SAKARYA

UNIVERSITESI

SERAMIK
KARAKTERIZASYONUNDA TERMAL
ANALIZ KULLANIMI

Prof. Dr. Hiiseyin Ozkan TOPLAN

toplano@sakarya.edu.tr

www.toplano.sakarya.edu.tr



Termal Analiz Nedir?

Termal analiz; sicakhik Sicakliga bagh degiskenin
degismesine karsi bir kati ne olduguna (enerji, agirhk,
maddenin fiziksel ve kimyasal pgyut, vs.) bakilmaksizin
reaksiyonlar sonucunda olciim yapilir.

ozelliklerindeki degisimlerin
Olculmesi ve yorumlanmasidir.

Temperature programmer

Sample 1in furnace with controlled atmosphere

Detection signal

Detector
Sample 7
temperature

1 x axis ) Vv axis

Furnace
Control signal

temperature property

i e L Output: Plot of the property (y axis) versus T.
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Termal Analiz Yontemleri

Heating DSC Differential Scanning Calorimeter
Thermal change

’ DTA Differential Thermal Analysis

Weight change TGA Thermo Gravimetric Analyzer

Substance

Dimensional

' change

TMA Thermo Mechanical Analyzer

Evolved gas EGA Evolved Gas Analysis
Cooling
* Faz donusumleri  Cam gegisleri
 Ergime e Oksitlenme
e Sublimasyon  Rediiklenme
* Termal parcalanma * Boyutsal degisimler
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Termal Analiz Yontemleri

TERMAL
(Isil)
ANALIZLER

Termo
Gravimetri Dilatometre EGD, EGA
(TG)

| DTA, DSC
g6z onune alinan
buyukluk

u* ) Cikan gazlarin taninmasi
Agirlik deg Boyutsal degisim EGD
Degisimi

Clkan gazlarin analizi
h 4 Tarayici EGA

Isitma difransiyel termal
egrileri kalorimetre
DSC

Difrensiyel
termal analiz
DTA
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Termal Analiz Yontemleri

Verim Olgiimii
A P=P, P,

Sicaklik

Programu T (1) Programu T (1)
Kontroli Kontrolii

Sicaklik Sicaklik
Program T (1) Numune Referans Program T (1)
Kontroli Kontroli

Termal Analiz (TA) Difransyel Termal Analiz (DTA)
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hermo Gravimetric Analyzer (TGA/TG)

POSITION SENSOR
FOR LEVITATION STATE
CONTROLLING

GAS INLET

GAS OULET

‘é’ SAKARYA UNIVERSITESI

Bir maddenin degisik sartlarda kiitlesini
koruyabilme kabiliyetini (termal
stabilite) incelemek icin kullanilan bir
yontemdir.

Termo-gravimetrinin esasl, bir
maddenin sicakliga bagl olarak
meydana gelen reaksiyonlarin,
kiitlesindeki degisimlerin 0zel Dbir
terazide surekli olarak tartilmasi
yvardimi ile incelenmesidir.

Bu gibi cihazlara da Termo-balans
denilmektedir.

Kisaca, termo-gravimetrik analiz (TG),
numunenin kiitlesindeki degismeyi
sicakhgin fonksiyonu olarak kaydeden
bir tekniktir.

www.toplano.sakarya.edu.tr



hermo

ravimetric Analyzer (TGA/TG)

fonksivonu olarak olcultr.

Numune kiitlesi sabit sicaklikta zamanin

200°
230°C 220°C 210°C 205°C
L - - . L Il ™
0 50 100

Time (minutes)

A A
400 600
(a) polymorph I and (b) polymorph II1.

Time (minutes)
FIGURE 7 - TG curves obtained under isothermal conditions and dynamic air atmosphere (50 mL. min™) for the rifampicin samples:

Numune onceden belirlenen ve belli
(tercihan lineer) bir sicaklik ortamina isitihir.

oranda artan

— 2.5°C/min
== §5°Cimin

—_— 2.5°C/min
=+ = 5°C/min
* 10°C/min
- = = 15°C/min
==+ 20°C/min

X (b)
100 200 300 100
Temperature (°C)

200
Temperature (°C)
FIGURE 5 - TG curves obtained under dynamic air atmosphere and with different heating rates for the nfampicin samples: (a)
polymorph I and (b) polymorph II.
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hermo Gravimetric Analyzer (TGA/TG)

\
\

_/6/——_
T S

temperature —
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. Kiitlesel bir degisim yok
. Kuruma sonunda meydana

gelen kutlede azalma

. Tek adimda dekompozisyon

(parcalanma) sonucunda
meydana gelen kutlede azalma

. Birkac adimda dekompozisyon

(parcalanma) sonucunda
meydana gelen kutlede azalma

. (4)’e benzer fakat her adim

sonucunda olusan bir ara faz
vok veya isitma hizi cok yuksek

. Oksitlenme sonucunda

meydana gelen kutle artisi

. (6)'ya benzer fakat olusan

urun yuksek sicaklikta
dekozisyona ugruyor
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hermo Gravimetric Analyzer (TGA/TG)

CaC,04.H,O

12.32% Water

18.72% CO

29.98% C02

Weight (%)

Residue:
38.98%

400 600
Temperature (°C)
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ifferential Thermal Analyzer (DTA)

> Bu yontemde numune ve termal
olarak inert (a-Al,0;) olan referans
maddeye ayni sicaklik programi
Temperature Difference uygulanir.

~ Sample Temperature

s > lkisi arasindaki fark, sicakligin bir
Tive Tf, baglangic ve bitig sicakligi fonksiyonu olarak olgiiliir.

TP-TR ""’Tf °

Endotermik /\ > Bu iki madde birlikte sitilir ve

sicaklik lineer bir sekilde arttirihir.
Ekzotermik
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ifferential Thermal Analyzer (DTA)

Oxidation

Exothermi

Crystallization

Melting INo
tramsition oxidation

Decomposition

.

g
=
=

Temperaturce

Endotermik Exotermik
> Dehidratasyon > Amorflasma
> Dekompozisyon > Amorf halden kristallesme
> Ergime

> Katilasma

> Kristal yapidan yeni bir
kristal yapi olusumu

> Buharlasma
> Sublimasyon
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ifferential Thermal Analyzer (DTA)
CaC,C0,.H,0 in air and
(1) Endo

CaC,0,.H,0 —> CaC,0, + H,0
CaC,0, +0, — CaCO, +2CO,

400 600
Temperature (°C)

CaC,0, — CaCO, + CO

(4) Endo

CaCO, — CaO + CO,
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ifferential Thermal Analyzer (DTA)

AB I Brly
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ifferential Thermal Analyzer (DTA)

Mass Change / %

600
Temperature / °C

Yer Karosu Kili
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ifferential Thermal Analyzer (DTA)
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ifferential Thermal Analyzer (DTA)

2h
activated (2)
1 h activated (1)

0
peratune(

600 8OO 1000

Temperature/°C

[ntensity/counts

\ Milling

v | time/h

S S——— T
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ifferential Thermal Analyzer (DTA)

22
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ifferential Thermal Analyzer (DTA)

e

- — 7T T
T [‘V‘T‘ T“T‘I‘T‘T'Y‘Y'TT"'T?|T‘- ”r

Talk
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ifferential Thermal Analyzer (DTA)

TR ! -0.074%

: L-}l%

1439.0°C

779.8°C .3
e DTA

~71354.9°C

s 4—71256.3°C

981.3°C  1205.3°C

0
(=]

532.8°C
e

Mass Change / %
DTA/ pV (exo «)

|
i

+ 302.5°C

| L 1 L | L | f | L 1 L | I |
200 400 600 800 1000 1200 1400 1600
Temperature / °C

Kemik Porseleni
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ifferential Thermal Analyzer (DTA)

c-DTA/K
: DTG /(%/min)
Dolomite | exo
7.0

6.0

- — —— -----.-——-------ﬂh-‘—‘

DTG 5.0

40

3.0

20

700 800
Temperature /°C
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ifferential Thermal Analyzer (DTA)

DTG / (%/min)
DSC / (mW/mg)

2010

Sample: Gypsum + Quartz Sand

121.7 Jig A.90% 4.49 Jig

300
Temperature / °C
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ifferential Thermal Analyzer (DTA)
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ifferential Scanning Calorimetry (DSC)

Sicaklik Kontrollii Firin

v' Termal benzer davranista 1s1 akisi firindan
Heating numuneye dogru (dQ;,/dt) ve referans

Reference Control

malzemesi i¢in (dQg;/dt) milkemmel
derecede esittir, ikisi arasinda olclilebilir bir
sicakhik farki T, yoktur.

Temperature-
Time-Program

T(1
v' Sayet numunede bir reaksiyon isiya ihtiyac

duyar veya isi a¢iga c¢ikarirsa, bir sicakhik
farki meydana gelir.

v Bu 1s1 akisi, denge disi durumu esitlemeye
calisir.
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ifferential Scanning Calorimetry (DSC)

138.21°C

Glass Transition |

Melt paint
—i, 75.36°C ) 236.94°C

Crystallization 45.41J/g

=)
>
=
=
=
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P
o
©
i

125 175
Temperature (°C)
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v' Tim kat1 malzemelerin faz
durumlarinda degisikliklerin
belirlenmesi icin kullanilabilir.

v' Yanma, buharlasma ve siiblimlesme
entalpilerinin bulunmasi,

v’ Kozmetik tirtinlerin saflik derecesinin
belirlenmesi,

v’ Teknolojik 6nemi olan malzemelerin isi
kapasitelerinin tespit edilmesi ve

v Camlarin faz dénusim sicakliklarinin

Tg ve cam donlisiim entalpilerinin
belirlenmesinde kullanilir.
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ifferential Scanning Calorimetry (DSC)

1
-11.1% TG

Mass Change / %
DSC / pV (exo «)
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)< £X
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400 600 80C 1000 - 1200 1400
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ifferential Scanning Calorimetry (DSC)

SHY.9°C
_+._

i
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[

1 AP N WA
800 850
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ik
Baryum Karbonat
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ifferential Scanning Calorimetry (DSC)

change to x-Al,O,

DSC/ mW/mg

boehmite formation
LHBTC : .
dehydration of boehmite
551 fl”C

242.6°C J __Ais g

S00a°C

T -

100 200 300 400 500 600
Temperature / °C

Gibbsite -Al(OH);
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atometre (DIL)

DIL 402 C

v’ Dilatometre, katilarin sicakliga bagl olarak uzama veya ¢ekmelerin (biiziilme)
analitik 6lglimu icin kullanilan bir metottur.

v" Farkli malzemelerin genlesme katsayisini belirlemek amaciyla uzun yillardir
kullanilan bir prosestir.

v' ilk zamanlar proses metallerin uzama veya ¢ekme davranisinin belirlenmesi igin
kullanilirken son zamanlarda seramik malzemelerin sinter prosesi sirasindaki
buzlilmelerin incelenmesinde kullaniimaktadir.

v" Prensip olarak bir numune ¢cubugunun sicaklik degisimi esnasindaki genlesme
o] [ol¥][V] &
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atometre (DIL)

Dilatometre

Dilatometre ile bir ornegin sicaklik degisimi ile genlesmesi
olguldr.

Sicaklik veya zamana kargi Genlesme veya isil genlesme
katsayisi hesaplanir.

Olciimler sonucunda; numunenin
— termal genlesme katsayisi,
hacimsel genlesme,
faz donusumleri,
cam gecis sicakhigi ve
yumusama noktasi
tespit edilebilir.
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atometre (DIL)

dL/Lo /% dL/dt *10-3 /{%/min)

0.60 - Clay (Raw-Material) Dehydration L00306% 100
538, 3P0 ‘

0.50 - e
Quartz transition EEnng

0.40 4 BEZY = E

0.304°

0.20 4
Diehydration

D1D | ggg nc

138.2 °C

0.017.

-11':“]. . .2601 — . . 15&!0' . .El:.'lﬂ. . .?61‘.‘!1 . FBIIZID- .
Temperature /°C
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atometre (DIL)

Softenin imk=
B11. "%D

DiIL 402 CL B13EYC
Sample: 3 Glasses

Sample length: 25 mim & s -
Sample holder- Fused silica s
Atrmosphare:  Air

Heating rate: 5 K/min 4. TC

CTE M1/
B A18E -

8.510E-06

400.0
Temperature FC
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atometre (DIL)

Application — Sintering of Zirconia

dLidt /(%/min)

Temperature CTE / 1/K
30 ... 500°C 10.760E-06
30 ... 1000°C 11.511E-06 269 9 °C Sintered
30 ... 1500°C 12.042E-06

e

Binder burnout

N —

389.4°C -20.07 %

DIL 402 PC

Sample: Zirconia (green+sintered)
Sample length: ~20 mm

Sample holder: Alumina
Atmosphere: Air e
Heating rate: 5 K/min 1402.7 °C

- -1.00

800.0 1000.0 1200.0 1400.0 1600.0
Temperature FC
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atometre (DIL)

dL/Lo /%

influence of grinding
on the sintering behavior

grain size
-— finer

1255.4*(:__\3&_ .
1050 1100 1150 1200 1250 1300 1350
Temperature /°C

Nanosized Bariumtitanate sinters 80 °C earlier than normal powder
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atometre (DIL)

CE = 2.27E-06 mm/mm-°C 908.6°C

oo

o
7563 4°C

e

CE = 1.07E-05 mm/mm-°C

1006.5°C |

962.4C" '\ \

Expansion / dU/L,
d(Exp)dt / dl/L/min

1148.0°C + i
| : I 1 : L

I : i I ; | )
200 400 600 800 1000 1200 1400
Temperature / °C

Kuvarsli parca
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atometre (DIL)

Porcelain Green Body

i Heat Flow / m\WW/mg
Thermal Expansion / % Mass Change / %
E Sample: Porclain L1027
497.7°C Sample mass: 64.98 mg
Sample length (DIL) 24.96 mm
02 Dehydration Crucibles: Pt+lids - 0.8
o = 1-0.25% Heating rates: 10 Kimin 100
¥ Atmosphere: Air
=1.38%} Sensor: TGIDSC type S - 0.6

0.4 yexo

1 DIL

Binder burnout | 207 7 J;QH‘“— | 0.4

249.0°C -111.5J/g

4

349.2 °C

Dehydration of kaolin
998 4 °C

Solid-state transitions

800 1000

600
Temperature / °C
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atometre (DIL)

Thermal Expansion / % Phys. Alpha 10* 1/K

Sintering [ 490

98.3 _-c 576-5 1‘c

Dehydration 587.3 °C

phase transition of quartz
and dehydration of clays

1
800
Temperature / °C

Tugla kili
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Ornek Calismalar

Isitma

A 558.94C

L i "-"‘—'\4. :
4400~ M ““-'-"vv-m""" || .| I R
| ‘\\\,‘ 574430

Sogutma

4 -10.00
42.00- 1 -20.00

4 -30.00

20.00 500.00 1000.00
Temp [C]
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Ornek Calismalar

Tp3 | 391.45C

Onset
Endset 131.29C

Transition -2.16
-0.30

Mid Point

500.00 1000.00
Temp [C]

40 50 60

Position [*2Theta] (Copper (Cu))
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Onset
Endset

Transition

Mid Point

‘é’ SAKARYA UNIVERSITESI

Ornek Calismalar

466.44C
465.09C

-0.43 603.16C
-0.02 —

LY
462.25C

N

Tl TR A

e

|-

-4000 Counts
-A-Cam Tozu
500.00
Temp [C]

1000.00

Position ["2Theta] (Copper (Cu))
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KINETIK YAKLASIMLAR

C°"("v'3t‘_’('[/‘3"ts ca0 | ALO, | sio, | K,0 | Na,0 |Fe,0,| Mgo | TiO, | IL.
Talc 040 630 004 008 025 30

Kaolin 3383 5212 013 001 055 0,05

Alumina 99,425 0,52

Cordierite (2MgO-2Al,0,-5Si0,)
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KINETIK YAKLASIMLAR

0
£
c
2
=
@
c
@
=
1=

%Passing
%Channel

10 100 1.000 10.000
Size/microns

%Channel

100 1.000 10.000

Size/microns
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KINETIK YAKLASIMLAR

(Non-activated)

¢ Non-activated kaolinite—talc—alumina

o Activated kaolinite—talc—alumina

400 500 600 700 800 900 1000 1100 1200 1300 1400
Temperature/°C

Eokd mot?
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KINETIK YAKLASIMLAR (2018) 134:313-321

MAST-2.5B MAST-5B MAST-10B

Magnesite Waste
Kaolinite

Quartz

Alumina
Titanium Oxide
Bismuth Oxide

757°C 901°C

7a9°c 885°C

Temperature Difference ,uVimg

400 600 800 1200

Temperature/°C
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(2018) 134:313-321

KINETIK YAKLASIMLAR

S
AR K 12500C.4n
C T Kk
1150°C-4h

1000°C-4h
c
S00°C-4h

Intensity/counts
Intensity/counts

S00°C-4h

Mﬁlau Mmau

K
#~1250°C-4h

C: Cag g65Mg,AlL60;
1160°C-dhy

T: Fe,TiO;
1000%C-4h

M: MgAl,O, Spinel

Intensity/counts

Q00"C-4h

- K: Mg,Al,Si;0,z (Cordierite)
Glass
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KlN ETlK YAKLASlM LAR J Therm Anal Calorim (2016) 125:695-701
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KINETIK YAKLASIMLAR

Heating Crystallization Viscous flow n Mechanism AT/K
Code rate activation energy | activation energy E_/
/Kmin-! E./ kimol? kJmol!

Bulk nucleation

MAST-2.5B Bulk nucleation

Bulk nucleation

Bulk nucleation

Bulk nucleation

MAST-5B
Bulk nucleation
Bulk nucleation
407+21 :
MAST-10B ) Bulk nucleation

Bulk nucleation
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Dilediginiz icin Tesekkuir Ederim....
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