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GENERAL
The Alloy was developed la 1954 10 provide lorappllea-
tlone at temperatures up to 600P. Id the solution beat
treated and aged condition this alloy exhibits typical
mechanical properties in the S00-600P temperature
range superior to those at any other commercially
available aluminum alloy. The weldability of the alloy
is excellent. Mechanical properties at welded and un-
welded 2219 at temperatures down to -423P are also
excellent. It is available in all wrought products, sheet,
strip, plate and clad with 7072. Ebe to Its low direction¬
ality tendencies It Is well suited for forgings, (9).

Commercial Designations
2219, Clad 2219, (X2219 and Clad X2219, obsolete)

1.05 Heat Treatment
1.051 Anneal
1.0511 heat treated conditions to O Condition. 750 to 77SF, 2

to 3 hours, cool at 50P per hour down to 500P. (9).
1.0512 Intermediate anneal during repeated cold working O

Condition. 6SOP, 30 minutes maximum. The same
annealing treatment can be applied to heat treated
materia] if only moderate forming is to be performed.
(2).

1.0S2 Solution treat. 990 to 1010P. 20 minutes to 4 1/2 hours,
depending on thickness and equipment, followed by an
Immediate cold water quench, (9). Maximum allowable
quench delay times, Table 1.052.

TABLE 1.052

Al

6.3 Cu

03 Mn

0J8 Zr
0J0 V

0.06 Ti

1.02 Alternate Designation
Source (23)

Data Max allowable quench delay times
None. Nominal thickness. Max time, seconds

- 0.016 S
1.03 Specifications 0.017 to 0.031 7

Tafale 1.03. 0.032 to 0.090 10

TABLE 1.03 > 0.091 15

2219
CLAD 2219

AMS FORM CONDITION MILITARY ASTM
4031 Sheet and Plate

Sheet and Place
Sheet and Plate
Sheet and Plate

0

P.T31.T351
T37.T62.T8l
T85I.T87

MIL-A-8920A
MIL-A-8920A
MIL-A-8920A
M1L-A*8920A

B209-64
8209-64
8209*64
B2W-M

4143 Forgings
Forgings

T6
T852.T87

QQ-A-367P
00-A-367P

8247-64

-
Bar. rod, shapes

(tube extruded)
O.T62
T8510, TBSll

B221-64
8221-64

i.04
1.041

Composition
Core material. Table 1.041.

TABLE 1.041
Source AMS (8)

ftercem
Min Max

Copper 5.8 6.8
Iron - 0.30
Magnesium - 0.02
Manganese 0.20 0.40
Silicon 0.20
Titanium 0.02 0.10
Vanadium 0.05 0.1S
Zinc - 0.10
Zirconium 0.10 0.25
Others - Each - 0.05

- Total - 0.15
Aluminum Balance

Cladding. Table i.042.

TABLE 1.042
Source 111)

Ailov 7072 Alum, (a)

Perc
MLn

ent
Max

Zinc
Silicon + Iron
Manganese
Copper
Magnesium
Others

Each
Total

Aluminum

0.8

Bala

1.3
0.7
0.1
0.1
0.1

0.05
0.15

nee

(s) The nominal cladding thickness per side Is 10 percent of
the total thickness of the composite If the-litter is below
0.040 Inch and 5 percent for a total thickness of composite
products of 0.040 inch to 0.099 inch. Por a total thickness
of 0. J 00 inch or more the nominal cladding thickness on
each side Is 2.5 percent, (Ref. 3.3)

1.0521 tf solution treatment is performed by supplier it is design*
ated T4.

1.0522 If soluticm treatment is performed by user it Is designated
T42.

1.053 Modification of T4 by cold working, (9).
1.0531 T4 and stretch for sheet and drawn tube to T3i.
1.0532 T4 and stretch 1.5 to 3% for plate to T3Sl -
1.0533 T4 and stretch lto 3% for rod and bar to T351.
1.0534 T4 and cold work 2. $% for forginga to T352.
1.0535 T4 and stretch )%for extrusions to T3S1I, T3510.
1.0536 T4 and cold work approximate 8% for sheet, plate and

forglngs to T37.
1.054 Modification of T4 by aging, (9).

1.0541 T4 and age 375P, 26 hours for forgings to T6.
1.0542 T4 and age 375F, 36 hours (18 hours for clad 2219) for

sheet, plate, extrusions, drawn tube, rod and bar, to

T62.
1.055 Modification of T3 by aging, (9).

1.0551 T31 and age 3S0F, 18 hours for sheet to TBI.
1.0552 T3J and age 375F, 18 hours for drawn cube to TBI.
1.0553 T351 and age 350F. 18 hours for plate to T851.
1.0554 T35l and age 375F, 18 hours for rod and bar to T851,

1.0555 T3S1 and age 350P, 18 hours for forgings to T832.
1.0556 T351 and age 357P, 18 hours for extrusions to T85I1,

TB5I0.
1.0557 T37 and age 325F, 24 hours for sheet, plate and hand

forgings to T87.
1.056 Natural aging from T4.
1.0561 Effect of natural aging time on tensile properties of alloy

in T4 Condition. Pig. 1.0561.

1.06 Hardness
1.061 Typical hardness values for various tempers sheet and

place. Table 1.061.

Source (9)

Ailov 2219
Form Blare Sheet and Plate

Condition T31.T351 T37 T62 T81.T851 T87
BHN, typ
500 Kg load

10mmbail 96 110 113 123 128

1.07 Porms and Conditions Available
1.071 The alloy can be supplied In form at bar and clad sheet,

strip and plate, bar, wire, forgings, tubing and ex¬
trusions In the full range of commercial sixes, (6).
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At

6.3 Cu

03 Mn

0J6 Zr
QJ0 V

0u06 Ti

Conditions avillahie. Tabic 1.072.

2219
CLAD 2219

Source (10)
Alloy 2219. CUd 2219
Form Conditions Available
Sheet, plate-bare

Sheet, plate-clad

Wire, rodand bar
Extruded rod,bar,

shapes and tubes
Hand forging*.die
Rolled ring

0,731.7351,737,762, T81.TB51.
187

O,T31,T35l,T37,T62. 181, TBSl.
TB7

7851
O, T3|. T3S10. T3511, 762. TBI.

TBS10. 785!1
76
Tt

1.073 Components of dad plate and sheet, Tsble 1.073.

TABLE 1.073
Source
All™ Clad 2219

7072
Thickness - in _>0. 039 0.0*0 to 0.099 <0.100
Cladding thickness

per alde-%
Nominal 10 5 2 1/2
Min-avg 8 4 2

1.08
1.081

1.09
1.091

1.093

Meltingand Cutting Practice
Tbe impure ore (bauxite) in converted into pure aluminum
oxide (alumina) by a aeries at chemical processes. Oxy¬
gen is removed from the alumina by smelting in carbon-
lined electric furnaces (retiicticc pots). Pure molten
aluminum Is deposited at tbe bottom cf tbe pot and is
siphoned off periodically to form "pigs'* and "sows". A
separate furnace operation is used to form "alloy pig"
from tbe pure aluminum by tbe addition of tbe dealred
alloying elements. This alloy metal is cast into ingots
for further processing.

Special Considerations
Solution treating temperature should be closely controlled
as higher temperatures may cause solid solution grain
boundary melting or eutectlc melting which cannot be
repaired by subsequent beat treatment. Lover tempera¬
tures may result In a loss In hardening potential.
Rapid quenching after solution treatment is important
because of possible precipitance which results in reduced
corrosion resistance on slow coding from tbe solution
treat temperature.

Reheat treatment of dad material should be done care¬
fully because copper tends to diffuse through tbe cladding
to tbe surface, thereby decreasing corrosion resistance.

2. PHYSICAL AND CHEMICAL PROPERTIES

2.01 Thermal Properties
2.011 Melting range. lOlOto H90P, (l).
2.012 Phase changes. Alloy is subject to precipitation harden¬

ing.
2.0121 Time-temper*cure-transformation diagrams.
2.013 Thermal conductivity at room temperature.

99 Bcu ft per Qir sq ft F), O Condition
6S ftu ft per (hr sq ft P), T3l. T37, T42 Conditions.
72 fitu ft per Qir sq ft F). T&. T63. T81, T87 Cond¬

itions, (9).
2.014 Thermal eapaosion. Pig. 2.014.
2.015 Specific best at 212P. 0.23 Btu per Qh P), (9).
2.016 Thermal dlffuslvlty

2.02 Other Physical Properties
2.021 Density, Pig. 2.021.
2.022 Electrical resistivity at room temperature. 0 Condition,

1.54 microhm-in; T3i. T37. T42 Condition, 2.42
mlcrofam-in, (9). Varies with chemical composition.

2.023 Magnetic properties. Alloy Is nonmagnetic.
2.024 Emlaslvlty
2.025 Damping capacity
2.026 Crystal structure, fee.

2.03 Chemical Properties
2.031 Corrosion resistance. Tbe alloy baa about tbe same

degree of resistance to atmospheric corrosion aa
other AJ-Cu alloys, (see 2014 and 2024). When aged
to TBI or T87 temper, (be resistance to corrosion or
stress corrosion cracking is similar to Hiy* of 2Q24-T6
and is considerably superior to 2014-T6. Corrosion
characteristics of naturally aged tempers, T31 and T37
are similar to those of 2024-T3. Por steet thicknesses
of 0.064 inch and greater, the corrosion resistance of
tbe artificially aged tempera la superior to that of
naturally aged tempers, (12).

2.0311 Effect of salt spray corrosion on tensile properties of
sheet in various tempers, Pig. 2.0311.

2.04 Nuclear Properties

3. MECHANICAL PROPERTIES

3.0l Specified Mechanical Properties
3.011 AMS specified mechanical properties for sheet and plate.

Table 3.011.

TABLE 3.Oli
Source (8)
Alloy 2219
Ponn Sheet and Plate

Condition
O

Solution and precipi¬
tation beat treatment

Thickness In
0.040 to
0.499

0.499 to

2.00
0.040 to

1.000
1.000 to

2.000

Ptu. -mlB-ksl-v 30 30 54 56
-min-koi* 16 - 36 36
-mtn-% 12 6 6

• Maximum for O Condition

AMS specified mechanical properties for forglngs, Table
3.012.

TABLE 3.012
Source (8)

Alloy 2219
Form Die forging? Hand forgings Rolled rings

ConditiOn 76
Thickness - In < 4.00 <4.00 2. 375 to 4.00* <2.5
Direction L T L T ST Tang. Axial

Pÿ, -mln*-kai

P|y. -ratn#-ksi
58 S3 58 55 S3 56 55
38 35 40 37 35 40 37

e(i la) -mis *% 7 3 6 4 2 6 4

Applicable only for thickness range shown.

CODE 3205
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3.013 Aluminum Association mechanical property limits for
sheet and plate, Table 3.013.

TA8LE 3.013
Source (10)
Alloy 2219
Form Sreet and plate
Condition O T3i T3l. T3S1 1 T37 T62 T81 TBI. T8S1 T87
Width - in All
Thickness * In 0.020-2.000 0.020-0.249 0.250-6.000 0.020-5.000 0.020-2.000 0.020-0.249 0. 250-6.000 0.020-5.000

Pm*
e/Tui),

-inia*-Hal 32.0 46.0 46.0-39.0 49.0-43.0 54 59.0-61.0 61.0-54.0 63.0-57.0
-min*-kal 16.0 29.0-28.0 28.0-25.0 38.0-34.0 36 44.0 44.0-41.0 S0.0-47.0
-mtD -% 12 8- 10 10-8 6-4 6 6 6-4 5-3

Al

6.3 Cu

03 Mn

0J8 Zr
QJO V

0l06 Ti

* Maximum for O Condition 2219
3.014 Aluminum Association mechanical property limits for CLAD 2219

clad sheet and plate, Table 3.014.

TABLE 3.014
Source (10)
Alloy Clad 2219
Form
Tundtion 0 1 T31 \ T31, T351 I T?7 J T62 } T8J | 181,1851 I 187
Wufch-in All
Thickness- in 0.040-2.000 3.040-0.249 0.250-0.499 0.040-0.499! 0.040-0.499 0.040-0.249 0.250-0.499 0.040-0.499
Ptu' -mln*-kal
P-y. -mla*-kal
e(2 In), -min- 76

32.0
16.0
12

42.0-44.0
25.0-26.0

10

44
26
10

45.0-47.0 | 47.0-51.0
34.0-35.0 ! 32.0-34.0

6 j 6

55.0-SB.0
40.0-42.0

6

58.0
42.0
6

57.0-59.0
ÿ6.0-48.0

5

* Maximum for O Condition

3.0iS Aluminum Association mechanical property limits lor
rolled or cold finished wire, rod and bar and extruded
rod, bar, shapes and tubes. Table 3.015.

TABLE 3.015
Source (10)

2219
Form Rolled or CF

wire, rod and bar
Extruded rod, bar, shapes and tube

Condition 1851 O
T3l, T3S10,

T3511
782

T81.T8S10,
1*511

Area - oq in - All ii5 <25 <32 < 25

Thickness or
Dia • in

0.500 -
2.000

2.001 -
4.000

All <0.499
0.500-
2.999 <0.999 > 1.000 <2-999

P-y. -min* -kal
e( lo) -min ÿ%

58
40

4

57
39
4

32
16
12

42
26
14

45
27
14

54
36
6

58
42
6

' Maximum for O Condition

3.0l6 Aluminum Association mechanical property limits for die
forging*, hand forging* and rolled sings. Table 3.016.

TABLE 3.016
Source (10)

Alloy 2219
Hand fornlngfl Rolled rings

Condition T6 T6 TB52 T6

<*.00 X 4.00 * 2.500

Direction L T L LT ST L LT ST Tang. Axial Radial

>: -min-kol 58 56 58 55 53 62 62 60 56 S5 53

-min-ksi 38 36 40 37 35 50 49 46 40 37 35
e(2 in) -mln-% 10 4 6 4 2 6 4 3 6 4 2

3.02 Merhanicxl Properties at Room Temperature

3.021 Tension
3.0211 Stress-strain diagrams. (See 3.0311).
3.0212 Typical tensile properties, Table 3.0212.

TABLE 3.0212
Source (9)

2219
Sheet and plate

O T42 T3l , T351 T37 T6 181. Tl 51 187

T T L T L T L T L T L T

P , typ -ksl

fw. typ 'kjl

eliIn). typ '%

25
11
18

50
25
20

52
36
20

52
34
16

56
45
12

56
44
10

58
40
10

58
40
10

66
50
10

66
50
10

68
56
10

68
56
10
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Ai
3.0213

63 Cu
3.02)4

03 Mn
3.02)5

0J8 Zr
3.0216

QUO V
3.0217

006 Ti
3.022
3.0221
3.0222

2219
CLAD 2219

Effect of exposure to elevated temperatures oij tensile
properties cf forged rod In T6 Conditionr Pig. 3.0213.
Effect of exposure to elevated temperatures era tensile
properties of plate In T6 Condition. Pig. 3*0214.
Effect of exposure <*i tensile properties at plate In T62
Condition. Pig. 3.0213.
Effect of exposure on tensile properties of sheet and
plate In TBI and TBSl Condition, Pig. 3.02)6.

Effect 0# exposure on tensile properties of plate In T87
Condition, Pig. 3.0217.
Compression
Stressÿstrain diagrams
Typical compressive yield strength. Table 3.0222.

TABLE 3.0222
(9)

2219
Sheet and plate

T62 TB1.T351 _ T87
Direction L T L T L T
Fcv. typ-fca. 44 53 54 57 60

3.023 Impact. See 3.033.
3.024 Bending
3.025 Torsion and shear
3.0251 Typical ultimate shear strength, Table 3.0251.

TABLE 3.0251
Source (9)
Ailov 2219
Form Sheet and plate
Condition T62 TBI. T851 T87
Fsu. -W>. 36 38 40

3.026 Bearing
3.0261 Typical bearing properties. Table 3.0261.

TABLE V 0261
Source <9>
Alloy 2219
Form Sveet and plate
Condition T62 T8J T851 T87
e/D 1.5 12.0 1.5 2.0 1.5 2.0
pbw -fVP- -kai 90 120 96 125 100 131
Pbrv, -lyp.-kii 67 | 80 76 87 80 90

3.027 Stress concentration. See 3.037.
3.0271 Notch properues
3.0272 Practure toughness
3.028 Combined properties

3.03 Mechanical Properties at Various Temperatures
3.031 Tension
3.0311 Stress-etrsin diagrams
3.03111 Stress-strain curves for alloy in T6 Condition at room

and elevated temperatures. Fig. 3.03111.
3.03112 Stress-strain curves for T62 sheet at low temperatures,

Pig. 3.03112.
3.03113 Stress-strain curves for TBI sheet at low temperatures,

Pig. 3.03113.
3.03114 Stress-strain curves for TB7 sheet at low temperatures,

Pig. 3.03114.
3. 0312 Exposure time effect on tensile properties
3.03121 Effect of exposure and test temperature on tensile prop¬

erties of alloy in T6 Condition, Pig. 3.03121.
3.03)22 Effect of test temperature and exposure time on tensile

properties of place In T6 Condition. Pig. 3.03122.
3.03)23 Effect of teal temperature and exposure time on tensile

properties at sheet and plate in TBI and TBS5 Condition,
Pig. 3.03123.

3.03124 Effect of test temperature and exposure time on tensile
properties cf plate ln'T87 Condition, Pig. 3.03124.

3.03125 Effect of test temperscure and exposure time on tensile
properties d forging* in T6 Condition, Pig. 3.03125.

3.0313 Effect of test temperature on minimum tensile properties
Of alloy In T62 and TBI Conditions, Pig. 3.0313.

3.0314 Effect of test temperature on tensile properties of alloy
In T6 and T62 Conditions, Pig. 3,0314.

3.0315 Effect of low temperature cm tensile properties of sheet
in T62 Condition, Pig. 3.031S.

3.0316 Effect of low temperature on tensile properties of sheet
in TBI Condition, Pig. 3,0316.

3.0317 Effect of low temperature cc tensile properties of sheet
and plate In T87 Condition, Pig. 3. 0317.

3.0318 Effect of elevated temperature oo the tensile properties
of sheet in T81 Condition, Pig, 3.0318.

3.0319 Effect of test temperature on tensile properties of ex¬
trusion In T6 Condition, Fig. 3.0319.

3.032 Compression
3.0321 Stress-strain diagrams
3.0322 Effect of test temperature on compressive yield stress

of sheet and plate in the T62 Condition, Ktg, 3.0322,
3.033 Impact
3.0331 Effect of low temperature on impact strength of pUte in

T87 Condition, Pig. 3.0331.
3.034 Bending
3.035 Torsion and shear
3.0351 Effect of test temperature on shear strength of sheet and

plate in T62 Condition, Fig. 3.0351.
3.0352 Effect of Low temperature on shear strength of sheet in

various conditions, Pig. 3.0352.
3.036 Bearing
3.0361 Effect of test temperature on bearing properties of sheet

in T31 and TBI Conditions, Fig. 3.0361.
3.037 Stress,concentration
3.0371 Notch properties

3,03711 Effect of low temperature on tensile and notch properties
of alloy in T87 Condition, Pig. 3.03711.

3.03712 Effect of stress concentration factor oo low temperature
notch strength of sheet and plate, Ptg. 3.03712.

3.0372 Fracture toughness
3.03721 Effect of test temperature on net fracture strength af

T8l sheet, Pig. 3.03721.
3.038 Combined properties

3.04 Creep and Creep Rupture Properties
3.041 Creep rupture curves for extrusion in 16 Condition at

ÿOO and 600P, Pig. 3.041.
3.042 Creep and creep rupture curves for plate and forging In

T6, T97 and TB5l Conditions at room temperature,
Pig. 3.042.

3.043 Creep and creep rupture curves for plate and forglngs In
T6, T62, T87 and T851 Conditions at 300P. Fig. 3.043.

3.044 Creep and creep rupture curves for forglnga in T6
Condition from 4OOP to 700F, Pig. 3.044.

3.045 Creep and creep rupture curves for plate in T62, T8Sl,
and T87 Conditions from 4O0F to 7OOP, Fig. 3.045.

3.046 Creep and creep rupture curves for sheet In TBI Cond¬
ition from 300F to 600F, Fig. 3.046.

3.047 Creep curves for clad sheet In T6 Condition at 400F, Fig.
3.047.

3.046 Creep curves for clad sheet in T6 Condition at 500F,
Pig. 3.048.

3.049 Creep curves for clad sheet In T6 Condition at 600F,
Fig. 3.049.

3.05 Fatigue Properties

3.051 Fatigue strength of alloy In TO Condition at room and
elevated temperatures, Table 3.051.

TABLE 3.051

ÿourcc (31

Ailov 2219
Form Forged rod

Temp * F Method
Sen
R*
A

•a
lo

R 10*

Patlgue
at

icA

Strength
Cycles

107

• kal

10® sÿo8
RT
300
400
500
600

Rot Beam oo -I 30
27
25
22
18

25
22
20
17
13

21
17.5
IS
12
9

18.5
14.5
12
9
7

17.S
13.5
11
8
6.5
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3.052 Fatigue strength of extrusion In T6 Cooditloo at 400 and

600P, Table 3.052.

TABLE 3.052

FABRICATION

Source <s>
Aliov 2219
Form Extrusion
Conditlot r6

Thick-
ness-
in

Temp- P Method
Stress
Rat 0

IFstigue Strength-ksi
at Cycles

A R 105 106 10?
1 1/2 400 Direct +1 0 36 28 22

6O0 stress 25 20 14
1/8 600 25 20 16

Fatigue limit In rotating beam tests at 5 x 10S cycles,
Tabic 3.053.

<9)

Aliov 2219
Sieet and plate

Condition T62. TBI, T851, 787
Temp - F Method Fatisue limit-S * 1(Pcvr\+*

RT Rot beam IS ksi

3.054 S-N curves for smooth and notched specimens of plate
in TBI Condition, Fig. 3.054.

3.055 S-N curves for forglage in T6 Condition at 400 and 600F,
Fig. 3.055.

3.056 S-N curves for sheet in TO 7 Condition at room tempera¬
ture and low temperatures. Fig. 3.056.

3.06 Elastic Properties
3.061 Potsson's ratio
3.062 Modulus of elasticity
3.0621 Modulus of elasticity for all Conditions at room tempera¬

ture. E * 10.6 x 103 ksi, (9).
3.0623 Modulus of elasticity at various temperatures for forglcgs

la T6 Condition, Pig. 3.0623.
3.0624 Modulus of elasticity at various temperatures for sheet

and plate In various Conditions, Pig. 3.0624.
3.0625 Modulus of elASticty at low temperature of sheet in TBI

Condition, Pig. 3.0625.
3.063 Modulus of rigidity
3.0631 resign value of modulus of rigidity at room temperature

for sheet and plate, C ÿ4.0*K)3 kal, (9).

4.01
4.011

4.02
4.021

4.03
4.031

4.032

Formability
General. The alloy exhibits equal or superior formabllit}
characteristics to 2024 and 7075 for comparable tempers,
<22).
Forging. Forgtngs are made using either the open die or
dosed die methods and by Impact or pressure. Small
runs are made using the hand forging open die techniques.
Hand forglngs over a ton in weight can be made.
Cold forming. The formahiliry of the alloy in sheet and
plate is directly related to the temper strength and
ductility. Suggested minimum bend radii of sheet and
plate In various tempers, Table 4.013.

Al

6.3 Cu

03 Mn

0.18 Zr
QUO V

006 Ti

Machining and Grinding
The alloy has good machining qualities in the annealed
state. r Since most of the machining Is done In the heat
treated conditions, lathe tools should be ground to 10-20*
side rake and 8-l0* clearance. Parting tools should
have a 15-20* top rake with a 4-5* side rake. Planer
and shaper tools for roughing cuts should have a 12-15*
top rake, 32-38* side rake and a 8-10" front and side
clearance. Finishing tools should have a 45-50* top rake,

50-60* slcfe rake, 8-10* front clearance and little or no
side clearance. Twist drills should have larger spiral
angles than standard, highly polished deep flutes,
narrow bonds, and up to 18* Up clearance. "Threading
taps should have highly polished flutes and should be
under cut. Spiral fluted taps are usuaUy better than
straight fluted. .The rake angles should be increased to

12-18*. Soluble oil emulsions, kerosene, and kerosene-
Lard oU mixtures are recommended for most machining
operations, but high viscosity lubricants are recommend'
ed for tapping operations, <22),

Welding
General. The alloy can be satisfactory welded by fusion
and resistance welding techniques. Brazing, gas weld¬
ing and soldering are not considered suitable techniques
for Joining the alloy, (9).
Fusion welding. Fusion welding of the alloy using 2319
alloy filler and the inert gas metal arc welding process-
has been found to be superior to any Other beat treatable
alloy of similar strength. The alloy Is very similar to

6061 using 4043 filler with respect to ease of welding.
Direct fusion welds are entirely practicable without the
use of filler metal. (9).

2219
CLAD 2219

TABLE 4.013
Source
Aliov 2219
Form Sheet and niate

Thickness - in
Condition

bend radii for 90° cold bends

1/64 1/32 1/16 1/8 3/16 1/4 3/8 3/4 i

0
T42
T31
T37
T62. 781
787

o 1/2- 1 1/2t l-2t 2-3t 3-4t
o* 1-2| 1 1/2-2 l/2t 2-3l 2 1/2-3l/2t 3-4t 3l/2-4I/2t

1/2- iI/2i 1 - 2r 1 1/2-2l/2l 11/2 - 3t 2-4t 2 1/2-4C 3* St
1/2 - 1 l/2t 1 - 2t 1 l/2-3t 21/2 - 4t 3-4 l/2t 3 1/2-5t 4-6t S-7t
2-3 l/2t 2 1/2 - 4t 3-5t 4-6t S-7t 6-9t
2 1/2 - 4t 3- 5c 4-6t 5-7t 15l/2-8t 6-9t 1 7-10t 8 - 1It

4.0321 Welds in the alloy have high tensile efficiency and good
ductility following a post we id beat treatment. Typical
mechanical properties of butt welds, Table 4.0321.

table 4.0321_
tkxirce (9)
Alloy 2219
Form fkitt welded sheet and plate

Ccnditltai TBI. T87 T3I

After welding As welded Aged to
TBI or T87

Reheat and
Aged to T62

Reheat, shot peened
and aged to 781

pt0. TP"km

P„. TP-k.i
e(lin> type-X

41
30

45
39

57
39

63
49

3 2 8 8

CODE 3205
PAGE 5



AIWT
NONFERROUS ALLOYS REVISED' MARCH 1967

Al
63 Cu

03 Mn
0J8 Zr

Q10 V
006 r»

4. OS
4-061

2219
CLAD 2219

Reltuacc welding. The alloy can be successfully ipot
and waul welded ulagwÿlrr schedule* similar to
those established for 2014 and 2024 alloys- Ccoveatfoo*l
pre-rMsnhig practices are used, fim strength of resist¬
ance welds Is Id the same image as <*—«—ÿ*» with 2014
and 2024 alloys. (9).

Heat Treatment

Surface Treatment
The same technl<p>ca used for anodizing, hard coating,
and prothicing conversion costings an 2024 sod 2014 can
he used on this alloy, (9).

SO

10,

22L9A1
COND T4
1000P. VI'Q ~0 •

"to

PTY

' • • .1ÿ
c(2 IN)

10 10* icP

NATURAL AGING TIME - HR

10s

1.0561 EFFECT ON NATURAL AGING TIME ON TENSILE PROPERTIES
OF ALLOY INT4 CONDITION (9. p. 26)

12

10

22I9A1
CONDO ---

MEANO
THERMA

DBF UNEJ
L BXPANS

iR
ION

j

/
ÿ

ÿ

/
PROM

IN
RTTOTE
DICATBD

MP

-400 -200 0 200 400

TEST TEMP - F

2.014 THERMAL EXPANSION

1000

(11)
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0.08

2219A1

-400 -200

PIG. 2.02J DENSITY

0 200 400 600 800 LOOO

TEST TEMP - P

(11) 2219
CLAD 2219

40

20

10

2219A1
0.088 TC

SALTS

>0.100 IN

PRAY CORROSION TESTS(20% N.a)

—1-
PTO

__
A T31
O T42

•T62
ÿ T82

•T84

c(2£N)

80 120 160

EXPOSURE TIME - HR

200

PIG. 2.0311 BPPBCT OP SALT SPRAY CORROSION ON TENSILE
PROPERTIES OP SHEET IN VARIOUS TEMPERS

TEMP - P

PIG. 3.0213 EPFeCT OP EXPOSURE TO ELEVATED
TEMPBRATURES ON TENSILE PROPER¬
TIES OP PORGED ROD IN T6 CONDITION
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Al

6.3 Cu

0.3 Mn

0J8 Zr

0J0 V
006 Ti

2219a!
COND T6
2 IN PLATE

2219
CLAD 2219

TESTED AT RT

• 0.5 |
O 100 I
A 1000 {"'
A 10,009

ir
e(2 IN)

\

40 cz.

0 200 400 600 800

EXPOSURE TEMP - P

FIG. 3.0214 EFFECT OP EXPOSURE ON TENSILE
PROPERTIES OF PLATE IN T6 CONDITION

(13)

2219Al
COND TBI, TBSl

SHEET AND
PLATE

TE5TED AT RT

EXPOSURE

• o.s
o 100 f HR
A 1000
A 10.000

e(2 IN)

200 400 600 a00

EXPOSURE TEMP - F

FIG. 3.0216 EFFECT OF EXPOSURE ON TENSILE
PROPERTIES OP SHEET AND PLATE IN
T8I ANOTB51 CONDITION

(9. p. IS)

2219A1
COND 762
PLATE

TESTED AT RT

O 100
A 1000
A 10.000

200 400 600

EXPOSURE TEMP - F

PIC. 3.021S EPPECT OP EXPOSURE ON TENSILE
PROPERTIES OP PLATE IN T62 CONDITION

(9, p. 14)

2219a!
PLATE

T87 COND

TESTED AT RT

0 200 400 600 800

EXPOSURE TEMP - F

3.0217 BPPECTOF EXPOSURE ON TENSILE
PROPERTIES OP PLATE IN T87
CONDITION <9, p. 17)
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2219A1
FORGED ROD RT
T6 COND

/
At 'wop u

A 700P

TEN
100 HR E

BON
XPOSURS

0.002 0.004 0.006

STRAIN - IN PER IN

0.00B

PIG. 3.03111 STR ESS-STRAIN CUR VBS FOR ALLOY
IN T6 CONDITION AT ROOM AND
ELEVATED TEMPERATURES (4.p.144)

STRAIN - INPER IN

PIG. 3.03113 STRESS-STRAIN CURVES POR TBI SHEET AT LOW
TEMPERATURES (14,p.A.S.h-2.A-S.b-3)

100
2219A1
0. 100 IN SHEET
T62 COND

RT

-T

0.2000.120 0.1600.040 0.0B00

STRAIN - IN PER IN STRAIN - IN PER IN

PIG. 3.03112 STR EES-STRAIN CURVES POR T62 SHBBT AT PIG. 3.03114 STRESS-STRAIN CURVES POR TB7 SHEET AT LOW
LOW TEMPERATURES (I4,p.A.5.h,A.S.h-1) TEMPERATURES (14,p.A.S.h-4, A.S.h-5)
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2219A1
0.100 IN SHBBT
TBI COND

Al
6.3 Cu
03 Mn

OJ8 Zr

OJO V

0lO6 Ti

2219
CLAD 2219

-320P

-HOP

TENSION

1
120 0.160 0.0.040 0. 060

-hop

"rt

TENSION

120 0.160 0.200

2219A1
0.100 INSHEET
T87 COND

0---0 0.040 0.0B0 0.
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A1

6.3 Cu

03 Mn

0J8 Zr
OJO V

Q06*n

60

40

2219
CLAD 2219

2219A1
P6 COND

r\V%
FTÿNOS

—30 WIN— 100 HR
—1000 HP

> EXPOSl
J

;re

T
!f

.//
e<2 IN) ySj*

80

-400 -200 0 200

TEMP - F

400 600 800

FiC. 3.03121 EFFECT OP BXPOSURE AND TEST TEMPERATURE ON
TENSILE PROPERTIES OP ALLOY IN T6 CONDITION (3)

2219A1
PLATE

T62 COND
L

BXPOSURE

• 0.5
O 100

1000
A 10.000

TEST TEMP - F

PIG. 3.03122 EPPECT OP TEST TEMPERATURE AND EXPOSURE TIMBON
TENSILE PROPERTIES OP PLATE IN T6 CONDITION

(9,p.l4)
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too

0

90

2219A1
SHEET. PLATE

181, 1851 COND
L

J™

SXPOSUR1
ÿ 0.5
O 100
A 1000
A 10,000

;

HH

\v

\

¥
In

e<2 IN)

100

60 g

-400 -200 0 200

TEST TEMP - F

400 600 800

FIG. 3.03123 EFFECT OF TEST TEMPERATURE AND EXPOSURE TIME ON
TENSILE PROPERTIES OF SHEET AND PLATB IN 181AND T8S1
CONDITION <9, p.15)

80

h
Z
03
U 40

A1

63 cu
03 Mn

0J8 Zr
OJO V

Q06 Ti

22(9

CLAD 2219

\
22
PL

19AI
ATE
ONO

L\
187 c

pn AVi

BX
ÿ_ O

POSURE
0.5 ]
too

A ÿ
I

ÿ iooo r
A 10.000] s\

\7
/!

a ti* D)

ÿ ÿ

-400 -200 0 200

TEST TEMP - P

400 600 800

, 3.03124 RPPBCT OF TEST TEMPERATURE AND EXPOSURE TIME ON
TENSILE PROPERTIES OF PLATB IN T87 CONDITION

<9.p.17)
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Al

6.3 Cu

03 Mn

0J8 Zr

0J0 V

006 Ti

2219
CLAD 2219

2219AI
FORCINGS

To OOND

EXPOSURE

• O.S
O 100
ÿ 1000
A 10,000

TEST TEMP - F

PIG. 3.03125 EFFECT OP TEST TEMPERATURE AND
EXPOSURE TIME ON THNSLLE PROPERTIES
OP PORGINGS IN T6 CONDITION <9,p .18)

60

40

20

£
CO

2 40

STRAIN
0.

ATE 5 KSI PER MIN
050 IN/IN/MIN TO F

2219 Al
TO F-ty
AILURE

~n/t

• T81
A T62 [* COND

PTUX

PTY

10,000 HR
AT TBMf
UNDER N

EXTOSUR
IND1CAT
ÿ LOAD

B
3D

J!
MINIMUM TBNSLLB PROPERT BS t

e(2IN)

60 -S3

-400 -200 0 200 400 600 800

TEST TEMP - P

PIG. 3.0313 EPPBCT OP TEST TEMPERATURE ON MINIMUM TENSILE
PROPERTIES OF ALLOY IN T62 AND TBI CONDITIONS

(II. p. 30)
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20

O 40

22

• T62
ÿ T6

9A1

ftu
N>M

fty \
\ ' <

e

100

40 t

-400 -2D0 0 200 400 600

TEST TEMP - P

PIG. 3.0314 EFFECT OP TBST TEMPERATURE ON TENSILE PROPERTIES
OP ALLOY IN T6 AND T62 CONDITION (15,p.45.49)

Al

6.3 Cu

02 Mn

0J8 Zr

OJO V

CX06TS

2219
CLAD 2219

100

30

! VZ/7/

-
0.090 1

Fro

ro 0.125 0
T

2219A1
9 SHEET
62 COND

L, T

,2 e

V/jU*

-200 -100

TBST TEMP - P

100

PIG. 3.0315 EFFECT OP LOW TEMPERATURE ON TENSILE
PROPERTIES OP SHEET INT62 CONDITION

(14.p.A.5.A.A.S.b, A.Sc, A.5c-1)

j 1 2219AJ
0.063 TO 0.100 IN SHEET

T81 COND
L. T

Pty

e

-400 -300 -200 -100

TEST TBMP - P

100

PIG. 3.0316 EPPBCT OF LOW TEMPERATURB ON TENSILE
PROPERTIES OF SHEET IN*13 1CONDITION

(14,p.A.5a~t.A.5.b-l,A.5b-2»A.5c-2.A.Sc-3)
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Al

6.3 Cu

03 Mn

0.18 Zr
OUO V

0i06 71

22(9
CLAD 2219|20

2219A1
PLATe
COND

T

7ZZZZ%ZZZZ>
-200 -100

TEST TEMP - F

FIG. 3.0317 BPPECT OP LOW TEMPBRATURE ON TENSILE
PROPERTIES OP SHEET AND PLATE IN T87
CONDITION (14,p.A. Sa-2, A.Sb-3, A.5c-4)

22 19AJ

EXTRUSION
T6 COND

4 * I1/2 IN SECTION

AL 1 1/8 x 1/8 IN SECTION

100 HR EXPOSURE

e(l IN)

TEMP - F

FIG. 3.0319 EFFECT OF TEST TEMPERATURE ON TENSILE
PROPERTIES OF EXTRUSION IN T6 CONDITION

(5. p. 8,9)

60

40

0.100
T

2219Al
N SHEET
ÿZl COND

'sÿtu

PTÿ

e , -H

100 200 300 400 500 600

TEST TEMP - P

50

\
2219A1

SHEET. PLATE
T62 COND

PCY

\

-400 -200 0 200 400 600 800

TEST TEMP - P

PIG. 3.0316 EFFECT OF ELEVATED TEMPERATURE ON THE TENSILE 3.0322 8PFECT OP TEST TEMPERATURE ON COMPRESSIVE YIELD
PROPERTIES OF SHEET IN TBI CONDITION (16) STRESS OP SHEET AND PLATE INTHB T62 CONDITION (17)
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2219
0.50
7B7

Al
0 IN PLAT
COND

B

--
L--T IE

-200 -100

T8ST TEMP - P

100

BPFECT OP LOW TEMPERATURE ON IMPACT
STRENGTH OP PLATE INT87 CONDITION

{14, p. A.5.1)

30

%
0. 100

2219A1
IN SHEET

k --Tl

-n----Tl
ÿCOND

V
\

V X \ LT

T

psu
L

-300 -200 -100

TBST TEMP - P

PIG. 3.03S2 8PPBCT OP LOW TEMPBRATURE ON SHEAR STRENGTH
OP SHBBT IN VARIOUS CONDITIONS

(I4»p.A.Sp. A. 5.p)

140
2219A1

0.100 IN SHEET

12060
2219A1

SHEET. PLATE
T62 COND

100

BRU

80
40

BRY

su 60

100 200 600300 500400400 800200 600

TEST TEMP - PTEST TEMP- • P

FIG. 3.0351 EPPBCT OP TBST TEMPERATURB ON SHEAR STRENGTH OP PIG. 3.0361 BPPBCT OP TEST TBMPERATURB ON BEARING
SHBBTlAND P1ATB IN T62 CONDTTOON (17) PROPERTIES OP SHBBT INT31 AND TBI CONDITIONS

(16)
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Al

6.3 Cu

0.3 Mn

0J8 Zr
o3 V

Q06 Ti

2219
CLAD 22(9

70

60

K

2219A1
T87 COND

320P

NOTCH STRENCTH

-400 -300 -200 -100 0 100

TEST TEMP - P

FIG. 3.03711 BPPECT OP LOW TEMPERATURE ON TENSILE AND
NOTCH PROPERTIES OF ALLOY IN T87 CONDITION

(18)
423P

2219A1

0.09 TO 0.125 IN SHEET
T62 COND

0.063-0.100 IN SHEET
COND

- 2.00 IN SHEET,
PLATE

787 COND

•423P

STRESS CONCENTRATION FACTOR - ÿ

PIG. 3.03712 BPF8CT OP STRESS CONCENTRATION FACTOR ON LOW
TEMPERATURE NOTCH STRENGTH OP SHEET AND
PLATS (14, p. A.S.e)
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a

PIG.

40

30

20

2 15

10

8
0.1 1 10 100 1000

TIME • HR

PIG. 3.041 CREEP RUPTURE CURVES POR EXTRUSION IN T6
CONDITION AT 400 AND 600F (S. p. 13)

22I9A1
EXTRUSION
T6 COND

•
O

*o "—ÿ

4OOF

O -

___
O

6O0P

RUPTURE

NET PRACTURB STRENGTH

2219A1
0.060 IN SHEET

T81 COND

Pÿ - 71.0 KS1

Kc(NOM) - 42.6 KHVTf7

SPECIMEN: ASTM, 3
K. BASED ON INITIAL CRACK LENGTH

J_1_l
_1—

TEST TEMP - P

3.03721 EPPECT OP TEST TEMPERATURE ON NET FRACTURE STRENGTH OF
T81 SHEET

Al

6.3 Cu

03 Mn

CDO Zr

oo V

0.06 Ti

2219
CLAD 2219

100
22I9A1

FORGING
T6 COND

60

100
PLATE

-T81 COND
RT

80

S2 60

100 PLATE
TBSl CONECREEP80

40

TIME - HR

PIG. 3.042 CREEP AND CREEP RUPTURE CURVES POR PLATE AND FORCING
IN T6, T87 AND 1651CONDITIONS AT ROOM TEMPERATURE

(9,p. 16,17, IB)
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Al

6.3 Cu

03 Mn

OJ8 Zr
CJ0 V
O06 Ti

2219
CLAD 2219

2
3

2219A]

PLATE
T62 COND

•RUPTURE

1.0*
-ÿ0.5* \ CREEP
ÿ0. " RORGINC

T6 COND

PLATE
TB7. T85l COND

TIME - HR

2

3

2219AJ
FORCING
T6 COND

500F

oUOr

RUPTURE
ÿ 0%

0.5*
ÿ0.2*
ÿ 0.1*

7OOF

CREEP

TIME - HR

PIC. 3.044 CREEP AND CREEP RUPTURE CURVES FOR FORCINGS
INT6 CONDITION FROM 4OOF TO 7(J0F (9. p. 18)

CREEP AND CREEP RUPTURE CURVES FOR PLATE AND FORGING
IN T6. T62. T87 AND T8Sl CONDITIONS AT 300F

(9. p.14,16,17, 18)
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20

10

8

6

4

3

2
10

B

6

4

2

1.5

1.0

0.8

1967 N0NFERR0US ALLOYS A1WT

| 2219A1
1 PLATE

T62, T851, T87COND

2219A1
PLATE

>2. T851, T87 COND

• RUPTURE
A 1.056

CRBEP

ÿ 0.1%

2219A1
SHEET

TBI COND

•RUPTURE
A 1.056
ÿ 0.5%
ÿ0.2%
ÿ 0.1%

CREEP

2219A1
0.064 IN CLAD SHKKT

T6 COND

(PLASTICÿ

PERCENT

TIME - HR

PIC. 3.0+7 CRBEP CURVES FOR CLAD SHEET IN T6 CONDITION
AT 400P 09)

A1

6.3 Cu

03 Mn

OJ8 Zr
aio V

a06Ti

2219
CLAD 2219

PIC. 3.046 CREEP AND CREEP RUPTURE CURVES POR SHEET
IN T8l CONDITION PROM 300P TO 600F

(9.p. IS)

1,0 10 102 103

TIME - HR

REEP AND CRBEP RUPTURE CURVES POR PLATE IN
62. T851 AND T87 CONDITIONS PROM 400P TO 700P

(9,p.14.16,17) TIME - HR

CRBEP

• 0.1
ÿ 0.2
A 0.5

• 1.0
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At

6.3 Cu

03 Mn

0J8 2r
QJO V

Q06 Ti

25

2219 13

CLAO 2219 lfl

0.1

22I9A1
0.064 IN CLAD SHE$T

T6 COND

1

ÿsN
CREEP (PL

• 0.1
ÿ 0.2
A 0,5
ÿ 1.0

astic)

PERCENT

\ *\\

IV
'V500P ÿ

2219A1
1 IN PLATE
To! COND

KOT> TING Be

• A L
O L- T

• O SMOOTH
A A .NOTCHEO

0.480 0.330

« 0,001

10

TIME - KB

100 1000

105 10" 10' 10"

NUMBER OP CYCLES

PIC. 3.0S4 S-N CURVES OF SMOOTH AND NOTCHED SPECIMENS
OF PLATE IN T8l CONDITION (9. p. 22)

PIC. 3.048 CREEP CURVES FOR CLAD SHEET IN T6 CONDITION AT 5Q0P
(19)

2219A1
0.064 IN CLAD SHEET

T6 COND

CR EBP (PLASTIC)
0.1

TIME - HR

20

16

\ 2219A1
FORCINGS

T6 CONO

\ \ 4OOF

\ \
\ , 600F

PIC. 3.049 CftEeP CURVES POR CLAD SHEET IN T6 CONDITION
AT600P (,9)

NUMBER OF CYCLES

PIC. 3.OSS S-N CURVES FOR FORCINGS INT6 CONDITION AT 40V AND 60UF
(20)
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Fw >66.7 KS

0
7219AJ

.100 IN SHEET
T87 COND

v -4SP
AXIAL LOAD

FATIGUE
B ÿ-!

RT

-,-320P

(////////'

10* 10 10

NUMBER OP CYCLES

10 10

PIC. 3.056 S-N CURVES FOR SHEET INT87 CONDITION AT ROOM
TEMPERATURE AND LOW TEMPERATURES ,A i2

(14,p.A.5.0)

Al

6.3 Cu

03 Mn

0.18 Zr
0J0 V

0.06 Ti

2219
CLAD 2219

2219a1
SHEET, PLATE

T62, TBI, T85I, IB7 COND

TEST TEMP - F

PIC. 3.0624 MODULUS OP ELASTICITY AT VARIOUS TEMPERATURES
POR SHEET AND PLATE IN VARIOUS CONDITIONS

(9. p. 14-17)

2219A1
FORCINGS

T6 COND

2219AJ
SHEET

TBI COND

PIC. 3.0623

.200 0 200 400 600 800

TEST TEMP - P

MODULUS OP ELASTICITY AT VARIOUS TEMPERATURES
POR FORCINGS IN T6 CONDITION PIC.

<4,p.144X9,p.18)
3.

TEST TEMP - F

0625 MODULUS OP ELASTICITY AT LOW TEMPERATURE OP
SHEET INTBI CONDITION (14.p.A. 51. A.S.I-i)
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