CHAPTER 1lI

EXPERIMENTAL PROCEDURES

In this research, AlL,O,-TiC powders were synthesized by combustion

synthesis using microwave energy. Then the combusted powders were sintered via

microwave or conventional heating for cq ,r parison.

3.1 Raw Materials

The effect g on combustion behavior and

the microstructure chaga ere examined in this study.

According to equation 268, taé s Ursors action Used are TiO,, C and Al. Various

types of TiO, and C (ALO, and TiC) used for

comparison are shown in fabjié3

Table 3.1 Source and chafac

. Particle size Density
Raw materials (um) g /cm3)
Rutile " Alfa-Aesar’ o 12 4.23
Anatass | Sigm oo | 0.1 3.90

7-15 -

Aluminﬁ

Carbon blach. Cabot

SHS Precursor

o
CFUEIRERITENT |
Cgrbgkarn - <45hJ 0.50

e R (RIS RS 10 T

cial TiC Alfa-Aesar 99.5 2 4.93
MgO Sigma-Aldrich 99.0 <45 3.58
Additive
Y0, Sigma-Aldrich 99.99 - 5.01
Polyvinyl - 1.269
Binder Alcohols Sigma-Aldrich 98-99 Mw 85,000-
(PVA) 146,000
E
mbed Carbon Cabot - 0.75 um -

Powder




3.2 Experimental Instruments

43

The experimental instruments used for analyze, examine and preparation

sample were listed in Table 3.2.

Table 3.2 Experimental Instruments.

Instrument Company Model
= pr= 7 i
i 0058) | SHimA PVS Ggr20/20
High temperature furnace (22 H}\“M& M DzU gr20/.
Electrical heating furnace ' -"':::(- -

Microwave furnace ! ' A High.Therm

MHTD-1800-2.4kW

Dr.CIP

“{‘“’
Uniaxial hydraulic pressi{pe

Cold-isostatic press (CLR ///// “ "‘%‘\»“--.._
ol e

G2535L

A1
Uniaxial hydraulic pres llﬁ.ﬁ E

SEFT-20-1

JDX-3530

Balance and Density kit

X-ray Diffractometer (XRD I I %

GR-200

A =

Oven

100-800

2z
?—
= THLIA J

Vernia Caliper

CD-8" CS

'-I-LE"'\

Scanning Electron MiCHios

JSM5401

Energy Dispersive S

Inca 300

Density Automatic-Pycsmneter Ultrapycno

-
oter1000

UPY-12

Mastersizer-S

‘ NS
eoul! T d |sasoo
utom-5
RUE CA

(4-point bending)

Grinder and Polisher Machine BUEHLER Phoenix Beta
Sonic Resonant (Young's modulus) GrindoSonic MK5
Microhardness Tester (Vickers hardness) | Zwick | B3212001
Universal Testing Machine INSTRON 4502




3.3 Preparation of Al,O,-TiC Composites

The experimental are divided into 3 main parts. First, the precursors
(TiO,, Al and C) are mixed in a stoichiometric ratio of 3:4:3 as given in equation 2.3 and
then the SHS process are conducted. Second, the combusted powders are
conventional sintered in high temperature furnace. Finally, the combusted powders are

sintered in microwave furnace for comparison. These processes are summarized in the

following flowcharts shown in Fig. 3.1.
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Fig.3.1 (a) Experimental procedure for combustion synthesis process (Part I).
( CV= conventional, MW= Microwave)
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[ CV and MW combusted powder ]
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Fig 3.1 (b) Experimental p I ﬁr @- \ hing (part 2) and microwave
#iﬂ
sintering (paft 3) , cpavent \ iCrowave)

3.3.1 Experimental Part T4&ambustic ynthesis Process

The sixleompositions, which are shown'ini[4ble 3.3, are homogeneously
“holirs. The reactant mixtures

I

mixed by ball millingiit

|
opl

& for 24 hours and sieve througk

were then dry at 105 a 100 mesh to reduce the

P AN YN TNYINT

Table 3.3 Six con%osmons with varioug TiO, and C Eed in TiO -AI C@ombustlon system.

AN E TS
P TiO, C
(85 rutile carbon black
TC2 rutile graphite
TC3 rutile activated carbon
Aluminum
TC4 anatase carbon black
TCS anatase graphite
TC6 anatase activated carbon
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3.3.1.1 Conventional Combustion System

The combustions were performed by heat transfer form electrical heating
element in tube furnace. The diameter and length of furnace were 7.5 cm and 120 cm
respectively. The 10 g-powder was placed in a porcelain crucible and put in a middle of
tube under an argon atmosphere with the flow rate of 2 litymin. The heating rate was

applied at 5°C/min, the temperature was measured by thermocouple type K (-200 °c-

e and témperature measurement set up
was shown in Fig. 3.2. After the % synthesized powder was milled by
alumina balls in ethanol fof%ns togre aéble size and agglomerates and
T —

mixed with 0.5 wt% of PV ingier. ‘ ‘mct was then dried and sieved
through 325 mesh preps

1250°C). The conventional combusti

|

T Q
Fig. 3.2 Conventionaf’combustion furnace and temperature measurement set up.

1 AUHANYNININT
QRGNS BN A DN B v

dimensiof chamber of 13.5 x 13.5 x 1.3.5 cm’. The maximum power output is 2.4 kW.
The microwave combustion system setup was shown in Fig. 3.3. The 10 g-powder was
put in an alumina crucible, which was placed at the center of microwave cavity. The
ignition was carried out under an argon atmosphere with a flow rate of 1.67 litmin. The
combustion temperatures were measured by an infrared pyrometer (Kleiber, Pyroskope

217-LWL). Its working temperature range was 300 to 2200°C.
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<«—— |Infrared pyrometer
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Metal Shield
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Sample
Insulation (Magnetron)

Fig. 3.3 Schematic illustration of microwave combustion system.
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3.3.2 Experimental Part 2: Co

powder was prelimina ' ing '@ pe out additive. 1 g-synthesized
powder were pressed jiaxial press at the pressure

about 7 MPa. Then a issed at 300 MPa for 3 min.

Then all pellets were p \\ d\ embedded by carbon black
powder and sintered in [ ture \ shimadzu, PVS Ggr20/20). The
heating profile of convention@f'sig !A_E,.’t-,--'f dmFig.3.4.
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3.3.2.2 Conventional Sintering with Additive

1900 L4,
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The 30 g-synthesized powders amounts 30 g were pressed to form a
square specimen with dimension 40 x 40 mm® by uniaxial pressing at the pressure
_ofabout 98 MPa. Then green specimens were cold-isostatic pressed at 300 MPa for 3

min. The heating profile is similar to the sintering without additive in Fig. 3.2 with lower
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sintering temperatures set at 1700°C and 1800°C. In this case, the additives were used
in a preparation of synthesized powders was aimed to lower the sintering temperature
and used as sintering aids. 0.5wt%MgO of alumina weight and 0.3wt%Y,0, of composite
weight were added during mill process. MgO is well known as the additive which reduce
grain growth of alumina during sintering and Y,0O, is used as a gas generation suppress

agent. This is due to a larger specimen may lead to more gas generation during

The M-TC ized| chosen to investigate the

microwave sintering beh re uniaxial pressed to form a

pellet of 31 mm in diam experiment was carried out

FFE ¥ ¥
. . A T - ghe
sintering was done under microwav £ 0F2.4 KW under argon atmosphere. For

Fig.3.5 Microwave furnace for synthesis and sintering Al,O,-TiC composite.
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3.4 Powder Characterization

The density, surface area and particle size distribution of raw materials
were investigated; these data would help to understand the combustion behavior. The
combusted powders were also characterized as same as raw material. The powder

characterization methods are described as follow.

3.4.1 Powder density by Ultrapycnometer

The Ultrapycnom i to measure the volume and true
Archimedes’ principle of fluid
displacement and Boyle e volume of powder is equal

to the volume of gas i e gas which can penetrate

the finest pores, therel 2 powder quantity 1 g was put
in micro volume cell, ag gn ifeil any Pnomete utematic sequentially run at ten

times. Density is determi 3lculgHion as olume ratio.
3.4.2 Particle Size Disifibuti 2y astersizer-S

Mastersizer is x., 0 ,e, a collimated He-Ne laser that pass
through the sample to-be measured all-amountiof. sewder was dispersed in the
dispersant and the \f poured into small volume
unit with stirrer to pass ’ mple into laser unit (Fig.3.6). The ’j cattered laser light from the
sample is detec Eiﬁe g it. This data from the
receiver is tran@: ﬁ e oﬁﬂi] HEF wi:flﬁ‘j: software calculates
the size distribution.

W) ﬁNﬂ‘iﬂJ UNINYIR
s‘"‘"’@ from Con O

Stirer— | To Celt

Pumj
Impeiior Drain

Fig.3.6 Schematic illustration of small volume unit and laser unit of Mastersizer-S for

particle size distribution analysis.
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3.4.3 Specific Surface Area by Brunauer, Emmett and Teller (BET) Medthod,

This measurement used the basic concept by gas sorption method; in
this study nitrogen gas was used for adsorbates. The method is defined simple as the
physical characterization of material structure using a process where gas molecules of
know size are condensed on unknown sample surface. The quality of gas condensed
and the resultant sample pressure are recorded and used for subsequent calculation.

Isotherm data is then subject to a ir calculation model to obtain surface area.

The details regarding sample @i sis are described as follows. At first,
the sample powder was drieasat-10 : olijs I‘ and cooled down in desiccator.
Then approximately 0. /as put in a specific tube. After
that outgas was vac 5.mifMat 120°C. Finally, the sample

tube was attached to Jid nitrogen during analysis.

3.5 Physical Propertie$

ek

et e s . ; .

The X-ray .-fgi;grf RO od is a widely used technique for
. : ; LR

studying structural informatienif-cer he crystal phase of reactants, the

——————

_.“:ﬂ of sintered samples were

hﬁnatching data obtained with

conversion of éf"_

confirmed by X-ray di T ctom

CVL AN IE) 1§ 8
q step angle 0.04 degree
count time 1sec
X-ray source CuKq,
voltage 30 kV
current 40 mA




51

3.5.2 Microstructure Characterization

The morphology of powders and microstructure of sintered sample were
examined by scanning electron microscope, SEM (JEOL, JSM5401). The image was
created from secondary electron which generated from sample by electron bombard
from tungsten filament. The morphology of reactant powder is the important factor affect
to sintering behavior, subsequently the combusted powders were investigated

different precursors. Eventually sintered

microstructure that would be affecti
samples were grinded and polishe  caref 2mirror-like surface (the preparation of
sample surface are deseribe i ' i operties section) to observed

microstructure. Gold on sample surface before

investigation. Energy dis 32300) was sometime used to

investigated the elemep

The densitied offSinterat’ sfe : efe measured according to ASTM

designation number C 373-8@4 ‘—ﬁ—‘; st i s were dried at 105°C over night

then cooled down in desiccatorand ed mass, D, were determined. The

specimens were plag eg i urs taking care that the

specimens are covergdh i , pecimens to soak for an

|!
additional 24 hours. r impregnation of the test o-L‘" ens, the mass, S, of each

specimen while suspendd’dﬂw water were @etermined. Each ‘s:ecimen was blotted

lightly with a mo%u&laenﬂwtgcm %Jgoﬂ a

surface, ranrd the saturated mass,f M , was gdetermined. TheyJexterior volume,
vemi AN ABEL NN TVIE 1R E

V=M-§S (3.1)

xcess water from the

The volumes of open pores ¥, (cm’), and impervious portions (closed

pores and solid) ¥}, (cm’), are given by:
Vpp=M~D (3.2)

V,=D-S (3.3)
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The apparent porosity, P (%), expresses, as a percent, the relationship of
the volume of the open pores of the specimen to its exterior volume. The apparent

porosity can be calculated as follows:

P=(M I;DJXIOO (3.4)

The water absorption (A, %) expresses, as a percent, the relationship of

the mass of water absorbed to then ¢ dry specimen. It can be determined as

follows:
(3.5)

The apg on of the test specimen that

is impervious to water, ig#givgh
(3.6)

The bulk density, ":éi—-;:::;—:‘ specimen is the quotient of its dry mass

divided by the exte g 5@ be calculated the bulk

i)

density as follows:

'|
i¥

dugingifsnens "

3.6 Mechanical Piéperties Measureme‘pt

4Vl 6 ASLUBAADLIAL o .o

specnmens were cut into the nearest required dimension, the width, depth and length of
each specimen was 4 cm x 3 cm x 30 cm. Then the specimen surface was ground with
diamond grinding plate of 75, 40 and 20 micron respectively, ranging from coarse to
fine rates of material removal. The surface polishing was done with finer particulate
diamond suspension of 6, 3 and 1 micron on a velvet cloth to yield a scratch-free,

mirror-like surface. In particular, the direction of machining shall be parallel to the
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specimen long axis. The four long edges of each specimen shall be uniformly

chamfered at 45° to prevent machining damage.

3.5.1 Young’s Modulus

Young’'s modulus can be determined by sonic resonance method that
measures the resonance frequencies of test specimens of suitable geometry, the

rectangular specimen dimensions are approximately 30 mm in length, 4 mm in width

and 3 mm in thickness. Mechanical | i;/o of bar specimen was provided through
the use of small tapper. Thésis ehs S Fesulting mechanical vibrations of

the specimen and trans OFF Vm--'o an eieclrical Signal, and then frequency of the

signal is detected by Grides®higfester. Dynamic Young's modulus for the fundamental

in flexure mode of recta Jg gah be ulated asyfollows [43]:
(3.8)
where
:I = fundamental resonant freque .L of bar (Hz)
T gﬁr i r%/ [ ralmade
and FJI u EI ﬂﬁw ﬂ ﬁﬂ ﬂn%
¢ o s
RAFANTRUUNAIN Gl
8.340 (1+0.2023 p +2.173 *)(¢/ L)*
_[1+6.338(1+0.1408,u+1.536,uz)(t/L)2] (3.9)

where
M = Poison’s ratio

= 0.22 for AlLO,-TiC composite



3.5.2 Flexural Strength

Four-point-bending or flexural strength is a testing method where a
specimen is symmetrically loaded at two locations that are situated one quarter of the
overall span, away from the outer two support bearings. This method followed ASTM
designation number C 1161-02c [44]. Specimens would be tested in a fully articulating

fixture as illustrated in Fig. 3.7 with cross-heading speed at 0.5 mm/min. The standard

formula for the strength of beam in foul

(3.10)

where

ﬂummaﬂm

Fig. 3.7 Schematﬂs of two semn-artlcu*atmg four—po&f ixtures su:tabWor flat and
AU NUNRT1INETAE
L _
3.5.3 Vickers Hardness

This test method describes an indentation hardness test as ASTM
designation number C 1327-99 [45]. Vickers indenter was evaluated indentation at the
load of 20 N. The Vickers indenter creates a square impression from which two surface

diagonal lengths were measured with optical microscopes. The Vickers indenter and
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surface project diagonal are illustrated in Fig.3.8. Vickers hardness is calculated from
the ratio of applied load to the area of contact of the four faces of the indenter. The

Vickers hardness number is computed as follows:

p

HV=O.1891? (3.11)
where
P=load (N)
d= average’ l; i'twio diagonal of the indentation (mm)
Fig. 3.8 The Vij gnierar gonal project [45].
ey
3.5.4 Fracture Toughness=7ia) L < /.
After | iy itgtion-induced cracks were
immediately measure by joptical mie ach indéntation, the crack resistance

was calculated with the equation proposed by, Anstis et al [46].

AUBING §W,El']ﬂ’ﬁ

K —0916 (3.11)

where’QW’lﬁ\ﬂﬂ‘ifmJ AINYIAY

K, = fracture toughness (Pa)
E = elastic modulus (Pa)

H = hardness (Pa)

P=load (N)

C= average crack half-length (m)
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