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Abstract

The effectiveness of composite materials with the addition of activated carbon produced from biomaterial with a new
application on aluminum-based composite materials was investigated in this study. Activated carbon was produced from
the peanut shells via the chemical activation method and the obtained activated carbon was mixed with aluminum and
composite material. For the characterization of the composite material obtained, XRD and SEM-EDS optical photographs
were assessed in the experimental process. According to Vickers Hardness and Dynamic Micro Hardness results, the sample
with the hardness value of 2% AC added had the highest hardness value. The value of the elastic modulus was found to be
9.59GPa with an increase of 3.4 times compared to aluminum with 2% activated carbon addition. This increases with acti-
vated carbon quantity, and weakens the composite structure due to weak van der waals interaction with aluminum, which
reduces hardness; therefore, the best ratio of the activated carbon reinforcement to the aluminum matrix was obtained at 2%

activated carbon addition.
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1 Introduction

Aluminum and aluminum composites are used very fre-
quently in areas such as automotive, aerospace industry
due to their properties such as high thermal and electrical
conductivity and good corrosion resistance [1]. The utiliza-
tion of aluminum composites in aerospace industries has
increased due to their lighter weight [2]. Increasing demands
for light-weight materials for improving the efficiency of
vehicles is the main driver behind the current research and
development of aluminum composites [3]. Metals having a
reduced specific gravity have useful mechanical characteris-
tics including strength, which provides the required strength
with less weight, and thereby reducing fuel and operating
costs. They have high electric and thermal conductivity,
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high damping capacity, and high corrosion resistance [4].
AMC:s have created interest in research communities since
1920s [5]. One of the main reasons to conduct the current
research was to find out which material is appropriate for
composite preparation. Since it is a metal matrix compos-
ite, we had several options to fill up the slots of the matrix
and several options for reinforcement materials. The next
task was composite preparation. To prepare that, the rein-
forcement and method type have to be decided beforehand
[2]. We focused on the materials which have contributed
to the aircraft industry and in the developments in metal
matrix composites; therefore, we chose aluminum as our
matrix material. Various research is still ongoing on ana-
lyzing multi-faceted characteristics of aluminum. Besides
the contributions of aluminum to our industry in the previ-
ous years also made a key point in selecting it, selecting
the reinforcement was a different task, for which we had to
know how to mix both the materials and type of reinforce-
ment to be used [2, 6]. Carbon and its allotropes are widely
used in composite materials. Especially graphene is widely
used in nanoelectronic devices [7]. The use of graphene in
such fields has made a significant contribution to the scien-
tific field. [8]. Graphene-like materials are the most impor-
tant structures due to their mechanical, thermal, electronic,
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optical and thermoelectric properties. [9]. Bafekry et al., in
their study with garefen hetero multilayer platinum mineral
jacutingaite, investigated the optical, thermoelectric and
mechanical properties and showed that the increase in the
number of layers in PHS has a positive effect on the UV
increase [10]. Thus, composite materials, particularly metal
matrix composites, have taken aluminum’s place due to the
enhancement of mechanical properties of aluminum alloys
via reinforcements. Thus, composite materials’ major ben-
efits include their strength, which is very useful to improve
the structural performance of spacecraft and military equip-
ment. Mechanical characteristics and the wear resistance of
Al 7075 graphite composites were studied during research
[11], into carbon-reinforced aluminum composites [12] and
characteristics and microstructures of Al,O5, SiC, and B,C,
reinforced Al [13]. Activated Nano-composites of carbon
were used with alumina. It was synthesized and applied to
remove sulphide ions from water [14]. Wear behavior and
physical properties of aluminum have been discussed along
with palm shell activated carbon [15]. We utilized reinforce-
ment in particulate form, which suits the composite prepa-
ration technique, and reinforcement was nothing other than
activated carbon. Activated carbon was produced via a slight
modification to carbon, after which, carbon remains in a
stable form [13]. For economic reasons, and as it is a renew-
able source, agricultural by-products and waste materials
have been explored for actived carbon production for a long
time [16]. Activated carbon has some excellent properties,
which exist in active form: it can be highly porous, shows
higher absorption rates, possesses the capacity to bind sub-
stances using London dispersion force or Van der Waals
force, exhibits higher absorption rates, shows more reactivity
than carbon, prevents corrosion and plays a significant role
in gold, water, and gas purification processes, air filtration,
and metal extraction [17]. Processing results in additional
surface area for chemical reactions or absorption [18]. The
reinforcement multi-walled carbon nanotubes are added in
the various ratios between 2 and 10% weight of AA6061
alloy [19]. Bafekry et al.in which the electronic and opti-
cal properties of two-dimensional materials were examined,
they showed that the band gap decreased by increasing the
thickness of C2N. In his study [9]. According to our knowl-
edge, aluminum composite materials with an aluminum
matrix and with aluminum composite materials containing
activated carbon are not available in the literature, although
there are many studies in the literature where carbon nano-
tubes are used in this manner.

The present study aimed to obtain a new type of compos-
ite material by using aluminum matrix reinforcement of acti-
vated carbon obtained from the vegetable waste. Then, it was
also aimed to obtain activated carbon as reinforcements with
porous aluminum matrix composite material produced by
powder metallurgical method. Moreover, it was also focused
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on the mechanical properties by conducting hardness and
density tests, as well as microstructure tests such as SEM,
EDS, and XRD to improve the performance.

2 Materials and Experimental Setup
2.1 Preparation of Activated Carbon

Activation of activated carbons used in experiments was
performed by mixing 5 M 250 ml HNO; and 50 g powdered
peanut shells, after which it was left at room temperature for
1 day to remove structures outside the carbon skeleton of
the peanut shells. Then, the samples were dried in the oven
at 105 °C for 1 day and were pyrolyzed in a stainless-steel
closed reactor vessel at 800 °C for 2 h under a constant N,
nitrogen flow of 10 psi. The samples were then left to cool
under a constant N, nitrogen flow. The cooled samples were
removed from the reactor and subjected to washing with a
1 M NaOH solution for neutralization. Afterwards, the sam-
ples were washed 3—4 times with warm distilled water and
dried in the oven at 110 °C for 1 day. The dried samples were
grinded again in the grinder and sieved through the sieve to
bring the particle size to 0-50 pm.

2.2 Preparation of Activated Carbon-aluminum
Composite

Aluminum-based materials increases the mechanical
strength of composite materials [20]

. Because of this in this study, activated carbon was added
in varying proportions (2%, 4%, 6%) to powdered Aluminum
with 99% purity and average particle size of 17-30 pm. and
later, the composites were prepared by mixing aluminum
with activated carbon by mechanical alloying. The mechani-
cal alloying was conducted using a PM 100 Retsch planetary
ball mill. The mill has a steel vial with a depth of 60 mm and
a cylindrical cavity with a diameter of 100 mm. Nine small
steel balls were selected, which each had a 12 mm diameter.
They were selected to strengthen the metal bonds. 150 rpm
was the rotational speed of milling. The vial contained 100 g
of powdered mixture and steel balls, which was sealed in a
pure argon atmosphere. The first batch of composite pow-
ders was Al and AC-based with the composition of: Al-2wt
%AC, Al-4wt %AC, and Al-6wt %AC. The mixture was
placed in a storage tube so as to lose contact with air and
oxidization. Finally, the Al-Active carbon composite mate-
rial was obtained using a metallographic sample prepara-
tion method. The powder mixture was loaded in a cylindri-
cal mold with an inner diameter of 13 mm, and the powder
was placed under 500 MPa. On a quartz tube, a circular
disk was loaded in a MTI GSL-1100X-S50 furnace. When
the protective argon gas was supplied to the specimen, the
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temperature was increased to 550 °C. temperature increase
was 10 °C per minute. This sintering temperature required
almost 1 h waiting time. The specimen was later naturally
cooled down. The resulting composite pellet keller solution
(190 ml pure water + 5 ml HNO;+ 3 ml HCI 42 ml HF) was
etched (Table 1).

3 Characterization of Activated Carbon
and Composite Materials

The composition of the material was determined using the
energy-dispersive X-ray spectroscopy (EDS) technique. The
optical images of the samples were captured using an Olym-
pus GX41 inverted metallurgical microscope. The scanning
electron microscope (SEM) images were captured using the
FEI Quanta 250 FEG-SEM. The stiffness of the composite
is due to strengthening of particle reinforcements with a low
aspect ratio. The ASTM E10 standard is used to test hard-
ness. The Brinell test was adapted to find the metal hardness.
A ball type intender with 10 mm diameter is applied at 5 N
load.

For determining sample hardness through hot pressing,
the sample hardness was measured with the help of a Brinell
hardness testing device at 62.5 kg load with a 2.5 mm ball
diameter. For completeness in determining hardness, the
measurement of hardness values was initiated from samples’
middle, tip, center, and backside; thus, 3 values of hardness
were measured for each sample. Later, the lowest and the
highest values were eliminated, and the average hardness
values were calculated taking into account the remaining
values.

The aluminum matrix composites’ densities were
calculated with the help of a QUANTACHROME and
ULTRAPYC Model 1200E helium pycnometer. The density
was calculated and applied to the lower part of the bolstered
samples and metals. We selected the Archimedes principle,
which is a density measurement method. Archimedes’ prin-
ciple was applied to find the results, which are expressed
through the following expressions for composites’ densities.

Density of activated carbons:

Table 1 Activated carbons bet surface area and other properties

Samples Bet surface Weight % C Weight % O Weight % Al
area (m?/ 2)
Raw Peanut  0.83 29.9 22.5 0
shell
Activated 82.9 55.07 10.67 0
Carbon
Al+%2 AC 2 0 98.00
Al+ %4 AC 4 0 96.00
Al+ %6 AC 6 0 94.00

W,

— o
Pac = v W,—(W, +W,) €))

4 d,

Volume of activated carbon:

W,—W, + W,)

Vic = Vp = ————— @)

where;

Weight of pycnometer: Wp.

Weight of activated carbon: Wo.

(Pycnometer + Activated carbon + Liquid): Wt.

The density of pure liquid: ds.

The volume of pycnometer: Vp.

The AC-Al composites’ theoretical densities were calcu-
lated with the help of this rule of mixture:

w W
Py = PaL X W% + Pac X W% 3)
Py = Pac x 100 )
P
Here;

pac = Experimentally calculated density (gr/cm?).
p, =Relative density (%).
p,=Theoretical density based on powder mixture rate (gr/
3
cm”).

4 Results and Discussion
4.1 Microstructure and Composition

Figure 1(a—c) shows that it seems homogenous and well
embedded in the Al matrix, and contains 2.0% mass of the
AC sample. As with the samples produced by powder met-
allurgy, pore formation occurred in them. Active carbon
beads are not embedded in aluminum, but aluminum beads
are placed at the contact points. It has also been observed
that the practical size of the activated carbon atoms is not
equal. According to the SEM images of the samples used
in the production of active carbon, additional composite
materials were obtained from vegetables when aluminum
is used as matrix; so, it is obvious in the SEM and map-
ping images and SEM photographs show that 2%, 4% and
6% activated carbon by weight was added to the aluminum
matrix and so, activated carbon were homogenously dis-
tributed in the matrix. No agglomeration was observed.
In addition, activated carbon has homogeneous distribu-
tion in the samples, which increases the strength obtained
composite material. When Fig. 2 is examined, comparing
the optical image of a pure aluminum sample with the
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Fig.1 SEM image and Energy
dispersive spectrometer
measurement (EDS) from these
phases are given of AI-AC
composites: (a) 2% AC, (b) 4%
AC, (c) 6% AC
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optical images of 2, 4 and 6% by weight of added actived
carbon, it was observed that the added actived carbon were
homogeneously dispersed in Al, and the hardness of the
composite material decreased with the added amount of
activated carbon, and didn’t undergo any agglomeration.
At the same time, it is observed in the optical images that
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an interface layer is formed between the AI/AC in the
composite. The hemogenous distribution of actived car-
bon samples added to the matrix in the composite material
positively contributes to the materials’ mechanical proper-
ties. Heterogeneous distribution found in the added materi-
als adversely affects the composite material hardness. It is
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Fig.1 (continued) sm
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seen in the optical images that the added activated carbons
are firmly held by the matrix.

The XRD results for aluminum, aluminum oxide and
activated carbon are shown in Fig. 3. When the graphs
were analyzed, peak intensity increased in parallel with the
activated carbon quantity, which is added to Al. C peaks
are observed in 6% activated carbon samples, although
they are small. Again, when the graph is examined, the
source of the Al,O; peak is seen in the samples, which
slightly oxidizes the surface during the preparation of the
samples. This result also supports the EDS data.

Figure 4. shows that Vickers hardness test and this test
was performed to monitor the effect of 2% to 6% mass of
activated carbons on the matrix of aluminum alloy. The
variation in hardness values of Al matrix composites is
shown in Fig. 4. Pure aluminum has been observed to have
less hardness. With the addition of 2% activated carbon,
the hardness of the composites reached the highest value.
The high stiffness of the composite materials was associ-
ated with the presence of hard particles of additive materi-
als, which constitutes an obstacle to dislocation. Since the
activated carbons are harder than aluminum, the amount

of activated carbon increase by mass decreases structural
hardness.

Figure 5. shows the hardness change with increase in
weight percentage of activated carbon. It is obvious in the
figure that the lowest hardness existed in the case of pure
aluminum; however, when activated carbon was increased
to 2%, its microhardness value became the highest. The
observed increase in hardness value was tripled as com-
pared to pure aluminum. It also matched the previous Vick-
ers hardness test results. Hardness decreased when activated
carbon quantity was increased. This increases the activated
carbon quantity, and weakens the matrix structure due to
weak van der waals interaction with aluminum, which
reduces hardness; therefore, the best ratio of the activated
carbon reinforcement to the aluminum matrix was found
to be 2% activated carbon reinforcement. According to the
elastic modulus graph shown in Fig. 6, the elastic modulus
values increased by 3.4 times (9.59GPa) compared to alu-
minum with the addition of 2% activated carbon. The elastic
recovery rate was also quite low in Table 2.

Experimental and relative densities of Al matrix acti-
vated carbon with added composites are given in Table 2.
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Fig.2 Optical images of
composites: A: %2AC+ Al,
B:%4AC+Al, C: %6AC + Al

C: %6AC+Al

Experimental densities vary between 2.28 and 2.44 g/cm?
and theoretical densities vary between 2.54 and 2.70 g/
cm?®. As the amount of activated carbon added to the pure
aluminum increases, the theoretical densities decrease
compared to the experimental densities. This decrease in
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density happens due to formation of pores in the Al matrix
during sintering at 550 °C and the absorption of air into
the pores. The relative densities vary between 88.80 and
95.6. High strength/density ratio is preferred in several
engineering products.
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Fig.6 Elastic modulus values obtained from dynamic hardness test

Table 2 Experimental and relative densities of Al / Activated carbon
composites

Sample Experimental Theoreticalden-  Relative
density (gr/cm®) sity (gr/cm®) density (%)

%2AC + Al 2.44 2.65 92.21

%4AC + Al 2.30 2.59 88.80

%6AC + Al 2.28 2.54 89.69

Raw Al 243 2.70 90.00

5 Conclusion

The composite material was obtained very successfully by
using the activated carbon aluminum matrix powder met-
allurgical method obtained from the plant material. The
activated carbons added according to SEM—-EDS images
are homogeneously dispersed in the aluminum matrix.
According to optical photographs of the Al-AC composite
material, as the amount of activated carbon added to the
aluminum matrix increases, the average aluminum grain
size decreases. In the XRD results, very little Al,0; was
formed, mainly due to the aluminum phase, which occurs
due to oxidation. This phase also occurred during the pro-
duction of the composite.

This increases the activated carbon quantity, and weakens
the matrix structure due to weak van der waals interaction
with aluminum, which reduces hardness; therefore, the best
ratio of the activated carbon reinforcement to the aluminum
matrix was found to be 2% activated carbon reinforcement.

Vickers Hardness and Dynamic Micro Hardness results
support each other too and the sample with 2% AC added
has the highest hardness value. With the addition of 2%
activated carbon, elastic modulus values increased by 3.4
times (9.59GPa) compared to aluminum. Also as seen in
Table 3, the elastic recovery rate is also quite low com-
pared to the others.
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Table 3 Changes of elastic recovery dynamic stiffness and elastic
modulus of composite material with addition of activated carbon

Samples Elastic recovery dynamic stiff-  Elastic
Rate(h,,-pp) (HmM) ness (GPa) modulus
(GPa)
Al 17.5 0.056 2.77
Al+%2 AC 7 0.16 9.59
Al+%4 AC 14 0.12 4.95
Al+ %6AC 13.3 0.10 4.40

Acknowledgements This manuscript was taking from master theisis of
Ayman M. S. EISAY. Thank you for his thesis process in Kastamonu
university.

Funding This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Declaration

Conflicts of interest The authors have no conflicts of interest to declare
that are relevant to the content of this article.

References

1. M.F. Kilicaslan, E. Karakose, Production of CNT- bearing melt-
spun Al-2Sc-0.05CNT alloys. J. Alloy. Compd. 738, 182-187
(2018)

2. M. Dev Anand, K.A. Janardhanan, P. Gopu, L.J. Rohit, Processing
and characterization of aluminium based activated carbon com-
posite made by enhanced stir die casting method. J. Chem. Pharm.
Sci. 9(1), 356-359 (2016)

3. T.V. Christy, N. Murugan, S. Kumar, “A Comparative Study on the
Microstructures and Mechanical Properties of A1 6061 Alloy and
the MMC Al. J. Miner. Mater. Charact. Eng. 9(1), 57-65 (2010)

4. S. Islak, Mechanical and Corrosion Properties of AlCu Matrix
Hybrid Composite Materials. Sci. Sinter. 51, 81-92 (2019)

5. M. Sayuti, S. Sulaiman, B. T. H. T. Baharudin, and M. K. A.
Arifin, “Metal Matrix Composite Products by Vibration Casting
Method,” Ref. Modul. Mater. Sci. Mater. Eng., (2015).

6. N. Michailidis, F. Stergioudi, A. Tsouknidas, Deformation and
energy absorption properties of powder-metallurgy produced Al
foams. Mater. Sci. Eng. A 528(24), 7222-7227 (2011)

7. A. Bafekry, C. Stampfl, Band-gap control of graphenelike boro-
carbonitride g— BC 6 N bilayers by electrical gating. Phys. Rev.
B 102(19), 195411 (2020)

8. A. Bafekry, A. Sarsari, 1., M. Faraji, M. Fadlallah, M., H. R. Jap-
por, S. Karbasizadeh, ... & Ghergherehchi, M, , Electronic and
magnetic properties of two-dimensional of FeX (X= S, Se, Te)

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

monolayers crystallize in the orthorhombic structures. Appl. Phys.
Lett. 118(14), 143102 (2021)

A. Bafekry, M. Faraji, D.M. Hoat, M. Shahrokhi, M.M. Fadlallah,
F. Shojaei, D. Gogova, MoSi2N4 single-layer: a novel two-dimen-
sional material with outstanding mechanical, thermal, electronic
and optical properties. J. Phys. D: Appl. Phys. 54(15), 155303
(2021)

A. Bafekry, M.M. Obeid, C.V. Nguyen, M. Ghergherehchi, M.B.
Tagani, Graphene hetero-multilayer on layered platinum mineral
jacutingaite (Pt 2 HgSe 3): van der Waals heterostructures with
novel optoelectronic and thermoelectric performances. J. Mater.
Chem. A 8(26), 13248-13260 (2020)

A. Baradeswaran, A.E. Perumal, Wear and mechanical charac-
teristics of Al 7075/graphite composites. Compos. Part B Eng.
56(August), 472-476 (2014)

Y. Huang, Q. Ouyang, D. Zhang, J. Zhu, R. Li, H. Yu, Carbon
materials reinforced aluminum composites: A review. Acta Met-
all. Sin. English Lett. 27(5), 775-786 (2014)

K.M. Shorowordi, T. Laoui, A.S.M.A. Haseeb, J.P. Celis, L.
Froyen, Microstructure and interface characteristics of B4C, SiC
and Al203 reinforced Al matrix composites: A comparative study.
J. Mater. Process. Technol. 142(3), 738-743 (2003)

U. Balasubramani, R. Venkatesh, S. Subramaniam, G.
Gopalakrishnan, V. Sundararajan, Alumina/activated carbon nano-
composites: Synthesis and application in sulphide ion removal
from water. J. Hazard. Mater. 340(July), 241-252 (2017)

Y. Zamri and J. B. Shamsul, “Physical properties and wear behav-
iour of aluminium matrix composite reinforced with palm shell
activated carbon (PSAC),” Met. Mater., (2011).

A. Tiirkyilmaz, M. Dogan, M. Alkan, characterization and adsorp-
tive properties of activated carbon prepared from olive stones.
Fresenius Environ. Bull. 23, 7a (2014)

D. K. Ludlow, “Activated Carbon Adsorption By Roop Chand
Bansal and Meenakshi Goyal (Panjab University, Chandigarh,
India). CRC Press (an imprint of Taylor and Francis Group): Boca
Raton, FL. 2005. xxii + 498 pp. $189.95. ISBN 0-8247-5344—
5.7 J. Am. Chem. Soc., (2006).

I. Noijuntira and P. Kittisupakorn, “Life Cycle Assessment for the
Activated Carbon Production by Coconut Shells and Palm-Oil
Shells,” 2nd RMUTP Int. Conf. (2010).

H.Y. Seo, L.R. Jiang, C.G. Kang, C.K. Jin, Effect of compres-
sion process of MWCNT-reinforced Al16061 powder on densifica-
tion characteristics and its mechanical properties. Metals (Basel)
7(10), 437 (2017)

R. Deaquino-Lara, N. Soltani, A. Bahrami, E. Gutierrez-Cas-
taneda, E. Garcia-Sanchez, M.A.L. Hernandez-Rodriguez, Tri-
bological characterization of A17075- graphite composites fabri-
cated by mechanical alloying and hot extrusion. Mater. Des. 67,
224-231 (2015)

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Production of Aluminum Matrix Composite Material by Active Carbon Additive
	Abstract
	1 Introduction
	2 Materials and Experimental Setup
	2.1 Preparation of Activated Carbon
	2.2 Preparation of Activated Carbon-aluminum Composite

	3 Characterization of Activated Carbon and Composite Materials
	4 Results and Discussion
	4.1 Microstructure and Composition

	5 Conclusion
	Acknowledgements 
	References




