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Réaction model (@) (@) (@)
R F 1— )" n<1: Convex .
model Fn l-a) -
Réaction nth order R, n>1: Concave a,depending on exponents
(Nucleation/ Decay) °
1
Phase boundary R, 21— a)? Convex 0.750
Controlled réaction
(Contractirgarea,i.e
,bidimensional shape
kinetics) or one—half order
2
Phase boundary R, 3(1-a)? Convex 0.705
Controlled réaction
(Contractirgarea,i.e
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(Ginstling equation) 20-(-a) *-1)
Sestak— Berggren SB(m,n) a"(l-a)" 0<a,<a,
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a, depending on exponents
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da \T
Z(O.’) = ﬁ(a)(ﬁj; ........................ (8)

s
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Notation f o
Réaction model () o, ap,
RO(n _ n n(l-
Réaction order (n) (1-a) (1-a) 0
IMA(M >1 E E
Jhonson Mehl Avrami (m>1) n(l—a)(—ln(l—a))ln 0.633 1—exp(“‘1J
general equation
1
2D Diffusion D, _In(l—a) 0.834 0
1
3D Diffusion Dy 3-a)? 0.704 0
1
—(1—~)3
(Janders equation) 2(1-QA~-a)?®)
3D Diffusion D, S 0.776 0
2(1-(1-a) *-1)
(Ginstling equation
SB(m,n M _ \N ,
Sestak Berggren (m,n) a"(l-a) (0.a,) m
(m+n)
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(-JSl) a s\l 4T 38 5 e AV A jallall Lpaaad) ABSY a8 Liaw ) andill 5 )y da 0
Al el b sl U5 36 ) 8 Sy 5 (b- 5.111)
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Ao lu saad saule anlil) 35 s Cla 2
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1600 1500 1400 (°C) s_all da o
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Aa gidal) e AN dad Lo Ca0 Al cilizaall MgAILOs 8l 3 s da s 86 13111
e Adliae Lt 43l Caliaal) Jlipead) aali e daill) da gitad) cule ) il da 43 ra Jal (e
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0.105 0.828 39.409 MgAI204+3%Ca0
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12.544GPa MgAIl204+03% CaO
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pgpeallsl) B A Ciliaal) Jliaad) gk ) sl dualdld) 48 o) ol gl 2as3 2.4, 111
Bolal da uas s 124110

A Glad) Jlpsd) gl bty dileial) 48 5all cdlbad) 1S5 E, apdiiil) il il o
(DIL) Al skl sl Sl daul s 4yl ad) dalleall 25 (o B o gdlSl 20
5(2) (1) DYabaall 8 Ll il ) sall <l i ans o Liad i 5 ) jall A )23 jaxie (sl da SO
e JIsall oda il aay g s A e Boswell s Ozawa s Kissinger ¢+ JS 4& yh (e 5 jeall (3)
e o B3] Laptil) Ailla o oy Ul (12.111) SS9 (3 Gane 5 LS cpiadl gy i
T s o Ul (s A8 00 31 (511 sanll (8 Japdl) da eilis ol 8 A lal) adlinie
380.122 ) 43 5bus Ozawa s <Boswell s Kissinger (s JS 48 yhay &) sunall Japlsil) 43 4ad
i il e 356,895 (kJ.mol), 368.509 (kJ.mol™), ¢(kJ.mol™?)

E
In EJ_— R o N UURURURRRRO (1)
(sz T,
In(p)= 105182 +C, ... @
RT,
E
I 2 = =2 i Chviviiiii (3)
ETJ RT, °°

Jlad) ) gl JC&H R? maaill Jalas 5 B, Jasisil) 28l o (5.111) Jgaad)

dgy )kl | Ozawa Boswell Kissinger

E. (kJ.mol™) L) 43U | 380.122315 | 368509154 356.895992

R? sl Jalas 0.9958 0.9952 0.9952
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A jal) cul gl g Jeliil) i gal s, 5. 111

5 (AN a3 i axe ) eSO Gl il e Baciaall sl ) 5kl Tl
(5)3 (4) oillaall o Z(ar) 5 Y (o) Ol limy Ll G ¢y 8 g el o pda (10 4 il
Juand) ks Jelii 23 ga3 48 yaa Jal e g (16.111) 5 (15.111). OSSN Crua Ll Laalibia g
iy a € 3T e 4964 il

Y (@) = ((:Tﬂe S @)
Z(a) = ﬂ(d)(%—?)% ....................................... )

T 5 4dlall < Jall Cul sa R 5356.895k).mol ™ (s s 4 5 Kissingerd Jasdiill 43Ua Jisi : E,
ALalSiall 3 ) jall da Hal Ay oo 7(a) 5 ol de ju A 5 GAISI LeBan 5 Je L&l B ) ja da jo oo
:(6) Maaall A dina Lgiasd

a® +18a” +88a +96
a’ +20a® +1200% + 240a +120

n(a) =

—alide vie ol %—“dlowhl\ (14.011) JSE e Lladl dall Cluay Liad 4l cilyiniall Jilad 2z
T :

& st oliaa g Jau il B o5V =7°C/min ¢V =5°C/min¢ V =3°C/min sl Sl

& Gile yuldl Calida die Llal) daall )AL L Y (a) Jia thl\ (15.111) JS&N s ca, =0.424

vie Llal) dagll 21 580 Ldd 7 () Fiar ) (16.111) S (0o el 7 20 sl 5 5 Jaws siall Lisas

ay s oy 5o, S (e lgle Ulaast Al @l ma g:(6.111)d sl

Heating rate ¢ (°C/min) a, a, a‘;’
3 0.408 0.007 0.533
5 0.460 0.083 0.460
7 0.406 0.021 0.505
Mean 0.424 0.037 0.500
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;o delall Ala asle 5 ([47] model Reaction Ordre s 4sle Jaasidll

f@)=0—)" oo, (7
da ) -E,
(Ej =k, exp[ o ]f (@) i, (8)
(e Jrandi (8) Aalaall 8 (7) Aalaal) (ay g2ty
da - Ea n
( ) =k, exp( T j(l A) e 9)

e o Calida yie el gk (5o ) Jalaas n el s Jobas a sy Liad (9) Aabaal) (4o

<V =7°C/minsV =5°C/min sV =3°C/min Cpadl)
s okl e oty sl ol Jlaal Liad (9) Uabaall (1

da -E

Inl — | = In(k, ex 21 =)") e, 10
(dtj (ko P[RT]( a)') (10)

LAQL}LA;E

da E.

In(aj:mko_(RT}_nan_a) .......................... (11)
da E

In| — & l=Ink, +NIN(L—&) ceureeeeeeereeeaaann.. 12
(dtJ-i-(RTj ot (1-a) (12)

da E

Ink, =In —= 20— NINA =) oo, 13

0 (dtj+(RTj (l-a) (13)

: - da E
0.4,09] Cas cIn(l—@) AN In| — [+] =2

ju\ﬂ\a\ﬁd@gﬂ\@myﬁm\ﬁs\

(12) Aabaall (8 Ataid (ia gay L a3 ¢ gal i Jalaa A ) AL Liad il ia (ge (17.111) JSE
o Liste Ay guaall aill ¢ Al Cile yu Calide vie @llyy g A QA dalae s dal (e
S (7.111) Jsaal)
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In(da/dtyHE,/RT)

32
. |
®  V=3°C/min
® V=5°C/min
30 A V=7°C/min
28 4
Equation y=a+b'x
Plot Y3 Y5 Y7
Weight No Weighting
26 Intarcept 3223978+ 0.01015  24.22667 + 0.00261 31.78413 £ 0.00693
Slope 216072 + 0.00839 1.38842 + 0.00218 1.80233 + 0.00583
Residual Sum of Squares 2.30275 0.13196 0.84854
Pearson’s r 0.99733 0.9996 099835
| R-Square (COD) 0.99466 099919 0.9967
Adj. R-Square 0,99465 099919 0.99668
24
22 4
] S ——
-2.4 -2.2 -2.0 -1.8 -1.6 -1.4 -1.2 -1.0 -0.8 -0.6 -0.4
In(1-a)

Inl—-a) Y In(%—?j + [

A8 all Jal gall ol e g3 2(7.111) S92

Ea
RT

j Adlall @l s Jiag 1 (17.111)JSA

Heating rate ¢ (°C/min) n k,.10"(S™)

3 2.160 0.0006682

5 1.388 1.952

7 1.802 0.002044

Mean 1.783 0.651

:(9) Aalaall B Lple Uliant Al sl (g2

da -E
—Z |=0.652.10™ expl —2 [(L=a)".ooeeeeeeeeeeeeeenn, 14
(dtj p[RTj( ) (14)

o sy (18.111) JSa alSlaall 46y jha Jlas ‘”’“’“‘”%—T e syl %_? 5 fies Lk
Alaleall Caa T3 ) sl da jo AV (el WIS ) s

da - Ea n
In(EJ =Kk, exp( AT j(l— ) e (15)
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full line-simulated
dot-experimental
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0,0004 —
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ilide yie 3 )) all da 2 ANy Z—T ALl 4 gnall pall 5 A il wdll cp 45 5laall:(18.111)JSA
cpdadll Gile ya

ASaaliya ga sl (el g2dl 6,111

el s Ul o lalaall il el K s, il Jalase y B, Japiiil) 48 il 2oy
2l (e 4% A Gilcadl MgALO, Juuall (ASF (s 8Y) 5 AHF Y1 AGH 3_al) ddLhall)
o Olrall 238 il Can ol B 5 JeV) Jeadll 8 30 ga sl OV aleall Jlesiuly s sl
AS 235 5 AH Y AG 5 sl A8l o dass sie ol W Gy AIMA (pe 53 (8.111) sl

(4% A Caliaall MALO, Jliadl ) sha JC8T Aaling s Ul Ll 5(8.111)J g2
sl dallaall g s Calitg die a 5udlSI A0S

Heating rate ¢
_ AG” AH" AS™
(°C/min)
(kJ.mol?) | (kJ.mol?) (kJ .mol?)
3 300.795 346.841 38.063
5 406.479 347 48.803
7 348.150 354.380 20.608
Mean 351.808 349.407 35.824
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Abstract

In this study, we investigate the effect of CaO additions on phases formation and
densification behavior of spinel prepared from aluminum oxide and magnesium oxide
was studied. Differential thermal analysis (DIL) were carried out on sample starting
from room temperature to 1450 °C, different heating rates were used to analyze Phases
transformation behavior, X-ray diffraction (XRD) was used in order to determining the
phases and their transformations, The results were supplemented by measured the
densification and hardness with sintering temperatures. The activation energy was
calculated with the stability and temperature change, using the Kissinger, Boswell and
Ozawa approximations. A model of the interaction of the spinel compound with the CaO
compound was identified using the theory of the researcher Malek and his team, using
Kissinger activation energy, and the kinetic and thermodynamic coefficients were

calculated.



