 0,70
Silicon . - 0.35
Titanium 0.01 0.06
Zinc 4.2 5.0
Zirconium 0.06 .20
Others Each - .05
Total - 0.15
Alumtinum Balance
1.05 Heat Treatment
1.051 Anneal (O temper): Heat to 50 to 750F, hold several
hours, furnace cool at SOF per hour to about 400F, air
cool,
1.0511 Stabilizing anneal: Heat to 450F, hold 4 1o 6 hours sub-
sequent to full anpeal treammenrt and air or furnace cool.
1.052 Thermal trearment: Optimum strength and resistance to
SLress-corresion cracking are abtained by a thermal
trcarment resulting in the T53 or T63 temper. This
thermal treatment practice was developed by Alcoa and
s proprietary. Requests for licensing and disclosure
of this practice should be directed to Alcoa, (1).
1.053 Brazing temperatures are sufficiently high to cause

selution treatment during brazing of the alley, and the
alloy is relatively insensitive to rate of coollng from the
braze temperature. Thus many assemblies car be air
cooled after brazing and then artificially aged or natural
aged to high strengths.
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1.054 Temper designations for the alloy, Table 1.054.
Al
46 ZIn
TABLE 1.054 1.4 Mg
E_mrce (1)
aliay X7005 05 Mn
Temper Description
F As [abricated O.l Zr
O Annealed
w Solution heat treated o, I Cr
Té Soluzion heat treat +artificial age by preducer "
T62 Solution heat treat + artificial age by user 0.03 Tl
T53(a) Artificially aged followingan elevated temperature|
fabricating process by producer
T&3 Soluricn hear 1reat + artificial age by producer X7005
(a) For extrusions and wbing
1.06 Hardness
1.07 Forms and Cenditions Awailable
1.071 Sheer (0. F and T6 rempers).
1.072 Plate (0, F, T6 and T63 tempers).
1.073 Extrusions and whing (0, T53, T6 and Té3 tempers),
1.08 Melting and Casting Practice
1.09 Spacial Considerations
1.091 Thick sections, stressed in the short-transverse direction,
are susceptible 1o stress-corrosion cracking at stresses
as low as 25 pereen: of Fry. Stress corrosion cracking
resisiance in the lengirudinal and long-trangverse direct~
tions, however, Is of a high order for material stressed
up 10 73 percent of Fr,, (1)
1.092 Forming of alloy products in an artficially aged temper
may produce residugl stresses that can cause stress
corrosion cracking, particularly if a sustained tension
lead. is super-imposed upon the residual tension stress.
It is recommended that when severe forming operations
are required, that the alloy be formed in the O or W
temper and then given the appropriate thermal rrearment,
().
[.093 in fillet-welded joints, residual welding stresses exert-
ing tension across the edge of a plate may cause stress-
corrosion cracking in the edges. Care should be taken
in the design of such joints, (1).
2. PHYSICAL AND CHEMICAL PROPERTIES
2.01 Thermal Properties
2.011 Melting range. L2510 1195F, (I).
2,012 Phase changes
2.0121 Time-temperature-transformation diagrams
2.013 Therma!l conductivity
Q temper. 96.8 Bt per (hr sq ft F),
T63 temper, 87.1 Bru fy per (hr sqft F), {1}
2.014 Thermal expansion
Fig. 2.014.
2.015 Specific heat
2.016 Thermal diffusivity
2.02 Qther Physical Properties
2.021 Density. 0.10L 1b per cu in; 2.8 gr per cu cm, (1).
2,022 Electrical properties
2,0221 Electrical conductivity at RT.
O temper, 43% LACS,
T63 temper, 38% LACS, ().
2,023 Magnetic properties
“The alloy is nonmagnetic, (1).
2.021 Emissivity
2.025 Damping capacity
CobE 3214
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2.03 Chemical Properties 3.0213 Effect of long time aging at 250F on tensile properties of
2.031 General. Inche aged tempers, the corrosion resistance sheet, Fig. 3.0213. ‘
of X7005 is comparable to that of 6061 and 5000 series of 3.0214 Effect of aging time at room temperature on tensile prop-
aluminum alloys and is superior to that of the 7000 series erties of sheer, Table 3.0214.
alloys such as 7075-T6 and 7079-T6. Susceptibility to
exfoliation has been observed in the F and in the W tem-
pers only, and it is recommended that the final product TABLE 3.0214
should raceive a thermal treatmenc during or afrer fabri- | Source (1)(2)
cation 1o eliminate this characteristic, (1)(2). | altoy X7005
2,032 Preliminary studies indicate that the corrasjon resist~ Form 0,063 inchsheet |
ance of brazed specimens, artificially aged after brazing, | Condition . | Heared J09OF, 10min, A *;\l@l.?ﬂ_lﬁ.ﬂl.ﬁ:_
is good. Specimens naturally aged after brazing exhibit P Aging rime Fruy ksi Fry ks £{21n). percent
a slight reduction in corrosion resistance. None 28 12 26
2.033 X7003 is anodic to the recommended brazing liller alloys 3 days 42 21 22
and to most other aluminum alloys. Thus it generally 1 week 45 24 22
wil] preferentially corrode to protect the filler metal and 1 month 49 27 21
the dissimilar metal to which it is jolned, when exposed 3 months 52 30 21
o onvironments conducive to galvanic corrosion, (2). 6 months 54 32 21
2.034 Resistance to stress corrosion cracking of aged material te T63 52 44 13
is good when alloy is stressed up to 75 percent of Fy, in
the longitudinal and transverse directions. Thick secrions
stressed in the short-transverse direction are susceptible 3.022 Compression
1o stress corrosion cracking at stresses as low as 25 3.0221 Compressive yield strength, see Table 3.012.
percent of Fry., (Sce also Section 1.09). Optimum 3.023 Impact
streagths and siress corrosion crack resistance are ob- 3.024 Bending.
tained by a thermal treatment resulting in the T53 or Cold bend rests have indicated that the bend properties of
T63 temper. plate and sheet in the T63 temper are similar to 6061-T6
2,035 Preliminary studies on burt-welded T6 and T53 sheet and bend properties.
plate indicate.that little problem with stress corresion 3.0241 Suggested bend radii for piate and sheet in O and T63
cracking is expected in these joints. In good electro- tempers, Table 3.0241,
lytes such as sea water, however, severe selective
artack may occer in the heat affected zone adjacent to the
weld. This can be avoided by pest-weld aging joints,
which are welded in the W or T63 temper, using the T63 TABLE 3.0241
aging practice. ce (1)
“alloy X7005
2.04 Nuclear Properties | Form Plare, sheet
| Conglirion 5] T63
3 MECHANICAL PROPERTIES Thickness = in Approx. radil far 90° cold bend
0.064 1/2-11/2x I-2t
3.0t Spacified Mechanical Properties 0. 125 t- 11/ 11/2-2 1/t
3.011 AMS Specifications. 0. 187 1- & 2-3t
None. 0.250 1- 2 21/2-3 1/t
3.012 Producer ‘s tentative typical and expected minimurm de- 0.375 o At A-4r
sign properties of sheet, plarc and extrusions, Table 0.300 2- 3t 3-4¢
3.012.
TABLE 3.012
Source: Alcoa (1)
Altoy X3005
Fegm Extrusjons Sheet, plate Extrusions
|_Condisign o 1 183 f 16 1 T63, 76351 I6 T63, T635] 53
| Thickness - in - <0250 | 0,250-3,00 -
Typical Minimum Minimum
F. -ksi, L 25 60 54 54 47 47 50
T 28 60 54 54 47 47 46
F:y- -ksi, L 12 53 46 46 38 38 34
T 12 33 46 46 38 38 40
Feyr ~ksi L - - - - 39 38 42
T - - - - 39 40 42
Feur -ksi 17 32 32 32 29 27 27
Fhryr -ksi
e/D=1.3 - - - - 0 70 70
e/r=2.0 - - - - 91 91 20
Foir -ksi
tn3’!!) =1,5 - - - - 33 53 57
«/D=2.0 - - - - 61 61 70
(2 in or 4D) ~percent 20 15 12 i2 7 7 10
3.02 Mechanicai Properiies at Room Temperature 3.025 Torsion and shear
3.02] ‘Tension. See also Table 3,012, 3.02519 Shear ultimate strength, see Table 3.012.
3.0211 Effect of natural aging on tensile propenies of sheer and 3,026 Bearing
plate, Fig. 3.0211. 3.0261 Bearing ultimate and yield strengths, see Table 3.012.
3.0212 Effect of natural aging on tensile properties of exirusions, 3.027 Stress concemtration. See Section 3.037.
Fig. 3.0212. 3.0271 Notch properties
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3.0272 Fracture toughness

3.028 Combiéned properties

3.03 Mechanical Properties at Various Temperatures

3.031 Tension

3.0311 Stress-strain dizgrams

3.0312 Etfect of low temperatures on tensile properties of sheet,
Fig. 3.0312,

3.032 Compression

3.033 Impact

3.034 Bending

3.035 Torsion and shear

3.036 Bearing

3.937 Stress concentration

3.0371 Notch properties

3.03711 Effect of low ternperature on sharp notch strength of
sheet and exirusions, Fig. 3.03711.

3.03712 Effect of low temperature on notch-strength-ratio for
sheet and extrusions, Fig. 3.037)2.

3,03713 Effect of low P ¢ on tear gth of sheet and -
extrusions, Fig. 3.03713.

3.03714 Results of tear tests on T6 sheet and T53 extrusions ar
room temperawre and low temperatures, Table 3.03714.

TABLE 3.03714

Soyrce [¢}]

Allgy X7003

Test Tear 1ests (a)

Form 0. 063 in.Té sheet and T53 extrusions

Energy required to
Initiate 2 [propagate] Tatal |Unit propagation

Templ Temper | Dir crack }a crack jenerg energy

£ in-lb | in-1b  lin-lb] in-1b/in2

RT | Té L 29 33 12 1250

RT T6 T 36 82 118 1275

RT T33 L &7 104 171 1040

RT T33 T 54 84 148 840

-112 T53 L 40 59 99 590

-112] T53 T 40 37 77 375

-3201 TS3 L 27 59 86 390

-320¢ TS3 T 28 37 85 373

(2) For tear test specimen used, See Fig. 3.03713.

3.0372 Fracture roughness

3.038 Combined properties

3.04 Creep and Creep Rupture Properties

3.05 Fatigue Properties

3.051 S-N curves for smooth and notched exxrusions in various
conditions, Fig. 3.051.

3.052 5-N flexural fatigue curve for sheet, Fig. 3.052,

3.06 Elastic Properties

3.061 Poisson's ratio

3.062 Modulus of elasticiry |

3.0621  Young's modulus. E =10.3 x 107 ksi, (1)

3.0622 Compression modulus. B, =10.5 x 107 ksi. {1).

3.0623 Madulus of rigidity. © = 3.9 x 10%ksi, (1).

4. FABRICATION

4.01 Formabili

4.011 General. Formability of the alloy in the T63 temper is

reported 1o be similar to thatr of 6061-T6 as evaluated
from $0° cold bend tests {see Section 3.024). Forming
of artificially aged products may produce residual
stresses that can cause stress corrosion cracking (see
Secrion [.082). Thus it is recommended that when
severe forming is required the alley sheuld be formed in
the O {annealed) or W (sclution heat treated) temper and
then given the appropriate thermal trearment. I severe
forming is applied ro marerial in the W Condition, it
sheould be accomplished within 12 hours after solurion
heat rreatment, (1),
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Suggested bend radii for plate and sheet in O and T63
temper, see Table 3,0241. Al

46 Zn
1.4 Mg
05 Mn
0.l Zr
0.1 Cr
003 Ti

Machining and Grinding

Machipability of this alloy is good. For high production
work, high speed steel or preferably carbide -tipped
cutting tools are recommended. Single polnr cutting
tools of high speed steel should be ground 20 1o 50
degree top rake, 10 to 20 degree side rake, §to 10
degree front and side clearance angles. High speeds
apd fine to medium feeds should be used. For rough
lathe turning, cutting speeds of 500 to 1000 sfpm, feeds
of 0.007 to 0.030 inch and depths of cut up te 0. 25 inch
can be employed. Cutting speeds of 600 to 1000 sfpm,

feeds of 0,0002 to 0. 010 inch ard depth of cut of 0.002 to
0.010 inch can be used for finish lathe turning, In X7005
shaping, boring and planing operations a cutting speed
equal {o the maximum travel of the ram can be attained.
The alloy can be cut dry, but a curting fluid is recomend-
ed for good cooling and lubricadon. Soluble oils are
satigfactory for many operations. Carbon oils or kero-
sene mixed with lard oil, usually in equal parts, are also
sadsfactory. For heavy cuts and slow feeds, pure lard
oil gives good results.

Curting edges of tools should be kept sherp and free from
grinding scratches, {2).

Welding

General. This alley can be readily welded, brazed or
soldered, and will maintain high mechanical properties
after welding or brazing without posi-weld {or post-
braze) solution heat treatment.

Fusion welding, Weldabijlity by TIC and MIG fusion proc-
esses is excellent i X5180 filler wire is employed,

After welding, the alloy will naturally age in several weeks
1o produce a strongexr weld joint than any of the non-heat
treatable alumiaum alloys. Artificial aging, after weld-
ing, will further improve the weld strength, partculariy
the yizld strength.

Welding procedures, joint preparation, machine scttings
and other welding variables are the same for X7005 as
for other aluminum zlloys. Precleaning procedures

are the same 83 those employed for the other heat treat-
able alleys, (1). L.

Average tensile strength (bead on) of bur-welded sheer
joints, Table 4.0321.

TABLE 4.0321

Source

(1)

Alloy

X7005 (X 5180 filler)

Form

Butt-welded sheer joints

Condition TS

fore weldin:

Postweld aged Narural age
to T63 {3 months)

Feus
Foys
Egin)

4,0322

1,003

4.034

ef10 in} -percemt 8.5 8.7

-ksi 51 49
~kst 41 %
-percent 9 10.8

The presence of zinc as a canstiteent in X7005 and in the
filler metals requires that precautions be taken to pro-
vide adequare ventilation during shop or field welding
operations.

Resistance welding. The alloy can be successfully spoz,
or stud welded by uging machine scheduleg similar to
those established for 7075 or X7106 alloys.

Brazing. The alloy is suitable for brazing by all brazing
methads; furnace, dip, torch and the new vacuum flux-
less brazing technique. It has good brazing characrer-
istics, and high strength after brazing is obtained by
natural or artificial aging. Brazing temperatures em-
plaoyed are sufficiently high to effect solution heat treat-
ment during brazing. This alloy is relatively insensitive
to rate of quenching. Thus many assemblies may be air
cooled from brazing temperatures. (1}(2}.
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Typical preperties of sheet, air cooled from brazing 15 —
Al temperatures, se¢ Table 3.021¢. x7005
4.0341 The melting range of 1125 to 1195F for this alloy enables =
brazing 1o be accomplished with standard fluxes and g
4.6 Zn fillers. For "dip brazing” in the recommended range ; 14 /
of 108G to 1100F, Alcoa No. 34 flux permits easy flow =
|4 Mg and good wetting of filler metals. Alcoca No. 33 and No. g /ﬁOM'\FT To ED
05 Mn 53 fluxes are satisfactory for "furnaee brazing”. Alcoa B TEMP INDICAT
Ne. 716 or No. 718 filler wires are recommended, {2). Z
O. Zr |03 The alloy can be successfully brazed up to a tempe mture ¢ 13 i S W ) et
of 1120F. However, brazing times and temperatures 2 MEAN COEF LINEAR
0. | Cr should be kepr as low as possible to minimize silicon THERMAL EXPANSION
penetration from the filler and 10 prevent excessive | \
- . - o
003 Ti gra2in growth in the allay, (1), ‘ 12 0 200 w00 600 300
4.0343 Precleaning metheds used for other hear rreatable alumi-
num alloys are satisfactory for X7005. After brazing, TEMP - F
X7005 the brazed joint must be thoroughly cleaned to remave FIC. 2.014 THERMAL EXPANSION (L, p.3)
all flux residue. Hot running water will wash off the
major portion of the residue, (1).
4,0344 Recommended fillers and temperaturcs for brazing,
Table 4.0344,
TABLE 4.0342
Source (1)
Allay X7005
Brazing X7003
razing Filler * Temperatun? range
o for brazing
X7005 4047 (No. 718}
3003 or 1100 4047 (No. 71B)
080-1100F
Mo, 23 0r 23 [ 4045 (No. 714y or 1080-1100
Brazing sheer ] 4047 {No. 718)"*
No. 2L oF 22 ) 4345 1o, Ta3) 1100-1120F
Brazing sheer
No. [iorl2
. N3
Brazing sheet 4343 (No. 713)
* Use No. 34 flux for dip brazing; No. 33 or 33 flux far furnace
?% Use No. 718 where additional filler is required.
4.035 Soldering. This alloy may be easily furnace soldered
with Alcoa 805 or 806 solders and a reactive zinc
chloride flux. A solutien of 50 to 70 percent 664 flux
in noymal propyl alcokol is satisfactory for furnace
soldering in the temperature range of 730-850F, (1). 50
4.0351 Tensile properties of sheet, furnace soldered, air coaled X7005 ' j f I ! j |
and aged, Tzble 4.0351. SHEET AND PLATE | 1 J [
NATURAL AGE 1+ ¢ |
TABLE 4. 0331 50 i
Source (1)
Alloy X7003__
| Condision, Furnace golderedat 750F, | min, AC + ige |
Aging Fo Fry» (2 in), 10
treatment (ksi) {ksi) (percent)
None 35 16 21 ]
1 week at RT 18 b3 20 >
1 month at RT 33 29 20 30
2 months atRT 34 30 20
4.04 Heat Treatment 20 !
4.041 If severe forming is required, it should be accomplished l
within 12 hours after solution heat rreatment, see Section
4.011. ! i
10 i
4.05 Surface Treatment - 3 ¢{2in) Ly
$.051 Alumilite finishes, including alumilite “hard cearings™ 20 |——" ; (- | |
can be applied to X7005 withou difficulty, The annealed £ f o
(0) temper requires a higher formatior voltage than Té E—; i | I i ! ;
or T63 tempers. Chromic acid anedize coatings and & -
chemical conversion films may also be applied, (1). 2 o ! E‘A‘Y 1WKL MEi 3MO 6MO)
1 10 [ 1000 10, 000

AGING TIME - HR

FI1G. 3.0211 EFFECT OF NATURAL AGING ON
TENSILE PROPERTIES OF SHEET
AND PLATE {1}
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