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In the current research, magnesium oxide nanopowder (n-MgQ) was prepared
using dry chemistry method. The structural characterization of the prepared
n-MgO was carried out using x-ray diffraction (XRD) technique and scanning
electron microscope (SEM). The powder was mixed with epoxy resin at ratios
of 2%, 4%, 6% and 8% . The effect of reinforcement of n-MgO on thermal
properties of epoxy-resin-based composites such as thermal rate and insula-
tion index was studied at three different temperatures: 380, 680 and > 1800
K. Thermal testing that was carried out included thermal conductivity meas-
urement using Mathis TCi and erosion rate test using oxy-acetylene flame
technique. The results showed that increasing the content of n-MgO can sig-
nificantly enhance the thermal properties such thermal conductivity, ther-
mal diffusion, specific heat capacity as well as thermal resistance.

Y moToOYHOMY JOCHiAKEeHHi HAHOIOPOIIKOBUU OKcuA MarHito (n-MgQO) Oyio
IIPUTOTOBAHO METOMOI0 «CyX0oi» ximii. CTpyKTypHa XapakTepusalisa migroros-
geuoro n-MgO nposoauiaca 3 BUKOPUCTAHHAM PEHTI'eHiBChKOI AU paKIiiinol
(XRD) TexHiKM Ta CKaHYBaJLHOTO eJeKTpoHHOTO MiKpocKoma (SEM). Ilopo-
IIOK 3MIiIIyBAJIU 3 eIOKCHUIHOI0 CMOJIOK0 Vv ciiBBigHomIenHi 2% , 4% , 6% i 8%.
Brosius apmyBanHA n-MgO Ha TemI0Bi BJIaCTUBOCTI KOMIIO3UTIB HAa OCHOBI e1mo-
KCHIHOI CMOJIM, TaKi K TeIJoBa INBUIKiCTb i iHOeKc is3osdaiii, BUBUaBCcdA 3a
TPHOX pisHuUX Temmepatyp: 380, 680 i > 1800 K. TensoBi Bunpo6yBaHHA, AKi
TPOBOAUINCA, BKJIOUAJIW MiPpAHHA TEIJIONPOBiZHOCTH 3 BUKOPUCTAHHAM
Mathis TCi i BunpoOyBaHHA INBUAKOCTH €P03ii 3 BUKOPUCTAHHAM TeXHIKU KU-
CHealleTUJIEHOBOI'O IIOJYyM s. Pe3yabTaTu MoKa3ajau, L0 30iJbIIIeHHs BMIiCTy
n-MgO yMOMKJIMBIIIOE 3HAYHO MMiABUIIUTHA TEILIOBI BJIACTHUBOCTI, TaKi AK Tel-
JIOIIPOBifHiCTD, TepMiuHA AUDY3isd, TUTOMA TEMJIOMICTKICTD, a TAKOXK TepMOC-
TifiKicTB.

Key words: epoxy resin, magnesium oxide, thermal ablation, thermal charac-
terization.
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1. INTRODUCTION

Due to their low thermal conductivity and wholly high thermal steadi-
ness, polymer composites are broadly utilized for high temperature
thermal sheltering in several fields. Epoxy resins are important due to
applications in many fields such as coating, electrical devices, electron-
ics, dipping compounds, moulding powders and reinforced plastic in-
dustries[1].

Ablation enables us to understand the procedure of heat and mass
transfer [2]. Ablation phenomena can be clarified using ablation mech-
anism; when a thermal flux is applied to the surface of a composite ma-
terial, it first works as a heat sink: as heating ascertainment, the pol-
ymer outer layer become viscous and then starts to degenerate and
then producing a foaming char. The char is a thermal insulator; its in-
ternal layer is cooled by volatile material percolating through from the
degraded polymer [3].

The presence of thermal properties for composite materials is im-
portant. It signifies the reliance of the material expansion on a particu-
lar swing of temperature and how much the material temperature as-
cents due to the input heat over and above to material heat conductance
[4].

Materials that are made from composite of different types of mate-
rials can be used instead of the natural materials. Such as steel, which
is not good in the corrosion and the wood over time, strength would be
reduced. Composite materials include a matrix material hold the rein-
forcement together and the fibres act as reinforcement. The thermal
conductivity lacks by increment these fillers with different particle
size distributions. In this context, inorganic filler was added into an
EP matrix to form effectual composites, which is a potential route to
amend the fineness of the final product. There are many types of fillers
with high thermal conductivity and low thermal expansion coefficient,
such as silica[5], alumina [6], and aluminium nitride [ 7] were studied.

Some studies have elucidated the effect of different types of nano-
fillers sank in epoxy-based composites on the mechanical [8.], thermal
[9] or electrical [10] properties.

Metal oxide nanoparticles preparation with the use of plant extract
is a hopeful alternative to traditional chemical sorts. Magnesium oxide
is a remarkable functional metal oxide that has been widely used in
sundry domains, such as catalysis, pigmentation, and superconductors
[11].
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There are some samples of the synthesis of n-MgO using Clitoria
ternatea, neem leaves [12], Parthenium [13], Brassica oleracea, Punica
granatum peels [14], citrus lemon [15] or the extract drawn up from
Nephelium lappaceum L peels [16].

Experimental studies on the effect of n-MgO content synthesized
using citrus senensis peels on epoxy resins were reported in detail in
the current study.

2. EXPERIMENTAL

Magnesium oxide nanopowder (n-MgO) was prepared using dry chem-
istry way, where citrus senensis peels (orange cortex) were used as a
catalyst after the extraction of their solution (separated). This solu-
tion mixed with magnesium nitrate and ammonium hydroxide. A 30ml
of citrus senensis peels separated was mixed with a 10 ml of
Mg(NO;3)¢H,0 on the magnetic stirrer to obtain a homogeneous solu-
tion. To get a final gel at pH = 7, few drops of NH,OH were added step-
by-step with continuous shaking at 90°C to 120°C, here the gel turns to
sol. Owing to the existence of citrus senensis peels, burning and glow
may be eventuated intra flask.

After n-MgO synthesis, epoxy resin with a weight proportion 2%,
4%, 6% , and 8% was used to consolidate the nanopowder.

Solution-blending method and ultrasonic technique were used to
prepare the final nanocomposites, where n-MgO was distributed within
the resin homogeneously to pledge fully reinforcement and to obviate
holes formation inside the prepared nanocomposites. Moulds were
permeable according to the standard criteria of thermal flake with di-
mensions of 6x6x0.5 cm, which was made from Teflon.

Final nanocomposites were casted in the moulds and left 24 hours in
adark place. Then, XRD and SEM investigations were performed.

Figure 1 shows the experimental set up designed locally, which con-
sists of oxygen and carbon dioxide gases mixture in a cylinder. This
cylinder is used to generate the oxyacetylene flame.

Each sample was placed at 2 cm from the flame nozzle and prime ex-
emplifies to prevent any overthrow or movement resulted from flow of
the flame. Temperature of flow reaches 1800°C, which was measured
using a thermometer connected to the sample. The flame is broken up
when a hole eventuated on the sample with recording the time, which
was later used to calculate the ablation rate (E,) according to the fol-
lowing equation[17]:

r

d
E =, 1
3 (1)

where d; is the thickness of the sample and b, is the time intransitive to
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Fig. 1. Thermal ablative set up.

form a hole in the sample (burn through time).
Insulation rate (Z,) also can be calculated using the equation [18]:

I =—. (2)

Thermal diffusion (3,,) can be calculated after measuring the thermal
conductivity (A) using the thermal conductivity analysis technique
(Mathis TCi). The equations (3)—(6) were used to calculate the thermal
flow (&4,e,), thermal diffusion (thermal flux) and the thermal resistance
(R)[19]:

4@ _ i, ,dT @
dt dx
8ther. = \& }\’Cpp’ (4)
A
dther. =5 (5)
C,r
dx
Rther. = T ’ (6)

where @ is the heat flow per time; H is the heat; ¢ is the time; T is the
temperature; x is the height of specimen; A is the cross sectional area;
C,is the specific heat capacity and p is the density of the sample.

3. RESULTS AND DISCUSSION

X-ray diffraction (XRD) analysis of MgO sample was carried out on an
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Fig. 2. XRD of MgO nanopowder.

x-ray diffractometer. Figure 2 shows the XRD pattern of the obtained
n-MgO. The observed sharp suggests the presence of the crystalline
phase with an f.c.c. structure.

The surface morphological features such as shape, particle size and
composition of the MgO nanoparticles were measured using scanning
electron spectroscope. From Fig. 3, it was noticed that the surface mor-
phologies were in the form of agglomerates of nanoparticles as round
shape. The MgO nanoparticles were allotment orderly over the interior
surface. The SEM images of the obtained magnesium nanoparticles re-
vealed that the prepared powders were consisted of a mixture of fine and
large grains of the product particles.

Figure 4 shows the relationship between the ablation rates the ratio
of n-MgO doping at three different temperatures range: 380, 680 and
> 1800 K.

Reinforcing n-MgO may act as a heat dissipater or provide a much
better network for transferring heat randomly. This may hand over the
heat path onward from the targeted direction more than the pure resin
would do. Hence, the n-MgO network will act as an additional heat bar-
rier.

Figure 5 shows the insulation index of the system EP-n-MgO as a
function of n-MgO wt.% at different three temperatures: 380, 680,
> 1800 K.

At temperatures of 380 and 680 K, the interior of the final samples
was cooled by a volatile material percolating through it from the de-
composing polymer. During percolation, the volatiles are heated to
high temperatures with decomposition to reduce the molecular weight
species, which are pumped into the gases’ boundary layer. This mass
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Fig. 4. Ablation rate as a function of n-MgO wt.% at temperatures (380, 680,
> 1800 K).

pumping will create a blocking action, which reduces the heat transfer
to the material. This process causes decrement in insulation index as
the ratio of doping increasing. Thermal fragmentation of the polymer
structure above 1800 K, to yield lower molecular weight species, which
evolve, with hydrogen gas, as the primary product. This leads to an in-
crease the insulation index at this temperature.

Reinforcement by n-MgO leads to an increase in the thermal conduc-
tivity values with the increasing n-MgO wt.% . Figure 6 presents ther-
mal conductivity of neat epoxy and epoxy composites with n-MgO con-
tent.

Thermal conductivity of the samples shows a significantly high in-
crease with increasing n-MgO content. Thermal conductivity of EP—n-
MgO system increases from 0.266 W/(m-K) for net epoxy to 0.845
W/(m-K) (3.17 folds enhancement) with the addition of 8 wt.% n-
MgO. As the content of n-MgO is further increased to 8 wt.%, the
thermal diffusion is improved from 1.78 mm?/s to 5.41 mm?/s.
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Fig. 6. Thermal conductivity as a function of n-MgO content.

For further realization of thermal conductive mechanism of epoxy
composites relatively to phonon, it is deemed that phonon plays a sig-
nificant function in heat conduction of majority polymer composites.
Meanwhile, at high temperatures, the phonon—phonon interaction and
the scattering of the phonon by the crystal borders determine the
thermal conductivity of semiconductors [20]. Net epoxy has a scarce
little heat conductivity due to the low crystallinity and phonon scatter-
ing of the randomly entangled molecule chains [21].

Density represents an important concept to explain the results ob-
tained from the performance investigations for prepared composites,
whereby the improvement of thermal conductivity can be improved
based on the density of composites. Figure 7 clarifies that the density
increases as reinforcing n-MgO wt.% increases. This increase may be
consoled to the chink of the holes formed, which resulted from the sur-
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Fig. 8. Thermal flux as a function of n-MgO wt.%.

rounding conditions during the preparation.

The density of n-MgO is doubled fold of the net epoxy and it is in-
creasing as the ratio of n-MgO wt.% increases. This result agreed with
previous work [23].

Thermal flux is one of the important parameters that can used to es-
timate the enhancement of thermal diffusion. Figure 8 presents the
thermal flux as a function of n-MgO wt.%.

Figure 8 shows that the thermal flux has improved with n-MgO
wt.% increase. This enhances to the high thermal conductivity of rein-
forcing material (n-MgQO), which reaches to 45-65 W/(kg-K).

Figure 9 shows the change of specific heat capacity of the neat epoxy
resin in comparison system EP—n-MgO.

Figure 9 shows that the net epoxy has a specific heat of 1243.42
J/(kg-K), which is higher than that of the nanocomposites reinforced
with different weight fractions of the n-MgO. The minimum value of
specific heat were located for composite material reinforced with 8%
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Fig. 10. Thermal diffusion as a function of n-MgO wt.%.

weight fraction of n-MgO with values of 666.55 J/(kg-K). The reduction
in heat capacity of the nanocomposite can be attributed to the low heat
capacity of the used filler.

Figure 10 shows the thermal diffusion of epoxy reinforced with n-
MgO wt.%.

The thermal diffusion of the nanocomposite materials augments
with the increase of the weight fraction of nanopowders. This can be
explained from known that thermal diffusion is directly proportional
to the thermal conductivity and inversely proportional to the specific
heat of reinforcing materials as indicated in Eq. (5). These results
agree with previous conclusions obtained in [22]. In addition, Figure
10 indicates that the thermal diffusion of the pure epoxy is 1.78-107°
mm?/s. The value of thermal diffusion for the epoxy reinforced with
8% weight fraction of n-MgO powder equals to 7.87 mm?/sec. This
value was the highest compared with the epoxy alone and another EP—
n-MgO mixture.
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Fig. 11. Thermal resistance as a function of n-MgO wt.%.

Thermal resistance measurement is a substantiation of prepared
product qualification. At constant thickness, thermal resistance can be
defined as the inverse of thermal conductivity. Figure 11 shows the
acting of thermal resistance as a function of n-MgO wt.%.

One can notice from Figure 11 that thermal resistance decreases as
n-MgO wt.% increase where n-MgO dispersed the storage heat out-
going as thermal energy. The mechanism of thermal resistance is iden-
tical to that of electric oneself, whereas the excess of the electrons in n-
MgO leads to an increase in thermal conductivity, which indicates a
drop in the thermal resistance.

4. CONCLUSIONS

This study has demonstrated an approach to improve the thermal prop-
erties of epoxy composites filled by magnesium oxide nanocomposites.
For instance, the thermal conductivity of epoxy composite with 8 wt.%
of n-MgO was 0.845 W /(m-K) compared to that of the pure epoxy 0.266
W /(m-K). From the results of specific heat capacity and thermal diffu-
sion, 0.8 wt.% of n-MgO is the best ratio to reinforce epoxy resin,
which improved using this type of fillers.
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