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Abstract:

In this work, the multi-walled carbon nanotubes (MWCNTS) were purified with an
acid treatment and subsequently dispersed using ultrasound and a nonionic surfactant
solution of ethoxylated lauric alcohol 7 moles of ethylene oxide (E7E). Then, carbon
nanotubes (CNTs) were used as a reinforcement phase (0.4 wt.% and 0.8 wt.%) in the Al-
10Mg alloy. The high-energy ball milling was employed for the nanocomposites processing,
and the resulting powders consolidate by uniaxial pressure. Measurements of Vickers
microhardness, nanohardness, displacement, and Young's modulus were carried out on the
compacts. The samples were analyzed using scanning electron microscopy (SEM), X-ray
diffraction (XRD), ultraviolet-visible spectroscopy (UV-Vis), Fourier-transform infrared
spectroscopy (FT-IR), and Raman spectroscopy (RS). Good dispersion of MWCNTs was
achieved using 0.5 mg/ml of the E7E surfactant. The CNTs were dispersed in the Al-10Mg
matrix using 0.25 h of milling. After powders compaction, the AI-10Mg/0.4MWCNTSs
nanocomposite presented a microhardness of 190 HV, nanohardness of 3.5 GPa, and Young's
modulus 116 GPa.

Keywords: Al-10Mg/MWCNTSs nanocomposites; High-energy ball milling; Microhardness;
Nanohardness; Young's modulus.

1. Introduction

Light structural materials such as Al, Mg, and their alloys have many applications in
the automotive and aerospace industries, mainly due to their high strength/weight ratio, low
density, ductility, corrosion resistance, good thermal and electrical conductivity [1-3].
However, these materials' low mechanical resistance limits their use [4]. Consequently, metal
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matrix nanocomposite materials (MMCSs) constituted by the physical mixture of phases have
been developed. The MMCs properties depend on the individual materials and their
distribution, volumetric fraction, interfacial interaction, and the preparation technique [5,6].
The reinforcement phase objective is to increase the matrix's mechanical characteristics, such
as the maximum stress or the elasticity modulus. While the matrix's function is to maintain the
shape, it keeps the fibers together and distributes the stresses [7,8].

The metal matrix's reinforcing materials can be ceramic particles or fibers that offer
high mechanical strength and high modulus of elasticity, properties that make them optimal
materials in various technological applications [9]. The most commonly reinforcement
materials are, SiO, [10], Al,O3 [11], Y03 [12], ZrO, [13], TiC [14], B,4C [15], SiC [16], Si3N,
[17], graphene [18], fullerenes [19], and carbon nanotubes (CNTS) [20].

On the other hand, the discovery of CNTs has led to new materials with several
potential applications since they have excellent mechanical, electrical, thermal, chemical, and
optical properties [21,22]. Notably, the mechanical properties of CNTs such as stiffness,
strength, resilience, and low density, make them good candidates as reinforcement materials
in Al, Mg, Al-Mg, and other materials [23].

A uniform CNTs dispersion in metallic matrices has become the most critical
challenge in MMCs given the Van der Waals and electrostatic forces that tend to its
agglomeration, which plays a vital role achieving the theoretically predicted properties in
various materials. Moreover, a good dispersion of CNTs is challenging to reach because of its
high aspect ratio [24]. To overcome this disadvantage, more excellent dispersion and
adherence methods require mechanical milling, ultrasound, magnetic stirring, and the
modification of the surface energy of CNTSs [25,26].

On the other hand, the synthesis of MMCs can be carried out by a wide variety of
processing routes, among which we find; liquid metallurgy (stir casting) [27], and powder
metallurgy (mechanical alloying (MA) and mechanical milling (MM)) [28]. The first is
simple; however, there are difficulties in the dispersion and interaction of the CNTs with the
matrix. Also, brittle aluminum carbide (Al4C3) is formed at high temperatures; this leads to a
decrease in mechanical properties [29]. In contrast, MA is inexpensive and has reasonable
control during processing.

Several investigations have concluded that MA is a valuable technique for the
homogeneous dispersion of CNTs in the metal matrix [24,25,30]. However, MA provokes
possible damage to CNTSs, and mixing at the molecular level leads to an interface [24]. The
last depends on optimizing the milling process conditions, for example, very long times
generate contamination and molecular mixing, relatively short times can only cause slight
damage to the nanostructures, but a good dispersion can be obtained. Furthermore, it is a
suitable technique in which, in a single stage, a good homogenization in the metal matrix is
achieved, in addition to the benefit of having a nanostructured alloy.

In the present work, we present the results of the microstructural and mechanical
characterization of the Al-10Mg matrix reinforced with MWCNTSs. The presence of Mg in Al
decreases its ductility and increases resistance, given the lower stacking fault energy. The
nanostructured Al-10Mg alloy obtained by MA increases the aluminum's mechanical
resistance; it is also low weight and can be heat treated. The AI-10Mg alloy and
nanocomposites' mechanical behavior was investigated by microhardness, nanohardness, and
Young's modulus tests.

2. Materials and Experimental Procedures
The spray pyrolysis method synthesizes the MWCNTs from the catalytic

decomposition of toluene and ferrocene at 850°C for 40 min [31]. The toluene/ferrocene
weight ratio was 96.5:3.5 (w/w). Ultra-high purity argon was used as stripping gas with a flow
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rate of 2 I/min. A mixture of hydrochloric acid (HCI), nitric acid (HNOs3), and deionized water
in a volumetric ratio of 1.0: 0.5: 1.0, respectively, purified the MWCNTS. The suspension was
dispersed by ultrasound for 20 min and magnetically stirred (500 rpm) at 60°C for 3 h. Then
filtered and washed consecutively with deionized water until reaching a neutral pH. Finally,
the MWCNTSs were dried at 100°C for 24 h.

The pre-dispersion consisted of preparing several colloidal suspensions of MWCNTS,
for which it was necessary to add 1 mg to 7 ml of high purity isopropyl alcohol. Next, the
nonionic surfactant ethoxylated lauric alcohol 7 moles of ethylene oxide (E7E) was added in
different amounts (0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1, 2, 28 and 56 mg/ml) in order to observe which
concentration presents the best dispersion. Finally, the suspensions were exposed to an
ultrasound bath with a 42 kHz frequency for 1.5 h.

The AI-10Mg alloy was synthesized by high-energy mechanical milling from
individual powders in previous work [32]. Briefly, the Al-10Mg alloy was prepared in a
SPEX 8000M ball mill from elemental powders Al (granular < 1 mm) and Mg (chips, 4-30
mesh) with a purity of 99.70 wt.% and 99.98 wt.%, respectively. The process control agent
was stearic acid (3 wt.%) and the milling time to obtain the alloy was 10 h.

The nanocomposites were manufactured using MWCNTSs as reinforcement material
(0.4 and 0.8 wt.%). The dispersion of the MWCNTSs in the Al-10Mg matrix was carried out
by ball milling in SPEX 8000M equipment at 1800 rpm, using a ball weight/powder weight
ratio of 7:1. The vial and milling media were D2 type hardened stainless steel. Since the
energy transferred during milling can damage or decrease the length of carbon nanostructures
[33], was employed a short time of 0.25 h for the dispersion process. The subsequent stage
consisted of the powders consolidation (Al-10Mg and Al-10Mg/MWCNTS) through uniaxial
pressing using a preheating temperature of 300°C and a pressure of 1500 MPa for 10 min. The
Archimedes method calculates the density of the material. According to a previous study, a
conventional oven was employed for the sintering process at 420°C for 2 h [32]. The
monoliths' microhardness evaluation was determined with a Mitutoyo model HM-200 Vickers
indenter with a diamond tip, applying a load of 100 g for 15 s. The method developed by
Oliver & Pharr [34,35] determines the nanohardness and Young's modulus by using the
HYSITRON TI 700 Ubi nanoindenter with Berkovich-type geometry, applying a load of 2000
UN. The materials' morphological and structural characterization was performed by scanning
electron microscopy (JEOL JSM-7600F), X-ray diffraction (Bruker D8 ADVANCE), using a
stepwise of 1 s/0.02°. Raman spectroscopy was performed on Bruker Senterra equipment.
Ultraviolet-visible spectroscopy using a Perkin Elmer Lambda 25 and finally, the Fourier
transform infrared spectroscopy using a Bruker TENSOR 27 equipment.

3. Results and Discussion
3.1. Acid purification of MWCNTSs

Fig. 1a-b shows two SEM micrographs taken at different magnifications (100X and
10000X) corresponding to the acid-purified MWCNTS. Because CNTs maintain the packet
structure, they do not suffer significant damage having a length of approximately 500 pm and
an external diameter between 42-100 nm. Linearity is related to the molecular structure of the
carbon source [36]. Linear CNTs appear when hydrocarbons with a linear structure such as
methane, ethylene, and acetylene are used. When cyclic hydrocarbons such as benzene,
cyclohexane, and xylene are employed, CNTs curves are produced [37]. On the other hand,
the acid route is carried out to reduce amorphous carbon and catalytic iron nanoparticles
(FeNPs) significantly. The latter was corroborated by energy dispersive spectroscopy (EDS)
chemical analysis, where the presence of iron was quantified, before and after purification,
being 8.80 wt.% and 1.80 wt.%, respectively, which suggests an efficient route to reduce the
Fe at about 80 wt.%.
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Fig. 1lc-d presents the X-ray diffractograms of the as-prepare and purified MWCNTS,
respectively. The characteristic reflections of the MWCNTs (JCPDS no. 00-058-1638) are
appreciated, denoting high crystallinity obtained after the purification process. Also, the
diffraction peaks of graphite carbon (JCPDS no. 03-065-6212), iron impurities (JCPDS no.
99-101-0062), and magnetite formation (Fe;O4) (JCPDS no. 01-089-0950) appear. The low
intensity of the impurities peaks with the purified treatment means a reduction in their
presence, although they are still located inside the layers and the body of the MWCNTS.

Fig. 1e presents the Raman spectrum, where the D band located at 1347 cm™ is
distinguished, attributed to the crystalline defects in the walls of the CNTs. Besides, the G
band located at 1578 cm™ is related to graphitization and C-C vibration. Finally, the G' band
situate at 2689 cm™ is associated with the characteristic resonance of defects and disorders
induced in the crystal lattice. The intensity ratio Ip/lg was 0.24, while the ratio Ig/lp was 3.17.
When Ip/lg has a low value accompanied by a high Ig/lp value, a minimum of defects is
denoted in CNTSs [38].
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Fig. 1. Characterization of the MWCNTSs by different techniques. SEM micrographs at a)
100X and b) 10000X magnifications. X-ray diffraction patterns of ¢) unpurified and d)
purified, and ) Raman Spectrum of purified.

3.2. Dispersion of MWCNTSs in E7E

Fig. 2a shows the UV-Vis spectra corresponding to the CNTs suspensions with and
without surfactant (black line). In the absence of the surface agent, good absorbance is not
present, which indicates low dispersion. Besides, for low concentrations of surfactant, the
absorbance increases, while it decreases at higher concentrations, implying a more significant
effect of the surfactant for smaller amounts. These results are also corroborated by analyzing
the digital photograph (insert), showing suspensions of CNTs with different surfactant
concentrations, where at low values, the samples turn entirely dark, indicating high
dispersion, being the best 0.5 mg/ml.

Fig. 2b-c present SEM images recorded at 10000X, corresponding to the suspensions
of CNTs without and with a surfactant, respectively. Fig. 2b shows an ultrasonic scattering of
the CNTs without surfactant, denoted by their random orientation. Suspension of the
ultrasonic bath leads to rapid agglomeration attributed to Van der Waals forces. However,
when employing a concentration of 0.5 mg/ml surfactant, the dispersion effect is noticeable,
presenting an established physical bond between the surfactant monomers and the nanotubes'
surface due to electrostatic repulsion between the polar heads of the surfactant (Fig. 2c).

Fig. 2d corresponds to the FT-IR spectrum after the purification step, in which the
characteristic absorption bands occur. A band broad with medium intensity appears to
wavenumber 3443 cm™, attributed to the tension vibration of the hydroxyl group (O-H),
which is related to the formation of hydrogen, carboxyl (COOH), or adsorption of water on
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the surface of the CNTSs due to the purification treatment. The peaks located at 2922 cm™ and
2853 cm™ are related to the presence of functional groups of the methyl (CHs) and methylene
(CHy) type, associated with structural defects in the nanotubes [39]. The absorption band at
1636 cm™ is characteristic of the carbonyl group (C=O) tension vibration of the COOH
molecule, while the band with weak intensity at 1433 cm™ is associated with the tension
vibration of the C-C. The peak appears at 1114 cm™ is attributed to the tension vibration of
the C-O group [38]. Finally, the bands at 875 cm™ and 706 cm™ are related to the Fe-O
vibration of the magnetite phase (Fe;O,) [40,41]. Several active modes in the infrared can
appear out of phase due to the nanotubes' geometry and diameter [42].

Fig. 2e shows the infrared spectrum of the nonionic surfactant E7E, where a band
broad with low intensity appears at 3476 cm™ attributed to O-H, present in the hydrophilic
head of the surfactant. The peaks at 2922 cm™ and 2854 cm™ correspond to the CH; and CH,
groups that form the hydrophobic chain. On the other hand, the absorbance in 1458 cm™ is
related to the C-H groups' presence, while the bands in the interval 1349-1102 cm™ are
characteristic of the C-O tension vibration. Finally, the peaks that appear in the range of 944-
500 cm™ are also characteristic of the C-H groups present in the surfactant's hydrophilic zone.
Fig. 2f presents the FT-IR spectrum of the best dispersion obtained at 0.5 mg/ml.
Characteristic absorptions of E7E appear in addition to the functional groups of the
nanotubes. Besides, it is possible to notice a slight displacement and changes in the intensity
of the bands. For example, the peak at 2922 cm™ grows, while the band at 2854 cm™ is
suppressed, suggesting CH3; groups present at the end of the hydrocarbon chain bind to the
nanotube's surface, allowing the union of the hydrophobic zone. On the other hand, the bands
present in the fingerprint region (1500-600 cm™) also showed changes in intensity attributed
to adjacent interactions between monomers.
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Fig. 2. Various characterization tecniques of dispersed MWCNTSs. a) UV-Vis spectra at
different surfactant concentrations, digital photograph expressing the best dispersion range,
0.4-1 mg/ml (insert). Micrographs at 10000X corresponding to the dispersions, b) without
surfactant and c) with 0.5 mg/ml E7E. FT-IR spectra corresponding of d) purified, ) ETE
surfactant, and f) dispersed with 0.5 mg/ml E7E.

3.3. Dispersion of MWCNTSs in Al-10Mg by high-energy mechanical milling

Fig. 3a-b show SEM micrographs recorded at 10000X of the AI-10Mg powders
reinforced with MWCNTSs in 0.4 wt.% and 0.8 wt.%, respectively. These powders were
dispersed by mechanical milling for 0.25 h. In both figures, CNTs appear homogeneously
dispersed in the matrix. However, a decrease in the aspect ratio of CNTs occurs by decreasing
from 500 pum to 2 um. These results demonstrate the dispersion of CNTs in the matrix as a
function of purification processes, ultrasound pre-dispersion, and high energy mechanical
milling [43-45].
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On the other hand, Fig. 3c shows the curve of densification vs. pressure corresponding to
compacted powders. As the compaction pressure increased, the compacts' densification
increased, being 89% for 1500 MPa. It is worth mentioning that at higher pressures up to
2000 MPa, the compact presents a separation between layers or laminations.
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Fig. 3. SEM micrographs are corresponding to the nanocomposite powders. a) Al-
10Mg/0.4AMWCNTS, b) Al-10Mg/0.8BMWCNTSs, and ¢) densification curve vs. pressure
corresponding to Al-10Mg with preheating to 300°C and compacted at different pressures:
600, 800, 1000, and 1500 MPa.

3.4. Sintering of Al-10Mg alloy and Al-10Mg/MWCNTSs nanocomposites

Fig. 4 shows several SEM micrographs with their respective EDS chemical
composition spectrum. Each pair of items from top to bottom correspond to the samples Al-
10Mg (a, al), Al-10Mg/0.4AMWCNTs (b, bl), and Al-10Mg/0.8MWCNTSs (c, cl1). The left
column represents green compacted materials using preheating at 300 °C for 3 min, while the
right column shows the results after sintering at 420°C for 2 h.

] Al

Fig. 4. SEM images (500X) of the samples Al-10Mg, Al-10Mg/0.4AMWCNTs, and Al-
10Mg/0.8MWCNTs in green (a, b, ¢) and sintered (al, b1, cl).
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After sintering, the particle size increases, while the porosity decreases, attributed to a
greater diffusion of the elements, the compacts improve their densification values from 85 %
to 91 %. It was reported that low particle growth accompanied by broad grain boundaries is
related to the fixation of MWCNTSs [46,47]. In the same figure, the EDS spectra show the
chemical composition of the compacts. A slight increase in the O element after the sintering
step indicates an oxide layer's formation that avoids particles diffuse, which prevents a better
densification value.
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Fig. 5. X-ray diffraction patterns of the samples Al-10Mg, Al-10Mg/0.4AMWCNTSs, and Al-
10Mg/0.8MWCNTSs in green (a, b, ¢) and sintered (al, b1, cl).

Fig. 5 shows the X-ray diffraction patterns corresponding to Al-10Mg, Al-
10Mg/0.4MWCNTSs, and Al-10Mg/0.8MWCNTSs before (a, b, ¢) and after sintering (al, bl,
cl), respectively. XRD patterns before sintering show characteristic reflections of Al(Mg) fcc
solid solution (JCPDS no. 00-004-0787). The XRD patterns after sintering display the
MgAl,Q, spinel phase in addition to the AI(Mg) phase corresponding to JCPDS no. 00-033-
0853. Table | presents the data of the structural analysis of the compacts. In the sintered
samples, a slight decrease in the lattice parameter was determined, attributed to Mg
segregation giving rise to the formation of MgAl,O,.

Tab. | Structural data and phase quantification, before and after sintering of Al-10Mg (a-al),
Al-10Mg/0.4AMWCNTSs (b-b1), and Al-10Mg/0.8MWCNTS (c-cl).

M . EXpeT'me”ta' Lattice parameter Crystallite Al(Mg) | MgAIl,O,
aterial | conditions T —b=o) (A . Y iy
©C), t (h) (a=b=c)(A) size (nm) (wt.%0) (wt.%)

(@) 300, 0.05 4.07104 £ 0.00020 | 26.71 +0.64 100 -
(al1) 420, 2 4.06134 +0.00024 | 29.04 +2.51 97.46 2.54
(b) 300, 0.05 4.07104 £ 0.00020 | 26.71 +0.64 100 -
(b1) 420, 2 4.06163 £ 0.00034 | 30.15+2.57 97.15 2.85
(c) 300, 0.05 4.07104 £ 0.00020 | 26.71 +0.64 100 -
(cl) 420, 2 4.06193 £ 0.00044 | 31.26 + 2.63 96.85 3.15

As the amount of MWCNTSs in the compound increased from 0.4-0.8 wt.%, the proportion of
MgAI,Oy increased (= 3 wt.%). The MgAl,O, presence could be beneficial in the system by
increasing the matrix mechanical resistance. This result may be related to the functional
groups (OH and COOH) adsorbed on the material. Sintering decomposes these groups and the
surfactant due to its low boiling points, leading to the material's consequent oxidation.
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Unlike other studies, the intermetallic y-Al;;Mg17, B-AlsMg; [48,49], and the compound Al,C;
[50] were not identified attributed to the formation of the spinel whose thermodynamics is
more favorable. Other authors have studied the oxidation of this type of alloy and confirm the
formation of MgAlI,O, [48]. Notably, the absence of a controlled atmosphere influences the
oxidation of the Al-10Mg alloy. However, as mentioned in the previous paragraph, the greater
oxidation can come from the functional groups that increase the reinforcement.

3.5. Vickers Microhardness tests

Fig. 6a-c present the optical micrographs of the Vickers microhardness indentation
marks performed in Al-10Mg, Al-10Mg/0.4AMWCNTs, and Al-10Mg/0.8MWCNTSs after
sintering, respectively. Fig. 6d shows the graph of the Vickers microhardness values along
with porosity %. The Al-10Mg alloy presented an average value of microhardness of 150 HV.
This data is higher than Al and Mg (45 HV and 46 HV, respectively) [51-54], attributed to the
existence of nanocrystals and the presence of MgAI,O,.

Regarding the Al-10Mg/0.4AMWCNTSs nanocomposite profile indentation, a decrease
in the mark’s length can be observed concerning the previous one, indicating an increase in
the hardness value (190 HV) achieved by the influence of MWCNTS; this value is higher than
that reported in other investigations [52-56]. Finally, for the compound Al-
10Mg/0.8MWCNTS, the hardness decreased with the previous sample, 171 HV. This decrease
can be associated with an increase in porosity in the sample. For example, Fig. 6d presents the
estimated porosity values for the materials; Al-10Mg (9 %), Al-10Mg/0.4MWCNTSs (9.1%)
and Al-10Mg/0.8MWCNTSs (15%). The last value was 6 % higher than in the previous cases,
related to the greater presence of MgAl,O, determined by XRD, which prevents a good
sintering process. As mentioned above, the higher percentage of reinforcement leads to a
higher presence of surfactant, which could be influencing the oxidation of the material during
sintering.

30, im

MWONTS (we.%)

Fig. 6. Optical microscopy images belonging to the indentation traces made after sintering, (a)
Al-10Mg, (b) Al-10Mg/0.4AMWCNTS, and (c) Al-10Mg/0.8MWCNTs.

3.6. Nanohardness and Young's modulus

To further investigate the reinforcement of the Al-10Mg metal matrix, nanohardness
measurements were carried out. Fig. 7a shows the load vs. displacement corresponding to
indentations made in Al-10Mg, Al-10Mg/0.4AMWCNTs, and Al-10Mg/0.8MWCNTSs after
sintering. The Al-10Mg matrix shows the most significant displacement of the graph, taken as
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a reference value for the compounds. The nanocomposite with 0.4 wt.% CNTs display a
smaller displacement, which indicates an increase in the resistance achieved by the presence
of CNTs. However, for 0.8 wt.% CNTSs, the shift increases concerning the addition of 0.4
wt.% CNTs, indicating a lower strength, which is related to the high porosity determined.
These results agree very well with the Vickers microhardness test (see Fig. 6).

Fig. 7b shows the results of nanohardness and Young's modulus, which illustrates an
improvement in the alloy's hardness with 0.4 wt.%, showing a value of 3.5 GPa. The
nanohardness is reduced to 2.8 GPa for 0.8 wt.%. In any case, the last two results are superior
to the matrix, which showed an average hardness of 2.4 GPa. These measurements affect
Young's modulus values, being 116 GPa in 0.4 wt.%, 57 GPa in 0.8 wt.%, and 40 GPa in Al-
10Mg. As can be seen, these values are influenced by the percentage of reinforcement and the
distribution of CNTs. The good dispersion of these nanostructures resulted in charge transfer,
which led to an increase in the nanocomposites' stiffness.

Consequently, the homogeneous dispersion of the MWCNTSs caused an increase in
microhardness, nanohardness, and Young's modulus, linked to the best interfacial interaction
in the alloy. The latter may be related to the presence of MgAl,O,, since it can promote a
more significant interaction of MWCNTSs with the matrix due to the covalent bond between
CNTs and MgAI,O4. These results are consistent with those obtained by other authors
regarding the existence of oxides that can improve the interaction of CNTSs, resulting in a
benefit of the compound's mechanical properties [53,57].
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Fig. 7. Mechanical properties of the materials, Al-10Mg, Al-10Mg/0.4AMWCNTSs, and Al-
10Mg/0.8MWCNTSs. a) Load vs. displacement and b) nanohardness and Young's modulus.

4. Conclusion

In summary, the MWCNTSs were purified, dispersed, and used as a reinforcing phase
(0.4 wt.% and 0.8 wt.%) in the Al-10Mg alloy. An effective acid treatment was performed on
the MWCNTSs using HCI and HNO; showed a significant reduction in the FeNPs catalyst (80
wt.%) and the amorphous carbon. The E7E causes a good dispersion of MWCNTSs at a
concentration of 0.5 mg/ml. The Al-10Mg alloy shows good dispersion of MWCNTSs after
high-energy ball milling for 0.25 h. After the powders consolidation, the Al-
10Mg/0.AMWCNTSs nanocomposite shows a 91 % densification. The X-ray patterns showed
the formation of the MgAl,O, phase in the sintered samples. In the same way, the Al-
10Mg/0.4MWCNTs nanocomposite presents the best values of microhardness (190 HV),
nanohardness (3.5 GPa), and Young's modulus (116 GPa). These values are relatively higher
than other Al-Mg-based matrix nanocomposites with similar compositions, which offers the
possibility of their structural applications.
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Caxcemax:. Y oeom pady, xapboncke mawomybe ca muowimeom 3uooéa (MWCNTs) cy
npeuuwhene KUCEIUHOM U OUCNEP208aHe YIMPA38YKOM U CYppaKmanmom Ha 6a3u emueH
oxcuoa (E7E). 3amum cy kapbouncke nanomybe (CNTSs) ynompebroene kao ojauare (0.4 wt.%
u 0.8 wt.%) y Al-10Mg necypu. Hanoxomnosumu cy npoyecyupamy y 6UCOKO-eHepeemcKom
NIIGHEMAPHOM MAUHY A HAKOH moea YHuakcujaiHo npecosanu. Ha uwepcmum ysopyuma cy
useedena meperna mepoohe no Bukepcy, nanouspcmohe, u Jyneosoe mooyna eiacmudHocmu.
Vzopyu cy ananuzupanu memooama xao wmo cy SEM, XRD, UV-Vis, FT-IR, u Paman
cnexmpockonuja. J{obpa oucnepsuja MWCNTs je nocmuenyma ynompebom 0.5 mg/ml ETE
cyppaxmanma. CNTs cy oucnepeosane y Al-10Mg mampukcy naxon 0.25 h mnesera. Harxon
xomnakmuparea npaxosa, Al-10Mg/0.4MWCNTs nanokomnosum je umao Muxpouspcmohy oo
190 HV, nanomepoohy 3.5 GPa, u Jyneos mooyn eracmuunocmu 116 GPa.

Kuwyune peuu:. Al-10Mg/MWCNTs nanokomnosumu, 6UCOKO-EHEP2eMCKO — Meserse;
Mmukpomepooha, nanouspcmoha,; Jyneoe mooyi.
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