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Definitions GEBZENN_

Ceramics Keramosin Greekfor LJ2 (I (cBydddare madefrom clayandfired.

Ceramics Ceramics Ceramics
(Old concept)  (Current, wide concept) {Current, narrow concept)

. . . . . . . - Pottery - all inorganic nonmetallic - polycrystalline nonmetallic
Chemically with the exceptionof carbon,ceramicsare nonmetallic, inorganic| materials materials that acquire their
(single crystal + mechanical strength through
polycrystalline materials  a firing or sintering process.
+ amorphous materials)

compounds Suchas
A Silicates Kaolinite[ALSLO,(OH)],

A 9mple oxides- Alumina(ALQ,), S
A Complexoxides- YBaCuOy,, (OXOK). |
A Nonoxides- Siliconcarbide(SiG, Slicon nitride (SgN,), Dfcil b fabricae_ Exay fo fabricale

Expensive Economic

Structurally, all materialsare either crystalline or amorphous(alsoreferredto asglassy)
The difficulty and expenseof growing single crystalsmeansthat, normally, crystalline
ceramicsare actually polycrystallina they are made up of a large number of small
crystals,or grains,separatedfrom one another by grain boundaries

In ceramicswe are concernedwith two typesof structure, both of whichhavea profound
effecton properties

1) At the atomic scale the type of bonding and the crystal structure (for a crystalline
ceramic)or the amorphousstructure(if it is glassy,)

2) At a larger scale the microstructure which refers to the nature, quantity, and

distribution of the structural elementsor phasesin the ceramic(e.g., crystals,glass,and STEPS AT INTERFACES IN,SITIO

pOfOSity) Ref: Ceramic Processing and Sinteri(&909)
_ , S.D Hutagalung Introductionto Electroceramic013).
Dr. Sedat Alkoy TSD Webineg 28 Nisan 2021 https://program.eventact.com/viewabstract?Abst=122449&Code=2029348 2




Outline of Prehistoryof Ceramics& Main Linesof
TechnologicaDevelopment

~ 22,000 B.CEarliestknownfired clayfigures

~ 8.000 B.C. Firedearthenwarevesselsn NearEast

~ 6.000 B.C. Sthpatingsandclayspreparedby decanting
suspensionsdecoration control of oxidation reductionduring
firing. joiningpaddleandanvilshaping carving andtrimming

~ 4,000 B.C. Egyptiarfaience

4.0003,500 B.C Whe#trowing, earthenwaremolds craft shops
~ 1600 B.C. Vaporglazing prefritted glazesleadglazes

~ 1500 B C. Glassnaking alkalineglazesn Egypt.

~ 1000 B.C. Glazedstonewarein China

~900 B.C. Tin glaze in Baghdad

~ 700 B.C Greekblackandred wares

~800 A.D.  Crude porcelain in China duringlthagdynasty
~1100A.D. Porcelain production in Korea

~1600A.D. Porcelain production in Japan

~1700A.D. Porcelain production in Europe

~1950s Advanced Ceramics

Reb. Fundamentalef Ceramic PowdeProcessingand Synthesigl996).
BillyHustacéThe Image Bank/Getty Images

* 3

Terracotta Warriors
Tomb of Emperor Qin Shi Huang in China from 208 BC

Dr. Sedat Alkoy TSD Webineg 28 Nisan 2021
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Classificatiorof Ceramics
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U Thesubjectof ceramicscoversa wide rangeof materials,but cangenerallybe dividedinto two parts
Traditional & Advanced(technical special fine,and engineering)Ceramics

Traditional ceramicsbear a closerelationshipto those materialsthat have been developedsincethe earliestcivilizations
Theyare pottery, structuralclayproducts,and clay-basedrefractories with whichwe mayalsogroup cementsand concretes
and glassesWhereastraditional ceramicsstill representa major part of the ceramicsindustry, the interest in recentyears
hasfocusedon advancedceramicsceramicghat with minor exceptionshavebeendevelopedwithin the last50 yearsor so.

Advancedceramicsinclude ceramicsfor electrical,magnetic,electronic,and optical applications(sometimesreferred to as
functional ceramics)and ceramicsfor structural applicationsat ambient as well as at elevated temperatures (structural

ceramics.

U Themaindifferences betweenthe two classesare
the purity and particle size of the powdersthat are
used in their fabrication and the applicationsand

the addedvalueof the resultantproducts

Ourwebinar mainly dealswith synthesisof ceramic

powdersthat are usedin the fabrication of
advancedceramicparts.

TextRef Ceramic Processing and SinterifZ09)
Figure RefS.D Hutagalung Introductionto Electroceramic013).

Brass: 700-800°C
Iron: 1000-1300°C

clayware White ‘ in ics
earthenware Celadon Porcelain B ceran:;

Qnig. A6

Fas

-

fired at 800- 1200- 1200- 1300-
, 1100°C 1400°C 1400°C 1800°C
purity  low moderate Relatively high very high

Firing temperature, Purity, and Compositional exactness
from pottery to electronic components

Dr. Sedat Alkoy TSD Webineg 28 Nisan 2021




Applications of Advanced Ceramics by Function
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Function Ceramic

Application

Insulation materials
(Al,O3, BeO, MgO)

Electric

Ferroelectric materials
(BaTiOs, SrTiO5)
Piezoelectric materials

(PZT)

mm %X 0.5mm
Sy
0603 /* N
0.6mm X 0.3mm 0402
0.4mm X 0.2mm

1.0

Semiconductor materials
(BaTiOs, SiC, ZnO-
Bi1,0;, V-0s5 and other
transition metal oxides)

Fig. 6.40 Cross-sectional view of a capacitor incorporating 1 pm
dielectric layers. Cross-sectional view of a 1608 (1.6 mm x 0.8 mm)
B characteristic (Note 6.21) 10 uF chip capacitor. Electrodes and
dielectric layers are layered in an orderly manner and cannot be
identified by the naked eye. As seen in the SEM picture at the bor-
tom, about five small ceramic grains, sized 100-200 nm, are formed
between the electrodes

Ion-conducting materials
(B-ALOs, Z10O,)

TextRef Ceramic Processing and Sinteri(209)
Figures RefAdvanced Ceramic Technologies and Products (2012

Integrated circuit substrate, package,
wiring substrate, resistor substrate,
electronics interconnection substrate

Ceramic capacitor

Vibrator, oscillator, filter, etc.

Transducer, ultrasonic humidifier,
piezolelectric spark generator, etc.

NTC thermistor: temperature sensor,
temperature compensation, etc.

PTC thermistor: heater element, switch,
temperature compensation, etc.

CTR thermistor: heat sensor element

Thick-film sensor: infrared sensor

Varistor: noise elimination, surge
current absorber, lightning arrestor,
etc.

Sintered CdS material: solar cell

SiC heater: electric furnace heater,
miniature heater, etc.

Solid electrolyte for sodium battery

ZrO; ceramics: oxygen sensor, pH
meter, fuel cells

Fig. 7.1 Image of a multilayer ceramic circuit substrate
(Bar=50 mm). Slurry, a mixture of ceramic powder, organic binder
and solvent, is tape-cast to create a green sheet, on which via holes
and wiring patterns are screen-printed to create a thick film conduc-
tor. Following this, thermal compression stacked layers are sintered
at high temperature to produce the substrate

Fig. 14.5 ZnO varistors for power system. Disk-shaped nonlinear
resistance ceramics, @ 30-100 mm, are applied with an insulating
coating on the circumference and have electrodes formed on both
faces. They are used in arrestors of various voltage classes

Dr. Sedat Alkoy TSD Webinetg 28 Nisan 2021 5
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Function Ceramic Application 10,000
Vertical
Magnetic Soft ferrite Magnetic recording head, temperature 1,000 ‘g%‘.‘%
) TMR head
sensor, efc. s
Hard ferrite Ferrite magnet, fractional horse power 100 il
motors, elc. _— JS4380 ;g.
- - . . L)
Optical Translucent alumina High-pressure sodium vapor lamp i 334837°’i%‘¥1” oPossr B
Translucent Mg-Al spinel, Lighting tube, special-purpose lamp, P [ Hinkaie
mullite, etc. infrared transmission window ”
1 *
mﬂlﬂnals - Static pressure lift-up head 130 1331r;ant 4240
Translucent Y-05-ThO-, Laser materials P E']BAMAC
ceramics 1950 1960 1970 1980 1990 2000 2010
PLZT ceramics Light memory element, video display

Fig. 10.19 Advancement of HDD magnetic head technologies and evolution of surface recording density. The rela-

. u tionship between advancement of HDD magnetic head technologies and surface recording density (vertical axis)
El[ld s [Dragﬂ S}’ 5 [ﬁ m 5 llght m Ddll lﬂ. [1 on versus year is shown. The ALTIC material was first used in the 3370 type thin film magnetic head released in 1978 by

. . IBM [reference: IDEMA JAPAN, Exhibition Commemorating the 50th Anniversary of Magnetic Disk, June 2006
element, light shutter, light valve (approved by IDEMA JAPAN)]

Fig.7.22 Sapphire substrate for thin films

TextRef Ceramic Processing and Sinteri(209) . .
Flgures Reﬂdvanced Ceramlc TeChn0|OgIeS and PI’OdUCtS (2012 DI’ Sedat A|k0y TSD Weblnet 28 lean 2021 Fig. 9.26 The world’s first ferrite core. The world’s first ferrite 6

core was invented in 1930 by Dr. Y. Kato and Dr. T. Takei



Applications of Advanced Ceramics by Function
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Function Ceramic Application
Chemical Gas sensor (Zn0O, Fe,0s, Gas leakage alarm, automatic ventilation
Sn0O») alarm; hydrocarbon, fluorocarbon
detectors, elc.
Humidity sensor Cooking control element in microwave
(MgCr,04-Ti0O5) oven, etc.
Catalyst carrier Catalyst carrier for emission control
(cordierite)
Organic catalysts Enzyme carrier, zeolites
Electrodes (titanates, Electrowinning aluminum,
sulfides, borides) photochemical processes, chlorine
production
Thermal Zr0,, TiO, Infrared radiator
Mechanical Cutting tools (Al,Os, TiC, Ceramic tool, sintered CBN; cermet
TiN, others) tool, artificial diamond; nitride tool
Wear-resistant materials Mechanical seal, ceramic liner, bearings,
(Al,O3, Zr0,) thread guide, pressure sensors
Heat-resistant materials Ceramic engine, turbine blade, heat
(SiC, Al,Os, Si3Ny, exchangers, welding burner nozzle,
others) high frequency combustion crucibles)
Biological Alumina ceramics Artificial tooth root, bone and joint.
implantation,
hydroxyapatite, bioglass
Nuclear UO,, UO,-Pu0O;, Nuclear fuels

C, SiC, B,C
SiC, Al,Os, C, B4,C

TextRef Ceramic Processing and Sinteri(209)
Figures RefAdvanced Ceramic Technologies and Products (2012

Cladding materials
Shielding materials

Terminal

Resistor (| Insulator

Main metal part —

Center
electrode

Outer (ground) /

electrode

Cylinder head

Fig. 12.6 Structure of the spark plug. Spark plugs are affixed to
engine cylinder heads via the threads formed on the main metal part.
The spark gap on the tip is projected into the combustion chamber
and ignites the gas mixture

4
%8

BWR fuel pellet PWR fuel pellet
Diameter: approx. 9.6 mm Diameter: approx. 8mm
Height: approx. 10 mm Height: approx. 10 mm
Chamfered With dish and chamfer

Fig. 14.12 Uranium dioxide (UO,) pellet. Uranium oxide powder
is formed, sintered and ground to create cylindrical pellets. BWR
pellets are chamfered, while PWR pellets have a dish (dent) on the
face and are chamfered

Dr. Sedat Alkoy TSD Webinetg 28 Nisan 2021 7



Svnthesis of Powders

U Thecharacteristicof the powder is very important on subsequentprocessingsuchasconsolidationinto a greenbody
andfiring to producethe desiredmicrostructure

U In practice,the choiceof a powder preparationmethod will dependon the production cost and the capability of the
method for achievinga certainsetof desiredcharacteristics

U Forconveniencethe powder synthesismethodscanbe dividedinto two categories mechanicalmethodsand chemical
methods

U Powdersynthesisby chemicalmethodsis an areaof ceramicprocessinghat hasreceiveda high degreeof interest and
hasundergoneconsiderablechangesn the last 25 years Furthernew developmentan this areaare expectedin the future.
U Ourtalk mainly dealswith synthesisof ceramicpowdersthrough chemicalmethods

Figures Refwww.vttresearch.com
www.mtm.kuleuven.be Dr. Sedat Alkoy TSD Webineg 28 Nisan 2021 8



DesirablePowderCharacteristics GEBZE'\
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Traditional ceramics

u

u
i
i

0
i

ﬁ//
\(2, @;7
H

Generallylessspecificproperty requirementsthan advancedceramics | s, Al NI
Theycanbe chemicallyinhomogeneous
Theycanhavecomplexmicrostructures
Unlike the case of advancedceramics,chemical reaction during firing is often a e
requirement  The starting materials for traditional ceramicstherefore consist of @
mixturesof powderswith a chosenreactivity. : £ L
Fineparticle sizeis desirablefor goodchemicalreactivity. SEM nicrostructure of an alumina porcelain
Thepowdersmustalsobe chosento givea reasonablyhigh packingdensitythat serves "/ iermmvebanddebever engisiis 4 Lm

to limit the shrinkageanddistortion of the body duringfiring.

i

Advancedceramics

X

X
X
X

GenerallyJow costpowder preparationmethodsare usedfor traditional ceramics

Must meetveryspecificproperty requirements
Chemicatompositionand microstructuremustbe well controlled
Carefulattention mustbe paidto the quality of the startingpowders

agglomerationchemicalcomposition and phasecomposition
Thestructureand chemistryof the surfaceare alsoimportant.

: \J
AR B\ v laNS e v 2 2=y i
Microstructure of MgO doped alumir@oceramc

https://www.ikts.fraunhofer.de/en/departments/structural_ceramics

TextRef Ceramic Processing and Sinteri(&009) Dr. Sedat Alkoy TSD Webineg 28 Nisan 2021 9




DesirablePowderCharacteristics

U0¢KEANEI RS & 0 NIOKMEWS RO 2118331 2 Y SKI Sy 2
AYLR2 NOY T d2SA0@I KK §12 6 ROAY a2t BKISHLYER K S
YA ONER & (P Nt BRI &

A AN

01 LI NIBMGHRS K3 Nk YISy S MNB ORI dBSBD2 € { 2 A g

OzyazfNRlKARG! (WKESS 0 WA KL NIMED{ AONEIZANT 8
U¢KS2 LINE T B aEfFRBOKG NIaMdA 8T S & & MEKEA y (145 NI
CKNF 6§ B KADKS2 RSY AAFORBIINEFTERSONB Y & &
LI NI&A@LE SNIY A &F i &BIND IR 2/N2HD | d2 S0 B NI T AR AGyA
TANNY NIBMDBESERI MK Y | f 2MEOK A S PSRYASR/RIY & A ]
gAGIKNBYT 420 HDEBET S22 daNA O [FUEL CELLPOWDER - =
0! LJ2 ¢ RRS\ND & A RS a (| NI @azNABANIGEE2 Y S NE ¥F SERINE |
I & LJ2f & RALIZLASRNEINGD S Il BK A 3 KIE NI RAS/YFTANIUKEENES S )
0 2 RRKD\ Sy 3 @zh 4zt BB dzies S ® KSR At GINRS5a0 NI
O2 y (RNZNTE ¥ ¢ (id5 QR WX RPINE 60 X S/E &SI NN @ 314 NB
NI LIk RIfK&SE LIS B BBY I fIAINS WY 3 LyWBG 0 F A F KEVAK |
RSY A DRy ( N\PNOIEASIRGLIZ &pa A 0 f S
01 2Y23SyE D9AFYI NNPAR B A 0 NAR deboS@EyyY ST NI £ 8
Y2y 2RA 8RB RBEYS NI { 2 MB I02 §¥ MINIKYSA ONE a & NHz@&
0! & LK SR IdA & EAALBES y S FRAB i NP KByMyFR2N3y A

0 KIS O®A y 3

https://www.nanoimages.com/serapplications/energy/

TextRef Ceramic Processing and Sinteri(&D09) Dr. Sedat Alkoy TSD Webineg 28 Nisan 2021 10
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DesirablePowderCharacteristics GEBZENN_

U Agglomerateslead to heterogeneouspackingin the green body which, in turn, leads to
differential sinteringduring the firing stage Differential sinteringoccurswhen different regionsof
the body shrink at different rates Thiscanleadto seriousproblemssuchasthe developmentof
largeporesand cracklike voidsin the fired body:.

U Furthermore,the rate at whichthe body densifiesis roughlysimilarto that for a coarsegrained
body with a particle size equivalentto that of the agglomerates An agglomeratedpowder
therefore hasseriouslimitations for the fabricationof ceramicswhen high densitycoupledwith a
fine grainedmicrostructureis desired

at 33t 2Y Sl-N&fﬁ)S A a éMmi Flzljl e méééz T l:l Cracklikevoid produced by a Zgagglomerate shrinking
F 33f 2 Y& M]Kl,}\ DI NITIAKNBESIER 3Sad &S NJ away from the surrounding AO,/ZrO, matrix during firing
S I RFSPND | ¥ ANDOYWGRI KR It 2 YSHEKA OK
U0KSIF NIADBEEYA®D2 ¥ RBRI S 0 KRESINNER v 3 ‘
ONARISE - ) o ) , ‘.
U¢ KSRSBITU dzh & KIBg2 A RIFYDOHBE 2 YINI U A 2
0 KIS2 6 RISNG S @ YNRIBOI aUSKE 2102 & &MA ¥ £ S Agglomarate Aggreoets!
e LA A, PR A 2 A o A . A 4 ~ Primary particles Soft agglomerate Hard agglomerate
a dzOK a3 2 did RENBHIFEXENBAZFHIL 2 YSNI U S
NI CEKRBMRY NJO3f 2 YaS RIFHSd 2 YONF & S a N |
ONE REYNBt | Gh g8 8OKI Y& ODK2 R= P
RA & LISANBEAAIGAZN RII 3t 2 YONY B 5H a At 8 N |
0 NP R ¥YWRAzD B 2 A2RNERY 240 S R

~ Characteristics of pigments, modification, and their functionalities, https://doi.org/10.1002/col.22359
Dr. Sedat Alkoy TSD Webineg 28 Nisan 2021
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DesirablePowderCharacteristics GEBZENS
U Surfaceimpurities may have a significantinfluenceon P LR e TP T

the dispersionof the powder in a liquid, but the most
seriouseffects of variationsin chemicalcompositionare
encounteredin the firing stage

U Impuritiesmayleadto the formation of a smallamount
of liquid phaseat the sinteringtemperature,which causes
selectedgrowth of large individualgrains In sucha case,
the achievementof a fine uniform grain size would be
impossible

U Thus,it ispreferableto avoidsurfaceimpurities

Large grained region of microstructural heterogeneity resulting from
animpurity in hot pressed AD;.

0/ KSYNBII DoSagrP¢g2 Y LIS (IGEKERD St & & & 2 dRIVSR 6 ¢ S 8 dif RS NB R BB
KI gDKSYQOI ¥ 3 8BLI2 ¢ RRIMNEK ¥ BA vy 3

0 C2a\2 YYS (0 SHIRIf & & 2INIK/AAGT 20NSYU- oliBVEF/TF G NS &/ 0t NEHAQIHYNEB & 4 2 dZRB S JS N
RA T T ATCWXE O NB & (ONHZGINRPRB S £ | Y LINBNIF 26N A DN O BRSWEINB o F WO ¥ 2 I AyyRd
gt hS6 KSNESENI yvaF 2N KSRIRE i BE & defyNI-aLIANI ANR d iyKR &8 S @ QI | NR WiKAS2
RSy aA TNIQE SlickER/ 4 40D S¥ANIIK AT 202 dr® B ¢ R S R

TextRef Ceramic Processing and Sinteri(&009) Dr. Sedat Alkoy TSD Webineg 28 Nisan 2021 12




DesirablePowderCharacteristicor Advanced Ceramics GEBZEN
Powder characteristic Desired property
Particle size Fine (< ~1 pm)
Particle size distribution Narrow or monodisperse
Particle shape Spherical or equiaxial
State of agglomeration No agglomeration or soft agglomerates
Chemical composition High purity
Phase composition Single phase

TextRef Ceramic Processing and Sinteri(2p09) Dr. Sedat Alkoy TSD Webinetg 28 Nisan 2021 13
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PowderSynthesidMethods GEBZENN_

U A variety of methodsexist for the synthesisof ceramicpowders Theycan be divided into two categories
mechanicaimethodsandchemicalmethods

U Mechanicalmethodsare generallyusedto preparepowdersof traditional ceramicsfrom naturally occurring
raw materials Powder preparation by mechanicalmethodsis a fairly mature area of ceramicprocessingn

whichthe scopefor new developmentss rather small

U However, in recent years, the preparation of fine powders of some advancedceramicsby mechanical
methods involving milling at high speeds,or mechanochemicaprocesseshave receiveda fair amount of

interest

U Chemicaimethodsare generallyusedto preparepowdersof advancedceramicsfrom syntheticmaterialsor
from naturallyoccurringraw materialsthat haveundergonea considerabladegreeof chemicalrefinement

U Someof the methodscategorizedas chemicalinvolve a mechanicaimilling step as part of the process The
milling step is usually necessaryfor the breakdownof agglomeratesand for the production of the desired
physicalcharacteristicof the powdersuchasaverageparticle sizeand particle sizedistribution.

U Powder preparation by chemical methods is an area of ceramic processingthat has seen severalnew
developmentan the past25yearsandfurther new developmentsare expectedin the future.

TextRef Ceramic Processing and Sinteri(@p09) Dr. Sedat Alkoy TSD Webineg 28 Nisan 2021 M n
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Powder Preparation Methods for Ceramics GEBZENS

Powder preparation

method Advantages Disadvantages
Mechanical
Comminution [nexpensive, wide Limited purity, limited
applicability homogeneity, large
particle size
Mechanochemical Fine particle size, good Limited purity, limited
synthesis for nonoxides, low homogeneity
temperature route
Chemical
Solid-state reaction
Decomposition, reaction Simple apparatus, Agglomerated powder,
between solids inexpensive limited homogeneity

for multicomponent
powders

TextRef Ceramic Processing and Sinteri(209)
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Powder Preparation Methods for Ceramics

Powder preparation
method

Advantages

Disadvantages

Liquid solutions

Precipitation or
coprecipitation;
solvent vaporization
(spray drying, spray
pyrolysis, freeze
drying); gel routes
(sol—gel, Pechini,
citrate gel, glycine
nitrate)

Nonaqueous liquid
reaction

TextRef Ceramic Processing and Sinteri(209)

High purity, small
particle size,
composition control,
chemical homogeneity

High purity, small
particle size

Expensive, poor for
nonoxides, powder
agglomeration
commonly a problem

Limited to nonoxides

Dr. Sedat Alkoy TSD Webinetg 28 Nisan 2021

\/5/-/
GEBZENN

16



Powder Preparation Methods for Ceramics GEBZENS
Powder preparation
method Advantages Disadvantages

Vapor-phase reaction

Gas—solid reaction Commonly inexpensive Commonly low purity,

for large particle size expensive for fine
powders

Gas—liquid reaction High purity, small Expensive, limited
particle size applicability

Reaction between gases High purity, small Expensive for nonoxides,
particle size, agglomeration
inexpensive for oxides commonly a problem

TextRef Ceramic Processing and Sinterif2D09) 5N { SRit§ 5! 2 S@AROYyASIMIYH M 17




Economy of Advanced Ceramics

A %
GEBZENN

A Processing of advanced ceramics aery similar with the traditional ceramics, namely ; mixing raw materials, reacting
to obtain the final composition, shaping and sintering.

A However, the purity of the raw materials, the sintering temperature and field of final applications differentiate the
advanced ceramics from the traditional ones and lend them a very high added value

A For Ex;

Ceramic Tiles
Ceramic cutting tips

Multilayer piezoelectric actuators

0.2 $/kg
2,000.0 $/kg

20,000.0 $/kg

Table 1. Advanced ceramics demand by market (million dollars). 35,000.0 - E:EEI:LT ilc:elz? st
1997 2002 2007 2012 2017 20.000.0 -E_T‘I!Q:Iif‘lE parts
Electronic components 2763 2394 2620 3020 3385 e - E;f:ligr;:fpspn e
Electrical equipment 1217 1349 1880 2395 2940 25,000.0 myvear parts
Industrial machinery 914 965 1410 1780 2280 200000 :git'LEE"fs
Transportation equipment 840 992 1325 1735 2255 - :
Chemical and plastic 606 713 1130 1380 1665 14,000.0
Body armor 3 30 650 350 350
Environmental 319 420 575 755 980 10,000.0
Medical products 60 96 155 240 360 5.000.0
Other markets 378 506 715 975 1285
Total market 7100 7465 10,460 12,630 15,500 -
Refl ® af yRE( S0 FSIDNGGE NG yvn |3 SNRyD ANSGADA G F1 | 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
fdz&tFNFNFAP YEGPEPYEP {pSNIIYMY HY2nyENBTE 0OHyRS
1

I
|
a
advancedceramicsgrowth-continues

GDf 20 f QCeBradddMarked FzeGrowth, Industryw S L2 NI =
http://www.grandviewresearch.comhdustry-analysisadvancedceramicsmarket,June2016

L d{ © | edrhioSo®tRContinues htfp://www.ceramicindustry.com/articles/us-

HAHME

e sA advahcéderamicaMarket Trend (2013¢ 2024) WMillion USS$)

Dr. Sedat Alkoy TSD Webineg 28 Nisan 2021 18
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USA Advanced Ceramics Market (2004) GEBZEN_

Alumina 39%

CHEMICAL &
ENVIRONMENTAL
16.4%

f,_,..r""

Monolithics
86%

STRUCTURAL

. — 5.9%
ELECTRONIC
68.2%
f \ COATINGS

Other 3%
ilicon Nitride 1%

Boron Carbide 5%
Beryllia 1%

Composites : 0
4% Titanate 19%

i
Coatings Cordierite 5%

10% 9.5%
Ferrite 10% Silicon Carbide 8%
Source: The Freedonia Grol Zirconate 9%
Source: The Freedonia Grou Tatal Markat Valus for 2004 - $11.220 million
by Form by Composition by Market Share
wSE of o ! SNJ{MHEQLEK/’UEZK(&ZS&.JYKKrarz;chOSNJ YAOh YRdzA G NBE @02 YKkl NI AOf Sakdz _ _
ot RO PSR NDOBDE K G A Y dzS Dr. Sedat Alkoy TSD Webineg 28 Nisan 2021 19
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TESNR &aSNIYATLESN mMmbdnk hp &Pt f P|Elekizbsdrantikiem tithh k b LB ®F § PR & Stizh dzal £ LI T F N
Uygulama milyon US$ ! RP milyon US$
I O PYIH L NP 0.7-0.9 Ferritler 5.0¢6.0
{PT RPAYBY¥E PLI NP 35040 FEILE” Locde
| & Pyelle N{eadt I NP 0.5¢0.7 Seramildielektrik 5.0¢6.0
Pota,kruze termokupl] Pt P T f | NOBcO0.4 Parafudr 0.4¢0.8
Tekstill Pt | @eRAfElSNIE S NJK 2.0¢ 2.2 Flezeclelallsemi S
Noziiller(kaynakpuskirtme,alev) 0.3¢0.5 Seramikizolator 1.0¢1.2
Ozeldokumfiltreleri 3.0¢ 4.0 Aazilse [ IueneeE ey TG 280
Partikultutucular 2.0¢ 3.0 kistale | idenveR A € S NJ
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I 0 S0 buglefiS 2.0¢ 3.0
LRPEPUPOPE I NJ 2.0¢3.0 AMqoqonKMOpqop AGKEE LG GSNAESNAYS 31 NB ¢
Kesicii I 1 PYt I NJ 1.0¢1.2 0 A NI Af SNJ\ a S NI YAl LI T FNPYLlF &l KALIAN
Plazmapuskirtmekaplama 3.5¢4.0 A . dZ)/ dzy t I 0 A NI 7\ 16S @8SNIA NNBUAYAY 2fY
Elektrikc elektronikseramikler 45.0¢ 55.0 OF T AL | 'Pf Y I 1 0Fr RP N3 X )
5A &3 NIP X | igguRmalar 2.0¢ 3.0 A§N)A/eI-IRI-‘[)\ 87§f7\YS 0SYIl SNJ 6ANJ OSleE
TOPLAM 67.8¢ 74.9 St STONRPYA]T ASNIYATESNI 2fdzodGdzNXY I 1 G R

WwSFSD . L ETBNRI {8 NI ik auSNHmel PO Y £ I NP @S dzf dzal £ 0 A NJ
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Advanced Ceramics Producers in TURKEY GEBZEN_
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SolidState DecompositionReactions GEBZENS

U Chemicaldecompositionreactions,in which a solid reactant is heated to producea new solid + a gas, are
commonlyusedfor the productionof powdersof simpleoxidesfrom carbonates hydroxides nitrates, sulfates
acetates oxalates alkoxidesand other metal salts

U In generalthe reactionsproducean oxideanda volatile gaseougeactionproduct,suchasCQ, 0O,, or H,O.

U Anexampleisthe decompositionof calciumcarbonate(calcite)to producecalciumoxideand carbondioxide

gas CaCO, (s5) = CaO(s)+CO, (g)

U Dependingon the particular conditionsof time, temperature,ambient pressureof CQ, relative humidity,
particlesize,andsoon, the processmaybe controlledby :

* Reactiorrate at the reactionsurface

* Gasdiffusionor permeationthroughoxideproductlayer

* Heattransfer

Ref W.D.Kingery Introductionto Ceramics : .
JohnWileyand Sonsinc (1976) Dr. Sedat Alkoy TSD Webineg 28 Nisan 2021 24
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Thermodynamicsf Decomposition GEBZENS
U9EY 5S802YLRadc/Gay 2F Ol f OAGS
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Ref Terry A. RingFundamentalsof Ceramic Powder _ _
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Thermodynamic®f Decomposition

U Forexample,CaCQbecomesunstableabove810K,MgCQ
above 480K, and depending on the relative humidity,
Mg(OH) becomesunstableabove445¢463K

U Furthermore, acetates, sulfates, oxalates, and nitrates
have essentiallyzero partial pressureof the product gasin
the ambientatmospheresothey are predictedto be unstable
at roomtemperature

U Thefact that these compoundsare observedto be stable
at much higher temperatures indicates that their
decompositionis controlled by kinetic factors and not by
thermodynamics

Ref Terry A. RingFundamentaloof Ceramic Powder
Processingand SynthesjsAcademidPresg1996).
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Kineticsof Decomposition GEBZENR_
Thekineticsmaybe limited by:

U Thereactionat the surface Gas flow _ Heat flow

U Theflow of heatfrom the furnaceto the reactionsurface P”m(ﬁ\ ’ \' P aidis

7

U The diffusion (permeatior) of the product gas from the
reactionsurfaceto the ambientfurnaceatmosphere

@Y%

U The molar volume of the solid product is commonly
smallerthan that for the reactant, so that very often, the
product forms a porouslayer aroundthe nonporouscore of

} ql
) ) Ji Iy
reactantasshownin Figure . / I
U Like most solidstate reactions, the reaction is |CO:flow to furnace Heat flow to reaction interface
heterogeneous in that it occurs at a Sharp|y defined Schematiaepresantationof decompositionof a sphericalparticle (e.g. CaCQ
inte rface of a salt which yields a porous oxide product (e.g. CaQ and a gas(CQ). The

reactionis endothermic requiring heat transfer Thedrivingforcesfor heat and
masstransport for steadystate decompositionare expressedas temperatures

and pressuresin the furnace (T, P;), at the particle surface(T,, P), and at the
reactioninterface(T,R,)

Ref W.D.Kingery Introductionto Ceramics : .
JohnWileyand Sonsinc (1976) Dr. Sedat Alkoy TSD Webineg 28 Nisan 2021 27
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U Thekineticinvestigationf decompositionrxnsare conductedisothermallyor at a fixed heatingrate.
U In isothermal studies, the maintenanceof a constant temperature representsan ideal that cannot be
achievedin practice,sincea finite time isrequiredto heatthe sampleto the requiredtemperature However,
Isothermaldecompositiorkineticsare easierto analyze

U Theprogressof the reactionis commonlymeasuredoy | [
the weightlossandthe dataare plotted asthe fraction of
the reactantdecomposeda versustime t with a defined |©
as
AW
Of=—- o5t
&W]'ITLH

where DW and DW, ., are the weight lossat time t and
the maximum weight loss according to the
decompositiorreaction,respectively A B
U Thereis no generaltheory of decompositionreactions 0{: ) s
However’a_genera”_zeda VerSUStime t curve Similar to Generalizedversustime plot summarizingcharacteristikinetic behaviorobserved
that shownin Flgjl'e Is often observed for isothermaldecompositionof solids representsthe weight lossdivided by the

maximumweightloss

Ref M.N.RahamanCeramic Processing and Sintering _ _
Marceland Dekker(2009) Dr. Sedat Alkoy TSD Webineg 28 Nisan 2021 28
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Kineticsof Decomposition GEBZENN

U ThestageA is an initial reaction, sometimesassociatedwith the decompositionof impurities or unstable
superficialmaterial B is an induction period that is usuallyregardedas terminated by the developmentof
stable nuclei, while Cis the acceleratoryperiod of growth of suchnuclei, perhapsaccompaniedoy further
nucleation,whichextendsto the maximumrate of reactionat D.

U Thereafterthe continuedexpansiorof nucleiisno '0r
longer possible due to Impingement and the
consumptionof the reactant, and this leadsto a decay |«
period, E that continues until the completion of the
reaction F. In practice, one or more of these features
(exceptD) maybe absentor negligible 05+

Pl L
° time

Generalizedversustime plot summarizingcharacteristidkinetic behaviorobserved
for isothermaldecompositionof solids representsthe weightlossdivided by the
maximumweightloss
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ChemicaReactionBetweenSolids GEBZENS,

U Thesimplestsysteminvolvesreaction betweentwo solid phases A andB,to producea solid solution C
U A and B are commonly elementsfor metallic systems,while for ceramicsthey are commonly crystalline

compounds
U Solidstate reactionscanbe dividedinto two stages nucleationof the reactionproduct and its subsequent

growth.
U Theyare heterogenoustype of reactionswhere there is reaction interface between the reactingphases,

suchasnucleusand matrix, or phaseA andphaseB.
U After the initiation of the reaction,A and B are separatedby the solidreactionproduct C(seeFigure)

¥
U Inorderfor the reactionto proceed,three stepsmusttake placein series

BN,
o
I- Material transport(the transportof atoms,ions,or moleculesby severalpossiblemechanisms)

throughthe phaseboundariesandthe reactionproductto the interface.

lI- Reactiomat the phaseboundary
lll- Sometimedransportof reactionproductsfrom the interface

Ref W.D.Kingery Introductionto Ceramics : .
JohnWileyand SonslInc (1976) Dr. Sedat Alkoy TSD Webineg 28 Nisan 2021 31
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U Ractionsat the phaseboundaryliberate or absorbheat, changingthe boundarytemperature and limiting the rate of the
process Theslowestof any of thesestepsmaydeterminethe overallrate.

U Reactiondetweenmixedpowdersare technologicallymportant for powdersynthesis

U Thereactionbetweentwo (or more)typesof solidis frequently practicedto producemulticomponentceramicpowders

U Severakxamplesanclude
NiO(s)+ ALO, (s)C NiALO,(s)
MgO(s)+ ALO,;(s)C MgALO, (s
ZnO(sH Fe,0,(s)C ZnFe,0O,(S)
ZnO(sH ALO,(s)C ZnALO,(s)
BaCQ(s)+ SiQ (s)C BaSiQ(s)+CQ ()
Y2Y,04(8) +2BaCQ(s)+3CuO(sL YBaCwO;5(s) + CQ (9)

U Thespinelformation reactionis one of the most widely studied reactions
among these where where a divalent oxide (AO and a trivalent oxide
(B,O;) in a 1:1 molar ratio react to form a product having the spinel

structure (AB,O,).

Crystallographic illustration of the Mg&l,-spinel (normal spinel structure).

Ref Terry A. RingRundamentalof Ceramic Powder _ _
Processingand SynthesjsAcademidPresg1996). Dr. Sedat Alkoy TSD Webineg 28 Nisan 2021 32
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SpinelFormationby Solid State Reactions GEBZENS,
b A O 8dzY ASyLBAGISS h oA B2 NN SRB I i@ ENIs & B hy Rh NBF 06 v i a

i ¢ KSINNESI yLa2 & aNSH RIIA @K 0 KZ iBK 2 8 9K S Y I Y 21026 K 8§ INB2 4 4 A
0 SOIRIZEATSTOA I P2 ® K\ SQYRETTARY { &

Mechanismsin which O, molecules (1) Reaction occurs at AB,0.-B,0; interface: /%02
are transported through the gaseous oxygen gas phase transport with A* ion and : \
) . electron transport through AB.,O,:
phase and electroneutrality is AD AB20, B:0;
maintained by electron transport AM 42" +%01+13203 = AB,O, -

throughthe productlayer,

2a-

If ideal contact occurs at the phase

boundaries so that transport of O, (2) Reaction occurs at AO-AB.O, interface: K%Dz\
moleculesis slow,then the mechanisms oxygen gas phase transport with B™ ion and

in which O, moleculesare transported ~ ¢lectron transport through AB.Ou; 40 AB.O, B.O;
through the ~ gaseous _pha_lse and AO+ZB3++6e‘+§02mABZO., .

electroneutrality is maintained by | 2 gt

electrontransport through the product
layerare unimportant <

Ref W.D.Kingery Introductionto Ceramics : .
JohnWileyand SonslInc (1976) Dr. Sedat Alkoy TSD Webineg 28 Nisan 2021 33
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Mechanisms in which {ons diffusehrough the product layer { {
(3) ' A™ and O* diffuse. AB,0,-B,;0; interface AL AB.0, B,0x
Reaction at A? +0* +B,0, = AB,O,
(4) B and O% diffuse. AO-AB,0, interface e ¥
Reaction at AO +2B* +30% = AB,O, i
In spinels diffusion of the large O, ionsis rather slowwhen compared g (3)
to cationicdiffusion so that the mechanismsn which O, ions diffuse L

throughthe productlayercanbe eliminated _

EHiH*

aSOKIg‘X&(@Yt@)\yEI OZdzy’uSNJ RATTFdzZAAZ2Y | [¢ @)

< & -
NB YI A y A )/ 3a lS la @ )ngyﬁ g\xygen andcatmntransport through AB,O,: " 30
The most I|keI\_/ mec_hanlsm is the (5)| Both cations diffuse ( Ty 2 JA=+). — B
mechanism  involving  counter 3 5 pi+
diffusion of the cations with the Reactions occur at -
oxygen ions remaining essentially AO-AB,O, interface 3 a2+ (5)
stationary, where the flux of the 2B +4A0 = AB,O, +3A™ =
cations is coupled to maintain and at — —
electroneutrality AB,O.-B,0, interface

Ref W.D.Kingery Introductionto Ceramics 1+ " 3 _ _
JohnWileyand Sonsinc. (1976) 3A™ +4B,0; = 3AB,O, +2B™ Sedat Alkoy TSD Webineg 28 Nisan 2021 34
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SpinelFormationby SolidState Reactions GEBZENN

U When the rate of reactionproduct formation is controlled by T500°C
diffusion through the planar product layer, the parabolicrate law is
observed 5 K 20- -140
X = KAI
where K'is a rate constantthat obeysthe Arrheniusrelation and the € 45 122 B
wall thicknessof the planar product layer increaseswith the square uzz S
root of time. K £
U Figureshowsthe parabolictime dependencedor NiALO, formation. c 10- 100 g
. . . . (é e,1400°C E
U A parabolicgrowth rate for the reaction layer is usually taken to ~
meanthat the reactionis diffusioncontrolled. 5+ - 71
C
0 100 200
Time (Hr)

Thicknesf NiALO, formed in NiO-ALO; couplesasa function
of time heatedin argonat 1400and 1500°C.

Ref W.D.Kingery Introductionto Ceramics
JohnWileyand Sonsinc. (1976)
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PowderSolidState Reactions GEBZENS,

U For powder reactions(seefigure), a complete descriptionof the reaction kinetics must take into account
severalparameterstherebymakingthe analysisrery complicated

U Simplifiedassumptionsare commonlymade in the derivation of kinetic equations Forisothermalreaction
conditions, a frequently used equation has been derived In the derivation, it is assumedthat equalsized
spheresof reactantA are embeddedin a quastcontinuousmediumof reactantB andthat the reactionproduct

forms coherentlyand uniformly onthe A particles
U Thevolumeof unreactedmaterialattimet is

L

V:%H[r—y);

—

wherer isthe initial radiusof the sphericabarticlesof reactantAandy isthe thicknessof the reactionlayet

reaction
product

full tag < ~ . v sm A = “ oA~ v oA
partially reacted uily reae { OK & RlaM MBS iyABERs R S NE

Ref M.N.RahamanCeramic Processing and Sintering _ _
Marceland Dekker(2009) Dr. Sedat Alkoy TSD Webineg 28 Nisan 2021 36
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PowderSolidStateReactions GEBZENN
U Thevolumeof unreactedmaterialisalsogivenby V = %m,: (1 —0.)
where a isthe fraction of the volumethat hasalreadyreacted a 003
U Combininghese equation: 3 o 890°
_1’:r[]—(_]— ]] Eﬂooz
c-;.- 0.01
U Assuminghat y growsaccordingto the parabolicrelationship T
givenby °% 20 4 60 80 180 120
_ _ . 131 Kt Time (min)
then the reactionrate is; [I—U—Di) } =7
r b c
U Figure illustrates the applicability of this E':ﬁ_ .5":-;
equationto the solid state powderreaction g 604 57’0:5-
SO, (s)+Ba®; (s)C Ba3D;(s)+CQ (9) ‘© 40- os 0.5
| s > o 20 50.4"
U InFigurelineartime dependenceof [I—(l—a}"} 5 0 : . . 202
. 0 200 400 600 800 0
IS plotted for severaltemperatures ‘ 2 2 085 080 085
U Figure(c) showsthe Arrheniusexpression, K = K%exp 7T 1000/T (K)

g

Ref Terry A. RingRundamentalsof Ceramic Powder _ _
Processingand SynthesjsAcademidPres{1996). Dr. Sedat Alkoy TSD Webineg 28 Nisan 2021 37
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PowderSolid State Reactions GEBZENN_

U Thisequation, referredto asthe Janderequation, suffersfrom two i | 1
oversimplificationghat limit its applicabilityand the rangeover which =99
It adequatelypredictsreactionrates B35 o4
(1) It isvalidfor smallreactionthicknesses
(2) It assumegproductandreactantshavethe samemolarvolume % isi 1%
U These twooversimplifications have been taken into account by :l
Carter, who derived the following equation: 1 147 |- — 080 §
et 25 microns g
[]+[Z—]){1]"3+(Z—I)[I—ﬂ)z"l:ZJr(l—Z}K;I Tl ﬁo.go.g
r l “-
where Z is the volume of the reaction product formed from unit | * 13- 19 microns B
volumeof the reactantA. N
U Thisequation, referred to asthe Carter equation, is applicableto | 1ss}- ye
the formation of ZnAlO, by the reactionbetweenZnOand Al,O; even
up to 100%of reaction( seeFigure). 1 1 1 |
( Thisequationis alsovalidfor the oxidationof metal powders O

Kinetics of reaction between spherical particleZafOand ALO; to
form ZnAJO, at 1400C in air, showing the validity of the Carter
equation.

Ref Terry A. RingRundamentalsof Ceramic Powder JE . .
Processingand SynthesjsAcademidPresg1996). 5N { SRit§ 5! 2 {SciAbyASSNJIYH M 38
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U Fora solid-state diffusion mechanismthe growth of the reaction
productin powder systemsoccursat the contact points and for nearly
equalsizedspheres,the number of contact points is small as in the
figure.
U Neverthelessfor manysystemsthe Janderequationandthe Carter
equationgivea gooddescriptionof the reactionkineticsfor at leastthe
Initial stagesof the reaction
U It appearsthat rapid surfacediffusion providesa uniform supply of
one of the reactantsoverthe other.
U Alternatively,if the vapor pressureof one of the reactantsis high
enoughasin the examplerxn below

ZnO(s} ALO, (s)C ZnAlLO,(s)
Then condensationon the surface of the other reactant can also
providea uniform supplyof the other reactant
U In this case,the powder reaction can be better describedasa gas
solidreactionrather than a solid-state reaction.

Ref M.N.RahamanCeramic Processing and Sintering
Marceland Dekker(2009)

Dr. Sedat Alkoy TSD Webineg 28 Nisan 2021
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PowderSolidState Reactions GEBZENN
Solidstate reactionin powder systemsdependson severalparameters

AThe chemicalnature of the reactantsandthe product
AThe size sizedistribution, and shapeof the particles
AThe relative sizesof the reactantparticlesin the mixture;
AThe uniformity of the mixing,the reactionatmosphere the temperature andthe time.
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CASE STUDY

BOLETI{N DE LA SOCIEDAD ESPANOLA DE CERAMICA Y VIDRIO 55 (2016)246-252

Ceramica y Vidrio

BOLETIN DE LA SOCIEDAD ESPANOLA DE

Ceramica y Vidrio

www.elsevier.es/bsecv

Effect of powder processing conditions on the
electromechanical properties of lithium doped
potassium sodium niobate

Ebru Mensur-Alkoy**, Ayse Berksoy-Yavuz"®

Two different calcination routes were used to prepare the
ceramic powders. In the first calcination method thatis named
as the ‘loose-calcination’ and referred to in the text as R1, the
mixing step by ball-milling was followed by drying the green
powder mixture on a hot plate while continuously stirring
using a magnetic stirrer. Then the dried green powders were
put into an alumina crucible as a loose powder and calcined.
This was the procedure that we have followed in our previous
studies on KNN [7,9-11]. Calcined powders were again ball-
milled for 24 h. The Li content was x=0.04 and 0.07 with the
samples produced with R1 and they were named as KL4 and
KL7, respectively. This naming convention is the same with
our previous studies [9,11].

Routel (R1)Loose Calcinatiof KLSamples

@ CrossMark

GEBZENS

TECHNICAL UNIVERSITY

Ref EbruMensurAlkoy, AyseBerksoyYavuz Effd¢t of powder
processing conditions on the electromechanical properties of lithium
doped potassium sodiumiobate(Boletinde la Sociedad Espafiola de
Ceramicgy Vidrio, Volume 55, Issue 6, Pages 242 (2016

Route2 (R2)Compact Calcinatio€ LSamples

On the other hand, in the new calcination method that
is named as the ‘compact-calcination’ and referred to in the
text as R2, disc-shaped samples were prepared from the dried
powder mixture by dry pressing under a uniaxial pressure of
55 MPa. These disc samples were then calcined instead of cal-
cining loose powders. After calcination, samples were crashed
using mortar and pestle. The crashed powders were again
ball-milled for 24 h. The Li content was x=0.04 and 0.07 with
the samples produced by R2 and named as L4 and L7, respec-
tively.

Calcination of the all the samples in both of the calcina-
tion routes was done at 900°C for 1h. After the calcination
process, disc-shaped samples with ~10.5mm diameter and
~1mm thickness were prepared by pressing under a uniaxial
pressure of 100 MPa and then sintered at 1090 °C for 1 h. Finally,
silver-palladium electrode was applied to the parallel sur-
faces of the discs for electrical measurements, and annealed
at 850°C for 30 min.

Dr. Sedat Alkoy TSD Webineg 28 Nisan 2021
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Fig. 1 - XRD patterns of (a) KL4, L4, KL7 and L7 samples,

and (b) XRD patterns of selected region of the same
samples. The peaks of KL4 and L4 were indexed based on

the perovskite structure with orthorhombic symmetry and
the peaks of KL7 and L7 were indexed based on the

tetragonal symmetry.
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TECHNICAL UNIVERSITY

R1- Loose Calcination

AccV s8potMagn - Det WD | 10 Ag#®™ Spot Magn
15.0 kw3 002500x  SE SH@ GYTE 15 0KV 360 Ba00x

R2- Compact Calcination

Fig. 2 - The SEM micrographs of (a) KL4, (b) KL7, (c) L4 and (d) L7 samples.
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Fig. 3 - Comparison of (a) bipolar strain, (b) monopolar strain and (c) polarization vs. hysteresis of 4 and 7 mol% Li modified
L4, KL7 and L7 samples. (d) Comparison of the temperature dependent dielectric constant of L7 and L4 samples.
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Oxidationof Sulphides GEBZENN

U Twotypesof oxidationreactionsare of interestin ceramics oxidation of metalsand oxidationof sulfides

U Theoxidation of sulphidesis a commonextractivemetallurgicalprocess generatingan oxide ceramicpowder Theoxide
productis usuallyan intermediateproducton the wayto metal productionbut if sufficientlypure it canbe useddirectlyasa
ceramicpowder

U Acommonexampleisthe roastingof zincsulphideto form zincoxide

O.(g) + §ZnS(s)— % Zn0(s) + §SO,(g)

kcal
0-298 _ __
AHRR? = —166.9—
or the roastingof iron pyrite, FeS by the reactiorn
12 0y(s) + 2FeS,(s) = Fey 0O4(s) + 4504(g)
keal
0-298 — __
AHE 592 iole

U Thesereactionsare stronglyexothermic which s typical of these typesof oxidationreactions Thismeansthat the heat
producedby the reactionwill heatup the particleandfurther increasethe reactionrate.

U Theequilibriumconstant K, for the oxidationof zincsulphideis givenby;, _ Po, Pror

=
P,
2
assumingall gassesreidealandthe fugacitiesare equalto the partial pressures
U Theequilibriumconstantis relatedto the standardfree energy,0G°, asshownin equationn AG° = —-R,T In K,
U Whenthe ratio of partial pressures, P%oz{Poz , Islessthan that at equilibrium,the reactant,Zn$S

Is unstableat that temperature

Ref Terry A. RingFundamentalsof Ceramic Powder _ _
Processingand SynthesjsAcademidPres{1996). Dr. Sedat Alkoy TSD Webineg 28 Nisan 2021 46
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U The oxidation of metal powdersis a method to produce relatively pure —_— ko e ol uly o _wio N
oxides Acommonmetal oxidationis; 02(g)+§Al—>§A1203 AHSHS — _268.4 11];((:;511(1e o o4 700 400 g0 8g0 rovo 1200 1400 1600 1600 2000 2200 2400 1-,1.,-«:':
U Thisreaction,like all metal oxidationreactions,is stronglyexothermic The ,9.;-::;
standardfree energyof this and many other oxidationreactionsare givenin ;w_m"-
Figure N
U The distribution coefficientfor all metal oxidationreactionsis givenby;, o " e
K =Py} Proy assumingdealgas s " whol ]
U Thedistribution coefficientand the standardfree energymakeup the total | ‘je.of _~ “E\»—om i S S
free energyof reactionaccordingto equatiorn AGgxn = AG® + R,TIn K o[ % Z e / » < " 5%
U Term -RB,T'InP, jsalsogivenin Figureonthe outsidescaleof the graph | |S-w i < o 7 il
U Whenthe standardfree energy AG° islessthan -R,TIn Py /Py, 2008 - “ — whel
then the oxideis stable e il
U Ingasfired metal oxidations,the fuel givesa combustiongasof a particular | | =« s S8 <
CQ and H,0 composition At these high temperatures,the decompositionof | | - / [ [ — Rl
CQ! co,2Cc0+10, AHE- ~—94.211;1(:i':13 ] | iﬂ
473 673 873 1073 1273 1473 1673 1873 2073 2273 2473 2673 1 Jiothd"]
createsan equilibrium partial pressureof oxygenthat influencesthe metal | F*"""  Tomeratra €0 _cocorers g v
oxidestability at temperature,asdoesthe decompositionof water, R T S G G Gl S R SR
kcal

Standard free energy ddbrmation of oxides as a function of temperature

Ref Terry A. RingFundamentalsof Ceramic Powder _ _
Processingand SynthesjsAcademidPres{1996). Dr. Sedat Alkoy TSD Webineg 28 Nisan 2021 nT
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U The reduction of oxides in reducing atmospheresis also an important industrial reaction that producesa powder.
However,these reduction reactionsare frequently used to produce metal powders and are not often usedto produce
ceramicpowders

U Thesereductionreactioncan,however,be the first step in a sequenceof stepsto producecarbideand nitride powders
Severakxamplesf reductionreactionsare;

Fe;0,(s) + 4H,(g)— 3Fe(s) + 4H,0(g) AHRR® = +36.6 ﬁi
CuO(s) + Hy(g) - Cu(s) + H,O(g)  AHIRP = -20.2 iﬁl

U However there is a much more broadly applicableand used method of traditional reaction processingof mainly binary
nonoxideceramicpowders,namelycarbothermalreduction.

U Thissimply entailsintimate mixing of oxide powdersof the desiredmetals, metalloids,and carbon (or a sourceof it) to
reducethe oxides,andif producinga carbide,to reactwith the reducedmetalto form its desiredcarbide

U Fine,uniformly, and intimately mixedreactiveingredientsare important to reactto the desiredproductswith little or no
residualoxide or excescarbon,at temperaturesandtimesto limit excessivearticle growth andsintering

U Removalof residualundesiredphasescan sometimesbe done with limited negativeeffects, but are an addedcostand
posetheir own contaminationproblems

U Finecarbonpowdersor liquid precursorssuchas sugar(dissolvedin water) or furfuryl alcoholcanbe usefuland are of
modestcost,especiallysugarwhichhasbeenusedin anumberof cases

Ref Roy W. RiceCeramid-abrication _ _
TechnologyMarcelDekker Inc.(2003 ). Dr. Sedat Alkoy TSD Webineg 28 Nisan 2021 48




j/ .
CarbothermalReduction GEBZE\\

0 ¢ KMEB R dz@ @ A #0y&0 IND ézy 3 i R dza (i NN Rai2& 3D 1012/ 6 RYS NA
{ A,bo/ C { A/ h
0 ¢ KNB I ik 2870 Rid2NY S 4l Kol 200577 d dzA dza dzZOt NBIBRdzOKA I &K S WILIS N& & az8l8 §
a

o~ v A

{ ARBOU dzf & (IHALENE O Ba ANRHDYRE | NEDH fy R dza i yWRESETESENENEG RSO K StANZ YIS &
0 ¢ KBAE AENTD ZFy RAOVIREA EERB OUMNK SIVLISNE @ gzNB{aA RE I Oé Doufahk i € S
NB | Ovign22NRR Y Lt EHEA @ Sy2d0 S
/|  b,MH{Athh b [ h |
{AB M Ah b /h Acheson fumace.
/| b, MHh h
W bM{AHK b [/ h
KLSM\LE RdaGilr A ¥ & 8 IR NEB WE | Oi2Ay28/F alja INB3ILGS
12 EINBONE & RIaNZza KISRRBNFE dzyyIBI | 4 & RINR BRKEES 4 L RHRESINDS &
YBA &l RO YRISOKSIMB G%iKa A 6 RSINIA & § 6iS2y22 FRENS Y | Y IRAMIEA @ ldAD&2
i B Y LIS Nil (NGRS deNaY €5 O & sadB || O § E ¥ &@a\ EISIRNI A K)SBESUaS__ﬁ KNGS | ommxzm (i
K&2 y 0 INBly Ry K2 Y2 38¥VER @z ¢ BB ly Ol NTiid Oii NS &K HiK{SALINE R0/l |- A
O O SHUJ i &alt ye (B ity NS { O(h Y/ ARD
KSEBY A (K @3 BdzNIY 2 daydil IIRR GWS@ KA DK{SA, I NI A KB 2SI&# 3 ki /S LINAIZNI
B R dz@WiSAf 2 vl KRB0 6 RS N K WISNIAM GFsBx YO I 6/EINR RdzOS R
0 [ 62 NJaDINES K& RI&E 2RI ANUSI O O RIgtyBRP RTdADySHIRAzNBLIZ 6 R 8 NERKYSS U K 2 R
| NBE LISwar s
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U Another example of these reduction reactions is the preparation of SiN, by
carbothermalreduction of SiQ (which basicallyavoidsthe issueof Simelting)in a N, or
NH, atmosphere the latter beingsomewhatmore reactive,generallyproducingmostly a-
SiN, (=2 pm) at ~ 1400°C. 3SiQ +6C+2N,C SN, +6CO
U Either fluidizedbed reactors or rotary calcinerscan be useful whether one of the
reactantsis a gasor all are solid (e.g., asfor Si§ and may reduceagglomerationcommon
in staticbedreactors
U The phaseof the oxidescan aid in some cases for example,g-Al,O; is beneficial for
making AIN at ~ 1500°C becauseof its finer character,but with effects of the starting
skeletalstructure of different Al,O,
phases AlLO,+3C+N C 2AIN+3CO
U Onthe other hand, anataseor rutile precursorsfor TiN have limited differencesother
than via somebenefit of finer TiO, particle sizeand negativeeffects of purposelyadded
particle TiQ, coatingsfor pigmentgradematerialin makingTiNat ~1150°C Afluidizedbedreactor.

Distributor

U Reactionsanbe affected,often significantlyby variousparameters particularlytemperaturet e.g., SiCtormationisviaa

solid-state carbon - SiQ reaction below 1400°C, while above this temperature gaseousreaction of SiOand C becomes
dominant

U Vacuumprocessingr other control of COpressureand continuousmixing(e.g., viaa fluidizedbed or rotary calcinel can

alsobe important.

U More complexcompositionscanbe made,suchasSiAION, sometimesusingnatural claysaslower costraw materials

Ref Roy W. RiceCeramid-abricationTechnology _ _
MarcelDekker Inc.(2003 ). Dr. Sedat Alkoy TSD Webineg 28 Nisan 2021 50
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U Therearethree extensionf carbothermalprocessinghat shouldbe noted.
U Firstextension while suchprocessingeducesor precludesmelting of elementalprecursorssuchasAl and especiallysi,
there are important caseswhere a low melting precursoris used,with the use of B,O; for boron containingcompounds
beingparticularlyimportant.
U Thusfor example,n the preparationof BN B,O; (or boricacidg H;BGO,) isthe typicalsourceof Bin a variety of reactions
involvingcarbothermalor other reductions

2B,0, +9C +4NH, (g) C 4BN +3CH, (g) 6CO(g)
U Complicationghat may resultfrom forming liquid phasesduring reactionare limited by actualor effective encapsulation
of the initial solid particlesthat will melt so melted particlescannot coalesce Suchencapsulationmay be via other solid
constituentsof the reaction, fillers (such as tricalcium ortophosphatg that are inert to the reaction, or an initial liquid
phase.e.g., sugarsolutionor furfuryl alcoholprecursorfor carbonwherethisis a constituentof the reaction
U Thesecondextensionof carbothermalprocessings to more complexcompoundsthan just binary compoundse.g., of
ternary compoundsTiZrCand TiZrB, where suchprocessingf the end membersat ~ 2000°Cresultedin particle sizesof ~
2-13 um andvariousstoichiometriesof ternary solidsolutioncompoundswith intermediateparticle sizes
U Thethird extensionof reduction processingioted aboveis often usedto directly produceceramiccompositeswithout
specificallyproducinga powder that is subsequentlydensified but the latter route has also been pursued Thus, for
example powdersproducedby the following reactionsgavecompositepowdersthat couldyield compositecharacterand
propertiescomparableto those obtainedby makingthe compositedrom constituentsoxide and nonoxidepowders

3Ti0O, +4 Al+3CC 3TiC+2Al,0,

3SiQ +4 Al+3CC 3SiC+2A1,0,

Ref Roy W. RiceCeramid-abricationTechnology
MarcelDekkerInc. (2003 ).
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U Thedirect nitridation of metal powdersis commonlyusedto produceSgN,, BN,AIN,

andother nitrides. N,(g) + 3Si(s)— 4Si;N,(s)  AHLZ® =895 I1:5:11e
Ny(g) + 2Al(s) — 2AIN(s) AHY8 = 152.8::;%
kcal
+ 0298 — 19().
Nyg) + 2B(s)—>BN(s)  AHR =120.4, ~

U Theseand other nitrogen reactionsare strongly endothermic,requiring energyto
continue

U Thestandardfree energyof severalitridation reactionsare givenin Figure

U Thedistribution coefficientis definedby; k= p;! P,

U Thisand the standardfree energy make up the total free energy of reaction as
shownin equation

U In a gasmixture where By, = 0.79 atm and the rest is an inert gas,all the metal
nitrides are stable with respectto their metals, exceptFe above250 K and Crabove
1325K

U In air where B, = 0.79 atm, this result is not true becausethe metals may also
oxidize Dueto the presenceof O, in air, oxidationreactionsoccurat the sametime.

U In addition to metal nitridation, metal carbides may be reacted as follows to
producenitridesor carbonitridepowders ) 1 Tic(s)— TiNGs) + Cs)

Ref Terry A. RingFundamentaloof Ceramic Powder
Processingand SynthesjsAcademidPresg1996).

Ny(g) + MgCo(s) > MgCNy(s) + C(s)

4
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Crystallization Behavior and Characterization of
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Abstract

X-ray diffraction studies of boron nitride powders
synthesized from boric oxide and ammonia at 900°C
indicates a turbostratic structure which is character-
ized by the absence of ordering in the third dimen-
sion. Turbostratic boron nitride (t-BN) powders are
Sfound to be unstable and decompose into ammonium
borate compound (NH,BsOg4H>0) after long
storing periods. Thermal transformation of t-BN
into the stable, hexagonal ordered layer lattice
structure was promoted with heat treatments at
1500-1800°C for 15min-5h. The transformation
and degree of crystallization was observed with X-
ray diffraction analysis. The effect of crystallization
period and temperature on the particle sizes and
shapes of the powders was examined with transmis-
sion electron microscope. BET surface area mea-
surements of the powders were also performed for
the characterization of powder properties. © 1997
Elsevier Science Limited.

a compound, boron nitride, isoelectronic with the
structure of C-C bonds, and display crystallo-
graphic transformations analogous to carbon.
Under normal conditions, the graphite-like hexa-
gonal form (h—BN) is stable but the other two main
forms zinc blende cubic structure (c—-BN) and
wurtzite-like close packed hexagonal structure
(w—BN), with a tetrahedral distribution of atoms,
are stable at high pressures and temperatures.
However, they can also be found in a metastable
state under normal conditions.” In addition to
these main polymorphs, stacking faults in (001)
plane of h-BN cause them to form a structure
analogous to a ‘rombohedral’ lattice, which is also
presented as a structural modification of h-BN and
can be present in small quantities in the h-BN
powder.?

The hexagonal structure of boron nitride, first
proposed by Pease,*> is constructed from layers
consisting of a flat or nearly flat network of B3N,
hexagons with a bond length of 1-446 A and strong

Dr. Sedat Alkoy TSD Webineg 28 Nisan 2021
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CASE STUDY

2 Experimental Studies

Turbostratic boron nitride powders were obtained
by nitridation of boric oxide (B,O5) under the flow
of ammonia (NH3) gas at 900°C in 2h. The syn-
thesis experiments were carried out under the
dynamic conditions of a stainless steel rotary tube
furnace that contained an intimate mixture of boric
oxide and an inert filler material. Two different
sizes of rotary furnaces were used for small and
large quantities (less than 10g and more than
500 g, respectively) of turbostratic boron nitride
production to evaluate potential problems with the
scale-up process. Tri-calcium phosphate
[Cas(PO,),), with a specific surface area of
60m?g ! was used as an inert filler material to
provide sufficient reaction surface to the boric
oxide, which is a viscous fluid at the reaction tem-
peratures. Unreacted boric oxide and inert filler
material were removed from the reaction products
with an HCI acidic leaching process at pH=0-5,
T =20°C with a pulp density of 10%.

Crystallization heat treatments of the turbostra-
tic BN powders were carried out in graphite boats
and crucibles under argon gas atmosphere. The
turbostratic BN powders that were obtained by
utilizing the small reactor were heat-treated only at
a temperature of 1500°C. On the other hand, all of
the powders heat-treated above 1500°C were
obtained from the same batch of the large-scale
production operation. Duration of heat treatments
varied between 15min and 5h, depending on the
crystallization temperature employed.

The three-dimensional ordering of the structure
with increasing heat-treatment times and tempera-
tures was investigated with utilization of X-ray
diffraction (XRD) analysis. All the XRD analyses
were carried out by using a Rigaku Rint X-ray
diffractometer, with a horizontal goniometer and a
Cu—Kuo radiation tube. Effect of crystallization on
the shapes and sizes of the powder particles was
examined with a JEM-2000 EX-type transmisston
electron microscope (TEM). Specific surface area
of the heat-treated samples were also measured by
a 3-point BET method with a Quantachrome
Autosorbl instrument.

v’/
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Fig. 2. XRD patterns of the samples (a) as-synthesized, and (b) stored for one year under atmospheric conditions.
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Fig. 3. X-ray diffraction patterns of samples before and after heat treatment at 1500°C for various times (small batch operation).
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Fig. 5. X-ray diffraction patterns of the samples before crystallization and after heat treatment for 1 h at various temperatures
(large batch operation).
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U Ceramicpowderscanbe producedby precipitationusingliquid phasereactants
U In most cases,ceramic powder precursors(i.e., sulfates, carbonates,oxalates, hydroxides,etc.) are produced by

precipitation Thesepowdersmust be thermally decomposedo their oxidesin a separatestep that frequently maintains
their precipitatedparticle morphologyalthoughsomedegreeof particle stickingoften occurs

L

Examples
A AlL0,.3H,0 (gibbsite)precipitatedfrom a sodiumaluminatesolutionthat is thermallydecomposedo givealumina
A Mg(OH) (brucite) precipitatedfrom a brine solution,whichis againcalcinedto give"deadburnt" magnesia

Advantages
A Precipitationgivesa pure solid product, rejectingto the supernatantmostof the impurities
A Particlemorphologyand particle sizedistribution canbe controlledto somedegree

Disadvantages
A Powdersmust be separatedfrom their supernatantsand dried, as well as, frequently thermally decomposedo the

desiredceramicmaterial
A Dryingand calcinationoften leadsto aggregateshat are cementedtogether Specialprecautionsmust be used to

preventaggregatdormation duringdryingand calcination(e.g. calcinationin verydry atmospheres)

Ref M.N.RahamanCeramic Processing and| Ref Terry A. RingRundamentalof Ceramic Powder _ _
Sintering Marceland Dekker(2009) Processingand SynthesjsAcademidPresg1996). Dr. Sedat Alkoy TSD Webineg 28 Nisan 2021 59
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Precipitationfrom Solutions
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High pressuresare alsousedto precipitate a particular crystalphasethat may not be stableat ambient pressure(e.g.,
rutile TiO, insteadof Ti(OH)). Theuseof highpressureprecipitationis referredto ashydrothermalsynthesis

U Supersaturatiorcanalsobe producedby addinganother componentin whichthe soluteisinsoluble

U Themost commonmethod, reactive precipitation, occurswhen a chemicalreaction producesan insolublespecies
Reactioninduced supersaturationis often very high, giving high nucleationrates. With the high number densitiesof
nuclei produced, agglomerationis an important growth mechanismleading to spherical particles that are either
polycrystallineor amorphous

Ref Terry A. RingFundamentalsof Ceramic Powder _ _
Processingand SynthesjsAcademidPres{1996). Dr. Sedat Alkoy TSD Webineg 28 Nisan 2021 60
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U Precipitationfrom solutionconsistsof two basicsteps

I. Nucleationof fine particlesand

ii. Theirgrowth by addition of more materialto the surfaces
U In practice,control of the powder characteristicss achievedby controllingthe reactionconditionsfor nucleationand
growth andthe extent of couplingbetweenthesetwo processes
U Control of the kinetics of each of these fundamental steps controls the particle morphology and size distribution
duringprecipitation

U Thenucleationrate generallyhasa dominatinginfluenceon the particle sizedistribution. Nucleationis alsothe least
understoodof the variousrate processesn precipitation
U Therearethree main cateqgoriesof nucleation

I. Primaryhomogeneous,

ii. Primaryheterogeneous,

lii. Secondary

Homogeneousiucleationoccursin the absenceof a solidinterface
Heterogeneousiucleationoccursin the presenceof a solidinterfaceof aforeignseed
Secondarynucleationoccursin the presenceof a solute particleinterface

Ref Terry A. RingRundamentalsof Ceramic Powder

Ref M.N.RahamanCeramic Processing an
Processingand SynthesjsAcademidPresg1996).

Sintering Marceland Dekker(2009)
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Ref Terry A. RingFundamentalsof Ceramic Powder _ _
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U Most nucleationis in practicelikely to be heterogeneousiucleation
Surfoce Nucleotion —
J:n ox = 1g2? l/cmssec /’
-3

inducedby solidimpurity surfacesotherthan the solute
U Nucleationon a foreign surfacehas a lower surfaceenergy,which

leadsto alower critical supersaturation

U The rate of heterogeneousnucleation is the same form as that — :,‘j}":"li‘;;‘fj::s:j"ej‘f:
describinghomogeneousiucleation,exceptthat the surfaceenergy,g ™
, of the solidliquid interface is replacedby the surfaceenergyof the
solidseedinterface

U Theonly differencebetweenthe homogeneousand heterogeneous
nucleationis that, once the heteronucleiiare used up, there are no
more of them, limiting the maximumheterogeneousucleationrate. _ _

U Thusthe total nucleationrate JTis the sum of the homogeneous . & rat?;;;i:i‘z:r’ibig N

andthe heterogeneousucleationrates differences between homogeneous, heterogeneous, and surface nucleation
J’I‘ = Jhomo + Jhetero
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SecondanNucleation GEBZENA_
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Secondannucleationresultsfrom the presenceof solute particlesin solution
U Thiscanbe classifiednto three categoriesapparent true, and contact

U Apparent secondarynucleation refers to the small fragments washedfrom the surface of seedswhen they are
introducedinto the crystallizer

U Truesecondarynucleationoccursdue simplyto the presenceof solute particlesin solution

U Contactsecondarynucleationoccurswhena growingparticle contactsthe wallsof the container,the stirrer, the pump
impeller,or other particles,producingnew nuclei

U After aparticleis nucleated,it cangrow by variousmechanisms

U The kinetics of these growth mechanismsare important in determining the resultant particle structure and size
distribution. In the next section,we will discusgshe more commongrowth mechanisms
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Growth Kinetics GEBZENN_

Thenature of the crystatsolutioninterface

U Both atomicallysmooth and rough surfacesare shownin
Figurewhere atomsare representedby cubes

U Inside a crystal,an atom will have six neighborswith a
binding energy of three times the bond energy (3E.,)
becauseeachbond is sharedby two atoms For simplicity,
only nearestneighborinteractionsare considered

U If a singlenew atom is addedto the smooth surface, it
canform a bond with only one nearestneighbor,so that its
bindingenergyis only one-half the bond energy(“zE_,).

U Other atomswith extra bondsmay add to this atom and
stabilizea cluster, however,the smallbindingenergyof the
first atom is clearly a major barrier to the growth of the
crystal

U Any atom incident on a rough surface has a greater
stickingprobabilitythan one incidenton a smoothsurface

U Fromthis simpleargument,it canbe concludedthat the
growth rate on a rough surface will be larger than on a
smoothsurface

http://www.gly.uga.edu/railsback/Fundamentalsindex.html
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