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Abstract
The present work shows the effect of the processing parameters of separately doping lime, calcium and zinc on the 
properties of an aluminium alloy recovered from scrap. Two routes viz pyrometallurgy and powder metallurgy were 
involved the parameters displayed by the concentration of the alloying agents, time and temperature have ‎been stud-
ied. Results showed that powder metallurgy promotes a wide spectrum for doping the host alloy. The doping process 
of lime to the molten aluminium needs more time as compared to the zinc metal. A heterogeneous structure of the eu-
tectic phase developed with lime or calcium gradually affects the mechanical properties of the Al ‎alloy. It decreased 
the density by 15.5 %, and increases its hardness to about 37 V.  Calcium formed a eutectic phase Al4Ca at lower 
concentrations. The eutectic (Al)+Al4Ca of fine ‎structure and the particles of Al4Ca are capable of spheroidization 
during heat treatment at ≥ 500 ‎‎°С. The maximum hardness observed with lime-containing Al alloy gives a reason 
to expect a slight ‎increase in mechanical strength properties. In the powder metallurgy method, Al was prepared by 
‎chemical ‎‎‎victimization ‎reducer hydrazine hydrate. The Al-Ca-Zn system is promising for the development of new 
‎eutectic type high-strength aluminium alloys. With zinc, the pyrometallurgy is far more convenient as compared to 
powder metallurgy. Zinc is uniformly distributed between ‎aluminium solid solution and the intermetallic phases of 
the Al-Zn-Ca system.‎ The ‎activation energy of adding lime or calcium to the Al alloy amounts ‎to 27.533, ‎kJ/mol with 
a recovery potency of 98.7%. A process of annealing regenerated homogeneous structure when matched ‎ under a flux 
of ‎carbon/alkali mix. 

Keywords: Al 6061 Alloy from Scrap, Metal Turning Scrap, Alloys Recovery, the Effect of Calcium Addition. Properties of a recov-
ered  Alloy of Aluminium

Introduction
The Al alloy 6061 is the strongest aluminium alloy available (www. 
machine design 2007). ‎‎. Yih and ‎‎Wang ‎‎ Plenum Press, New York, 
1979 ‎reported that the ‎‎hydrometallurgy and pyrometallurgy pro-
cesses were successful ‎‎methods to ‎recover ‎valuable metals ‎‎from ‎a 
scrap of tungsten carbide. The European Commission, EUR 24786 
EN – 2011 ‎showed that ‎‎several member ‎States ‎‎proposed that ‎there 
should be separate customs ‎codes for scrap assortment. ‎‎This could 
allow ‎all ‎‎‎enforcement personnel ‎to figure with the identical param-
eters and reduce ‎‎uncertainty ‎scrap ‎‎‎considered as wastage.  ‎This 
code would be in line with NACE codes ‎‎2011 and/or CN ‎trade 
‎‎codes ‎‎(CN ‎Codes, 2011). ‎Katiyara et al, ICNFMM-2014 ‎claimed 
that the recovery ‎of W and Co metals was paid out by ‎‎either hydro 
or ‎‎‎pyrometallurgical methods. ‎

An electrochemical route has been established as a horny method 
because it should be ‎one step ‎‎‎dissolution ‎‎‎process consuming very 

low energy. However, passivation is narrated to ‎impede ‎‎the ‎disso-
lution ‎‎‎rate and hence, some additives have also been tried for con-
tinuous ‎dissolution. The ‎‎zinc ‎melt process ‎‎method ‎was disclosed 
by Edtmaier 2005 whereby molten ‎zinc was rapidly alloyed ‎‎with 
‎cobalt binder ‎‎and embrittled ‎the reinforced carbide. ‎Both zinc and 
‎cobalt metals were removed by ‎acid treatment, ‎‎and only ‎tungsten 
carbide could be reused directly. Barnard et al. 1971 Showed the 
recovery of zinc from ‎Zn-Co alloy was carried out by ‎‎the thermal 
distillation process.‎ The hydrometallurgical ‎‎route involved im-
mersing the scrap I in a leaching solution to dissolve the ‎matrix or 
‎binder material ‎whereby the ‎inactive residue of ‎‎tungsten carbide 
formed. The metal carbide‎ directly produced.  Zinc substantially 
‎increases strength and permits precipitation hardness. ‎The ‎number 
of operations of ‎the process was decreased. The chlorination ‎‎‎meth-
od was also reported in US Patent, 3,560,199, 1971 by ‎Jonsson 
1971, where ‎the scrap material was subjected to chlorination. The 
process took place at ‎‎high ‎‎temperatures in an exceeding chlorine 
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‎atmosphere to form metal ‎chloride. (Leblanc 1971).‎ The author 
reported‎ the conceptual stages of ‎‎the metal ‎recycling process as 
‎follows; collection, ‎sorting and ‎shredding. The shredding step is 
completed ‎‎to plug the melting ‎process. Small shredded ‎metals 
have a high surface to ‎volume ratio, melting ‎‎and ‎purification. The 
‎‎influence of the temperature of the melt ‎‎overheating and pouring 
on the ‎quality of aluminium alloy ‎‎castings was reported. The prop-
er melting temperature was ‎‎‎880–890°C‎‎. Chen et al. 2019 showed 
that high billet temperature reduced the ‎‎grain size and ‎increased 
the volume fraction of ‎Al23CuFe4 and Al-Mg-Zn alloys. Calci-
um addition up ‎to 0.7 Wt. pct beneficiates applications of ‎Ca as 
a modifier in Al-Si alloys. Iron neutralised the recycled alumini-
um ‎alloys with high iron ‎content, scavenger of Sb, P and Bi from 
secondary alloys. The interaction of Ca ‎with other ‎elements, the 
high-temperature oxidation, and the applications of Al–Ca alloys 
were discussed whereby other ‎avenues for ‎further work ‎are rec-
ommended by Sreeja et.al. 2005. Because of its alkalinity, the ad-
dition of calcium shifted the fluid pH value of ‎the alloy to a ‎higher 
‎level. ‎Electrochemical ‎measurements revealed that ‎ increasing Ca 
content led ‎to higher ‎corrosion rates due to the formation of more 
cathodic ‎Mg2Ca precipitate in the ‎microstructure. The ‎results sug-
gested that Mg-0.7Ca with ‎the minimum amount of ‎Mg2Ca is a 
good candidate for ‎bio-implant applications (Shervin et. al. 2013). 

Laverty ‎et. al 1989 claimed that ‎the ‎U.S. Bureau of Mines treated 
the ‎mixed and contaminated superalloy scrap to ‎separate and re-
cover metal ‎values. Results were obtained by ‎‎leaching Zn or atom-
ized scrap with HCl at ‎‎9SO °C and 50 PSIG whereby approximate-
ly 98 % of ‎the AI, Co, Cr, Cu, Fe, Mn, Ni, and Zn ‎dissolved. while 
‎rejecting over 98 % of Mo, ‎Nb, Ta, Ti, W, ‎and Zr as an insoluble 
refractory residue. ‎Chlorine ‎successfully substituted HCI to leach 

‎Zn-treated ‎scrap but was unsuccessful for leaching ‎‎atomized scrap. 
The leaching solution was treated ‎by pH ‎adjustment to remove AI, 
Cr, Fe, and other ‎‎contaminants as a filterable precipitate. ‎ Mash-
had ‎et. al 2009 ‎recovered aluminium alloy scrap by applying cold 
pressing and proper melting salt flux. ‎The authors showed that the 
major elements of the end products were AA ‎‎336 aluminium ‎‎alloy. 
Melting of cold-pressed specimens in salt flux produced ‎‎samples 
with mechanical properties almost equal to the ‎melting ingots. ‎‎‎It 
had been claimed that research and survey of the quoted scrap,  
would impart huge ‎‎data quoting prices of more ‎than 250 types of 
ferrous, non-ferrous scrap and ‎non-ferrous alloys. International 
metal scrap indexed DIN / ISO / EN / IS / ‎‎ASME in both Metric & 
‎Imperial Inch sizes (Encyclopaedia, Internet online, 2021). 

This work aims to study the effect of processing parameters on 
doping lime (calcium) and zinc on the ‎physic-mechanical proper-
ties of Al 6061 alloy ‎recovered from scrap. The activation ‎energy 
of the investigated method has a special concern. A model ‎of Al-
Ca atoms arrangement in a face-cantered cubic (FCC) structure 
with a meting point of 585 °C and subsequent decrease in density 
has ‎been elaborated. The properties of heating Al-alloy can fur-
ther enhance the inclusion of a ‎reinforcing phase that increases the 
mechanical properties of the alloys. The activation ‎energy of the 
suggested method was also studied.

Experimental
The Al metal scrap composition.
The Al scrap material was obtained from the El-Maady Engineer-
ing company (military factory 54). About 30 kg of the scrap was 
collected. Table 1 shows the metal content of the metal scrap 

Table 1: The Metal Content of The Scrap

Date of sample Wt. % .sample 
Wt., KgAl Si Cu Ni Fe Pb Zn Mg Other

March 2 2020 95.8-98.5 6.2 7.1 0.15 0.61 4.2 2.8 1.09 0.71 4
March 16 2020 96.05 0.8 -- 0.62 0.24 1.06 0.8 0.15 0.01 5
April 16 2020 95.24 6.08 7.50 0.21 0.591 0.012 0.28 1.09 0.10 7
May 3 2020 98.55 7.75 0.72 0.20 0.59 0.10 0.267 1.0 7.5
May 18 2020 96.815 2.3 0.61 0.22 0.604 0.010 1.99 1.03 6.5
Collective Sample, (Kg) 19.47 5.99 1.90 0.21 0.60 0.01 0.24 1.05 0.73 30

                     		      Figure. (2a) Non-ferrous scrap                      	  Figure.(2b) Ferrous and nonferrous metals
Figure 2: Photographs of the. Non-ferrous Scrap and Mixed Ferrous and Nonferrous Metals
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Scrap Sorting
Commercially, scrap traders may sort metal scrap by various meth-
ods including magnets, or observe the metal’s colour or weight to 
determine the metal type. For example, aluminium appeared sil-
very in lustre and light in weight, copper looks red whereas brass 
is yellow. The scrappers will be segregating clean metal from the 
dirty one to improve the value of their selling scrap. Sorting the 

ferrous metals from non-ferrous metals is an important step in that 
process. 

Table 2. shows the innovative classification technique of consol-
idated and sorting methods. The physical parameter, the desired 
separation and the developed technology are reported for each 
method. Data elaborated from Haynes 2011.

Table 2: Classification of Consolidated and Innovative Sorting Methods

Method Separator Type Physical Parameter Desired Separation
air separator mass low density as paper, foam plastic

Consolidated methods eddy current conductivity non-metal, and metal types

 chemical Source Purpose Property
Nitric acid

H2SO4

HCl

SP.GR.1.18 (AR)
Min. assay 36 %
Fuming 69 %
H2SO4    95-97%     
Extra pure
SP.GR.1.18(AR) ADWIC

Leaching
Process

ADWIC
Riedel- de Hein
ADWIC

Calcium metal
Ca CO3
EJSF2
Ca oxide

Green Egypt
Sigma Aldrich

doping
Synthesis process

ADWIC
99.3, 
1.6 um
3.34 g/cm3, 1.57 um

NaOH 
Ammonium hydroxide

United Co.
for chemicals & Med. Preparations

reagent for analysis
25 % Pure reagent for analysis

AgNO3 (Silver Nitrate) Chloride ion determination Pure reagent for analysis
distilled water Chemical reactions
Tap water Other purposes

Dry grinding of the Al scrap
Usually, with dry grinding in the machine, the material will collide 
and hit other particles in a closed area until ‎it has broken into the 
required size. Dry milling can thus make large-size particles reach 

micron size. But if ‎smaller nano-meter sizes are targeted, the only 
way to achieve this goal is by wet grinding. Fig. 3 shows a Labo-
ratory-scale fluidized bed jet mill

Figure. 3a The pilot-scale Grinding mill              Figure. 3b The ground scrap
Figure 3: The ALPA fine grinding MQW Fluidized Bed Jet Mill (Single Rotor / Multiple Roto ring mill). 

Table 3: Properties of the Chemicals,

The Chemicals
The chemicals used in this work were of pure grade, Table 3 shows the properties of the chem                   
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Preparation of lime
Pure lime with a purity of 99.99% is synthesized by reacting pure 
calcium carbonate in pure HCl acid. The formed calcium chlo-
ride solution reacted with pure 30% ammonia to give calcium hy-
droxide gelatinous ppt. the solid ppt was washed with water many 
times, alcohol and dried to yield dry lime.

CaCl2 + 2NH4 OH         Ca (OH)2 + 2NH4Cl …………………. (1)

Preparation of the zinc metal
Chemically pure zinc element is prepared by thermal reduction of 
pure zinc oxide with active carbon according to 

2ZnO + C*            Zn + CO2     …………………… (2)

Method of the preparation of the Al-Ca-Zn alloys
The pyrometallurgy method (PM)
The collected Al scrap sample was washed with kerosene you get 
rid of grease contamination followed by washing with the sodium 
sulphonate detergent solution and rinsed with distilled water be-
fore ‎drying under a nitrogen atmosphere. It was then milled to pass 
a mesh size of 40 microns and homogenized. The milled sample 
leached in ammonia /ammonium bicarbonate (1:1) altogether with 
‎‎30% H2O2 to leach copper ‎selectively. About 50 g   of the clean and 
dry residue was placed in a SiC clean crucible of Salamander (1-li-
tre capacity) and the scrap mass altogether with the lime, calcium 
or zinc was homogenized and covered with a solid flux powder 
made of ammonium chloride/ carbon (1:3) mix. The crucible with 
the metal charge is placed in a chamber furnace model Nabertherm 
LH fitted with a controller type C9, Germany maintained at the 
required temperature.

After the Al scrap melts, the molten contents are stirred with a 
porcelain spoonful. The crucible is returned to the hot chamber of 
the furnace for a more period. A sample of the molten Al alloy was 
periodically withdrawn for analysis. Similarly, the process was re-
peated with pure zinc. The Al alloys so formed were annealed at 
550 °C- 600 °C for 10 ‎h to improve the physical and mechanical 
properties of the doped aluminium  

alloys‎, eliminate any inner stresses, reduce ‎structural hardness, 
structural uniformity, ductility and ‎fracture prevention (Wikipe-
dia the free encyclopaedia, 2022). Structural uniformity improves 
ductility and fracture prevention (Axon et. al. 2022). 

The powder metallurgy method (PoM)
Alternatively, the targeted alloy was made via powder technology. 
‎Fig. 4 shows a sequential ‎processing diagram for the preparation 
of valuable 6061 alloys from metal ‎scrap
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Figure 4: Sequential processing diagram for preparation of valuable 6061 alloys from Al metal scrap.

The Properties of The Targeted Alloys

The composition of the aimed Al alloy is given in table 4

Table 4: The aimed composition of the prepared Al alloy.

Element Wt. pct
Aluminium, Al
Copper, Cu
Magnesium, Mg
Manganese, Mn
Nickel, Ni
lime
Zinc
Other

≈ 83
≤0.05
≤ 0.16
<0.50
<0.35 0.0-1.0
<0 – 20 < 0.50

Methods of measurement of the physic-mechanical properties
The metal hardness was measured using, Vickers hardness tester 
series EVO by QATM combines extremely short cycle times with 
maximum precision.

The apparent density was measured by the pycnometer water dis-
placement technique.

Identification and determination of metal content worked out by 
X-ray fluorescence spectroscopy (XRF) and XRD measurements.

The atomic spacing of crystalline structure was determined by by-
passing an electromagnetic wave of known frequency through the 

material, and applying Bragg law (nλ = 2d sin θ). When n = 2 there 
is only one wavelength along with path CB; also, the reflected an-
gle will be smaller than that for, say, n = 3. 

Scanning microstructure analysis manifested by scanning electron 
microscope. Tescan Inc, USA,  XRF (X-ray fluorescence), LIBS 
laser-induced breakdown spectroscopy, PANGA: prompt gamma 
neutron, activation analysis, XRT: (X-ray transmission).    

Bond length.
Although both bands are between the same pair of elements, they 
can have different bond lengths.[21]. 



Results
Fig. 1 shows the graphical abstract containing the SEM micro-
graph of the Al alloy 6061.  Fig. 2 shows a photograph of the met-
al’s nonferrous (Fig. 2a) and mixed ferrous and nonferrous scrap 
(Fig. 2b). Fig. 3 shows a laboratory-scale fluidized bed jet mill 
(Fig. 3a) and the powdered scrap (Fig. 3b). Fig. 4 shows a sequen-
tial processing diagram for the preparation of valuable doped Al 
alloys from Al scrap. Fig.5 shows the effect of different solids (the 
scrap): liquid (HCl acid) ratio at 85 °C on the extent of ‎leaching 
of metals in the scrap after removal of copper-It can be seen that 
the extent of leaching ‎decreases in the order, Sn. Zn, Al, Fe, and 
nickel. Other metal of Si doesn’t dissolve.

Figure 5: Effect of liquid: mass ratio on the extent of leaching.‎
 
Fig.6 shows the extent of dissolution of the metals in 3M HNO3 
at 75°C.  It can be seen that magnesium readily dissolves in the 
nitric acid whereas other metals display ‎a lower rate of dissolution 
which decreases in the order Fe, Al, Mn and Ni. Silicon is resistant 
to acid attack‎.

It can be seen that magnesium readily dissolves in the HCl acid 
whereas other metals display ‎a lower extent of dissolution decreas-
ing in the order Fe, Al, Mn and Ni. Silicon is resistant to acid at-
tack‎.

Figure 6: The extent of dissolution of some metals in the Al scrap 
in 3 M HNO3 at 75°C.  

Fig. 7 shows the effect of time on the weight pct of lime doped in 
the aluminium alloy at 900 °C by pyrometallurgy (PM) method. It 
is seen that the doped weight of lime is a time-dependent process 
whereby the maximum extent of the doped lime amounts to 0.62 
pct and takes place after 

Figure 7: Effect of time of doping, min on Wt. % of lime in the 
Al alloy

90 minutes at 900 °C. Fig. 8 shows the weight of the doped lime 
in the Al alloy prepared by the powder metallurgy method (PM). 
It can be seen that the lime content that doped the Al alloy is much 
higher as compared to the pyrometallurgy method worth noting 
that the Al alloy turned less ductile.
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Figure 8: Lime doped in the Al alloy by PM method

Table 5 shows the weight pct of the doped lime and zinc of molten Al alloy as a function of time

Table 5: The weight pct of the doped lime and zinc of the molten Al all

Time of doping, min. Doping material The added weight (g)/100 g Al The doped weight Pct of doped metal
10 Lime 1 0.015 1.5
10 Zn 1 1.0 100
30 Lime 2 0.35 17.5
30 Zn 2 2 100
45 Lime 3 0.85 28.3
45 Zn 3 3 100
60 Lime 4 1.14 285
75 Lime 5 1.4 28.0
90 Lime 6 1.6 26.6

Fig.9 shows the effect of zinc addition on the hardness of the 
dopped Al alloy. It can be seen that zinc addition with ≥ 8 pct 
weight pronouncedly increases the hardness of the Al alloy. The 

ultimate hardness of the Al alloy is dopped with 20 % Wt. zinc 
amounts to 76 HRV. 
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 Figure 10: Effect of Ca doped in the Al alloy on the hardness of the Al alloy. 

Figure 9: Effect of zinc addition on the hardness of the dopped Al alloy by PM. 

Fig. 10 depicts the change in hardness upon the addition of Ca to the Al alloy. Calcium increases the hardness to less extent compared 
to zinc. With 10 Wt. % Ca the ultimate Al hardness amounts to 42 HRV. 

It is seen that calcium in the recovered alloy increases the mechanical hardness with the corresponding increase of calcium content to 
about 37 HV and 42 HV with 7 % and 10 % respectively. The mechanical hardness displays minor change with a further increase in 
calcium content of more than 10 Wt.%.

Fig. 11 shows the Arrhenius plot of the process of recovery of Al Alloy from scrap. 6061
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Figure. 12a The density of Al with up to 20 Wt. % Zn and Ca         Figure. 12b SEM of 1Al 1%Zn and 3%Ca

Figure 12: The effect of the addition of Zn and Ca to the Al alloy 6061 on its density (12a) and microstructure (Fig. 12b).

 Figure 11: the Arrhenius plot of the process of recovery of Al Alloy from scrap. 6061

Fig. 12 a-b shows the effect of the addition of Zn and Ca to the Al alloy 6061 on its density (12a) and microstructure (Fig. 12b). It is seen 
that zinc addition increases the Al alloy whereas calcium addition decreases the alloy.

Fig. 13 shows the Gibbs free energy of the formation of different 
AlxCay alloys within the temperature range of 620°C - 675 °C for 
fixed periods of 30 minutes.  It is seen that the ∆G energy for Ca 

addition to Al metal slightly decreases linearly with temperature 
up to 675 °C.
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Figure 13: The Gibbs free energy of the formation of different AlxCay alloys

Figure 14: The activation energy of the process of Ca addition on Al alloy.

The activation energy of the process of Ca addition was calculated from the Arrhenius plot given in Fig 14 and found to be 27.533KJ.
mol-1.

Fig. 15 shows the X-ray diffraction pattern of the Al3Ca2La1.5Mn alloy given in comparison with the binary Al14Ca alloy. Zhuliang 
2022
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Figure 15: The X-ray diffraction pattern of the Al3Ca2La1.5Mn alloy given in comparison with the binary Al14Ca alloy, Zhuliang 2022.

Figure 16: SEM images of some metals obtained by reduction of their salts with 1 M  ascorbic acid solution. 

It can be seen that the alloying metals ≥ 0.5 Wt.% appeared in the scanned image. Fig. 17a.b, shows the SEM of the annealed aluminium 
alloy containing 4 % calcium at 550 °C for 10h. after annealing  for10 h
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  Fig. 17a                                       Fig. 17 (b)    
 Figure 17 :a.b: SEM image of the recovered alloy (a) and with 1.2 % Ca microstructure,

It is worthy to note that the effect of the addition of other metals 
on the physical properties of the recovered Al 6061alloy deviates 
the produced alloy from the specifications assigned for 6061 alloy 
and forms alternative alloys with unspecified standard composi-
tion. Therefore, only the standard Al 6061 alloy as specified was 
strictly followed in this study. In the next phase, such an effect will 
be studied. The advantage of the present method in comparison 
with the other methods of recycling is that it can be carried out 
with lower energy consumption, simple and the output efficiency 
amounts to 98.7 %.

Lime inclusions improved the physical and mechanical properties 
of the prepared alloy, although it increases the hardness of the al-
loy by approximately 37 V. Calcium is widely used for reduction 
purposes but may limit its extensive industrial use in lightweight 
structures. The ‎activation energy of the ‎alloy preparation method 
amounts ‎to 27.53 kJ/mol with a ‎recovery potency of 98.7%.

Discussion
Calcium particles may display as grain refiners for primary base 
alloy. Such role helps in improving the strength of the virgin al-
loy. Calcium atomic radius.  Other metals in the scrap undissolved 
in the alkaline reagent containing hydrogen peroxide, and. after 
filtration, revealed that copper went into the solution. The solid 
residue leached by 3 M HCl solution to produce soluble chloride 
salts as follows   
         
	 xM +  yHCl 	    MxCly  + yH2 …	 (7)

The metals chloride in the solution was analyzed with the help 
of ICP and the required mole was adjusted either by partial pre-
cipitation of the metal in excess to form an insoluble compound 
or by the addition of a freshly prepared solution from a primary 
salt of the metal of concern. The calculated volume of the met-
al’s chloride solution was then mixed with copper test ammonia 
and magnesium silicide and thoroughly stirred. Metal ions in the 

global solution were reduced chemically with hydrazine hydrate of 
ascorbic acid as follows. Ascorbic acid has the following structure
whereby the (….H)  is the active reducing atom
The reaction with MCl2 to give free metal particles takes place 
according to
 
Metal chloride + ascorbic acid             free metal particles + oxi-
dized ascorbic acid + HCl acid

2MCl2 + 3C6H8O            2 M + 3C6H6O  + 4 HCl  ……… .(6)

Similarly, hydrazine hydrate reduces the metal ions according to

NH2NH2.H2O + 2MCl2         M + N2H2 + 4 HCl …………(7)

nickel nanoparticles were obtained by chemical reduction of their 
respective salt solution using 1M ascorbic acid at room tempera-
ture. Magnesium and silicon content were managed by the ad-
dition of the freshly prepared magnesium silicide. Fig 3 shows 
the structure of Mg silicide. Silicon occupies the centres and the 
‎corners of the face-cantered cubic lattice. and Mg centres occupy 
eight tetrahedral sites in the interior ‎of the unit cell. Fig. 2 shows a 
photograph ‎of the metal scrap.
  
The Al alloy No. 6061 is highly recommended in structural ap-
plications where lightweight or ‎corrosion ‎‎‎‎resistance is required. 
The alloy, composed mostly of aluminum, displays importance in 
‎aerospace ‎‎‎‎manufacturing. The alloy is used for the ‎‎production of 
‎electronic and microelectronic components and ‎‎‎‎‎radar construction. 
Microstructural characterization is 231nm and 125 nm (Van der 
Vaal and empirical values respectively) as compared to aluminum 
(184nm) or zinc (139nm). The addition of calcium to the Al alloy 
involves partially displacement of the host Al atoms causing a de-
crease in the density of the host alloy as revealed in Fig. 18a. the 
changes in the structure of the alloy may be postulated as repre-
sented in Fig. 18a
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Typical atomic structure of Al             the atomic structure of Al  
Figure 18a: Partial displacement of the host Al atoms causing a decrease in the density

Figure18b: Possible atomic structure of the Al 6061 alloy after the addition of Ca

The hypothetical density value of the Al alloy Al4Ca amounts to 
2.95 g.cm-3 Because the alloy microstructure is not perfectly ide-
al but with intra-atomic space. it would be legitimate to expect 
a decrease in density of the Al  (ρ = 2.71) 6061 alloy upon the 
addition of calcium (ρ =1.55). The extent of decrease relates to the 
Ca weight doped in the host alloy until Ca satisfies the available 
spaces. Zinc on the other hand has a smaller atomic radius and 
higher density value as compared to calcium. Therefore, the ad-
dition of zinc causes an increase in density value as shown in fig. 
11a. The results shown in Fig. 10a are in line with the postulated 
model as demonstrated above. However, because the density value 
of zinc metal is higher than with calcium and the atomic radius 
is smaller, it would be expected that the addition of zinc opposes 
that of calcium i. e the density increases The Gibbs energies of 
formation of Alcan alloys confirm that higher energy values would 
be consumed as the Ca mass ratio goes up. The traditional name 
of Al 6061 with calcium is produced under the name Alcoa. Alcoa 
wheels are forged from one single block of high strength alumi-

num alloy. This alloy is 5 times stronger than steel wheels and 
withstands the most severe tests, LBF, TUV, and JWL-T. Alcoa 
workhorse wheels have no ventilation holes, to protect the disc 
brakes in off-road applications.  The addition of the alloying met-
als involves heating on-site to the required temperature and stir-
ring. The extent of the ‎activation energy of the Al-Ca/Zn alloys 
preparation method amounts ‎to 27.53, kJ/mol with a recovery po-
tency of 98.4 % obtained from the plots of the extent of recovery 
versus absolute temperature (figs. Not presented).

Fig. 19 shows The XRD pattern of the different  Al-alloys contain-
ing Zn, Ca and other metals. It is seen that with aluminum metal, 
the peaks appearing at 2Ɵ of 42, 45, 67 and 78 displayed the high-
est intensity value of ≥2000. With aluminium alloys, the 2Ɵ peaks 
appeared at the same 2Ɵ value but with lower intensity of 500 up 
to 1800. The peak’s intensity relates to the alloying element in the 
order Zn, Cu and Mg.
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Conclusions  
The output conclusion of this study can be summarized in the fol-
lowing. The metal Al scrap is a recurring ‎source of metal values 
like copper, aluminum and nickel. There is no guarantee, during 
the primary machining, ‎for assorting the scrap from being mixed 
and may be wasted as a scrap. The weight percentage of the ‎met-
als is variable and differs from one workshop to another depend-
ing on the countryside and type of the ‎industry. Direct melting of 
the scrap doesn't score the goal recovery of  6061 alloys because 
of the broad variety ‎of the melting point of the elements avail-
able. The suggested method involves magnetic separation of the 
‎ferromagnetic elements, hydrometallurgy selectively leaching of 
copper in alkaline ammonium hydroxide ‎‎/ammonium bicarbonate 
solution containing 10 % H2O2, filtration of the reaction medium 
and leaching of the ‎remaining unreacted metals with 3M HCl at 
room temperature becomes the suitable way to achieve ‎preparation 
of the targeted Al 6061 alloy. Calcium addition to the alloy im-
proves the alloy’s hardness. Calcium ‎is a reducing agent for many 
reactive, less common metals; to remove impurities from lead; as 
a ‎desulfurizer and deoxidizer for ferrous metals and alloys; and 
as an alloying agent for aluminum, silicon, ‎and lead. Calcium is 
‎widely used for this purpose. The precise and accurate composi-
tion of the 6061 alloys is easily workable. ‎Controlling the portion 
of the metals solutions that are then mixed and reduced with 1 M 
ascorbic acid ‎produces metal powders constituting the 6061 alloy 
composition.
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