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Abstract: Alumina is one of ceramic materials that used far higl-performance applications, such
(chemistry, health, medical, electrical insulat@fractory uses and others). In this study, thda-steel
powder has been added to Alumina powder with a htergtio of (1:1). The mechanical prope
(compressive strength) and thermal conductivitve been investigated experimentally for a compc
material sintered at five different temperature$0@, 1200, 1300, 1400, and 1500) °C. From the t®
obtained there is an increasing in compressivegtheand thermal condiivity of the composite iaterial
for temperature range of (1200 to 1400)°C, compatim pure alumina, in which both compress
strength and thermal conductivity were increasirith \8intering temperature , but in values less tfwat
composite. This indicated that adding thetal powder enhances the mechanical and thermakpieg for
solid state temperature of the two materic

Keywords:Alumina powder, steel powder, composite materi@tesing, compressive strength, thern
conductivity.
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1. Introduction

Metal matrix composites (MMC) have received substhrattention due to the
reputation as stronger, stiffer and lighter matsriaver the bas-alloy. Composite
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materials or simply composites are combinationsaferials that made up by combining
two or more materials in such a way that the rewylmaterials have certain desired
properties or improved properties. The applicatdbMMC and composites is mostly in
aerospace structures, cutting tools and automabitgne parts. Currently, the major
reinforcements added to improve combination of probgs are ceramic particles with
high mechanical properties, i.e. Al203, TiC, TiBad SiC, etc. Alumina is an extremely
useful ceramic in many existing and emerging tetdgies.

It has several special properties like high hardnelsemical inertness, wear resistance
and a high melting point. Alumina ceramic can mret#p to 90% of their strength even at
1100 °C [1]. The most majority application of almaiis the production of aluminum,
others include electrical insulator, bio-medicalplamts, filler, catalysis, purification,
composite fiber, abrasive. High density in Alumg@mponents is normally achieved by
sintering compacted Alumina powder above 1700°C {B¢re are many researches
dealing with Alumina and the effect of sinteringmechanical and thermal properties.

J. S. Forrester et al, 2008 [3] studied the efééechechanical milling on the sintering
behavior of Alumina and found that a significantiuetion in sintering temperature to
below 1200°C was realized, the powder can be sidterto dense ceramics much below
the normally required sintering temperature of P Ching Yu and F Su Yen, 2010
[4] investigated high pure Alumina at sintering f@rature 1400 °C, and S. Miiller et al,
2011 [5] the fractional porosity of the powder nlietgy component is being derived
from the sinter density and also observed the lemsinariation of the same with respect
to sintering temperature.

Mehdi Rahimian et al, 2014 [8] investigated theeeffof alumina particle size,
sintering temperature and properties sintering tiome the properties of Al-AI203
composite, where the variations in of Al-AI203 camsjpe are dependent on both
sintering temperature and time. Prolonged sintetimgs had an adverse effect on the
studied the mechanical and tribological behaviocafposites reinforced with silicon or
hard ceramic particulates (e.g, Alumina, ZirconiBiticate, Fly Ash), the wear resistance
was evaluated during sliding against hard steekuhdbricating conditions at elevated
temperatures.S. Zhang et al, 2011 [6] studiedrifieences of filler size and content on
the properties (thermal conductivity, impact stiténgnd tensilestrength) of Al203/high
density polyethylene (HDPE) composites.

Goutam Dutta and Dr. Dipankar Bose, 2012 [7] sddihe porosity variation of a
powder metallurgy component with respect to it$esing temperature is explored where
strength of the composite.The introduction shoeldtise tone of the paper by providing a
clear statement of the study, the relevant liteeatin the study subject and the proposed
approach or solution. The introduction should beegal enough to attract a reader’s
attention from a broad range of scientific dise¢ipb.This template, created in MS Word
2003/2007 provides authors with most of the formgttspecifications needed for
preparing their papers. Margins, line spacing, igpéstyles are built-in; examples of the
type styles are providedthroughout this document.
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2.Experimental Procedure

The second step to prepare compos the materialsutieal to make the composite
material were consisting of two commercial powdestats, [alumina and carbon-steel].
The two powders were dried in oven at 100 °C far baur and then weighed, first step
to prepare samples of alumina powder, (20g) weigirel mixed with polymer binder to
made two samples for each sintering temperaturenidterial, (10 mg) from each one
were mixed in a powder blender (Ball Miller 9Vi8)y 30 min, (20gm) of mixture were
mixed with (3% ml) of polymer binder (PVA) to pralé strength of combination, a die
that given a dimension of (30 mm) diameter , (1941%n of height was selected was
shown in figl, and sample pressed in hydraulic qunes with (5 ton) load shown in
figl,the samples have been produced in circula@pshwith dimension (30.2 mm
diameter, 13.6 mm high), and (20.6 mg) weight.. @hemina samples and composite
material was shown in Fig. 2

Figurel. Hydraulic Pressure & Die

Figure 2. Alumina Samples before Sintering
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The sintering process was done in electrical fueretd 1100, 1200, 1300, 14(
1500) °C, with temperature rising rate (10 °C /manyl holing time (1 h), the Alumin.
andcomposite samples shown in figs 3,4. ‘sintering conditions listed inablel.

Figure 3.Alumina Samples at Different Sintered Temperatures

Figure 4. Composite Samples at Different Sintered Temperatures

Tablel: Sintering Conditions

Sintering stat¢  Sintering rate  Sintering temp Sample
time (hour) (°C/min) (°C) (No)
1 1100 10 1
2 1200 10 1
3 1300 10 1
4 1400 10 1
5 1500 10 1
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3. Mechanical Test

The compressive strength test has been appliedhéorfive Alumina samples ar
composite material by using the universal testirmgimme shown in fig5, which gives t
(stressstrain) values for the Alumina and composite speasnsintered at differe
temperatures

Figure 5. Universal Testing Machine

The average values obtained for compressive shrefagt alumina are (0.67MF
0.24MPa, 0.51 MPa,0.96MPa, and 1.15MPa) at sintering tem,
(1100°C,1200°C,1300°C,1400°C,and 1500°C),respectiThe average values f
composite material are (1.77MF28.96MPa, 31.77MPa, 36.20MPa, and 1.61Mat
sintering temp (110,1200°C,1300°C,1400°C, and 150/). The test diagrams a
shown in figs (al-ab).

4. Thermal Test

The Hot Disk TPS is the flagship instrument in fystem portfolio of Hot Disk AB
This instrument is designed for precision analysisthermal transport propertie
including thermalconductivity, thermal diffusivity and specific heaapacity, and i
covers an extensive range of materials of vari@sygetries and dimensions. The de\
is shown in fig6, and it gives the values of thdrmanductivity for alumina an
composite materiapecimens sintered at different (temperai-time).
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Figure 6. Hot disk TPS

The average thermal conductivity for pure Alumima &£.0:.W/m.K, 0.207 W/m.K,
0.59 W/m.K 0.8%V/m.K, and 1.76W/m.K) at sintering tem
(1100°C,1200°C,1300°C,1400°C,and 1500° respectively. The average therm
conductivity for composite are (0.6z W/m.K,1.58 W/m.K,1.3IW/m.K, 1.24 W/m.K,
and 0.523 W/m.K at sintering temp (11°C,1200°C,1300°C,1400°C,al
1500°C),respectively. The conductivity values h&een raised for the ntering temp
range of (1200 to 1400) °C, and then reduced aDAB0The test diagrams are showr
figs (b1-b5).

5. Results and Analysis

The results of compressive strength that obtaimeddmposite material at differe
sintering temperature alisted in Table 2.

Table 2: Compressive Strength Results

Sample o Compressive ~ COMPressiv

Sintering temp strength

(no) o strength _
(°C) Alumina (Mpa) ~ Composite

(MPa)

1 1100 0.67 1.77

2 1200 0.24 28.96

3 1300 0.51 31.77

4 36.20 0.96 36.20

S) 1.61 1.15 1.61

From the data above able. 2), the compressive strength for pure aluroint@inec
from test begin at (0.67 W/m.K at 1100°C), (0.24nV\K at 1200°C), (0.51 W/m.K
1300°C), (0.96 W/m.K at 1400°C), and (1.15 W/m.K1800°C). and when the st¢
powder added to alumina to macomposite material samples, it was observed thal
composite strength at (1100 °C) was increasedaadd the steel particles that increa
the strength of composite, and with increasingesing temperature from (1200°-
1400°C), the strength incises sharply, because the total fractional porasitgowder

188



Journal of Engi ing and S inable Develop Vol. 20, No. 03, May 2016 www.jeasd.org (ISSN 2520-0917)

metallurgy process is decreasing with the incraassintering temperature [7]. The
comparing between two cases was shown in fig Gartsee that the steel powder filled
the pores and as sintering temperature increaspatttiele size for alumina reduced and
density at first raises, then declines. As the Ahanparticle size decreases, hardness,
yield strength, compressive strength and elongatiorease [8].

Sintering temp (°C)

35.025 /\\
g 30.025
>
‘2 W®& 25025 / \\
@ $ = 20025
s £ / \
= 15.025
g © / \
o 10.025 7 \
© 5.025 v 4 \
0.025
1100 | 1200 | 1300 | 1400 | 1500
Composite Meterial | 1.77 28.96 | 31.77 36.2 1.61
—— Alumina 067 | 024 | 051 | 096 | 1.15

Figure7. Compressive Strength Diagram

From the diagram, it's found that strength for casipe material in range (1200-1400)
°C increase with sintering temperature increashmgyyever, the strength of Alumina is
statistical quantity with a wide scatter due to b toughness and depends on stress
volume also Alumina particles become more dispersed microstructure shown in
fig.10 (A-E), and they have more uniform particleesdistribution [9].The thermal
conductivity results are listed in Table3.

Table 3: Thermal Conductivity Results

Sample Sintering temp Thermal Thermal
(no) (°C) Conductivity Conductivity
Alumina Composite
W/m.K W/m.K
1 1100 2.008 0.6228
2 1200 0.206 1.24
3 1300 0.592 1.31
4 1400 0.854 1.58
5 1500 1.763 0.523

The thermal properties for alumina were a functadntemperature; it decreases with
increasing of temperature, and the compare bettreeAlumina and (Alumina-steel) is
shown in fig 8.
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Sintering temp (°C)
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S \ \ / /
S x 1.6 \ A\ /
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£
Ny
-
0.1
1100 1200 1300 1400 1500
Composite Material | 0.6228 1.24 1.31 1.58 0.523
Alumina 2.008 0.206 0.592 0.854 1.763

Figure 8. Thermal Conductivity Diagram

From the diagram it can be seen that thermal cdnalycfor Alumina alone
decreasing at 110Q and then raised with sintering temp increasing|erthe (Alumina-
steel) increasing at temperature (1200-14UD) this due the steel particle distribution

between alumina ,the microstructure shown in f{@-E) .

6. Conclusions

1. The compressive strength for composite (alursieal) increased with temperature

increase between (1200-140Q).

2. The thermal conductivity decreased at TZD0then increased with sintering

temperature increased.

3. The pure alumina has increased but less thapasite material when compared with
the results obtained, where the added of steel powds improved and gives a new

product.
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Figure 9. Stress-Strain Curves at Different Sintering Temp
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E

Figure10. Microstructures of Composite at Magnification of 10X
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