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Abstract

The aim of this study is to notice the effect ofunal aging on the new alloys and the
evaluation of new Al-alloys which consists of tHements of (Zr) & (Te) with an amount of
0.2% for each additive & its comparison with alithout additive for abase Al-alloy, then
measuring their hardness & ultimate tensile sttengt
1.As a function of artificial aging temperature (AB°C) and natural aging(15 years) for
wrought (Al-Cu) & (Al-Zn) alloys.
2. For corrosion specimen & oxidation specimer8&0(C) for wrought and cast alloys with
& without additive impurities , so noticed thaethffect of natural aging for (15) yegMSc
specimen project-1992)on wrought specimen (AL-Zn) alloy is clear and égh rate of
both hardness & ultimate tensile strength .Thisdige to natural aging which leads to
precipitate impurities .They resist the movementisfocation due to high stability alloys ,
high hardness & high tensile strength, for (Al-Zyrpught alloy is more than (Al-Cu)wrought
alloy .So oxidation specimen test for (Al-Cu) Sp&n shows high hardness & tensile
strength for wrought specimen in a comparison ait cpecimen due to special thermo-
mechanical treatment but corrosion specimen tegfAf&€Cu)cast specimen has high hardness
& high tensile strength due to the changes in treatment . But (Al-Zn) wrought specimen
for both oxidation and corrosion tests have hasdr& tensile strength which are less than
cast specimen for the same alloy.

Introduction

There are eight elements which are added to Alumimudifferent ratios to
production of Al-alloys, to has different propestigstrength, ductility, conductivity and
corrosion resistance), Al alloys can be which éfeskinto[1, 2, 3, 4,5,6]:
1.wrought alloys
2.casting alloys
The first type were produced by rolling, extrusinmawing and forging, and the second type
were produced by casting operations. Aluminum-cogeys contain elements like (Mg,
Mn, Si, Ni, Ti, Cu, Zn, Fe, Cr, Zr) to improve thmechanical properties [7,8,9,10].
Aluminum-Zinc alloys has high strength & high casian resistance due to present (Zr)
element [3,8,11,13], and adding (Cr) element lgadthe improve stress corrosion strength
[12].Aging the Aluminum alloy by natural temperagumprove the mechanical properties of
(tensile strength& hardness) [14,15]. Aluminum wi® very active when exposed to a source
of oxygen, it reacts to form a thin transparendexiilm over the whole of the exposed alloy
surface. This film controls the rate of corrosiom g@rotects the substrate metal allowing the
production of long life components in aluminum glpif the film is damaged and cant be
repaired corrosion rate of the substrate occuresgrapidly [16].

Heat treatmenm
The term "heat treatment” for Aluminum alloys frequently restricted to the specific
operations employed to increase strength and hssdioe wrought and cast alloys. These
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usually are referred to as the "heat-treatabl@yslto distinguish them from those alloys in
which no significant strengthening can be achiebgdheating and cooling. Heat treatment
occurred to increase the strength of Aluminum allagd can be classified as:-

1-Homogenising

2- Solution heat treatment
3- Quenching

4-Age hardening

Age Hardening
Age hardening has occurred at[17,18] :

(1)-Room temperature (natural aging).

(2)-Artificial temperature (artificiabang).
In some alloys, sufficient precipitation occursanfew days at room temperature to yield
stable products with properties that are adequateniany applications. These alloys
sometimes are heat treated to increase strengthaddess in wrought and cast alloys due to
the nucleation Guinier-Preston zone[19,20] Oth&ryalwith slow precipitation reactions at
room temperature are always heat treated beforg lused. In some alloys, notably those of
the 2000 series, cold working of freshly quenchedterials greatly increase its response to
later precipitation treatment. The artificial ageior precipitation heat treatments are low
temperature long time processes. As with solutieatinent, accurate temperature control and
spatial variation temperatures are critical toghecess [21].

Mechanical properties

The mechanical properties may be considasezhe of the most important properties of a
material for most applications, generally dealinghwnaterials requires information about
their mechanical behaviour and how this behaviaur lse measured by mechanical tests e.qg.
tensile, hardness...etc[22].

Ultimate Tensile Strength
Tensile Strength of the material is the valuéoatl applied to break the specimen at constant
strain rate, it can be expressed by:

admum tensile load

Ultimate Tensile Strength =
rignal cross-section area

and it is usually expressed in (N/mm?),so it iseayvimportant test which gives an indication
of the strength of the material and toughness @m®sented by the area under the stress-strain
curve and gives an indication of the energy tha¢ tmaterial can absorb before
fracture[5,15,23,24,25,26].

Vickers hardness

The hardness is defined as the mechanical propdéry metal which is able to resist
penetration & scratching by harder bodies whiclestigated specimens had been carried out
by using Vickers hardness instrument .Vickers hasdmumber was measured according to
the following equation[15,27]:

Hv = 1.8544 x P/ (dav) 2 [Kg/mm?2]------- 1Y

Where:
P: The amount of the load placed on the specimen
dav: The average of diameter.
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EXPERIMENTAL WORK

This work included evaluation of (Al-Cu) & (Al-Zmglloys which are chemically analysed
by using atomic emission spectrum photometer.Tleenatal compositions of alloys is listed
in Table (1) .

Table (1) The chemical composition of alloys [28].

Alloy
ELEMENTS %

Cu Mg Mn Si Zn Fe Cr Ni Cd | Zr | Te| A
2024w 5.11 1.307 0.54¢ 0.14¢ | 0.10C | 0.311| 0.037 | 0.00< | 0.00¢ | - - Rest
2024c. | 5.11 1.307 0.54¢ 0.14¢ | 0.10C | 0.311| 0.037 | 0.00< | 0.00¢ | - - Rest
2024c. | 5.11 1.301 0.544 0.14¢ | 0.10C | 0.311] 0.037 | 0.00< | 0.00¢ | 0.z | - Rest
2024c! | 5.11 1.301 0.544 0.14¢ | 0.10C | 0.311] 0.037 | 0.00< | 0.00¢ | 0.z | 0.2 | Res!
7075w | 1.39¢ 1.60¢ 0.04: 0.097 | 5.30¢ | 0.31f | 0.18% | 0.06¢ | 0.00Z | - - Rest
7075c. | 1.39¢ 1.60¢ 0.04: 0.097 | 5.30¢ | 0.31f | 0.18% | 0.06¢ | 0.00Z | - - Rest
7075c. | 1.39¢ 1.60¢ 0.04: 0.097 | 5.30¢ | 0.31f | 0.18t | 0.06¢ | 0.00z | 0.z | - Resi
7075ci | 1.39¢ 1.60¢ 0.04: 0.097 | 5.30¢ | 0.31f | 0.18% | 0.06¢ | 0.00z | 0.z | 0.2 | Res!

Heat treatment
Alloys under investigation were artificial agingfbee natural aging , as shown in Table (2).

Table (2) Conditions of Heat Treatment of Alloys (8).

Alloy Code Conditior
2024 W\ homg. at 550°C for 18 hrs + Q + S.H.T at 500°Cfor1Q +
7075 W artificial aging at 130°C for different time +naaliaging for 15

years(MSc specimen project-992).

Oxidation sample at(300° homg. at 550°C for 18 hrs + Q + S.H.T at 500°Clfar+ Q +
2024 W,7075 W, natural aging for 15 years.
2024(C1,C2,C3)
7075(C1,C2,C3)

Corrosion samp homg. at 550°C for 18 hrs + Q + S.H.T at 500°C1fior + Q +
2024 W,7075 W, natural aging for 15 years.
2024(C1,C2,C3)
7075(C1,C2,C3)

Where:
C : Casting
W : Wrought

homg : homogenize

S.H.T : Solution Heat Treatment
Q : Quenching

Ultimate Tensile strength

The maximum tensile stress for specimens which asdifcially aging at (130°C) for (0.5-
30) hrs.& naturally aged for 15 years and corrogiaxidation specimens were estimated. In
this test(5-10)
readings for each sample were taking under a 16460 &g by using MIC 10 "Krautkamer"
Agfa NDT GmbH.
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Vickers hardness

For specimens which were artificially aging at (18P for (0.5-30) hrs.& naturally aged
for (15) years and corrosion and oxidation specangrad their hardness measured after
natural aging for (15) years.The hardness tesh@frivestigated specimens had been carried
out by using Vickers hardness instrument, TViekers hardness tester type [TOKYO
TESTING MACHINE MFG CO., LTD].In this test (5-10)dings for each sample were
taken and the average of the diagonals of indemntatas calculated in equation (1).

Table (3) Represents values of hardness & ultimatensile strength for dry and wet
corrosion specimen of Al-Cu & Al-Zn alloys

Alloy Code Vickers hardnes: Ultimate tensile strength (N/mmg
Kg/mma2

corrosion oxidation corrosion oxidation

300 °C 300 °C
202¢/ W 11C 14k 35(C 42¢
202/C1 13t 111 51¢ 39t
2024.C2 98 10C 32C 36¢
202/C3 121 92 46E 33C
707t W 10k 11F 33¢ 35¢
707:C1 98 11€ 357 38(C
7075C2 10C 13t 38¢ 45(C
7075C3 111 8€ 43C 331

RESULTS & DISCUSSION

This section involves the results of the presergeemental work with its discussion
concerning the effect of additives on the mechampeaperties (hardness, Ultimate tensile
strength) and the effect of aging at room tempeeatnatural aging) for (15) years on the
Vickers hardness& Ultimate tensile strength forought and cast (Al-Cu) , (Al-Zn) alloys.
Fig. (1) shows the relationship between the hasiaes the aging time for the wrought (Al-
Zn) alloy at two aging temperatures (130°C & ro@mperature for 15 years) , the behaviour
of this alloy was noticed to be similar, where #hngeaks of Vickers hardness appeared
because new phases are precipitated through they @agmperature process (29), two
represented the minor values (57,68-80,85) kg/rand the other was the major(122, 136)
kg/mn? for the alloys at(130°C & R.T. for 15 years) resively. Fig. (2) shows the
relationship between the hardness and the aging fim the wrought (Al-Cu) alloy at two
aging temperatures (130°C & R.T. for 15 yearsk,libhaviour of this alloy was noticed to be
similar too, where three peaks of Vickers hardriesge appeared because new phases are
precipitated through aging operation, two represgtiie minor values (40,71-63,84) kg/fm
and the others the major(102, 125) kg/mior the alloys at(130°C & R.T. for 15 years)
respectively. Fig.(3) shows the relationship betw#ge Ultimate tensile strength and the
aging time for the wrought (Al-Cu) & (Al-Zn) als at two aging temperatures (130°C &
R.T. for 15 years).The alloy (Al-Zn) recorded higheverage Ultimate tensile strength
than(Al-Cu) alloy ; this means that the hardnesd&mate tensile strength increased for(Al-
Zn) which is more than (Al-Cu) alloys due to alloyiand heat treatment[14[his change in
hardness can be explained as follows, during nlaaigiag GP zones enriched in (Cu, Mg)
and (Zn, Mg) lead to precipitate the phases@AMg) for (Al-Cu) and (MgZp)for (Al-Zn)
alloys respectively[30,31], and some other phasedyred as a result of the addition. This
change takes place because of the increase ierntgetature which accelerated precipitation
by diffusion[29,32]. The addition was resisting theovement of dislocation due to high
hardness[33,34] in figs(1,2) which noticed thathheak of hardness to appear because of
artificial aging of (130°C) accelerated precipdatby diffusion and this allowed for high
peak of hardness to appear. In addition more thvao hardness peaks were shown for
both artificial & natural aging because of new (@er-Preston) zone forming during the
aging operation which represented precipitationspifaom the supersaturated solid solution
[29]. Fig.(3)shows the relation between ultimatastie strength & aging time for wrought
(Al-Cu) and (Al-Zn) alloys, after artificial(130°Cand natural aging for (15 years).lt is
noticed that the behaviour of alloys are to be Igesimilar, but the rate of ultimate tensile
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strength for (Al-Zn) alloy is greater than (Al-Calloy, due to the effect of natural aging on
the precipitation of (MgZf) phase and some other phases, which made thecatisio
movement more difficult [33,34], or nucleation afpgr saturation solid solution, and the
difference in the chemical composition on the (A}Alloy and contain strength impurities
more than (Al-Cu), which lead to increasing stréndor the same reason that the rate of
hardness & ultimate tensile strength for dry amd corrosion specimen of (Al-Zn) alloy to
be greater than (Al-Cu) alloy, which are shownTiable(3) [14,35,36].

Figure(l) The relation between
hardness & time
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Figure(3) The relation between
ultimate tensile strength & time
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