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Lop JC8 (OH) deSpmgd) (e @l @u e ple a5 [Al(OH)s] caualls dfiad)
G I8 ugyy Jalt (OHY) daSoned) @by 5 cosagl) duld 5 dely) sacld Al lagsasa
RV LE osall Al claasll clilimy AL 3Se (& buasaio Al ) aasg cangY)

[46]inin G Syl 3
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OO Oxygene

o o Silicium

a) tetraedre couche tetracdrique

Q ¢ Hydroxyle

Aluminium ou
magnésium

b) octaedre couche octaédrique

[47] ( Clay Minerals) dshll galeall oo Adliae g 15 JSLa o(4.1) IS
Lllalal) dgall cinias . 3.2.1

(T) skl el 5 (O) pshudl Apldll clidall sae s Ay ¢ lsl B o0
.[49.48.28] ((5.1) Jsa)
dely iy shal) 46l Gk e S 1(1:1) ) (T-0) (AL (el Js¥) sl -1
il S de same e Gilsh gl Maag c TLA Jea adlaall andl 5.z skl
oshadl Gl A e 3l g5 (1:2) ) (T-O-T) el Al el JE geill -2
Gilss 15 A L) 10 A e sl sedly iy pshall el ok il
. Montmorillonite cuwig)giigadl § culd jull de gana
Oleall e gl 138 Saay 1 (1:1:2) o) (T-O-T-0) disliaal ALl ol il gail) -3
s 14 A s aflaall 20l (TOT hawi i Al cliglall pa osmll dilail) atigla Ll
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<iiall Jhaliall (o aliiia ye ol aliite Jadd die iy ligall Gy claud) & el o)
Coai]l HleaS andiad clidall (p abe¥) 8 el s Aads olel 35Sl deganal) )
by dae (e paliiie Caaill 13 o) (5.1) JSE) b mnse sa WS 112 clSahuldl)
5 sl 5 N 5 Y s Jualall b cle saadl aaly (1975) @3Sles (1966)

I 7.1A
Type 1:1
/ / 10-15A
Type 2:1
/ / 14A
Type 2:1:1
Couche tetraedrique Couche octaedrique

[28] Jualall ¢z 4 (5. 1) Jsal
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. (AlzSi205 (OH) 4) Nl ds gana .1.3.2. 1

ool iints ([51.50] 5ye JsY 3oLl 03a = hadiuad &3 ol cAgina Aipde aud (o G and (NS
G ob o Jlalia g3 e daglall 8 5aalsia Bale GYISI 5 Vpnysall cavsall Sinall (oAl
il ) DB Asle ) dabey 0585 glal) Ganr s cpmanl) ) el daar a1 5yl
L& LS ¢ [53.52] lgr il iamy 5 Aygmall Slgall aalsi o 1ag (uadl ol My ¢ jaal
s 5 AlSizOs(0H)s o Al lgitpa (lgis ol Ly ki of ol dlgu

[5412.6 g/lem® 5 2.1 o Lo Wil b dylaill dpeaall LAl Wi <258 g/mol : Jsall
1ay ¢ Al,O3. 2Si02. 2H,0 ladll 5 NslSh sale (e slitall eiall e ol €I ol (3l
S 5 HO i % 13,9 5 SiO; ¢+ % 46,6 5 Al,O3 (U % 39,5 :allill ) (il
asenll 8 s Cilodll (e Aima Cans lligh (NASH alad &3Sl Apulal) jualiall sda Cuils
b Lags o sl o2a (2l LTIO, 5 KoO 5 NazO 5 Ca0 s MO Jie Sl e )l

-l Bl Ay add

[55] ¥l gy :(6. 1) Jsall
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(K,H30)(Al,Mg,Fe)2(Si,Al)4010[(OH)2,(H20) <ul¥) 4 gans .2.3.2.1

o o3 Jae asiall e Plal dlin Eia 152 Sl AUl 8 ) (ot
asmiligdl Jsaay calindl) Jalatis o(Smectite) cuSend) b oo LS Lelyll ikl 3 Gulud)
10A miliia G Aludl) G Glld e aiiyg dy)ysll) 408N 5 cild ) 505 a1 13 5 clgiy
Al Al mia g (7. 1) JRE 5 2.66 glem® 52,12 om b Ll i duaaal) €
Yl A sandd

[56] <Vl A = (7. 1) Jsa

(Mg,Al,Fe)s [(Si,A)4010](OH)s <y sish de gana .3.3.2. |

ey Gt e Apslll LSl (S5 il laliee dulip 4alS (e )N (3

s e e A 5 (Brucite) cuug ) (e ik ae Adalaic opagl) duld A8da g osasll

Leo alang g elall (o (ging ¥ 5 clangll oda g Japll asfi Eua (Mg )6 (OH)s s
(B.]) il miage 2 LS Bdiaa j dapla 50 Alaay
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Chlorite (MggAl)(SizAhD o (OH)g

[MgaAISi; 0y p(OH), I

YANAVAN
RONZ0H%0N
NAVYAVYS

(Mg AI{CH), |+

o0

o OH
o Mg™
a A°Y

* 5"

[57] sl 4 2(8.1) Jsall

(OH)a Sis (Al1o3, Mgasz) Oz20, NH20 :<siSand) dsgana 4.3.2. |

Ay ogasll Ay Gfitd (e (35S A5k Ay el Sl (e Hle p CiSaull
(9. 1) [58] 1:2 LSoll i) 3 i 5 (lSebiossls) spms) 2oL

# Cationic specious
@ H,O molecules

[59] CuiSandl 4y 2(9. 1) J<

~ 20~



Q\,}fJ\ J}? Sl g Jj‘ﬂ\ M\

(Mg,Ca)0,7(Mg,Fe,AB(AI,Si)8022(0H)4,8H, culguapill iegara .5.3.2. |

Lo s oyl ALl ZBall ) Cum bV L 4l sl 2S00 oyl el
e PV 1385 culandly asial¥) o Sildie Plal Sy ogasll el dahll A5 & sy
sy agiirall QLS ae sladl Glia o) WS Goleadl & Qllall a8l 35ag e 308 A5 )0
cpandl lpiary Glihl) dlula e Jead oy Dl cle gl 8308 i (gAY alignlkl)

(10. 1)

hydrated Mg.
various cations

[60] cual sSaa i) sy 2(10. 1 )Jsl)

dllalall 3 gall £ 55 aaY dpiliansll cus) 31 4.2.1

dallas & elial) lparting ) Aaplall uSas dgdlialial) osall 45Kl 208y ()
238 ()5Si caphall (ulall 88 cAadlaall 3)ha dajy 8 plualil) 5l 3Ll Bayka (e 138 5 Al
Jsaall 5 ecligl JS& 8 oS0 5 auls] <G 6 <o (Fe Mg Al <Si) 2l alial)
617 Adlaliall slsall o g 15l DA ALl SN o (6.1)
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(1) s dgia ansd) Adlaliall sall (g g5l O Aalasl 2S5 3(6.1) Sl
[62.61]
Agia s
CaiCaad) Culy| ERARL i
Axig
57.55-45,12 54.09 - 49,26 | 46.90 - 44.81 SiO,
28,24- 15,96 28.97-2490 | 37.82-37,02 | AlO;
6,35- 0,06 6.20-0,78 0.92 - 0,27 Fe,0s
0,95- 0,30 1.70 - 0,57 0.11-0,06 FeO
6,53- 2,32 4,4- 2,00 0.47-0,24 MgO
3,28-0,50 0,69- 0,00 0.52-0,13 CaO
0,60- 0,11 7,98- 6,08 1.49 - 0,49 K20
2,75-0,04 0,33- 0,13 0.44 - 0,05 Na,O
0,32-0,10 1,02 - 0,05 1.26 - 0,18 TiO;
8,53 - 7,46 7,88- 6,03 14.77 - 12,18 H>O

Jualall jailad 5.2.1

& sy iwald 152, 1

33y (A 5 Dlasgll oda mwsh A g5t Aslll Glasgll G e ldl Jeda dala )
s o Flany) e caigy 5.l Gasg g o L Lad Zgpaial) Gliysll Gn el
pgall Jo dygdaall oo 35S Fladl ALE) Lllalall galedl o oed cJlalall 4

el o ety ol gl Jals Gy o) S el aa o Lay 5 2B 4y dalial
[63] ) dpals e 51 4500 aed) Sl la
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) dald 252 1

On dualill mhull o dsal 35 8 Gasy A usall adl e S Gy

b #3al dilee ) 5 L Lad Alaldl) Jualiall ohas o (gad dndan 3l 4 5 (oyshall
b Alal) leY) dpals g dadandl sal) Al ailiy i RN dsell ey Jhaliall
LS 5 (ndandl 45kl e slsall 35 5l 4 sy A1) la) DY) e A
il L clandl dalie ) LS UL 5 cadandl Lald 5alhs e sle Y o) sy

[63] dnaal ST ag3fey) cilaall

Glahll el GligV) 5 Gliall 3yas dua Y jSe s Lalaiay)
Aglalal)l clidall Gl Ka ae 4n Jelan Al) Haally Lol sSa ae Wik o Lagls Jeldi 5 cdadall

s Ol dpald 452, 1

AN lsallll o ey g cJlaliall 2058l Galall anas 8 Ll by clisdd )
cadl al e palsill oda o )il dijea agall (ed Jlalall Liadl salias Liad ella Jolall
pend 5 () 8 Gl ddlaliall diladd) 4 S8l sl e Bal cligS ol calu)al

[63]s L) 4818 e s Jally 5 eJualall b iy 2l
ol Jalal) 4pald 5.5.2.

e degene o wilia Jea hadiay 4l e daad Jdesy Jlalall o L
¢ Ca? ¢ Na* « Mg#¢ K" (H": (i iS5m0 clipall saa @l Al @l
o3 () WApmelall ozl V) 55K Basasall APT asadY) hal 5« Mn2 NH** < Cu?*<Zn?*

~ 23 ~



Szl Jem SOliges Jo¥! Jeadl!

dnse Gl ae 4uSall Jolal) dlee 6 llna) ankiad Ll o) o Jalall ALE legen <iligiil<Y)
j“ ‘9’-3 @ - B ‘; ).L\.& o = - ‘9.'”

. [65.64] Gllaliall Jllaall b 53sasall 5 dial

bt S aas Ohad QI casnise¥) 5 asualisd) Al 8 daizaly syallll s2a o
(143 A asisad 5133 A osuulisall Ll Caal)

aldial) dolia b Jualall alaiiu) .6.2.1
calpladly Ll s delia 4 adll e Adlalall sl Gla) aadil

sl a8 Al 330 mual (ALO3) asiall 5 (Si0;) Gedsadly 1)) Jlaliall
cossiald] 5 Gulaad) e lggle Jpeanl) i lgadina 5 Y aall dgal) delia 5 ¢ anall Caiilly
UK 5 Ldiliae s o) @) Medl (e desendd € hadd e Wl Jlalall Sy
Gl e dage Ao 3sas Adlaliall dgall iy LAdlide 45beSs 40458 (alss 4SDY
Lol Aaludl glin) of calpalls AT dpe o (gsindy Ayl ) @l il
sl ae clall mens ipallaal) ddly Laelill ~dadl e Si-O-Si dall les sl
. [66] A8 audll phadllS (&) Algus digme ¢ Uac)

dailaie) JSall 5 jpaaill Ages pald o S o ) adiey GliR) £l o
Neasing S el Ao Gaas Wlle i S Jlaliall Gt iy 5 ¢(3 i
aalls apladl) V) delua 4 axiisy (ALO3 <30 1) dall e g5iny 63 Jlaliall-
~all
Il e 6K (35 <AlLO3 <40 ) Ll e (g5iay (3 Jlaliall-

CAgal) dsal) delial axiiuy (Al05> 40 [1) Al e (s5iny 53l Jlaliall-

bt [ 7.2.1

b JRuy Al S saxl Blai el SV SV Gl gn oo pulind) ey

b Ly Tt Wiy cpalaall CGalial LT e g8 5 [67] aspsldl SV (gpumic 485
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[7.2]0balall Si-O da )l fzal N aaly s 51050 °0 5 950 °1) shall cilays die

I35 5 plleall e Jlaball dually 998 cm? v Jiia jal (an Lay Ladl LS
1050 °[15 950 °[] xie &3y 5 600 °L) 5 200 °0) shall cilays e L mlladl)
dsasall Ganll W« [2] Si-O-Si adayll dbilaall e 5 Abiladd) clilial) ) aaly 1
[3.2] Jualall A AI-OH oyl opin I Lulud aayd 908 cm'™ xic
ladll 5 ey Jualall s 5789 cm? 5 810 cm? die Glaag Layl Dl LS
Al g 5.6 .3] Jualall & Si-O-Al idal ddbaal cbizal) ) olagey La 5 Lla
saly oladilly fay Gas s allaall ye 5 allaadl Jlaliall Zually 134 5700 cm? xie
[3.2] Jualall 8 Si-O-Si adall Slxal L 13a g 5 5yhall day
alled) Jualall 2l 420 cm™ dle LV 580 cm ™ Jladll 4 pape (an Jaws WS
Si-O-Al Lyl s ) 390 5 905°C Bha dad (e lehtiy) L3I anl) 138 Tay 5 Wha
[6.3.2] Jualall & Si-O- Si
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100
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s
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W
=
=
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L) Aady) Slea daalg Juladll . 3.1.2. 1.1V

Laalillag 5lall cilayy Calide 8 dalledl) Juaball 2Ll Galud)l (e 48 L
o=l (Higscore plus) gl byl dalled) s 5 i) 22iY) 2gm Slea ddaulsy
O ep ¢ (BLIV) 5 (7.1, 1V) a8 daiase Jidaill il 5 cli€pall apeny
o 5 ¢ [15] J8 iy conllSH sl 1S5 YIS 5 ISl Lea lalad olysha alal) il
osh sli ¢ 600 °0 xie Wi ¢ 200 °0) slall Gl vie dalled) Glill 3 lass kY]
V) 5 YISl e JS laghad 3ol A liali pe CpllSl) 5k 1S5 puad (9 s LS 3l
=5 Agysky Ay Ll maal 5 et Jala) el zg Ay chaalaad sl A o e Jy Le
osh eliy Laad 558 1050 °0 5 950 °01 syhall cilays 8 Ll ¢ [17.16.3.1] cail gkl
Lobad agan 5 Apram ol ) (gal cliay jsels g adaghad a8 4 (il lall e 5l
caad) sl 5l e IS )

1200 —— f f ; ; e ; 5 i ; i
1100 1 Q:iQuart@', K:Kajolinite,; Q C:Calci;te, A:A;nortite;,F:F‘er; Argile 1

wo-4 g .
11050°C : A F F Q 0

900 | | ;

1 950 °C

20(°)

Calide vie allaal) 1 Jlanall dipd) 22 2 sl Cada 1(7. 1.1V) i

fe e saal 5yall cila
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500 J1950°C :

950 °C
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300 -

200
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C:Calci%te,A:Anortitie,F:Fenj Al?gﬂéz

Fioro

20(°)

Calide ie gellaall 2Jbabiall ) 2231 71 el Cipda: (8.1.1V) ISl

dc L sadl '&J\)Aj\ C"_a\;).ﬁ

DTA/TG daulgs ol Julaitl 4.1.2 1.1V

S ophall Jdaill Slea 8 llleaind JaY Ly Ll ol Jbalall (e 48 L]

Al

40 g )l Ll deadid) culul) *
1100 °C & laxivdl) )l 33 *
.20°C/min pasal) e yu*

el S il iy 35 ((9.11V) JSEN b daiase lede Jeasid) il

Aalleall o U s clsa 2o Glla G (g5 ol cJlaliall syl of daieall 28l 13X (g5l
Jaall 58y AU lais Jf @llia o) Laadls TG AU Glaié Jaie (e 5 cJlabiall 3))al)
SV el 138 oy 5« [16.10] s 1.2% o8 &S laisy 200 °C 5 100 °C o ool

~7]l~



Lgeidling doy ) puiledl P LIRTNIRF FIP R WY

On @hall Jlaa) 8 (s AESH i 36 W ([18] Jualall Cayla (e Gaiaal) Gyl o le
ALY & )y 513°C yhal) da g vie abae Jsaill deju (35S ol 600°C 5 400°C
cJlalall (Sl el zgya s Gl 3a 5 ([16] 5.3 %
055 ol 800 °C 5 620 °C (e woball Jlaall 4 (46 ALY lial Al Jgatl) L
Crn Cuull€l) @€ ) Lalad slaa )l 3lls (7T11°C shall dayn die abie Jsaill de
: S el Je il
CaCO, 5 Ca0 + Co,
L3555 % ) A lae glasal) A o5
A Vel Baadlid Jualiall (DTA) Lkl gl dalaill Jiaial dually L
Cipb e oiaal) Wl Ad 5 a3l 545 95 °C s dap vie phall pale Joai Ul
e s« [10] 505 °C shall daps xie 5 Blall (ale a3 J6 5 ([18] Jualall
dapd (b o5 Bhall pale Jsad Gl 5 ¢ Bkl (Mo ekl e S5l Jeas ) Ll
[20.17.5] capadlSH &85 (e s g8 5¢ [2] 720 °C ya

200 400 600 800 1000

0
AT T~ o003
T 720 .
[~ 10,000
1 O
£ '
[ 910,003
< 2
L= -3
=) 2 1.0,006
S L
-0,009
B — TG (Am %) |
_ 515 1] —— DTA (uV/mg) 0,012
AL
124 _ _ -12+ 711 DTG (%.s )
, — 1.0,015

200 400 600 800 1000
Temperature (°C)

20°C/min 8)ha s die 1Ll TG-DTG/ DTA Slisie 1(9.1.1V) I
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3alal) Jlakall aslal) g SV jgaall Aaulyy Julail) 5.1.2.1. IV

Aallaay @llys Ll Lednatiy las diall Jiiay a5is ailad)l Jlabiall 4jeaall 4l 4l
Ml Ciliall iy asis @ ¢ 100°C @ baauli ha Ay e BB Bha da b sald) clual)
Sty AL el ol & elldy LoDl diyylay ¢s0)SH ol Auzadl) 5 Caldll (g Aliday gy
oSat Y jle sale d3al) sald) ¥ Liahy o) saldly A SN Aaiall o Jeld Jeasny
JSal (e Ll Cua caslal) g SN jeaall ddandgy Aigal) (andy Lidd ¢ 2aiY)
5 duilaie a8 g Glesll g58 5 dudlaie pe ald) Jlalall 45 of () (20. 1. 1V)
SN 8 e s LS ST gypall 5aSivie 5 esSe B (N2 ol leans s
ST Lo legi cle il Wl (s Sae 1 0 LS sial Glus 3535 66 (z-) (10. 1. 1V)
A pe cpanl) Byia 5 Aaugie JSA Ay € Sl Liad d5a @D ) ALY (s S 1
[20] Jlaliall da)s:

caldl 1dbalall gl ol cada (112, 1. 1V) 5 (11,1, 1V) g€l e IS Jiay
oSl 5 paall 5 asnalV) 5 aspudidl 1Ay Aadie Gty paliall (e desane 35y G Cua

psyiiall Jia AL Cady (5580 5 panSY) I AiLYL
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Ll 5 Al paibadll duy 3,11V
L) ailadl) L 1.3.1.1V

cshll e (5% 10x 50 mm®)  abad ey edbiad) gilsie JS& Je cilue L]

Llas DG 5 Hlad) alasiuly lylas) & 5 2dbabally 1dbaball e JSI gl )l
Lt 5 ayidd) liged) =55 5 (215N ) e la) Jalea ald Ja¥ 138 5 o( B laal)
Gleyu dal o Ghat¥l AV Gaadl slga¥) auyp Wi & (3.1 1V) 5 (2.1, 1V) Galsaal)
5 (14.11V) 5(13.1.1V)) adull JK&Y) 8 mmse 8 WS 0.1 50.05 mm/min - daba

Fa IS 5 alga¥) al a5 oy = = A Asladll a5 ¢ (15. 1. 1V) 5 (16.1. 1V)

PL s A A e B eliadl) Jela

&ﬁoiiéﬁt“—\a:-dbﬁi\ﬁdjeld\@@:w

Gleyadl Ja) e 1 6.804 GPa 5 6.493 GPa s 1 Jualal slaty) Jalaa
laa5 5.364 GPa 5 4.629 GPa 2 Jlalal duwal W Jgll e 0.1 50.05mm/min
oo ST L Jlalall B eliadY) Jales o . sl e 0.1 5 0.05mm/mincle udl dal ¢

2 Aal) e J81 480000 daglia Ll 1 Anall (Y 2 Jlaliall E syl Jalas o
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16 4  Argile 1, V=0,05 mm/min
- 124
=
Ay
% ]
=
= 8 |
=
= ]
S
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4 -
0 T T T T T T T
0.00 0,04 0,08 0,12
Deflection (mm)
bV AV alga) @l 1 (13, 1.1V) Jsal
14 Argile 1, V= 0,1 mm/min

Constraint (MPa)

0,35

Deflection (mm)
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1 Jlaleall 2 Jalea uld 5 12 1. 1V) Jsan

Briquel V=0.1 mm/min
Eprouvette oy (MPa) Deflexion E(GPa)

(mm)

01 11,5154 0,07991 6,987

02 11,37412 0,10455 5,002

03 11,5502 0,07609 7,937

04 13,09975 0,09521 6,794

05 13,27593 0,11208 5,743

Moyenne 12.16308 0.0935 6,493
Briquel V=0.05mm/min

01 11,5392 0,12795 3,879

02 15,71353 0,0815 9,983

03 13,12326 0,0949 6,893

04 11,72634 0,08477 6,707

05 12,32745 0,08948 6,560

Moyenne 12.885 0.095 6,804
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17
16 4 Argile2, V=0,05 mm/min
15 -
14
13
12

—
—
|

Constraint (MPa)
=<}
|

0,00 0,02 0,04 0,06 0,08 0,10 0,12 0,14
Deflection (mm)

Gahad¥) AV aleay) @l 1 (1501, 1V) J8a)

1 Argile 2,V=0,1 mm/min

Constraint (MPa)

Ok o e e i sy
0,00 0,02 0,04 006 008 010 0,12 014 016 0,18

Deflection (mm)
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20babiall 8 Jalra (ol il (3. 1. 1V) Jsaal

Brique2 V=0.1 mm/min
Eprouvette oy (MPa) Deflexion E(GPa)

(mm)

01 10,85719 0,10625 4,580

02 12,63609 0,08731 7,309

03 16,18715 0,16353 4,756

04 14,24693 0,10474 6,500

Moyenne 13.48 0.1161 4,629
Brique 2 V=0.05 mm/min

01 10,85719 0,10625 7,011

02 12,63609 0,08731 7,857

03 16,18715 0,16353 5,469

04 14,24693 0,10474 5,883

Moyenne 13.481 0.1154 5,364

sl Al sl Jalaa 2.3, LIV

LS ooball aaall Jales luny lad 25 1 callialiall (g)hall anall ciliaie oo WU
o ISV ale Jianiall (gyhal) 20aill Jalas iy (18.1.1V) 5 (17.1.1V) a5 miase s
ol Jpaall 835500251 Cpllalial

cllaliall (g hall sacill Jalaa o :(4.1.1V ) Jsaal

@bl 2l dalsa | )

- C) il Jladl palall
(10°/°C) (C)
3.42805 550 -500
8.76856 570 -500 I dlalal
1.73688 550 2500
3.73075 570 -500 2 Jualal
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Jeasi Le 12ag (1K) 1076 x 8.8 =100 x 1.7 ) oale sl @obal) aaaill Jalea of Liaay Cum
bl Wy 5 (1K) 100 X5 Ly Jualall ghall 2l Jelae of san5 Cum oy gialil 4
@hall 2l Jelee o Canal 2dbaball ghall aaall dalee o g5 @ball 2aall

ddbalall e deliall ol 200aball b sl by g5 138 5 ] Jlabiall

2.360 Argilel
-2, 4

2,365
2,370
2,375

=

-2,380

dL/L

-2,385

dL/dL03,42805*10'6T+0,00179

-2,390

-2,395 _ R2=0,99513

-2,400 . T . T
500 520 540
Temperature (° C)

2,32 ] Argilel
-2,33
-2,34
-2,35

2,36

dL/L,

-2,37

-6

2,38 dL/L(=8,76856*10"°T-+0,00466

22,39 4 R’=0,97112

2,40

Y T T T T T T T T T T T T
500 510 520 530 540 550 560 570
Temperature(°C)

Tdbalaall g shall saatll Jabea 1(17.1. V) S
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-1,39 1

-1,40 -

dL/L

1,42 -

1,43 -

1,44

dL/L,

1,41

Jf}}\ 3ol :cg\JJ\ J..Aél\

dL/L,=1,73688%10°T+0,00091257
R’=0,99917

Argile2

500

T y T y T g T T T
510 520 530 540 550

Temperature(°C)

-1,30
-1,32

-1,34 -

7% dL/L,=3,73075410°T+0,00206

R*=0,99435

Argile2

! ! I ! ! ! |
520 540 560 580
Temperature(°C)

2Jbabiall gyhall aaail Jelas 1(18.1. 1V) S0
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Al Al 2 .1V
plall Ao cugd e A 1. 2.1V

Jualall b 5ilesh Jgait &y hall cdlabaal) cilua 1.1, 2.1V

G damsdl Jlalall gl d@fe p Ll ghall sadll clisie e BUa

Al Glags ou B (42.1V) 5 B2IV) 5 22 IV) 5 (1.2.1V) sl J<ay)
575 55 525+ Al paal gyl ddlsdly B o ge SIS Jsadl (Tp) (calandl
e IS Gob dhaulg B o sl Jeail Japsnl) 48 les WiSqy 4% 5 ¢« 10 °L/min

[26-21] 2Ll 55 sSaall eV aladdl Jlerinls 138 5 Jlgise s Ishsls i

Ln (T‘ig) =— ;;P+c1 01

Lng = —1.0518 lf;P +C; 02

Ln(%)z—i—:+c3 03
e S ey Qs

bl el el iR
Loyl 4ila : E,

AL Joatll kel 3y al) Ay 1T



DL/L (%)
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L0 Argilel
0,5 -
0,0 -
9 -0,5 -
A‘::
5 -1,0 1
=1
-1,5
-2,0 { ——2 .5 °C/min
5 °C/min
284 7,5 C/min
= 10 °C/min
T T I . I 2 I I
200 400 600 800 1000
Temerature(°C)
Cpaadl) Gleyu calidad [ Jlaliall (gHhall saall cilaia :(1.2.1V) JLa
1,0 Argile2

-0,5
-1,0

|—2,5°C/min

5 °C/min /
-1,5 4 ——7.,5 °C/min
—— 10 °C/min
T T T T . T ! I
200 400 600 800 1000
Temerature(°C)
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d(DL/L,)/dt (s")

Sesemee e 585,6°C ,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Argllel il
0,07 {—«— 05 °C/min o
—— 7,5 °C/min g
0,06 - ——— 10 °C/min
584,5 °C
0,05 -
0,04 -
0,03
0,02
0,01 -
0,00

T T T T T T T T T
560 565 570 575 580 585 590 595 600 605 610

Temperature (°C)

1dbalall b Be— o 5lsSll g)shall Joaill J5¥) 3yl Jaie: (3.2.1V) Jall

B
d(dL/L()/dH(S)

0,035 7
—2,5°C/min
] 585,7 °C 5°C/min
—7.,5°C/min
0,030 - ——— 10°C/min
,025 584,2 °C
,020 581,5 °C
577.6 °C
0,015 -
0,010 -

I I I i
580 600 620 640

Temperature (°C)

- I b I
520 540 560

20Lalall & Be— o 5l gyshall Jeaill Jg¥) Y Saier(4.2.1V) IS
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e Ailhey (6.2.0V) 5 (5.2, 1V) Cuiniall d8sall bl ddadl) Jisall Jae lus 228
A (L2.0V) Jsall 4 minse s LS (B Al ad aad adal) ey daaladl @Yol
58V Jsail 1017.45kd/mol 5 1038.93 kI/MOI asaa b (sS5 Japill 4dlda dagd Lo sie
Lol 48l o8 & cplidl agngs ¢ s e 25 1 cpllialiall e S (8 B o skl s

[29-27] o) 35ms 1S il e pus 5 Jlabiall Gy )bl Al Lt (e Julse 322 I

-10

Ln(o/Ty)= f(1/T =1056,4 KJ/mol

P)’ EBOSWELL

P~

-14 4

-16 - .\'\L\_‘
i 2

s Ln(p/Tp)= ST E, .\ op,=10493 Kd/mol
1 —=&— Kissinger
-20 1 —8— Ozawa
| —A— Boswell
-22 T " T T T T T T T T T R
11,64 11,66 11,68 11,70 11,72 11,74 11,76
10T (K™)

gyshall Jyail % ANy Ln(p) JLn(%) 5 Ln(;ip) Jisall cilyiaia 1 (5.2, 1V) JS)

ldbalall 4B «—a sl
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-1,8
-2,0 4
-2,2

2,4 -

n{e)

=-2,6 1

23,4 -

-9,50 -
] EBoswel=1019’2 Kj/m()l; R2=09998
] -9,75
= Ekismger=1012,15 Kj/mol; R*=0,998
-10,00 -

®  Ozawa
®  Boswel
Kissenger

E__ =1021 Kj/mol; R*=0,998

Ozawa

)

In(o/T

T T T T T ! T T T T 1
0,001164 0,001166 0,001168 0,001170 0,001172  0,001174  0,001176
UT (K"

@yshall Jyail % ANy Ln(@) JLn(%) 3 Ln(;ip) Jisall cilgiaie 3(6.2.1V) Sl

20kalall & B o il

2 51 plaleall bl &l i 1(1.2. 1V)Jsaal

Ozawa Boswell Kissinger

il

1011,1 1056,4 1049,3

&b B o IS Jsail gl 48l
(kdJ/mol) 1 Jlalall

1021 1019,2 1012, 15

& P o IS Jsatd il 8l
(kJ/mol) 2 Jlalall

Al 5 asdsiysall saill dalee o ol Jaleay oay A 5 st Jales Gl i LS

(26.11) [28.23-21 ]kl alasicly
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ot Jalrae G Jausgia of Laay o) ¢(2.2.1V) Jsaad) 3 lgile deaniall cilidasall Uigy i
Be— o slsSll Jpadl daily 0.5 51 Jualall 4 Be— o 5lsS) Jpatl dpailly 1.15 )l
2 Jualall &

Al s s pans ol dalas 28:(2.2.1V) Usal

¢ (°C/min) 2.5 5 7.5 10
n (Argilel) 1.1 1.1 1.2 1.2
n (Argile2) | 0.68 0.42 0.33 | 0.37

In (@" /TZ) A avy Liad 5ysld) sai alaly Lulid Gl 3 M goaad) daladll Ll
A Qi 56 (8.2.1V) 5(7.2.1V) Galall 8 e s WS (27.11) Al can /T, Ay

S B o oo SN denil sl ddee b W Gl to7s025=1.73 () Apslaall sl

-11,0

11,24
11,44

-11,6 4

-
o % 11,8+
© -12,0-

C

12,2
124

-12,6 4

m*E/R=130633
. R*=0,9924
m=1,04

I I I I
11,68 11,70 11,72 11,74

11110 (K)

I I
11,64 11,66 11,76

Tdbalall & B a i)l (g)shall Jsaill /Ty ANV Ln (" /T) hass o(7.2.1V) i
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-12,3
] m*E/R=61364
12,44 - R*=0,9939

) ~ m=0,57

-12,5 1 I

'12,6— \\

—_ ] ~
Q ~

o
= 12,7 R
e ~

c -12,8- A

— ~

-12,9 1 hES

-13,0 1 R

-13.1

T T T T T J T u T J T
11,638 11,660 11,682 11,704 11,726 11,748
Tp‘1 *10*(K™)

2d0aball & B o 5l gyshll Jeaill 1/Tp NV (@7 /TZ) s (8.2.1V) J&i)

) 401 eslalas clua 2.1, 2.1V

JsY) Giball faie oy el (25 1 opllaliall JLalil) g)hall sadl) Jaie (e B

hall Glayy gued dal o 13 5 (10.2.1V) 5 (9.2.1V) (lSall 4 o 8 LS Al
(20 °01/ min 516 512 5854 ) :Adal (sl gyl ablsall 5 2l Llead (Tp) alanll
Al Glua (Kay dua 2JLalall 4l (10 °L/ Min 57.55552.5) 5 10kalall dually
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1 —=—04 °C/min
] —>— 08 °C/min
—v— 12 °C/min
12- 16 °C/min
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Clay is one of the most used natural materials in the ceramic industry with various applications such as
pottery, tiles, cement and bricks. The latter are used as a building material because of their excellent thermal
and mechanical properties. In the present study, Algerian clay from Al-maathed area, M’sila district, was used
to prepare bricks. The chemical composition of the clay was determined using X-ray fluorescence. Firing of
clay was carried out in the temperature range 20-1000°C, at different heating rates. The present phases and
their transformations, the activation energy, and the sintering mechanism were evaluated using X-ray diffraction,
differential thermal analysis, thermogravimetric analysis and dilatometry. The activation energy for the sintering
mechanism obtained from non-isothermal treatments is 420 kJ/mol. The value of the Avrami exponent, n, is
determined from the shape of the crystallization exothermic dependence. It is related to m parameter (a numerical
factor which depends on the dimensionality of crystal growth) obtained by Matusita method. Both of which are
about 1.2 for clay sintering. These values indicate that bulk nucleation is dominant in clay sintering by three-

dimensional growth, with polyhedron-like morphology controlled by interface reaction.
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1. Introduction

The clays from Algeria have an extensive range of ap-
plications in the refractory and ceramic manufacture.
Clay is a simple and natural material, very abundant,
composed of alumina silicates. The clay minerals are
vastly distributed in the surface of earth. They have
a characteristic small grain size and significantly influ-
ence the physical and chemical processes of soils [1-3].
Additionally, clay minerals are subjected to spontaneous
modification and transformation with the change of en-
vironmental conditions, which can be illustrated by the
structures and types of clay minerals. Firing in ceramic
kilns was extensively reported in the literature. The re-
lationship between the mineralogical composition of the
raw materials and the phase changes during sintering was
examined in the range between 900 and 1000°C [4, 5].
The sintering process consists in the aggregation com-
pacting of particles.

The aim of this study is to study the thermal transfor-
mation of Algerian clay under different firing conditions
in order to understand the sintering mechanism of the mi-
neral clay. The clay raw material used in this work was
obtained from the brickyard area of Al-maathed in the
central area of Algeria. This Algerian clay was chosen
for its wide applications in the pottery and brick ma-
king industries. The experiments of this study were con-
ducted similar to the traditional practices of potters, to
understand the sintering mechanism of these materials.

*corresponding author; e-mail: sahnounefoudil@yahoo.com

Therefore clays were manually shaped and pressed into a
mould, then dried and fired. The densification behavior
performance of clays fired at various temperatures under
different heating rates was evaluated. It is expected that
the present investigation will improve the knowledge on
optimization of the clay ceramics processing.

2. Materials and experimental procedure

Clay materials were taken from a brick-manufacturing
factory located at M’sila site in Algeria. The chemical
composition of the raw clay mineral was determined by
X-ray fluorescence (XRF). Results are shown in Table I.
The raw clay mineral was heated in a furnace at 200,
600, 950 and 1050°C for 1 hour. The heating rate was
10°C/min. X-ray diffraction (XRD) was used to iden-
tify the phases formed in the heated clay powders. XRD
measurements were carried out on samples using a dif-
fractmeter system XPERT-PRO, operating at 40 kV and
50 mA, with scan step size of 0.0167, using CuK,, radi-
ation of a wavelength of 1.5418 A. The diffraction angle
20 range was 6° < 20 < 90°. The dilatometry mea-
surements were carried out using NETZSCH DIL 402C
dilatometer. The samples were heated from room tempe-
rature to 1000 °C, at heating rates of 4, 8, 10, 12, 16 and
20°C/min. The thermal analysis (DTA-TG) was carried
out on a Setaram LABevo TG-DSC 1600 °C equipment.

3. Results and discussion

Figure 1a shows a typical linear shrinkage curve AL/ Lg
(%) and its first derivative as functions of temperature
for the clay treated at heating rate of 20°C/min. It can
be noticed that the linear shrinkage curves for the sample
have three steps. The relative shrinkage of the first step,

(566)
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TABLE I

Chemical composition (wt.%) of clay mineral (Calcined
at T'=700°C).

Al>O3
15.27

SiO2
68.18

CaO MgO SOg KQO Na20 Fe203
6.86 | 3.30 |1.22| 1.77 | 0.69 | 2.69

which starts at 100 °C and ends at 250 °C, with maximum
speed at 164 °C, is around 0.5%. It is the result of the loss
of adsorbed water. A second step (expansion) appearing
at about 585 °C results from an allotropic transformation
of quartz (a — ). This transformation is very fast and
causes a sudden increase in volume, corresponding to a
linear elongation of 0.25% [6]. A third relative shrinkage
between 800°C and 940°C, as a result, corresponds to
sintering steps.
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Fig. 1. (a) Shrinkage curve, (b) DTA-TG curves for

clay mineral treated at heating rate of 20 °C/min.

Figure 1b shows the DTA /TG curve recorded from the
clay powder. It can be clearly seen that there are three
endothermic peaks. The first endothermic peak at a tem-
perature lower than 200°C is due to the evaporation of
the adsorbed water of the raw clay mineral. The max-
imum rate is at 95°C (in DTA curves). The mass loss
associated with this endothermic peak is 1.2%. The se-
cond endothermic peak at 505°C is due to clay dehyd-
roxylation reaction, that is overlapped with a-8 quartz
transformation (at about 567 °C). The mass loss of this

transformation is about 5.3%. The third endothermic
peak at 720°C is due to the decarbonation reaction of
calcite. The carbonate decomposition (5.5%) is evident
at 711°C.
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Fig. 2. Powder X-ray diffractograms of the clay mine-
ral calcined at 200, 600, 950 and 1050°C (Q: quartz,
K: kaolinite, I: illite, C: calcite, H: hematite, and An:
anorthite).

XRD spectra of clay sample hated for 1 hour between
20 and 1050°C are presented in Fig. 2. It can be seen
that between room temperature and 600 °C the peaks of
Kaolinite disappear. At 950 °C the carbonate decomposi-
tion (calcite) is complete, and we also see the appearance
of the anorthite and iron oxide (hematite). All peaks of
quartz remain visible during treatment. Thus these re-
sults confirm the results obtained by dilatometry.

-1
2
~ -3
‘s 4]
€
- 54
I 7]
-
S I S—
S g]——04°C/min
T —— 08 °C/min
109 —— 10 °C/min
114 —— 12 °C/min
12 4—>—14 °C/min ;
13116 °C/min 897
= T T T T T T T T
800 820 840 860 880 900 920 940 960
Temperature (°C)
Fig. 3. First derivative of shrinkage curves for the clay

mineral treated at different heating rates.

We can calculate the activation energy for the sinte-
ring of clay mineral by Kissinger-Akahira-Sunose (KAS)
and Ozawa-Flynn-Wall (OFW) methods, using equations
from [7-10]. Figure 3 displays the first derivative of the
shrinkage curves for the sintering clay mineral at different
heating rates. The temperature of the maximum of the
endothermic peak, T}, shifts to a higher temperature as
the heating rate increases from 4 to 20°C/min. Activa-
tion energy for the sintering of clay mineral, calculated
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Fig. 4. Plots of In(¢) and In(¢/T2) versus 1/Ty, for

the sintered clay mineral.

by two methods is shown in Fig. 4. The obtained va-
lues are Ekiss = 417 kJ/mol and Eozawa = 415 kJ/mol.
The value of Avrami exponent n was determined from
the following relation [11, 12]

4. Conclusions

The kinetics and mechanism of sintering of Algerian
clay from Al-maathed was investigated using dilatometry
techniques. The following conclusions are drawn from the
results:

e The activation energies, measured by Kissinger-
Akahira-Sunose and Ozawa-Flynn-Wall methods
using the non-isothermal treatments were around
417 and 415 kJ/mol, respectively.

e The Avrami parameter n of growth morphology was
found to be around 1.2.

e The numerical factor m, which depends on the di-
mensionality of crystal growth, is found to be 1.2,
using Matusita equation.

e Bulk nucleation is dominant in clay sintering
by three-dimensional growth, with polyhedron-like
morphology controlled by interface reaction.
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In the present study the mechanism and kinetic parameters of allotropic transformation (o — ) of the quartz
of Algerian clay from Al-maathed was studied by dilatometric analysis technique. The activation energies measured
by both isothermal (Johnson-Mehl-Avrami theory using Ligero method) and non-isothermal (Kissinger methods)
treatments were 980 and 1050 kJmol ™!, respectively. The growth morphology parameters n (Avrami parameter)
which indicates the crystallization mode were found to be almost equal to 1.5, using non-isothermal treatments,
and equal to 1.4 using isothermal (Ligero method). The numerical factor which depends on the dimensionality
of crystal growth m obtained by Matusita et al. equation was 1.50. Analysis of the results shows that the bulk
nucleation is the dominant mechanism in S-quartz crystallization and the three-dimensional growth of -quartz
crystals with polyhedron-like morphology occurs, controlled by diffusion from a constant number of nuclei.
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1. Introduction

Clays and clay minerals are very important raw mate-
rials in process industries, agriculture, engineering, con-
struction, geology, environmental, and for other miscel-
laneous applications. They have been widely used as
the main raw materials in the fabrication of diversi-
fied ceramic products for construction materials such as
bricks and tiles due to their specific properties before and
after firing [1, 2].

Clays are formed by many processes such as hydrother-
mal, weathering, sedimenting, etc. They have generally
buff, gray, brown, or rusty colors due to the content of
clay minerals and due to iron oxides/hydroxides. The
clay raw material which was used in this project was
obtained from the brickyard area of Al-maathed in the
central area of Algeria. This Algerian clay was cho-
sen for its wide applications in the pottery and brick
making industries.

The experiments of this study were conducted similar
to the traditional practices of potters, to understand the
thermal transformation of fired clay ceramics by dilato-
metric analysis of these materials. Therefore the clays
were manually shaped and pressed into a mould, then
dried and after that fired.

Densification behavior of clays fired at various tem-
peratures under different heating rates was evalu-
ated. It is expected that the present investigation
will collect the knowledge on optimization of the clay
ceramics processing.

*corresponding author; e-mail: sahnounefoudil@yahoo.com

This study is devoted to the investigation of the
thermal transformation of Algerian clay under dif-
ferent firing conditions in order to obtain the non-
isothermal and isothermal activation energies of crystal-
lized S-quartz, and the values of the growth morphology
parameters n and m.

2. Materials and experimental procedure

Clay materials were taken from a brick-manufacturing
factory located at M’sila site in Algeria. The chemical
composition of this mineral was determined by X-ray flu-
orescence (XRF), as shown in Table I.

Chemical composition (wt.%) of clay mineral TABLE I
(calcined at T' = 700 °C).

Aleg SiOQ CaO MgO SOg K2O NaQO F6203
15.27 | 68.18 | 6.86 | 3.30 | 1.22 | 1.77 | 0.69 2.69

Clay was fired in a furnace at 200, 600, 950 and
1050°C for one hour with heating rate of 10°Cmin~!.
X-ray diffraction (XRD) was used to identify the phases
formed in the heated clay powders. XRD measure-
ments were carried out on powder using a focalization
Bragg-Brentano X-ray diffractometer, with Cu-K, radi-
ation with the wavelength of 1.5418 A and operating
at 40 kV and 40 mA. The diffraction angle range was
15° < 260 < 40°.

The dilatometry measurements were carried out on the
clay with a dilatometer (NETZSCH DIL 402C). The sam-
ples were fired from room temperature to 1000°C, at
heating rates of 4, 8, 10, 12, 16 and 20°Cmin~".

In the case of the non-isothermal method the acti-
vation energy Ea of crystallization is calculated using
Ozawa [3, 4], Boswell [5] and Kissinger [6] methods. The
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theoretical basis for the dilatometry results is provided
under the isothermal condition using the Johnson-Mehl-
Avrami (JMA) theory. This method describes with the
time, ¢, the evolution of the crystallization fraction, z,
during a phase transformation:

x=1—exp[(—kt)"]. (1)
Here z is the volume fraction crystallized after time ¢. It
was obtained from the dilatometry results as follows:

Ar

T= g (2)
where A~ is the area of the peak in the dilatometer curve
at temperature T and A is the total area of the peak.

k = ko exp (—%). 3)

Here k¢ is the frequency factor, T is the temperature
in Kelvin, E, is the activation energy and R is the
ideal gas constant.

Through the non-isothermal techniques Ligero
et al. [7, 8] suggested a mathematical method in which
the activation energy can be obtained from the slope
of the Eq. (4) if we select the same value of z in every
experiment with the useful heating rate. There must be
a linear relationship between In(dz/dt) and 1/T, the
slope of which provides the activation energy.

In <if> — In(kon) + "L (= In(1 — 2)) - % _
In(ko f(z)) — %. (4)

Then, it is probable to calculate the value of crys-
tallized fraction x at various heating rates. Hence,
the Avrami parameter n was calculated from the plot
In(kof(z)) vs 1/T. We can select many pairs of z; and
29 that satisfy the condition In(ko f(z1)) = In(ko f(z2)).

- In(In(1 — z3)/In(1 — 21)) (5)
In((1 —2z2)In(1 — 22)/(1 —x1) In(1 — 1))

3. Results and discussion

Figure 1 shows the typical shrinkage curves for clay
powder at different heating rates (Fig. la) and first
derivative of shrinkage curves for transformation of
quartz from phase « to phase 5 (Fig. 1b).

Figure 1a shows a linear shrinkage of the clay heated at
different heating rates 2.5°Cmin~"! to 10°Cmin~!. Rel-
ative expansions at temperatures lower than 100°C are
due to the evaporation of the adsorbed water. Relative
shrinkage which starts at 100°C and ends at 200°C is
due to the dehydration of the clay powder [9].

The second expansion appearing at about 578°C re-
sults in an allotropic transformation of quartz (o — ).
This transformation is very fast and causes a sudden in-
crease in volume (1.3% for the quartzite) corresponding
to a linear elongation of 0.45% [9, 10].

The third relative shrinkage between 860 °C and 940 °C
corresponds to sintering steps. Figure 1b depicts the
first derivative of shrinkage curves for transformation of

0.8

0.4

0.0
Tronsfotmation of quartz « to B

-0.4 4

——2,5°C/min
2.0 4 05°C/min

——7,5°C/min e
2.4 =—10°C/min -

T T T T T T T
100 200 300 400 500 600 700 800

shrinkage curves (AL/LO %)
>
@
1

T 1
900 1000

Temperature (°C)
——2.55C/min| 585°C B
0071 . 05 °C/min /"
—=—1,5°C/min \
0,06 1—— 10 °C/min AM o
/7N
3 0,04 //
3 Z 581°C
g %01 - o~
2 | ~-7578°C N\, \\
= — Vo \
0024 ——"_~ \ X
/// \:\:“-:.:
0,01 -___/-—-/ - o—o—
\“~~_~_
0,00 .

T T T T T T T T 1
560 565 570 575 580 585 590 595 600 605 610

Temperature (°C)

Fig. 1. Shrinkage curves of clay powder at different
heating rates (a) and the first derivative of shrinkage
curves for transformation of quartz o — 3 (b).

quartz (o — (). The temperature of the maximum of
the exothermic peak, T, shifts to a higher temperature
as the heating rate increases from 2.5 to 10°Cmin~!.
The calculated energy of phase transformation of quartz
(o — () obtained by various methods is shown in Fig. 2

and its values are shown in Table II.
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quartz growth with time, under different heating rates.

As estimated, the crystallization fraction, z, at a tem-
perature T differs at different heating rates and hence the
curves dz/dt versus time are also different as is shown in
Fig. 3b, which depicts the rate of S-quartz growth with
time for different heating rates.

The rate of crystallization increases with the heating
rate. Figure 4a shows the plot of the In(dz/dt) versus
1/T at the same value of z. The values of the activation
energy, Fa, for different crystallized fraction, which were
calculated by the average of the slopes of the lines, are
listed in Table III.

The average activation energy of phase transformation
of quartz (o — ) in clay mineral is 858 kJmol~!. Fig-
ure 4b shows the plot of In(kof(x)) versus = for phase

transformation of quartz (o — () heated at a heat-
ing rate of 2.5°C min~—'. Similar curves were obtained
for the other heating rates. The Avrami parameter, n,
was determined. The average value of Avrami parame-
ter was 1.5, thus showing that the crystallization process
of - quartz in clay mineral should be controlled by the

diffusion growth.

4. Conclusions

The dilatometric analysis conducted at heating rates
of 2.5, 5, 7.5 and 10°Cmin~! shows an expansion around
570°C associated with the transformation of quartz
(a — B). The non-isothermal and isothermal activation
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energies of crystallized S-quartz for clay, calculated using
Kissinger, Ozawa and Boswell methods were (1049, 1011
and 1056 kJmol~!) and 858 kJmol~!, respectively. The
values of the growth morphology parameters n = 1.5 in-
dicate that bulk nucleation is the dominant mechanism
in B-quartz crystallization.
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Abstract

Clay is one of the most used natural materials in the ceramic industry with various applications such
as pottery, tiles, cement and bricks. The latter are used as a building material because of their
excellent thermal and mechanical properties. In the present study, Algerian clay was used to prepare
bricks. The chemical composition of the clay was determined using X-ray fluorescence. Firing clay
was carried out in the temperature range 20—1000 _C, at different heating rates. The present phases
and their transformations, the activation energy, and the sintering mechanism were evaluated using
X-ray diffraction, differential thermal analysis, thermogravimetric analysis and dilatometry. The
activation energy for the sintering mechanism and allotropic transformation (oo — ) of the quartz
measured by both isothermal and non-isothermal treatments. The value of the Avrami exponent, n,
is determined from the shape of the crystallization exothermic dependence. It is related to m
parameter (a numerical factor which depends on the dimensionality of crystal growth) obtained by
Matusita method.

Key Words: Clay, Bricks, Sentring, Activation energy, Thermal Properties, Mechanical Properties
Résumé

L'argile est I'un des matériaux naturels les plus utilisés dans l'industrie de la céramique avec
diverses applications telles que la poterie, les carreaux, le ciment et les briques. Ces derniers sont
utilises comme matériau de construction en raison de leurs excellentes propriétés thermiques et
mécaniques. Dans la présente étude, l'argile algérienne a été utilisée pour préparer des briques. La
composition chimique de l'argile a été déterminée par fluorescence X. La cuisson de l'argile a été
effectuée dans la plage de températures de 20 a 1 000 ° C, a différentes vitesses de chauffage. Les
phases présentes et leurs transformations, I'énergie d'activation et le mécanisme de frittage ont été
évalués par diffraction des rayons X, analyse thermique différentielle, analyse thermogravimétrique
et dilatomeétre. L'energie d'activation pour le mécanisme de frittage et la transformation allotropique
(oo — B) du quartz mesuré par des traitements isothermes et non isothermes. La valeur de I'exposant
d'Avrami, n, est déterminée a partir de la forme de la dépendance exothermique de cristallisation. Il
est lié au paramétre m (un facteur numérique qui dépend de la dimensionnalité de la croissance
cristalline) obtenu par la méthode Matusita

Mots clés : Argile, Brique, Frittage, énergie d’activation, Propriété thermique, propriétés
mécaniques.
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