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ABSTRACT: The effect of nano Fe2O3 on microstructure, mechanical and 3.5% Nacl corrosion-fatigue interaction 

of AA7100 base metal was studied. The nano composites (1.5%,3%and4.5wt.%/Fe2O3) were produced by stir 

casting route. An optical microscopy was used to study the microstructure of the matrix and nanocomposites. It 

was found that the best addition of Fe2O3 was the 4.5wt.% which caused dendrite refinement and uniform 

distribution which could be attributed to develop the mechanical and corrosion –fatigue criteria. The mechanical 

features (UTS and YS) of 4.5wt.% composite was improved by 25.15% and 38.28% respectively. While the 

ductility was observed to decrease by10.58%. The improvement in hardness was recorded to be10.28% for 

4.5wt.%/Fe2O3 composite. The addition of 4.5wt.%/Fe2O3 significantly improved the corrosion-fatigue interaction 

compared to the matrix. 

KEYWORDS: AA7100, nanoFe2O3, stir casting method, mechanical properties, corrosion-fatigue interaction, 
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INTRODUCTION AND REVIEW 

Aluminum and its alloys have many applications such as in aerospace, transportation and marine industries 

because of their high strength and weight of light properties and good resistance to corrosion [1]. A very reactive 

metal is Aluminum, which is make a thin solid protective film of oxide which avoids the further than corrosion 

for the material. However, contacting with solutions including complex agents (i.e. halides), aluminum suffers 

limited corrosion different attempts were made to study. The influence of different ions on the electro chemical 

behavior and pitting corrosion of AL and its alloys [2-3] protecting aluminum via cover its surface with an organic 

layer is a good method for taking advantages of the mechanical feature of the metal whereas protective it from 

corrosion. Adhesion of the organic layers on aluminum it very poor and required round about pretreatment as 

chromating. There is a great request for an ecologically friendly surface handling because of the carcinogenic 

nature of chromate transformation layers [4-9]. Aluminum alloy 7100 has supposedly 0.25% chromium and 2.5% 

magnesium. It has good effort capability, good weld capability, medium static strength great fatigue strength, and 

very good resistance to corrosion mainly in marine atmospheres, and it has the low density and outstanding 

thermal conductivity to all aluminum alloys. It is usually utilized in forms of plate, sheet, and tube. 

Shrifitabar et al. [10] (2011) studied the mechanical features and microstructure of 5052AI. / Al2O3 surface 

combined fabricated via friction stir processing (FSP) and influence of various (FSP) transfer these features were 

examined. Two sequences of trials deprived of and with powder were FSP via one to four permissions. Trial of 

tensile was utilized to assess mechanical features of the composites and (FSP) regions. Microstructural 

explanations were applied by utilizing optical and scanning electron microscopes too. The outcomes presented 

that size of particle of the stir region reduced with growing of friction stir processing pass and the compound 

made-up via four passes, had sab micron mean size of grain.  

Increasing in the friction stir processing pass produced constant spreading of particles of Al2O3 in the matrix and 

construction of nanocomposite afterward four passes with mean collection size of 70.0 nanometer. results of test 

of Tensile referred that strengths of yield and tensile were greater and elongation was lesser for compounds 

fabricated via three and four passes in relating to the materials of FSP caused deprived of powder in the same 

settings and entirely friction stir processing tasters had greater elongation than base metal. In the greatest settings, 

strength of tensile and elongation of base material enhanced to 118.0% and 165.0% in compound fabricated via 

four passes individually. 

mailto:batoolkadhim77@gmail.com


 Mechanical and Corrosion Behavior of AA7100 / Fe2O3 Composites Synthesized by Stir Casting Technique 

150 

 

Huda et.al. [11] (2019) investigated the mechanical and wear manners of AA7075 aluminum matrix composites 

strengthened by nanoparticles of Al2O3 with three amount of Al2O3 i-e (1%, 3% and 5wt.%). They experimentally 

obtained that the (UTS and YS) improved from 133MPa and 35MPa to 152 MPa and 47 MPa respectively. Also 

the hardness enhanced by 20.8% for the best composite having 5wt.% Al2O3. 

Manal et. al. [12] (2020) studied mechanical, electrical, magnetic and fatigue properties of nano composite 

AA6063-T4/ TiO2 with three levels of addition i-e 3% , 5% and 7wt.% of TiO2 using stir casting method. They 

concluded that the mechanical and fatigue properties increased with increase the amount of TiO2 while ductility 

reduced. The fatigue strength of 7wt.% composite was recorded to be 13% higher than the metal matrix. The 

uniform distribution of TiO2 in base metal was the main factor for improvement the above properties. 

The present study focuses on fabrication and mechanical and fatigue properties of AA7100 reinforced with Fe2O3 

particles. Also to study the effect of prior 3.5% NaCl corrosion on the fatigue life of the best nano composites 

under constant loading. 

In contrast to usual substances utilized these days for example wood and metal, compounds can deliver a different 

benefit. the features of light weight consider the main driver and benefit in the implementation of compounds. In 

transference, equipment at less weight, light weight compounds permit for lengthier drives in golf, quicker swings 

in tennis, and straighter shots in archery, whereas in energy of wind, a blade at less weighs the power of the turbine 

which produce is more. In addition to savings of weight, the greatest significant profits of compounds contain, 

nonconductive, design flexibility, flexible, long life, won’t dent, low repairs. 

EXPERIMENTAL DETAILS 

Variety of reinforcement and matrix 

Matrix the aluminum alloy 7100 was utilized as matrix stage in this compound substance, which is utilized in 

different structural and defense implementations. Chemical composition of alloy 7100 of aluminum exposed in 

table (1). 

Table 1. Chemical composition of aluminum alloy 7100 [13]. 

 

Mechanical features of AL. composites 

Mechanical features of metal matrix composites (MMCs) are fundamentally purposes of the industrial procedures. 

Settings of state of surface and roughness in addition to the kind of matrix reinforcement and heat handling effect 

the mechanical manners of the metal matrix composites in settings of servicing. The influences for example the 

volume fraction of the reinforcement, absorbency of the matrix, and their spreading accumulation or particles 

sedimentation and size of particle, dross and absorbencies effect the manners of the metal matrix composites 

improving mechanical properties of composite materials [14-16]. 

Trial of tensile 

Trial of Tensile was completed at (AL-Mustansiriya University, Collage of Engineering) utilizing (Tinius Olsen 

K1000) test of tensile machine with the maximum capability of 1000KN, which is exposed in fig. (1). The material 

of the examples was established as 150mm in length and 15mm in diameter from the cast molds. The outer profile 

of the examples was then machined utilizing CNC lathe, the trial of tensile specimens’ form is displayed in fig. 

(2) which was completed relying to E8/E8M-09, (ASTM,2017) [4]. 

 Mg Si Fe Cu Mn Cr Zn Pb AL 

Ref.[13] 1.5 0.764 1.0 0.441 0.391 0.0402 2 0.155 balance 

Exp. 1.51 0.706 1.05 0.405 0.385 0.039 2.06 0.15 balance 
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Figure 1. Tensile test machine (Tinius Olsen K1000) 

 

 

Figure 2. Tensile test specimen relying to E8/E8M, 09 (ASTM, 2017) [4] 

FATIGUE SPECIMEN GEOMETRY  

12 specimens with nano and 12 specimens as received were factory-made by utilizing programmable CNC lathing 

machine via writing an appropriate programmer. Then entirely samples were machined. Vigilant attention was 

done to generate good surface finish and to reduce the tensile remaining stresses. The surface of entirely samples 

were polished by utilizing1000, 800 600, 400, 300, 260, and silicon carbide papers and after that three various 

diamond laps, course 3/2 micron, fine 1.0 micron and lastly extra-fine 0.25 micron. The last stage was cleaning 

by distilled water then washing the specimens for polishing with alcohol. The specimens were numbered and 

tested for measuring the roughness of selected specimens. Fig.(3) the specimen dimensions in mm according to 

(DIN 50113) standard values. 
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Figure 3. Fatigue test specimen (all dimensions in mm) according to (DIN50113). 

FATIGUE TEST MACHINE 

A revolving bending machine fatigue-testing Schenck product kind was utilized to implement all fatigue trials, 

with constant and variable amplitude. The fatigue sample which is exposed in fig. (3) has a round cross section 

and is exposed to an applied load from the right side of the vertical to the axis of sample, improving a bending 

moment. So, the sample’s surface is beneath tension and compression stress once it revolves. The value of the 

load (P) is determined via Newton (N), relying to the sample for a recognized stress value (𝜎). 

Calculated from applying the theory as bonding:- 

𝜎(MPa) =(32 × 125.7 ×P(N)) / (𝜋 × 𝑑) 

Where (d mm) is the minimum of the specimen, and force arm is equal to 125.7mm, and (𝜌) is the applied load 

(N). The fatigue test rig is shown in fig. (4). 

 

 

 

 

Figure 4. Test fatigue machine 

 

CORROSION TEST 

3.5wt.% sodium chloride (NaCl) solution was used corresponding to the composition of sea water. The samples 

were immersed in the solution for 60 days. The solution in the test container is refreshed every 15 days in order 

to keep the solution concentration. 
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RESULTS AND DISCUSSION  

Mechanical properties 

The mechanical properties of 7100 AL. alloy metal matrix and the 7100 AL./Fe2O3 composite with different 

amount of Fe2O3 obtained from experimentally shown in table (2). 

Table 2. Mechanical properties matrix and nanocomposites. 

Ultimate Tensile Strength (UTS) 

It is clear that the (UTS) of the best composite (4.5wt.% ,Fe2O3) increases by 25.15% in comparison with the as- 

cast AA7100. As shown in fig. (5). 

 
Figure 5. Variation in (UTS) 

Yield Stress (YS)  

Fig. (6) shows the relation between (YS) and the amount of Fe2O3.It can be noted that by addition of 4.5wt.% of 

Fe2O3 the (YS) increased from 79MPa to 128MPa resulting in 38.28% improvement percentage. This result is in 

good agreement with what concluded by Shorowordi and Laoui [17] and Nagarletal [18]. 

 

Figure 6. Variation of (YS) against wt.% of Fe2O3 
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HV Hardness 

Fig. (7) shows the variation of HV with the amount of Fe2O3. A notable rise in HV due to the addition of Fe2O3. 

An improvement of 12.2% is noticed from comparison between the 4.5wt.% Fe2O3 composite and matrix. 

 

Figure 7. HV improvement due to addition of Fe2O3 

Ductility or Elongation% 

The effect of Fe2O3 content on the ductility can be seen in fig.(8). It is clear that the ductility of 4.5wt.% Fe2O3 

composite has high decrease. The reduction percentage in ductility in composite including 4.5wt.% Fe2O3 is 10% 

in comparison with the cast alloy. The reduction in ductility of 4.5wt.%  Fe2O3 composite can be attributed to the 

presence of Fe2O3 reinforced material. 

 

Figure 8. Indicates the variation of ductility with wt.% Fe2O3 

The reasons of improvement the mechanical properties: 

The enhancement is mechanical properties may be coming from the following factors: 

1. Resilient interface bonding load from the base metal transfers to the         reinforced substance [19]. 

2. Strength honing the matrix due to adding Fe2O3 resulting in a reduction in grain size matrix leading to generate 

high dislocation density. 

3. The presence of the hard Fe2O3 particles play a barrier to crack initiation and propagation there by providing 

enhanced strength of composites. 

Fatigue Results and Analysis 
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All fatigue tests were performed using the better mechanical properties composite. The test was carried out on 

three cases i-e room temperature (RT) corroded and uncorroded samples. Three specimens for each stress level 

and four level of stresses were adopted. Then the average results was taken and compared. These tests were 

performed in order to study the effect of corrosion on S-N curve fatigue life of nanocomposite AA7100 / 4.5wt.% 

Fe2O3. The selected alloy AA7100 is mainly used in the fins of heat exchangers, which face cyclic loading and 

extreme environment therefore, this study go through combined fatigue and corrosion. The results of fatigue tests 

for the above three cases is recorded in table (3). 

Table 3. Constant fatigue results of three cases of testing. 

 

 
Spec. No. 

Applied 

stress 

(MPa) 

Nf (cycles) 

Average 

R2 Correlation 

factor 
S-N curve equation 

As cast 

1 60 452333 

0.842727 

 

𝜎𝑓 = 506 ×  𝑁𝑓
−0.155 

 

2 70 382600 

3 80 266733 

4 100 29067 

4.5 wt% 

uncorroded 

1 60 790267 

0.927033 
𝜎𝑓 = 1212 × 𝑁𝑓

−0.217 

 

2 70 519800 

3 80 394267 

4 100 87133 

4.5 wt % 

corroded 

1 60 596000 

0.874782 
𝜎𝑓 = 597 ×  𝑁𝑓

−0.165 

 

2 70 485400 

3 80 312200 

4 100 41533 

       

The life- times of the above three cases are plotted in fig. (9) included as-cast, 4.5wt.% uncorroded and 4.5wt.% 

composite corroded. R2 is defined as the correlation parameter, which is taken to approve if the testing results are 

well explained via Basquin formulation. As R2 is for away from unity, the relationship between stress (𝜎f) and life 

(Nf) is weaker and vis-versa. As given in fig.(10) the behavior of fatigue life of precorroded composite samples 

reduced compared to the composite samples without corrosion. But still the fatigue life of composite samples is 

higher than that of as- cast. Genel [20] concluded that the fatigue life of 7075-T6 subjected to 3 years pitting 

corrosion significantly reduced to about 80%. 
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Figure 9. S-N curves of 7100 AL/Fe2O3 nano composite with different ratio for high cycle fatigue 

Microstructural Results 

Fig. (10) show the optical micrographs of the base metal and AA7100/4.5wt.% Fe2O3. Fig. (10, b) reveals uniform 

distribution of Fe2O3 and there is a little agglomeration. The grain size of composite was smaller than that of the 

matrix due to the Fe2O3 particles act as nucleation sits.  

 

(a) Zero base metal   (b) 4.5wt.% / Fe2O3 composite 

Figure 10. optical micrographs of (a) as – received (b) AA7100 /4.5wt.% Fe2O3 

CONCLUSIONS 

The composites of AA7100 and 1.5, 3 and 4.5wt.% Fe2O3 were produced using stir casting method. The 

composites were then examined by optical microscopy. Mechanical and fatigue testing were performed with and 

without corrosion. The major conclusions of this study can be summarized as follows: 

1. The effect of Fe2O3 nanoparticles on the microstructure showed grain improvement of the matrix and 

unvarying spreading of the Fe2O3 particles. 

2. The mechanical strength (UTS and YS) of AA7100 considerably increased by adding nano Fe2O3 particles. 

The best increasing was found in composite containing 4.5wt.% nano Fe2O3 and the matrix increasing percentages 

were recorded to be 25.15% and 38.28% respectively. The increase in strength was in expense of ductility. The 

highest hardness was found to be 82 HV in 4.5wt.%/Fe2O3 showing 12.14% improvement percentage. 

3. Experimentally obtained results for the fatigue test were compared with the results obtained by application at 

corrosion – fatigue enteria. It was revealed the 4.5wt.% Fe2O3 significantly reduce the effect of corrosion. 
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