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1- Critical resolved shear stress (CRSS)
2- Solid solution
3- Precipitation

4- Dispersion
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[V bs b bis)t s s kb ol -V -y Jyus

T (°K) d* (cm)
5 103
50 102
273 210-10

V] ¢ seice sl sline o gl 51, RRR y5lis suias s —y—y Jsdom

p (273)
Grade . RRR = 0 (4.2°K)
99.965 200
99.98 350
99.99 650
99.996 780
99,9975 2150
99.9982 3150
99,9992 6700
99.99997 35700
99.99998 45000

[v] (:M)JTJJ Jsdome olie gl o, 5 dolea 3 A (s olie Y-y Jyus

Element A
(uQ.cm/at, %)

Ag 1.1
B 0.05
Ba 0.3
Be 0.3-0.4
Bi 1.3
cd 1.7
Ca 1.1
Ce 0.07
Co 3.6
Cu 0.7
Fe 1.7
Ga 0.16
Ge 0.58
In 0.25
Li 0.95
Mg 0.50
Mn 6.2
Mo 7.5
Na 2

Ni 4.6
Si - 0.5
Ti 5.5
v 6.8
W 7.3
Zn 0.24
Zr 15

Www.iran-mavad.com

Age iz 9 Gledily gy




; 51 aos Sl —¥=Y Jadr
[V aes 3 Jols Jaylyd cows naslie o el Jgloen it aear S - ¥ Js

Element

Ag
B

Ba
Bi
Ce
Ca
Cd
Co
Cu
Fe
Ga
Ge
In
Li
Mg
Mn
Mo
Na
Ni
Si
Ti
\

W

Zn
Zr

Equilibrium

Ap (uR.cm)

26
0.02
~0.02
~0.003
0.01
<0.09

OO ~OQ

~

SFUNMOHOOCOUVULY LW

e e e »

.
- N

&~
~

.

= NO®WMHO WMWY

.
w

—
.
w

Metastable

Ap(

B N

uQ.cm)

44

.

[+ -]

— P
CONANOONN
N N« W )

(Y] ssb plSha o (’E:ﬂ)“ L 3l pole N o —0-Y Jsas

Least Detrimental to Conductivity

Detrimental to Conductivity

Al-X Reaction Al-X Reaction
Al-Fe Eutectic Al-Ti Peritectic
Al-Co Eutectic Al-V Peritectic
Al-Ni Eutectic Al-Cr Peritectic
Al-Y Eutectic Al-2r Peritectic
Al-Sb Eutectic Al-Nb Peritectic
Al-La Eutectic Al-Mo Peritectic
Al-Ce Eutectic Al-Hf Peritectic
Al-Gd Eutectic Al-Ta Peritectic
Al-Th Eutectic Al-W A Peritectic
Al-Mischmetal Eutectic
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[ Y]y o

Least Detrimental to Conductivity

Detrimental to Conductivity

Element

Atomic Radii (nm) % Difference Element Atomic Radii (nm) % Difference
Fe 1.27 11,2 Ti 1.47 2.8
Co 1.25 12,6 v 1.36 4.9
Ni 1.25 12,6 . c 1,28 10,5
Y 1.80 25.9 Zr 1.60 11.9
Sb 1.61 12,6 Nb 1,47 2.8
La 1.88 31.5 Mo 1.40 2.1
Ce 1.82 27.3 Hf 1.59 11.2
Gd 1.80 25.9 Ta 1.47 2.8
Th 1,80 25.9 W 1.41 1.4
(VY] psen T L il slgast iy oS0 sl -y Y o
In Diluted
Elements Free Atous Pure Solid Solution in Al
Al(s) ls2 252p6 3szp1 1s2 2$2p6 3spg 1sz Zszp6 35p2
Fe ) oo 348 442 o 3d’ 4s ‘
Y 3d5 asp2 3d5 4sp2
A o 3d] 4sp
8 3d® 3sp? 33 4sp?
wi D ol 348 42 3d’ 4sp? 3a’ 4sp?
Y SRR I Adl 532 4dl 5sp 5sp
Sb ¢ ——— Ss2 p3' 552 p3 Ss2 p3
La " o sql gs? sal 6sp 6sp
ce ") Lol 4f? 62 4f 6sp? 4 6sp>
ca O .- 4f” sal 6s 4g’ sal 6sp 4¢ 6sp’
h () o 6d? 762 6al 7sp? 6a’ 7sp?
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Quenching Annealing

we.% Alloy Ppeak-"ss temperature temperature
pficm °c °c
0.35 Ag - 0.0018 550 0
0.35 Ag 0.0023 ’ 550 -20
0.19 Ag 0.0017 550 =20
0.1 Be 0.021 600 0
0.1 Be 0.030 600 =20
1.1 MgZSi ~0.08 550 80
1.1 MgpSi ~0.15 550 20
2.8 Mg 0,007 320 0
4,7 Mg 0.022 320 0
5 Mg ~0.016 300 0

[\ .] 65\"‘“7“’\'& J’KH)}“) U’PLWW&C\JJ‘Q—V Jadr

. Alloy (wt %) Precipitate r f Ap (Z)
Al 0.2 Fe, 0.1 Si Al Fe 108 . 0.002 0.2
Al 1 Fe A13Fe 108 0.02 2
Al 0.5 Cu AL,Cu 5 0.008 0.6
AL 1 Mg,si Mg,Si - 0.007 0.7

[V] psn 1 (1, Hall - petch (gl el,l - ) - Jyus

Hall-Petch parameters for grains in Al

Purity Treatment k Go
99.5 0.22 1.6
99.5 CW + ANN 0.21 1.46
99.99 CW'+ ANN recrystallized 0.17 0.9
99.99 CW + ANN 0.22 1.6
99.5 CW + HW + ANN 0.13 1.5
CW: cold worked - ANN: annealed - HW: hot worked
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Calculated Propecty M
Mechaninn ot d kg.m/
at(e): ¥8.cm ag/me?_ 40 cm
Grain boundaries D e 100 u wil 0.9 ::2
Pislocations n=2210 em? 43 2 0.7
. ne2010® 1/em? 310”02 ’
3 ) 2 -3 _3
% n = 2x10" 1/wm Ix10 2210 1.0
5\ Cell & nubgrain
- i - * -
3 Ibmanun ° =10 x10 S 3.0 ’llﬂ‘
@ | d = 2y (w=-1/2)
i .
k -t PR extot
d =2 (w=-1) ‘
/Solid solution®ne Ag 26 &0 1.5
Be ~0.07 0.44 [ 3%
cd 0.47 0.64 1.4
Ce Txl0-4 0.092 1%
Cn 1.8 16.3 9.0
Te 0.0% 0.26 5.2
! Ca 1.5 9.5 6.3
| Ce 1.6 4.48 2.8
i ng 9.9 31.8 3.8
i Ll 5.6 2.7 0.5
Ni 0.10 0.2 2
si 0.8 2.5 3
o 15.0 30.0 .2
2 v 1.2 0.83 0.7
e MgaSt 4.21 1.5 1.8
2\ Precipitation hardening (ovar values in the pure wmatal)
2 Daformable
parcicles Agle,230°C,10'" 4.5 ~4l 6.3
Mg284,175°C,8 hr B ~1.4 29 2
Cu 1.7 stX,130°C-
-60°C, 1000 he® .70 9 ~i0
Non deformsble
particles (Orowan) (over valuas in the pure setal)
14 #1%,30°C,100hr  3.3% 7 2.1
Mg28i,175°C,9 days 1.3 17 ¥

. Peak hardness

%e*  Calculated st the solubility limic (Teble 3.4.).
Room tempersture

@ = subgrain misoriestation; 85 calculated teking

nwémo.oum‘—"

[V]Al—~/O%CD-~/0%F€ jL_ﬁ)J RN AP BEREIVE (i—jj)j\—\\"\’ Jye
Al1-0.5wtZ Fe-0.52 Co

!

Distance between particles

As cast Rolled Finished
Dendritic rod wire
spacing
Solidification pym ym um
rate
Rapid 20 2.5 0.8
Slow 210 40 10
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Fe Si

Ti,Cr,V

Ti+Cr+V

o[<0|44/0

ofo¥

of\

S5
G g (& IPSTRWLY Fe+Co( gjsdw,3)

Dy o/ Iy )y
Dy A Fy A Gy A
Dj Ay F3 Ay Gj JASVAx
Dy A Fy AL Gy JACEIAS
Ds /o Fj |6 Gs NI
D¢ i< Fe o5 Gg [ge s
Dy /v F W Gy ALY
Dg /A Fg oA Gg A+ A
Dg . /4 Fg /4 Gy A+ /8
D1 \ F1o * G10 '+
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Cr-B CrB (Y, £V
Zr-B ZrB (F/YY)

www.iran-mavad.com

)\9@ Cpwdigee g Olﬁ?m}lﬁb &




MD)MCM”

Www.iran-mavad.com

dlge Cpmwdige 5 Ll g e




Temperature (°C)
1002 600 700 800 900 1000 1100

T T T T— 1 1
v
/94
S Al
2 1w}
t Al-4Cu
< A-12Si
(o]
e
o
= g
° (’ !
'
£ P/
'g I ?
2 10}f ]
» | P
|
?I
|
{
\
|
0.1 I L L L L

43 12 11 10 08 08 07
Reciprocal absolute temperature (K- x 103)
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The Study of Casting Parameters and Alloying Elements on Electrical

and Mechanical Properties of Pure Aluminium
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Abstract of M. Sc. Thesis

The presence of oxide films in aluminium products, such as EC wires, is one of the major
factors which influences both electrical and mechanical properties. In this study three different
techniques were employed to introduce oxides in liquid aluminium. This techniques were
stirring action, addition of returned materials ( EC wires) and finally introducing oxide films
applying different pouring heights.

The results showed that addition of oxide films besides encouraged porosity, reduced
both electrical conductivity and tensile properties of aluminium products in different conditions
(as cast, compacted and extruded). Improvement in the UTS results of the wires was
negligible. It was also found that increasing pouring temperature has not a dramatic influence
on electrical properties of pure aluminium.

The investigation carried out to study the effect of alloying elements on the electrical
properties of Al. It was found that certain elements like Ti reduces electrical conductivity
seriously but, the effect of boron addition to some extent on electrical conductivity was rise
versa. This is mainly due to the formation of borides which reduce certain elements like Ti and
V from solid solution. Simultaneous addition of Ti and B, using TiSB1 master alloying
showed that grain refining is the main advantage of addition but the increase boundary density
influences electrical conductivity slightly.

Finally, Fe and Co were added in small quantities (less than 1%) into the liquid Al
Although a very low reduction electrical conductivity was seen, interesting results obtained
from enhanced ultimate tensile strength. So, a comparison was made between alloyed and

pure Al speciniens.
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