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Abstract: Solid state and sacrificial techniques were used to prepare the porous alumina ceramics. The target
of the present resesrach 1s to mvestigate the effect of Cu metal addition of nanoscale particle size on the
physical properties of porous alumina ceramics using graphite waste as a pore-forming agent. X-Ray Diffraction
(XRD), a Field Emission Scanmng Electron Microscope (FESEM) and a Transmission and Electron Microscope
(TEM) were used to analyse the microstructure and ceramic phases. Different ratios of Cu metal were added (3,
6, 9 and 12 wt.%) at different ratios of graphite waste. The results of this investigation show that with increasing
ratios of Cumetal, the porosity decreased while the shrinkage and densities increased. Increases in the density
and decreases i the porosity of porous alumina ceramics and the formation of the tenorite (CuQ) phase due
to sintering at lngh temperature (1600°C) may lead to improving the strength of porous alumma ceramics. Some
potential applications include gas filtration compenents and as thermal msulation materials.
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INTRODUCTION

Porous ceramic materials have been widely used as
filters, membranes, sensors, catalytic substrates, thermal
insulators (Novais et al., 2014; Shen et al, 2007),
gas-bumer media, refractory materials, filters for molten
metals (Eom and Kim, 2009, 2010), hot gases and others.
This is because of their superior properties such as low
bulk density, high permeability, high-temperature stability
(Tean et al., 2014; Hou et al., 2013), erosion/corrosion
resistance and excellent catalytic activity (Chu et af., 2004;
Ding et al., 2007, Mohanta ef al., 2014; Zhao et al., 2014).
Porous alumina ceramics have very many important uses
such as in water filters, thermal insulation, hip implants,
etc (Mohanta et al., 2014;Liu et al., 2016; Affatato et al.,
2015). The pores in porous alumina (Al,0;) ceramics can
be made by burmng out the pore former in a sintering
process. There are two kinds of pore-forming agent, 1.e.,
morganic materials (such as NHHCO, C powder and
others) and organic materials (such as starch, PVA, PVB)
(Chi et al., 2004; Alves et al., 1998).

In general, porous ceramics can be classified mto
three grades according to the pore diameter: micro-pore
ceramics in the range of d<2 nm, meso-pore ceramics in
the range of 50 nm >d>2 nm and macro-pore ceramics in
the range of d>50 nm (Studart et al., 2006, Ohji and
Fukushima, 2012). For example, meso and macro-pore
ceramics are desired in sensors and catalysis to supply a
high surface area and to improve the accessibility of
liquids and gases to reactive areas. Small pores in the
range of 50-100 nm are desired to provide physical cues
that promote the differentiation, proliferation and
migration of cells. Large pores >=300-400 pm with
hierarchical structures are deswred mn regenerative
medicine for implanted scaffold vascularization
(Studart et af., 2010). In addition, there are many methods
for fabricating porous ceramics such as partial sintering,
sacrificial fugitives, replica templates, direct foaming ete
{(Ohy and Fukushima, 2012).

The selection of the fabrication process plays an
important role in controlling the microstructure and the
resulting properties of porous ceramics (Mohanta et al.,
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2014, Yin et al., 2009). Among a variety of processes, one
of the popular approaches adopted for the fabrication of
porous ceramics includes the use of pore forming
additives which bumn out during sintering leaving
porosity in the sample (Chevalier et al., 2008). Recently,
there has been a renewed interest m using waste
materials. In general, there are two kinds of waste
materials, 1e., agricultural waste materials such as rice
husk (Mohanta et al, 2014) and kenaf waste
(Sengphet et al., 2013) and mdustrial waste materials such
as fly ash (Dong et al., 2010; Sun et al., 2016), paper pulp
(Dasgupta and Das, 2002) and glass. These types of
waste have been successfully used in the fabrication of
porous ceramics (Mohanta et al, 2014). A number of
researchers have reported using pure graphite as a
pore-forming agent. Piazza ef af. (2005) used lamellar
graphite as a pore-forming agent to fabricate Porous Tead
Zirconate Titanate (PZT) ceramics with uniform porosity.
Ding et al. (2007) used graphite as a pore-forming agent
to produce mullite-bonded porous silicon carbide by an
in-gitu reaction bonding technique. The size of the pores
derived from the burnout of the graphite depends on the
size of the graphite particles. Bai (2010) used graphite as
a pore former with the reaction sintering method to
prepare  porous mullite ceramics from calcined
carbonaceous kaolin and «-ALQ,. As for Rahmawati ef al.
(2014), they used the graphite waste from batteries as an
anode material for a LiFePO, (LFP) battery. Ali ef al.
(2017a) used graphite waste from a primary battery as a
pore-forming agent to produce porous alumina
ceramics.

Several researchers have studied the effect of metal
additives such as Aluminum (Al), Nickel (Ni), Platinum
(Pt) and Copper (Cu) on the mechanical properties of
porous ceramics (L1 et al., 2010, Wang et al., 2007).
Therefore, the main objective of this research is to study
the effect of Copper (Cu) additives of nanoscale particle
size on the physical properties of alumina porous ceramics
such as the porosity level, open porosity, density and

linear shrinkage.
MATERIALS AND METHODS

A commercial Copper (Cu) of nanoscale particle size
at <100 nm was used as the reinforcement material. The
morphology and the size of the nano-copper particles
were examined using the FESEM technique (Fig. 1). The
density of copper is 7.59 g/om’ as determined by the
Accupye 1T 1340, Commercial Aluminum Oxide (Al,O,)
powder (p=3.94 g/cm’) with a purity of 99.9% and particle
size of 0.5 um was used as the matrix material.

Commercial sucrose (sugar) was used as a binder
(10-12%) in the ceramic mixture based on the maximum

.

Fig. 1: FESEM image of nano-Cu particles

solubility of sugar in water (distilled water), 60 wt.%
concentration solution was the concentration used in this
research. The binder was manually mixed with ceramic
powder using an agate mortar for 3-5 min. Meanwhile
graphite waste was collected from primary batteries. The
graphite rods were cleaned using acetone solvent to
remove traces of oil and other wastes from the primary
battery. At the start of the procedure, a drying process
was carried out m air for 24 h, followed by a drying
process for 1 h in an electric oven at 100°C. Next, the
graphite waste was crushed and ground by an electric
grinder (Model RT-02A) with operations at 3000 rpm.
Finally, the graphite powder was screened to a particle
size of 250 um. The true density of the graphite waste
was determined to be 1.77 g/em’ as measured by the
Accupye IT 1340,

The ceramic mixture preparation involves two
processes. The first step 1s to mix the nano-Cu metal with
AlLO, powder. The Cu powder was added at ratios of 3, 6,
9 and 12 wt.% to the Al,O, powder and mixed manually for
10 min n an agate mortar. The ceramic mixture was then
milled for 3 h by planetary ball milling (650 rpm) using
acetone at 0.5 mL/g for the mixture, then dried at 80°C for
24 hinan electric oven. Finally, the mixture was ball-milled
for 24 h to avoid agglomeration. The second step
involved mixing the pore agent (graphite waste) with the
previous mixture. The graphite waste powder was added
atratios of 10, 20, 30, 40 and 50 wt.% to the ceramic slurry.
Prior to ball milling, the batches were mixed in a mortar for
~5-10min and then ball-milled for 3 h in a plastic container
to render the mixture homogenous at a ratio of the weight
of alumina balls to the weight of powder of 3:1. Dry
mixtures were pressed umaxially in a circular steel die
(diameter = 20 mm and thickness = 5 mm) using an
Instron hydraulic press at a pressure of 90 MPa. The
green compacts were dried inan ovenat 110°C for 24 h.

8648



J. Eng. Applied Sci., 14 (23): 8647-8657, 2019

(b)

8
I

5
L

TG (weight loss, %)

N
o
|

0 t————r——r——
0 200 400 600 800 1000
Temperature (°C)

TG (weight loss, %)

— T 77
0O 200 400 600 800 1000

Temperature (°C)

Fig. 2: TGA and FESEM 1mmages: a) Graphite waste and b) Sucrose (sugar)

Table 1: Chemical composition of the graphite waste

Materials Graphite wastes
Density (g/cm’) 1.77
Elements Weight%o
C 95.72

0O, 3.46

Si 0.34

P -

S 0.36

K -

AL 0.12

Mg -

Ca

The organic burnout of the dried samples was carried out
in an ambient atmosphere in an electrically heated,
programmable furnace. The rate of heating was 1.5°C/min
for each increment in the temperature. According to the
Thermo Gravimetric Analysis (TGA) of sucrose and
graphite waste (Fig. 2), the samples were sintered at 200,
300, 500 and 900°C for a scaking time period of 1 h i an
electric furnace. The rates of heating and cooling were set
at 1.5°C/min for the removal of graphite waste and
sucrose. After that, the ceramic samples were sintered at
1600°C for a soaking time period of 2 h and the rates of
heating and cooling were set at 5°C/mm. The findings
revealed that after sintering, all the samples with different
ratios of graphite waste and binder (sucrose) had a
uniform shape without any cracks.

The chemical composition and density for graphite
waste ash were measured by an EDX and gas pycnometer
(Accupye II 1340) machmes. Table 1 shows the chemical
composition of the graphite waste used.

Based on the TGA data of graphite waste and
sucrose, the sintering temperature of porous alumina
ceramics was selected m order to perform the sintering
process (Dittmann and Willenbacher, 2014; Eom ef al.,
2013). Tt is necessary to achieve a controlled burn
out in the process for the graphite waste and sucrose in
order to obtain defect-free samples (Ighodaro et al,
2012).

Characterisation of ceramic samples: In this study, the
phase compositions of the porous ceramics were
determined using an X-ray diffractometer (PANalytical
(Philips) X’pert ProPW3050/60) with Cu radiation
(wavelength = 1.54060 A) that had been set at 40 mA and
40 kV over the 2+ angles range from 20-80° to identify the
developed crystalline and amorphous phases using
H-pert Software. The ceramic phases for each sample were
compared with some standard references in the X-pert
software.

The theoretical density (true) of Alumina (AlO;)
(3.94 g/fcm”) was used as a reference and measured by the
Accupye 1T 1340. The density and overall porosity of the
sintered samples were determined by the water immersion
method based on the Archimede’s principle as specified
1 ASTM C20-00 using the following Eq. 1-3:

P —[1—%}100 (M)
ptheoritical
o= Mgy % Prger @)
M = Mpentes T My
By = Mees = Moy (3)
M e =M pented T Mo
Where:
My, = The dry mass of the sample
M, genies = The mass of the sample suspended in
distilled water
M., = The mass of the sample after soaking n water
M,.. = The mass of the suspending system
Poewt = The volume fraction of the overall porosity
(vol.%) of the sample (Hu et al, 2012;
Menchavez and Intong, 2010;
Norkhairurmisa and Matori, 2016)
P = The volume fraction of the open porosity of

the sample (Hu ef al., 2012; Ali et al., 2017b)
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The microstructure and the chemical composition of
the porous ceramics were examined using a Field-Emission
Scanning Electron Microscope (FESEM) and EDX
(SE-440). In this process, all the porous alumina ceramic
samples were ground and polished, then heated in an
electric furnace at a temperature of 1450°C (below the
sintering temperature by 150°C) for around 15-20 min. The
heating and cooling rate were 10°C. Due to heating the
ceramic material to a temperature below the sintering
temperature for a short tume, the grain boundaries will seek
a lower energy level, hence, becoming rounder. They can
then be detected using an electron or optical microscope
technique (Cook et al., 1995). This method is called
thermal etching. After that, the samples are coated with
gold using a spin coating machine. After the sample has
been coated, 1t 1s transferred on a specific sample holder.
The sample is inserted through an exchange chamber into
the high vacuum part of the microscope and anchored on
a movable stage. Tmage-J software was used to measure
the open pore distribution of the porous alumina ceramics
(Al et al, 2017¢). After obtaining a FESEM image with a
certain magmfication, the relation:

d= 1.56L
MN
Where:
N = The No. of gram boundary intercepts by the line
M = The magnification of the image
L = The random line (Ramakrishna ef al., 2014) was

used to determine the average pore size

Table 2: Different ratios of graphite waste with alumina used to fabricate po

RESULTS AND DISCUSSION

Table 2 shows the graphite waste ratio, the density
for the green and sintered samples, the overall
porosity, the open porosity and the shrinkage for
porous alumina ceramics with Cu metal of nanoscale
particle size.

Overall porosity-porous alumina ceramics: Figure 3
presents the variation of porosity with Copper (Cu) ratios
using different ratios of graphite waste. By increasing the
ratio of Copper (Cu), the porosity decreases which leads
to an improvement in the mechanical properties. Also, the
ratio of the porosity starts to increase at 12 wt.% Cu for all
ratios of pore agent. This increase in the porosity may be
attributed to the mncreasing pore agent ratio and the
molten copper phase is not enough to reduce the
porosity. In general, it can be seen in Fig. 3 that with
increasing pore agent ratio (graphite waste) the porosity
increases for different ratios of Copper (Cu).

Sintered density of porous alumina ceramics: A
significant increase m the sintered density was observed
inthe porous alumina ceramic samples sintered at 1600°C
for 2 h, reinforced with Cu at the nanoscale as shown in
Fig. 4. As for the sintered density of the porous alumina
ceramics, this mcreased because the high density of
copper and the low porosity is due to pore filling by the
Cu metal. The sintered densities of the porous alumina
ceramics reinforced by Cu metal decrease at theratio

rous alumina ceramics and porosity characterisation, density and linear shrinkage

Graphite waste Alurmnina (Al O+ Overall porosity Open porosity Green density Sintered density Linear
content (wt.%)(g) Cu ratio (wt.%) (g) (vol%o) (vol®o) {g/cm’) (g/em’) shrinkage (%0)
10 90%A1,0, 37.27£1.25 18.44+0.82 1.81+0.005 2.47+0.012 14.99+1.27
10 (87%0A1,0,+3%Cu) 26.94+0.84 13.5240.76 1.93+£0.007 2.88+0.023 20.61+0.87
10 (84%0A1,0:1+6%Cu) 24.80£0.67 12.8240.49 1.95+£0.009 2.96+£0.013 20.57+0.56
10 (81%0A1,0;+9%Cu) 24.71£0.32 11.81+0.35 1.99+0.006 2.96+0.011 19.56+0.67
10 (78%A1,0,+12%Cu) 24.00£0.21 10.41+0.38 2.02+0.008 2.99+0.009 19.2240.53
20 80%Al,0, 45.714£2.11 24.87+1.11 1.82+£0.004 2.14+0.014 14.7240.69
20 (77%0A1,05+3%Cu) 34.03+0.81 17.94+0.98 1.88+0.017 2.60+0.025 21.45+0.86
20 (74%A1,0,+6%Cu) 33.44+0.76 16.80+0.54 1.91+0.018 2.62+0.006 21.22+40.63
20 (71%0A1,0:+9%Cu) 31.07+£0.45 16.3040.33 1.96+£0.009 2.71+0.007 20.9340.52
20 (68%0A1,05+12%Cu) 28.95+0.78 15.64+0.23 1.99+£0.011 2.80+0.018 20.49+0.51
30 T00%AL,0, 46.19+1.56 28.23+0.93 1.78+0.013 2.12+0.012 18.42+0.77
30 (67%A1,0:13%Cu) 37.24+0.96 20.0420.78 1.87£0.016 2.47+0.028 20.49+0.83
30 (64%0A1,05+6%Cu) 31.56+0.87 17.4440.68 1.92+0.008 2. 700,009 22.05+0.76
30 (61%0A1,0,+9%Cu) 33.02+0.76 18.47+0.37 1.94+0.014 2.64+0.024 22.4540.56
30 (58%0A1,0:+12%Cu) 34.37+0.35 19.564+0.22 1.90+£0.008 2.58+0.016 22.42+0.71
40 600%6A1,0; 53.60+0.98 39.15+1.22 1.74+0.006 1.83+0.008 20.50+0.88
40 (57%0A1,0,;+3%Cu) 44.26+1.01 30.52+0.83 1.85+0.006 2.20+0.011 22.38+0.53
40 (54%0A1,0:+6%Cu) 40.07+0.91 26.08+0.78 1.86+£0.019 2.36£0.015 24.14+0.61
40 (51%A1,0;+9%Cu) 37.31+0.82 24.07+0.34 1.90+0.013 2.47+0.017 25.1140.55
40 (48%A1,0,+12%Cu) 38.09+0.56 24.83+0.24 1.89+0.008 2.44+0.006 25.39+0.50
50 500A1,0, 61.08£1.11 53.94+0.87 1.73+£0.008 1.53+£0.009 21.7340.76
50 (47%0A1,0;+3%Cu) 51.43£1.34 38.20=1.04 1.74+0.007 1.91+0.005 24.1440.87
50 (44%0A1,0,+6%Cu) 44.93+0.87 31.48+0.69 1.85+0.019 2.17+0.011 26.67+0.64
50 (41%0A1,0:+9%Cu) 41.19+0.76 27.32+0.99 1.87+£0.013 2.32+0.005 28.697+0.71
50 (38%Al,0:+129%Cu) 41.995+0.45 30.42+0.65 1.84+0.012 2.28+0.006 27.58+40.61
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Fig. 3: Vanation of the porosity of porous alumina ceramic samples smtered at 1600°C for 2 h with copper content for

different ratios of graphite waste
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Fig. 4 Variation of the sintered densities of the porous alumina ceramics, sintered at 1600°C for 2h with the ratio of

copper content for different ratios of graphite waste

of 12 wt.% Cu. This decreasing density s due to the
increase in the pore agent ratio and hence, the molten
copper phase 1s not enough to reduce the porosity.

Green density of the porous alumina ceramics: An
increase in the green density was observed in the green
body reinforced with Cu at the nanoscale as shown in
Fig. 5. The increase in the green density is due to the
addition of copper particles which have a density
(7.59 gfcm®) higher than the density of alumina
(3.94 g/cm’) and graphite waste (1.77 g/fcm’) materials.

Linear shrinkage of porous alumina ceramics: The
shrinkage of porous alumina ceramic samples sintered at

1600°C for 2 h has a notable variation with increasing ratio
of Cu (Fig. 6). With increasing Cu content ratio, the
shrinkage increases. This could be attributed to the
nanoparticle size of the copper particles. This means that
after mixing the nano-sized copper particles, they will
occupy less space than if they were micron-sized, leading
to an mcrease 1n the shrinkage of the ceramic body and
also, to the ductile feature of the copper particles, thus,
decreasing the dimensions of the ceramic samples after
pressing. Through sintering at high temperature, the Cu
metal melts and fills the pores which leads to mcreasing
shrinkage. In addition, the porous alumina samples have
a shrinkege that increases with the increase of the
graphite waste ratio for all ratios of the Cumetal. Tt seems

8651



J. Eng. Applied Sci., 14 (23): 8647-8657, 2019

217 o Graphite waste (10 wt.%) o Graphite waste (20 wt.%)
O Graphite waste (30 wt.%) m Graphite waste (40 wt.%)
(=] . . 0, B
204 Graphite waste (50 wt.%) : T
o~ - ] ML
g 1.9 B 7
E T
2
= =3
£ 1.8 [7]
=l
9
2
2 1.7
(=)
£
1.6 4
1'5 1 1) T T
0 3 6 9 12

Copper content (wt.%)

Fig. 5: Variation of the green densities of porous alumina ceramic, sintered at 1600°C for 2 h with the ratio of copper

content for different ratios of graphite waste
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Fig. & The variation in shrinkage of porous alumina ceramic samples, sintered at 1 600°C for 2h with the ratio of copper

content for different ratios of graphite waste

possible that the increasing shrinkage 1s due to the
porosity, the pore size and the binder ratio (10-12%)
(Feng et al., 2013).

Microstructure of the porous alumina ceramics: In
general with increasing graphite waste ratios (10-50 wt.%)
for all ratios of Cu, the porosity increases as shown
in Fig. 7a-c. This increasing porosity for all ratios is due to
the bumout of the graphite waste and the binder
(sucrose). While at the same time with increasing ratios of
Copper (Cu), the porosity decreases which may lead to an
improvement in the mechanical properties of the alumina
porous ceramics (Norkhammunnisa and Matori, 2016;
Alietal, 2017b).

Figure 7a-c show the irregular shaped pores which
may be attributed to the shape of the graphite waste
particles after buming at a high sintering temperature.
Sintering at high temperature bears a positive impact as
the necks are well-developed, leading to improvements in
the mechanical properties.

For an explanation of the behaviour of the Cu metal
and the pore agent ratio (graphite waste) in porous
alumina ceramic samples, there are two stages m the
processing mechanism. The first stage is the removal of
the graphite waste, according to the TGA analysis. The
removal of the graphite waste from green body takes place
at a temperature below the melting pomt of the Cu metal.
In this case, the alumina matrix has a porosity with the Cu
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Fig. 7. The wregular shape of the pores and the necks m the porous alumina ceramic body of porous alumina ceramic
samples sintered at 1600°C for 2 h for different ratios of: a) 10% graphite waste+1 2 copper (wt.%); b) 30 graphite
waste+12 copper (wt.%) and ¢) 50 graphite waste+12 copper (wt.%)
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Fig. 8 a) Green body of alumina ceramic composite at room temperature; b) Removal of the pore agent (graphite waste)
according to the TGA and ¢) Melt Cu particles to fill the pores of porous alumina samples which leads to
reduction of porosity (Norkhairunnisa and Matori, 2016)

particles (Fig. 8b). The second stage 1s the melting of the
Cu metal. When the sitering temperature 1s at 1600°C, the
main focus is the melting of the Cu metal. This stage leads
to an improvement 1 the mechanical properties as the Cu
metal phase is homogenous. At this stage, the molten Cu
metal fills the pores to reduce the porosity. With an
increase in the ratio of the Cu metal, the molten Cu is
sufficient to fill the porous alumina body (Fig. 8c¢). As a
result, the pores accumulate between the grams and they
become wet in the liquid phase of the Cu metal (Shaw,
1993). Also, capillarity drives the liquid phase of the Cu
metal to fill the smaller pores. As the smaller pores are
filled, the number of pores and the porosity decrease
while the mean pore size increases. This leads to an
improvement in the mechanical properties (Norkhairunnisa
and Matori, 2016; Ali et al., 20174).

Open pore size distribution of porous alumina ceramics:
Figure 9 illustrates the pore size (open pore) distribution
with the ratio of pores for the porous alumina samples
with a graphite waste ratio of 10, 30 and 50 wt.%
reinforced with Cu metal in nanoscale particles. According

to this graph, the different pore size 1s attributed to the
particle size distribution of the graphite waste powder, the
ratio of the Cu metal and the ratio of the binder. The
distribution of the pore size is closely affected by the
ratios of the graphite waste and the Cu metal ratios. For
example at the ratios of 10 wt.% graphite waste+12 wt.%
Cu metal, 30 wt.% graphite waste+12 wt.% Cumetal and
50 wt.% graphite wastet12 wt.% Cu metal, the average
pore sizes were 62.52, 65.23 and 75.28 pum, respectively. All
the samples presented unimodal pore size distribution for
all the ratios.

Phase formation of porous alumina ceramics: Figure 10
presents the XRD pattern of the porous alumina samples
at ratios of 10, 30 and 50 wt.% graphite waste after
sintering at 1 600°C for 2. Tt was noted that with increasing
ratios of graphite waste and sintering at high temperature,
the phases detected in the samples of the porous alumina
with graphite waste included corundum (AlQ;) and
tenorite (CuO). The corundum (Al,0,) and tenorite (CuO)
(JCPDS file No.: 00-001-1117) phases were matched with
their JCPDS file No. no graphite phase was detected,

8653



40

J. Eng. Applied Sci., 14 (23): 8647-8657, 2019

(b)

©

30 4

Pore (%)
g
Il

10

L

0 40 80 120 160 200
Pore diameter (um)

40 40
304 30+
S S
(@ 20 o 201
[ [
10H 10+
OH 04

0O 40 80 120160200 O

Pore diameter (um)

40 80 120 160 200

Pore diameter (um)

Fig. 9 Distribution of open pore size for the samples of porous alumina ceramic with Cu metal, sintered at 1600°C for
2 h with different ratios of graphite waste: a) 10% graphite waste+12 copper (wt.%); b) 30 graphite waste+12
copper (wt.%) and c¢) 50 graphite waste+12 copper (wt.%)

@

(b)

Intensity (counts)

S
3
>

[=]

o Corundum (Al ,03)

"

& Tenorite (CuO)

©

Ty

n

40 50
Pos. (2 h)
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showing the total removal of the graphite waste from
the ceramic body during the sintering process. The
presence of the tenorite (CuQ) phase 1s an important

8654

feature after adding Cu metal to porous alumina ceramics
as mentioned m the latest study by MubarakAli et al.
(2015). Tenonte nanoparticles are an ideal candidate in
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Fig. 11:a) FESEM, b) EDX and ¢) TEM of porous alumina ceramics with nano-copper using graphite waste as

pore-forming agent

medical applications such as medical implants which
means that presence of CuQ in porous ceramics is
biocompatible.

Transmission Electron Microscopy (TEM), FESEM and
EDX: Figure 11 shows the TEM, FESEM images and EDX
of porous alumina ceramics with nano-copper particles
using graphite waste as a pore forming agent. Tenorite
(Cu®) which has a black colour has been discovered by
the XRD test and the corundum (Al,0;) phase can also be
seen. In this case, after the Cu melts during sintering at
high temperature, this molten Cu fill the pores as shown
in Fig. 11a and reacts with O, to produce CuQ which also
leads to agglomeration in the grain boundary of the ALO;.
Filling the pores (porosity decrease) and the presence of
CuO result in an improvement in the mechamcal properties
of porous alumina ceramics (Ali et al., 2017b, e). The
molten Cu starts to fill the pores of the matrix at an
mncreasing ratio throughout the porous alumina body.
After that the tenorite phase appears due to sintering at
high temperature (1600°C) for 2 h in air. In other words,
assuming that the melting of copper happens first, thus,
leading to filling the pores and then because the sintering
duration 1s 2 h, the tenorite phase begins to appear. To
clarify the phase chemical composition of porous alumina
ceramics, EDX analysis was conducted on the selected
area of the porous alumina ceramics (Lu ef al., 2000).

CONCLUSION

This study was designed to investigate the effect of
Cu metal at the nanoscale level and the pore agent ratio

on the physical properties of porous alumina ceramics.
The results of this research have shown that Cu metal
additives have sigmficant effects on the physical
properties of porous alumina ceramics such as the
porosity level, microstructure, shrinkage and density
(green and sintered). Decreasing the porosity and
increasing the sintered density may lead to improvements
1n the strength of porous alumina ceramics. Hot gas filters,
molten metal filters and membranes are potential
applications of the study’s results.
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