Introduction to metals: pter7- Aluminum and Aluminum alloys

Jad alaa]

Jad alaal o
Q‘LSL“ )\7.\5‘ )ﬁmﬂ‘\_\@\_\u\ °
arinasll sla 5L (al i e



Nl lilailelaRleN =iz llse Chapter7- Aluminum and Aluminum alloys

9 Ca) JY)S J‘ Az G&AJ.\.@_A sdla u.lA}.J ‘;.\.\..\AJ“O
L_\ALA‘\SJJ}JGAJ\.S‘\J@\-Q DJLAQ_\ALMLS“)J

ad (sla Jﬁ)\SdﬁAm\Qﬁ\jﬂJYﬁJ\ L
_LADJ\}A\.A \.A«_S\..w}q

4V gl 4 ailg e lals ol )0 sl e
P L_\A}\.SA‘\S@\-Q\.A Br Jlia U‘}"Q 4 A4 J\.S

oyl eﬂ éAJ «_i.u J.)\J.)

Automobile, building,, windows,, doors



Nl lilailelaRleN =iz llse Chapter7- Aluminum and Aluminum alloys

Jsal sl 6l O (SOU arie gl 5L Calla ais o
L aS aad alaal Gin Jle 50 asaa o 48 Cal
e a Al o) Qlls Glpa a4 45
ASL a4tEy o) 2y s Sle DUl

i gy o8iila ) )2 1825 Jlw o 1ail avina ol o
4 arive gl U o8 Ll 2k ol 68 aniia sl 2y IS L
S Joh o gn Sl Bia U owdiga odla () sic



Nl lilailelaRleN =iz llse Chapter7- Aluminum and Aluminum alloys

8 35 Gl (e ) gy 3 paie (p A5l A e

4 Crpla o adlinlic Wl |G ) 4ds g ) e
Wl o jha 50 250 i lay pald G s
R e o (Al sy GLS GO ) pua

atia sl Sl 4S Gl Gl gy o Cag gre (SIS e
L) (el (05 (A Cile 4l Al a
Js B0 252a 5290 JKhia () ) A0 anina sl

A Gy O L) (6l () U2 g a Y Aadlas



Nl lilailelaRleN =iz llse Chapter7- Aluminum and Aluminum alloys

led gy o g1 aS 0k ad 8 AL ) (elide o
00 3 Caad ad a6 lad e ) 8 5 eda
25 $/Ib500 1850 Jlw

RaSdle iy Al e 11886 Juu 3 e
o Sl Ak Gl gl 3 LU aPatent <o
A Aagh e Sead



Nl lilailelaRleN =iz llse Chapter7- Aluminum and Aluminum alloys

D aisa sl el e Cd g S ) Akl (g e
'J‘)SUS\AA‘JU‘&)\';-’“JM}J‘JUM\S

il S )1 1890 Jls 2 arisasll aliia o
Juw o la aay aSad & 555 5o ) 2 Pittsburg
5 pra g el el (SleS Glie 43 1907
Dby Ul 38 el a0 s Sia g 55 Ll ol
A atiiagll o e Ab )



Introduction to metals: hapter?- Aluminum and Aluminum alloys

393 8o el o pald aviaagll Caad 2003 Jlw o e
2N Ssld sl S 4 5iS)asS v ) 0.65%/1b
o s 2 S i o S ) g ik
Ca gl SO G jlas



Introduction to metal‘ Chapter7- Aluminum and Aluminum alloys

Applications for aluminium alloys
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General Characteristic
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Alloy Designation
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10. Good formability
11. Nonmagnetic
12. Nontoxic

13. One-third the stiffness of steel

About 25% of the aluminum produced in
the United States is used for containers and
packaging when freedom from toxicity, strength,
lightness, and corrosion resistance are impor-
tant. About 20% of aluminum production is
used for architectural applications such as win-
dows and siding. Again, corrosion characteris-
tics are a principal reason for its use in this
application. Ten percent of aluminum produc-
tion is used for electrical conductors, and the re-
mainder is used for durable goods in industry, in
consumer products, in vehicles, and in aircraft.

17.2  Alloy Designation
Wrought

The most commonly used alloy designation sys-
tem in the United States is that of the Aluminum
Association. For wrought alloys, it is based on

four digits corresponding to the principal alloy-
ing elements:

Commercially pure aluminum 1000
(99% min.)

Copper (major alloying element) 2000

Manganese 3000
Silicon 4000
Magnesium 5000
Magnesium and silicon 6000
Zinc 7000

The digit following H1, H2, or H3 indicate
degree of strain hardening. A 1 indicate

smallest amount of cold work, and an 8 ind
maximum cold work or full-hard condition

Table 17-1
Temper designations

he maeaningls of the numbers following the
\ ?mper designations are as follows:
it

wrought aluminum alloys involves a suffix’
dicates the degree of cold work or therihd
ments. Table 17-1 lists some of the '
commonly specified conditions. A complete lise:
ing of temper designations in the United'Stiadid
can be obtained from the Aluminum associaj
These numbers can have letters and riyg}
after them to indicate additional treatments,
H letter is followed by one, two, or three dfgl
indicate degrees of cold working (strainih‘"
ing). The T is followed by one, two, or three!dis

to indicate various thermal treatments: !

-:[,boo(-Tl Cooled from a hot working tem-
ol perature and naturally aged

! "xx-T2 Cooled from an elevated

" temperature, cold worked,
and naturally aged (means

3 annealed for cast products)
.:!;ﬁb(xx-T3 Furnace solution heat treated,*
4 quenched, and cold worked
# xocT4  Furnace solution heat treated,
quenched, and naturally aged

SR A et S e

iy

£t
i
xxxx-H1  Strain hardened only i Q{i xooe TS Quenched from a hot-work ;
xxxx-H2  Strain hardened and partj > 3 temperature and furnace agc?F
annealed i i xox-T6  Furnace solution heat treated
xxxx-H3  Strain hardened and stabiliz quenched apd furnace ’ageéi*
by low-temperature ther xxxx-T17 Furnace solution heat treate
treatments : and stabiliz'ed i
xxxx-H4  Strain hardened and lacque; wox-T8  Furnace solution heat treated,
or painted 3 quenched, cold worked, and

furnace aged

Furnance solution heat treated,*
quenched, furnace aged, and
cold worked

Quenched from an elevated
temperature shaping process,
cold worked, and furnace aged

ditional digits can be added to T1 through

Xxxx-F As fabricated, no special controls 0 temper designations to indicate significant
xxx-W- - Solution heat treated (used only ong B tions.
alloys that naturally age harden) | g o
Xxxx-O Annealed (wrought alloys onl E i il
xxxx-H Strain har(gened%co]d w);rkedyt)qu blution heat treatmcm{i.s achleved, lbyl ‘hﬁl,[;:ii c::lth&l:
strength), wrought alloys only wrought products to a specified tCIﬂ?PCT{ft‘JI'L“I]'t\ mcmgcrsnlid
xxxx-T Thermally treated to produce cffccté i temperature long enough to allow constituents

., solution, and cooling rapidly enough (quenching) to hold the

otherthan F, O, or H ‘ ] !
: :  constituents in solution.
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T+ AU UT RIVELL d 1IdTU SUTIace Dy anodizing
and hard coating

5. Most alloys are weldable

6. Will not rust

7. High reflectivity

8. Can be die cast

9. Easily machined

10. Good formability

11. Nonmagnetic

12. Nontoxic

13. One-third the stiffness of steel

About 25% of the aluminum produced in
the quted States is used for containers and
packagmg when freedom from toxicity, strength
lightness, and corrosion resistance are impor-’
tant. About 20% of aluminum production is
used for architectural applications such as win-
C!OWS and siding. Again, corrosion characteris-
tics are a principal reason for its use in this
a‘pplllcatlon. Ten percent of aluminum produc-
1101.1 is used for electrical conductors, and the re-
mainder is used for durable goods in industry, in
consumer products, in vehicles, and in aircraf’l.

17.2  Alloy Designation
Wrought

The most commonly used alloy designation sys-
tem m‘lhe United States is that of the Aluminum
Assm‘l'ation. For wrought alloys, it is based on
four digits corresponding to the principal alloy-
ing elements:

Commercially pure aluminum 1000
(99% min.)

Copper (major alloying element) 2000
Manganese 3000
Silicon 4000
Magnesium 5000
Magnesium and silicon 6000
Zinc

7000

Table 17-1
Temper designations

unusea series .'._-1.‘» ! ‘)'ooo(-H-“ Half-hard

The second digt inthis system desigr el W'H_g Ehlrle;-qganers T
control or lack of same on specific elemeng ‘ ; W-H_ pi
izlilset ;\;fo(;( (:Lgrlil;ht;\;c r;(())iSJg'lélﬁca.nce, eXCs:iﬁts ?'ﬁi?‘d digit can be used to ir.ldicaFe a yariati.on
ity inyhunr(nju de }\:nth alumlpg “the two-digit 'temper‘de&gnatlon in which
sy redths. A 1040 ] serties are slightly different from those of
- oha u]mm'um. The complete specific two-digit temper.
dic(::g t ]? u(;mnum alloys involves a sy ?rhe meanings of the numbers following the
es the degree of cold work or therm per designations are as follows:
ments. Table 17-1 lists some of th
commonly specified conditions. A complet
ing of temper designations in the Uniteq
can be obtained from the Aluminum assoc;
These numbers can have letters and nu
after them to indicate additional treatmen?s
H letter is followed by one, two, or three dip
!ndicate degrees of cold working (strain’ g
ing). The T is followed by one, two, or three'digi
to indicate various thermal treatments: /1§48

0
It
LIS

Cooled from a hot working tem-
perature and naturally aged
Cooled from an elevated
temperature, cold worked,
and naturally aged (means
annealed for cast products)
Furnace solution heat treated,”
quenched, and cold worked
Furnace solution heat treated,*
quenched, and naturally aged

i

xxx)o);(g; g:ram hardened only . xoxTS  Quenched from a hot-work
rain hardened and par v temperature and furnace aged
e, an}nea’led i xox-T6  Furnace solution heat treated*
3 train hardened and stab ized quenched and furnace aged
by low-temperature th xoxT7  Furnace solution heat treated*
S tsr[ealeelnts : : and slabiliz_ed
rain 'ardcned and lacqu " xxxx-T8  Furnace solution heat treated,*
or painted quenched, cold worked, and

furnace aged
Furnance solution heat treated,*

quenched, furnace aged, and
3 cold worked

' xxxx-T10  Quenched from an elevated
temperature shaping process,
cold worked, and furnace aged

The digit following H1, H2, or H3 indicate
degree of strain hardening. A 1 indicates
smallest amount of cold work, and an 8 indi
maximum cold work or full-hard conditio

dditional digits can be added to T1 through

Xxxx-F As fabricated, no special controls i1 1 SR e P
xxxt-W  Solution heat treated (used only onrs {10 temper designations to indicate significant
alloys that naturally age harden) | ariations.
xoo-0 - Annealed (wrought alloys only)
xxxx-H i : : ’ : i
Strain hardened (cold worked to in olution heat treatment is achieved by heating cast or

2 Strength), Wl’OUgh( a]]oys only k Wrought products to a specified temperature, holding at that

Xxxx-T Thermally treated to produce effects temperature long enough to allow constituents to enter solid

solution, and cooling rapidly enough (quenching) to hold the
constituents in solution.

other than F, O, or H

XXXX-1J1U

DLLIUDD IVIIVYLU Uy DU vivIE
with no further processing

Stress relieved by stretching
and minor straightening

Stress relieved by compression

Stress relieved by stretching
and compression

xox-T511

Xxxx-T52
xxxx-T54

A complete alloy specification includes the
alloy and its treatments:

1. 3003-H38 (3003 alloy cold finished to full
hard temper and stress relieved by a low-
temperature treatment, H38)

2. 6061-T6 (6061 alloy, solution heat treated”
and furnace age hardened, T6)

Cast Alloys

In the United States cast alloys have been identi-
fied by a four-digit identification number with
the last digit separated by a decimal. A letter pre-
fiix is occasionally used to signify alloy or impurity
limits. The first digit indicates the alloy group.
The second and third digits identify an alloy
within a group, and the last digit indicates prod-
uct form. A last digit of 0 indicates a casting; a
digit of 1 indicates ingot form. The designations
for groups of cast alloys are shown in Table 17-2.

Table 17-2

Cast aluminum alloy designations

Case Alloy

Designation Major Alloying Elements
1-99 (old system) ~ Aluminum + silicon

1xx.X 99.5 min. aluminum

2xxx Copper

Ixx.x Silicon + copper or magnesium
4xx.X Silicon

SXX.X Magnesium

6XX.X Unused series

TxXx.X Zinc

8xx.x Tin

9XX.X Other element
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alloys are weldable

10t rust

reflectivity

se die cast

v machined

| formability

1agnetic
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hird the stiffness of steel

t 25% of the aluminum produced in
d States is used for containers and
when freedom from toxicity, strength,
and corrosion resistance are impor-
ut .20.% of aluminum production is
rghltectural applications such as win-
siding. Again, corrosion characteris-
principal reason for its use in this
1. Ten percent of aluminum produc-
1for electrical conductors, and the re-
used for durable goods in industry, in
oroducts, in vehicles, and in aircraft.

oy Designation

‘on.lmonly used alloy designation sys-
Jnited States is that of the Aluminum
1. For wrought alloys, it is based on

corresponding to the principal alloy-
ts:

ereially pure aluminum 1000
> min.)
“(major alloying element) 2000
nese 3000
g 4000
sium ' 5000
ilum and silicon 6000
7000
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control or lack of same on sgeci;il(l: (::T:Eg%‘
Eset ;:vog( (::frli[essht;‘; Ilgif:(g:ircljlflca.nﬁe, excéy [ hird digit can be used to ir}dica?e a Yariati.on
i o AL hundre;t}:m alumxlx}u . the two-digit .temper. designation in which
g g s. A 1049 ties are slightly different from those of
it ]mm‘um. The complete speci two-digit temper.
dicategs : ;11 uctimnum alloys involves a suffj he meanings of the numbers following the
e degree of cold work or therm emper designations are as follows:
ments. Table 17-1 lists some of the : P
f:ommonly specified conditions. A comp s " oo T1
ing of temper designations in the United'Stia B!
can be obtained from the Aluminum ass ; oo T2
These numbers can have letters and nu N f
after them to indicate additional treatment.
H l.etler is followed by one, two, or three i i
I.ndlcate degrees of cold working (strain’ 2
mg). The T is followed by one, two, or three'diaiee
to indicate various thermal treatments: /[ : o T4

T oox-H-8  Full-hard

Cooled from a hot working tem-
perature and naturally aged
Cooled from an elevated
temperature, cold worked,
and naturally aged (means
annealed for cast products)
Furnace solution heat treated,*
quenched, and cold worked
Furnace solution heat treated,*
quenched, and naturally aged

3

xxxx-H1

Strain hardened only \ xxxx-T'S Quenched from a hot-work

y e e partially u temperature and furnace aged
xox-H3 Star?neefled i B ' xxxx-1'6 Furnace solution heat treated*
: raic igkdened and i ! quenched and furnace aged
tret;};rl:g]}t:mperature therm, xxxx-T7 Furngce sl())‘lltlxtiodn heat treated*

¢ " and stabilize

s B hardened and Iacq‘:\J " xxx-T8  Furnace solution heat treated,”

OF pamcd quenched, cold worked, and

The digit following H1, H2, or H3 indica;g ‘ w furnace aged

& . A Xxxx-19 Furnance solution heat treated,*
degree of strain hardening. A 1 indicate e ched fu S ed iihd
sma!lcst amount of cold work, and an 8 indica quldncoek, dumace i
maximum cold work or full-hard ition® SRR

% condmo’rlL xxxx-T10  Quenched from an elevated

temperature shaping process,

Table 17-1
cold worked, and furnace aged

Temper designations

dditional digits can be added to T1 through

xxxx-F As fabricated, no special controls i . . (e ey

Xxxx-W Solution heat treated (used only on; {110 temper designations to indicate significant
alloys that naturally age harden) | yariations.

xxxx-O Annealed (wrought alloys only) 4 ‘

xxxx-H Strain hardened (cold worked to iny olution heat treatment is achieved by heating cast or
strength), wrought alloys only 438 rought products to a specified temperature, holding at that

XXXX-T ThCl‘mﬂ”y treated to produce effcctg i temperature long enough to allow constituents to enter solid

solution, and cooling rapidly enough (quenching) to hold the
constituents in solution.

other than F, O, or H

AAAATL I L L
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and minor straightening
Stress relieved by compression
Stress relieved by stretching
and compression

Xxxx-T52
xxxx-1'54

A complete alloy specification includes the
alloy and its treatments:

1. 3003-H38 (3003 alloy cold finished to full
hard temper and stress relieved by a low-
temperature treatment, H38)

2. 6061-T6 (6061 alloy, solution heat treated*
and furnace age hardened, T6)

Cast Alloys

In the United States cast alloys have been identi-
fied by a four-digit identification number with
the last digit separated by a decimal. A letter pre-
fix is occasionally used to signify alloy or impurity
limits. The first digit indicates the alloy group.
The second and third digits identify an alloy
within a group, and the last digit indicates prod-
uct form. A last digit of 0 indicates a casting; a
digit of 1 indicates ingot form. The designations
for groups of cast alloys are shown in Table 17-2.

Table 17-2

Cast aluminum alloy designations

Case Alloy

Designation Major Alloying Elements

1-99 (old system) ~ Aluminum + silicon

1xx.X 99.5 min. aluminum

2xx.X Copper

3xx.X Silicon + copper or magnesium
4xx.X Silicon

SXX.X Magnesium

6XX.X Unused series

Txx Zinc

8Xxx.X Tin

9xXX.X Other element

24
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Aluminium products
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ativa oll J gaza sla 3L

Aluminum
alloys
|
Wrought Cast
| , & l l l &
Heat Nonheat Permanent Die Sand
treatable* treatable mold casting casting

2011 (A92011) 1100 (A91100) (ASTM B 108) (ASTM B 85) (ASTM B 26)

2014 (A92014) 3003 (A93003) 222.0 (A02220)* 360.0 (A13600) 208.0 (A02080)

2024 (A92024) 3004 (A93004) 242.0 (A02420)* 380.0 (A03800)  222.0 (A02220)*

2219 (A92219) 5052 (A95052) 355.0 (A03550)* 413.0 (A09130)  295.0 (A02950)* 1

6061 (A96061) 5083 (A95083) 356.0 (A0356)* 355.0 (A03550)* 113t 48

6063 (A96063) 5086 (A95086) 356.0 (A03560)* ;184

7075 (A97075)

*Can be precipitation hardened. (8T
Figure 17-3 e
Useful cast and wrought aluminum alloys—Aluminum Association designation and UNS number Sl
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Table 17-4
Effects of alloy elements

© Alloying Element Effcets

(\/
==

Iron irally lm:ns an impurity in aluminum ores; small percentages &
1d hardnesstof some alloys and reduce hot-cracking tendencies in castings; reduces

pickup in die-casting cavitics.

Manganese Used in combination with iron t

l cnmpmmd- .md FCdlILL“i shrinkage; the effect on l!lLLh'lllI(..i' properties 1\WH.

duc oh.,

Silicon Increases fluidity in casting and wuldmb alloys and reduces solidification and hot- crm.ktn

— N

tendencies; additions in excess of 13% make the allov extremely difficult to maching; |
IJ1'||‘|||.1H:S COrrosion resistance. \
Copper Increases strength up to about 12%}higher concentrations cause brittleness; improves ]
elevated temperature propertiesTand machinability; concentrations over 5% reduce ahiliy
to hard coat.

Magnesium Improves strength by solid solution strengthening, and alloys with over about 3%
DT WIHENTUS T sihcon 15 added) will precipitation harden; aluminum-magnesium %
alloys are difficult to cast because the molten alloy tends to “skin-over" (dross) in cun!.

with air. :

Zinc Lowers castability; high-zinc alloys are prone to hot cracking and high shrinkage; e
_pm\-ﬂ 10% produce tendencies for stress corrosion cracking; in combinatian

-

with other elements, zige promotes very high s low concentrations in binary alloys
(= 3% produce no useful effects, VRE
Chromium Impraoves conductivity in some alloys, and in small concentrations (<0.35%) it acts as a ig
l grain refiner )
Titanium Naturally occurs as an impurity in aluminum ores, but it is intentionally added to .\'umq., _
alloys as a grain refiner.

Lead/Bismuth Added to some alloys to improve machin: ibility; 2011 and 6062 are screw machine 1||| o
containing Pb and Bi.

Zirconium Used as a grain refiner in some acrospace alloys.
Lithium Added 1o some aerospace alloys (Space Shuttle fuel tanks) to reduce weight. These allc
L]

need a protective atmos; ]l] cre when being cast
— - — - e — _._-—-HIJ

T'
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/- Aluminum and Aluminum

alloys

662 Chapter 17
o« oF
10—
e
O sl .
800 |- Temperature range
o, & for common alloys
700 -
£
= 60
i 300 - %
5 500 B
a 400 E & F
LT B g §
300 g % €
g 5
3 a -
100 = 200 & a
o 5
w8 :
RT
e e (P 1 1 I | |
Time, 1-h increments
A -Anneal to remove cold work
B - Anney
C = Solution treatment
D - Stress relieve e
E - Age hardening (antificinl ) e
Figure 17-6

Typical heat treating cycles for aluminum alloys
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J <9 Cuaa 5 S ju Qblee Wl

Table 2.1 Solid solubility of elementa in aluminiom (fram Van Horn, [{ R -)J\ e‘JS
.. © (Hd), Afemininn., Volume 1, American Society for Metals, Cleveland,

(thio, 1967, Mondolfe, L.F, Alumirium Alloys: Strueturve and Properiies, But-

prwaorths, London, 1876)

Maximum solid

solubihity
Temperature

[ | el (*C) {wiha) (at%s)
Cadmium B4 (4 (.08
Coabalt BhT <[00 <{].00]
Copper o8 b.bh 240
(T hromium i .77 (A0
(i ermaniiim 424 7.2 2.7
Irom B0 {L.0OG (10265
Lathium ik 4.2 16.4
Mapnesium 450 17.4 15.5
Manganese 5T 1.82 LL.50
Mickel 40 {104 .02
Silicon gyt 1.G65 1.59
Silver ol ba.4 Pl
Tin piitd. ~(1.06 =~{1.{1
Titanium Bih ~1.4d =~(1.74
Vanadinm a1 =}, =({],9]
Aine 443 B H B4
Zirconium (T | I (.08

et

1) Maximum solid solubility oeeurs at eutectic temperetures for all elements exeept
ehromium, Litinium, vansdium, zine and sirconium for which it eceurs at peritectic
Lemperntires,

§iiy  Bolbid golubility at 20°C b= cstimatod to be approximately 2 wi% for magnosium ond
ain, h1-0.2 with for germanium, lithium and silver and balow @0.1% for all other 34
iloments,
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Solid solution (o)

8 (CuAl,} precipitated
as non-coherent
particles

W W

500

|
Precipitation |
hardening at “uenching
too high

temperature

Precipitation
ardenin
correctly
Submicroscopical

formation of coherent EupEEE;tur’atE-l:' iy COFPER PER CENT

intermediate phase & solid solutions (a”) Precipitates
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‘Thermal aging
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Alloy Selection
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Al of 99% minimum purity
Al - Cu alloys

Al - Mn alloys

Al - Si alloys

Al - Mg alloys

Al - Mg - Si alloys

Al - Zn - Mg alloys

Miscellaneous alloys, e.g. aluminium-lithium alloys
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A
Al=Mg-Si hardening
alloys
Al-Zn-Ma
Al-Zn-NMg-Cu
e ] | iiig
allovys
Al-Si-Cu oy
Work
hardening
lloys
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Alloy ldentification Temper designations
systems (Added as suffix letters of digits fo the alloy number)
SufMx letter F, O, H, Tor w First suffix gigit Second suffix aigit
Indicates basic treatment or Ingicatss secondary for condition H only.
condition. treatment used to Indicates residual
Influsnce properties* hardening*
F| as-
| tabricated
Annealad-
o nt 1 | Cold worksd —‘ 1/4 Hard
Aluminium contsnt | m“ [ | onty
4-digit serles or main alloying only . _| [ 1
elements - Cold
i poroinces : I—J
1 xxx 3.00% minimum u| SO e | 34 Hard
2xxx Copper | (atrain . \  Hara
3 xxx Mangansss hardening) | 3 | Cold worksd =
4300 sicon S and stabllized 9 Extra
hard
5 xxx Magnesium 3
& xxx Magnesium and sllicon | | 1] :I:::M.n::lnm
7 xxx Zinc ageing
B xxx Others
| 2 | Annsaled cast
products only
= The first digit indicates the alloy group.
- The sacond Indicatss modifications to | 3 | solution plus * Where a second diglt Is used for
alloy or Im limit. 1| Heat cold work T tempers, or a third Is used for
« The last two Identify the aluminlum alloy L—  treatsd condition H, this ingicates a
or Indicates the aluminium purity. {atable) | 4 | solution plus specific treatment, s.g. amount of
| natural ageing cold work to secure spacinc
properties.
|5 | Artificially aged
only
¢ [ somtion plus Examples of alloy and temper
- descriptions
e 1) 5152 H36 =
- L [—— Aluminium-magnesium alioy. cold
Aluminium alloy and temper | stabilizing m'"ﬂ stabllised to develop a
designation systems o | | SRS
g A Solution - s
(IADS system) — colwompus | | gorte o
Skt ageing followsd by artificial agsing.
g | Solution plus
—— artificial ageing
plus cold work

52



NligelilaifeliRieN =izl Chapter7- Aluminum and Aluminum alloys

Non-heat-treatable alloys

» 1xxx series (Super-purity and commercial-purity aluminium)
» 3xxx series (Al-Mn and Al-Mn-Mg alloys)

« Sxxx series (Al-Mg alloys)

» 8xxx series (Miscellaneous alloys)

Heat-treatable alloys

» 2xxx series (Al-Cu and Al-Cu-Mg alloys)
* 6xxx series (Al-Mg-Si alloys)
» 7xxx series (Al-Zn-Mg and Al-Zn-Mg-Cu alloys)
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Aluminum and Aluminum alloys

o
ess |
Density, kg/m®
2000 4000 OO0 BO00
| | | |
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Titanium I
Steel
Copper I SRR ML
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Density, Ib/in.’
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» Low tensile strength (90 MPa

)
» Yield stress of only 7-11 MPa.

Applications:

 Electrical conductors

« Chemical process equipment
* Foils -
» Decorative finishes.

®  Alulminium
conductors (




Chapter7- Aluminum and Aluminum alloys
Al-Mn and Al-Mn-Mg alloys (3xxx series)

* Al-Mn alloys (upto 1.25% Mn) * Al-Mn-Mg alloys
Greater amount leads to large (provide solid solution strengthening)
primary Al:Mn particles)—> and widely used in a variety of strain-

deleterious local ductility). hardened tempers.

oderate strength, i.e., oy ~ » Moderate strength, i.e., o5 ~
10 MPa in 180 MPa in

igh ductility » Readily fabricated
xcellent corrosion resistance » Excellent corrosion resistance

Applications: Applications:

Foil « Manufacturing beverage cans
Roofing sheet

WHW_mamata-group.
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Al-Mq alloys (5xxx series)

* Al-0.8Mg (5005): 6, 40 MPa, o35 125 MPa

* Al-(4.7-5.5)Mg (5436): o, 160, 075 310 MPa
» High rate of work hardening

* High corrosion resistance

» Bright surface finish

Aluminium

) ) transportation
Applications: plates

» Transportation structural plates
» Large tanks for petrol, milk, grain
* Pressure vessel

« Architectural components A’“’"‘“’"’"t';‘:,e‘:
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Al-Cu alloys (2xxx series)

Applications:

» High strength (2119: 675 505 MPa).  « Fuel tanks
* Good creep strength at high temp.

* High toughness at cryogenic temp.

* Good machinability.

Welding

Wires Fuel tanks
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Al-Cu-Mq alloys (2xxx series)

» pistons, rivets for aircraft
constructions

i)

Airplane structure

Aluminium pistons
and devices for
thermal shock used
in airplane
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Al-Mqg-Si alloys (6xxx series)

Mg + Si (0.8-1.2%)

Al 6005

» Medium-strength structural alloys satellite dish
(most widely used 6063-T6, o, 215
MPa, oy 245).

» Readily extruded

» Colour anodized.

Applications: .\ bl
. e
» Architectural & MERN W
; --;,g'"!t“;g )

decorative finishes. ;;!i:'ﬂ"

P ;
- Automotive trim. x| B

1} AI16063

Al 6061 Structural =™ RS - - 4 N Large water
h component e bt S .
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Mg + Si (> 1.4%)

» Higher strength on ageing, 6013 -
Al-Mg-Si-Cu, o, 330 MPa(T6) and
415 (MPa) T8.

Applications:

» Aircraft, automotive
» Recreation applications
» Extruded sections
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Al-Zn-Mqg and Al-Zn-Mg-Cu alloys
(7xxx series)

» Strength is insensitive to cooling rate 2
suitable for .

» Yield strength might be double to Al-Mg
and Al-Mg-Si alloys (~ upto 600 MPa).

» Stress corrosion cracking resistance
in Al-Zn-Mg-Cu alloys.

Applications:

- Light weight military bridge |2
» Aircraft construction. - | Al 7005
Al 7075 — post box

Component in
motorcycle
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Properties required for good casting

* Low melting temperature
 Low solubility of gases except H,
» Good fluidity

» Good surface finishes

Disadvantage

= High solidification shrinkage (3.5-8.5%)

Factors controlling properties

2 3 ; Cast aluminium EHG_',I"S are Wdel]f used
* Melting and pouring practices for transport applications,

. |mpurity levels Ex: Cast engine block
* Grain size
» Solidification rate
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» Using four-digit system.

Al, 99.00% or greater

Al alloys grouped by major
alloying elements

Cu

Si with added Cu and/or Mg

Y

Mg

Zn

Sn

Other elements
Unused series
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Alloy Elements (wt. %)

Method(b) Si Cu Mg Fe Zn Others
319.0 5P 6.0 35 <0.10 <1.0 <1.0
3320 P 9.5 3.0 1.0 1.2 1.0
355.0 S, P 5.0 1.25 0.5 <0.06 <0.35
A356.0 S 7.0 <0.20 0.35 <0.2 <0.1
A357.0 S,P 7.0 <0.20 0.55 <0.2 <0.1 0.05 Be
380.0 D 8.5 3.5 <0.1 . . <3.0
383.0 D 10.0 2.5 0.10 1.3 30 0.155n
3840 D 11.0 2.0 <0.3 <1.3 <30 0.35 Sn
390.0 D 17.0 4.5 055 <1.3 <0.1 <0.1 Mg
413.0 D 12.0 <0.1 <0.10 <20

4430 525 <03 <005 <0.8 <0.5

4
1

68
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apter?- Aluminum and Aluminum alloys
Al-Si-Cu, Al-Si-Mqg alloys

Applications:

= Automative cylinder
heads/blocks in place

of cast iron.

Pistons and connectio
rods. 319.0 (Al-Si-Mg)

Pistons and air compressor.
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Aerospace housing
(201.0)
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Al-Mg alloys

» High resistance to corrosion

» Good machinability
» Attractive anodised surface.

» Little or no response to heat
treatment.

Applications:

* Chemical and sewage
» Kitchen utensils. Kitchen utensils
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e properties of commonly used wrought and cast aluminum alloys?

Nominal Typical® Tensile Typical® Yield Typical Tensile®

Aluminum Chemical Strength Strength Typical %" Modulus 10°
Alloy Composition % ksi (MPa) ksi (MPa) Elong. ksi (GPa) Typical Uses

1060 99.60 min. Al 0-10 (70) 4(30) 43 10 Welded tanks, chemical
UNS A91060 H18-19(130) 18 (125) 6 (69) equipment

1100 99.0 min. Al, 0.12 Cu 0-13 (90) 5(@35) 35 10 Sheet metal parts, (ducts,
UNS A91100 H18-24 (165) 22 (150) 5 (69) guards, etc.)

1145 99.45 min. Al 0-11 (75) 5(395) 10 Foil, heat exchanger fins
UNS A91145 H19-29 (165) 21 (145) (69)

2014 4.4 Cu, 0.8 Si, 0.8 Mn, 0-27 (185) 14 (95) 18 10.6 Vehicle and aircraft frames
UNS A92014 0.50 Mg, Bal Al T6-70 (485) 60 (415) 13 (73)

2024 4.4 Cu, 1.5 Mg, 0.6 Mn, 0-27 (185) 11 (75) 22 10.6 Fasteners, aircraft parts
UNS A92024 Bal Al T361-72 (495) 57 (395) 13 (73)

2219 6.3 Cu, 0.3 Mg, 0-25 (170) 11 (75) 18 10.6 High-strength weldments—
UNS A92219 0.06 Ti, Bal Al T87-69 (475) 51 (395) 10 (73) use up to 316°C (600°F)

3003 1.2 Mn, 0.12 Cu, 0-16 (110) 6 (40) 35 10 Sheet metal parts, (ducts,
UNS A93003 Bal Al H18-29 (200) 27 (185) 7 (69) guards, hoods)

3004 1.2 Mn, 1.0 Mg, 0-26 (180) 10 (70) 22 10 Sheet metal parts, tanks )
UNS A93004 Bal Al H32-31 (215) 25 (170) 16 (69)

4043 5.2 Si, Bal Al Welding filler metal
UNS A94043

S g T

5052 2.5 Mg, 0.25 Cr, 0-28 (195) 13 (90) 27 10.2 Sheet metal parts, tubing
UNS A95052 Bal Al H34-38 (260) 31 (215) 12 (70)

5083 4.4 Mg, 0.7 Mn, 0-42 (290) 21 (145) 22 10.3 Pressure vessels, boats,
UNS A95083 0.15 Cr, Bal Al H321-46 (315) 33 (230) 16 (71) aircraft parts

5086 4.0 Mg, 0.45 Mn, 0-38 (260) 17 (115) 22 103 Pressure vessels, boats,
UNS A95086 0.15 Cr, Bal Al H32-42 (290) 30 (205) 12 (71) aircraft parts

6061 1.0 Mg, 0.6 Si, 0.28 Cu, 0-18 (125) 8 (55) 27, 10.0 Fixtures, frames, rolls,
UNS A96061 0.20 Cr, Bal Al T6-45 (310) 40 (275) 13 (69) shafting

6063 0.7 Mg, 0.4 Si T1-22 (150) 13 (90) 10 Extruded shapes—architec-
UNS A96063 T6-35 (240) 31(215) 12 (69) tural, pipe, tube, channels, etc.

355.0 (cast) 0.25 Cr, 1.2 Cu, 0.6 Fe T6-20 (140) 32 (220) 2 — General-purpose
UNS A03550 Max, 0.5 Mn, 5 Si, Bal Al T51-18 (125) 25 (170) sand/perm. mold castings
3380 (die cast) 3.5Cu, 2Fe, 85 Si, 0.5 23 (160) 46 (320) 25 — General-purpose die
UNS A03800 Mn Max, Bal Al casting alloy
201 (cast) 0.1 §i, 4.6 Cu, 0.45 Mn, T7-50 (345) 60 (415) 3 — High-strength sand casting—

UNS A02010 0.35 Mg, 0.25 Ti, Bal Al see ASTM B 686
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AAt various tempers, O, H18, T6, etc.
PFrom various sources—not for design.
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Characteristics

Good formability,
weldability and corrosion
resistance

Heat treatable.

High strength.
Non-weldable.

Poor corrosion reistance.
Non-heat treatable.

Medium strength work
hardening alloy.

Good weldability,
formability and corrosion
resistance.

Non-heat treatable.

Medium strength work
hardening alloy.

Good weldability,
formability and corrosion
resistance.

Non-heat treatable.

Used at temperatures from
65-200°C.

Good weldability and
corrosion resistance.
Non-heat treatable.

Good weldability and
corrosion resistance.

Very resistant to sea water,

industrial atmospheres.

A superior alloy for
cryogenic use (in annealed
condition)

Heat treatable.

Common Uses
Food and chemical
industry.

Airframes.

Vehicle panelling,
structures exposed to
marine atmospsheres. mine
cages.

Vehicle panelling,
structures exposed to
marine atmospsheres, mine
cages.

Pressure vessels and road
tankers. Transport of
ammonium nitrate.
petroleum.

Chemical plants.

Pressure vessels and road
transport applications
below 65°C.

Ship building structure in
general.

Architectural extrusions
(internal and external),

rrrien A Foamaan  feeimnti e
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Medium strength alloy. pipes.
Good weldability and
o corrosion resistance.
e
R Used for intricate profiles.
6061%/6082*  Heat treatable. Stressed structural S.P.E
members. bridges. cranes.
Medium strength alloy. roof trusses, beer barrels.
Good weldability and
corrosion resistance.
6005A Heat treatable. Thin walled wide E
extrusions.

Properties very similar to
6082.

Preferable as air quenchable.
therefore has less distortion

problems.

Not notch sensitive.

7020 Heat treatable. Armoured vehicles, P.E
military bridges, motor
Age hardens naturally cycle and bicycle frames.

therefore will recover
properties in heat affected
zone after welding.

Susceptible to stress
corrosion.

Good ballistic deterrent
properties.
7075 Heat treatable. Airframes.

Very high strength.

Non-weldable.

Poor corrosion resistance.
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 The following aluminium alloys are

commonly used In and other
structures:
7075
6061
6063
2024

5052
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e Marine alloys
» 5052
» 5083
» 5086
» 6061
» 6063



