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Abstract

Introduction:

In this research, the effect of CaO/MgO ratio, as the main oxides that activate the
reactions during wall tile firing, was studied on the path of transformations and
the formation of useful phases such as Anorthite, Diopside, and Wollastonite,
and the reduction of the destructive phase of Gehlenite and free quartz.
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Methods: In the first part of the research, in order to determine the optimal
e e amount of calcium carbonate as the main source of CaO supply, samples with 0,
A 6, 12 and 15% by weight were made. According to the obtained results, the
[ ey = . - . .
Remioa oL sample with 12% by weight of calcium carbonate due to having less free quartz,
S Ry more growth of Anorthite and less Gehlenite phase; Also, suitable water
[ piopshtet absorption of wall tiles, low coefficient of thermal expansion, lower moisture

expansion percentage and suitable firing shrinkage percentage were selected as
the best samples. In the second part of the research, mixtures with 12% by weight
of calcium carbonate and 5%, 7% and 10% by weight of local soils supplying
MgO in Iran (Broujerd talc) were made.

Findings: After forming with a press, the mixtures were sintered in a fully
industrial process and in a rapid baking furnace. By means of X-ray diffraction
test and with the help of Rietveld refinement method which was carried out in
Maud software, the weight percentage of the forming phases of the final
microstructure was quantitatively calculated. By increasing the weight
percentage of talc and decreasing the ratio of CaO/MgO to less than 4, the weight
percentage of Diopside phase increased up to 15% by weight. Decreasing the
ratio of CaO/MgO to less than 3 caused the growth of Diopside phase to decrease.
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Extended Abstract

Introduction

The physical and mechanical properties of wall
tiles decrease more than floor tiles due to the
rapid baking process. In the body of the floor
tiles, due to the higher firing temperature and
the possibility of forming a very useful mullite
phase, fewer problems are seen in the final
properties. These challenges double the
necessity of conducting newer scientific studies
in the field of the production process of tile
bodies, especially wall tiles.

The conducted studies show that by changing
the raw materials, the design method,
controlling the production conditions and raw
materials such as the grain size and the baking
cycle, the problems caused by the rapid baking
process in the bodies can be corrected to a large
extent.

The final properties of the body of a wall tile
depend on the formation of new compounds
during the curing period. CaO and MgO are two
oxides that drive these reactions. These two
oxides are released from the decomposition of
materials such as calcium carbonate and
dolomite in the body. These two highly active
oxides are combined with alumina and silica
resulting from the decomposition of the
structure of clays and also with free silica
present in the initial mixture. New compounds
include gelenite, anorthite, wollastonite and
diopside. The value of each of these determines
the final properties of the bodies such as
mechanical strength, thermal expansion
coefficient and moisture expansion. In the fast
cooking process, the amount of formation of
these phases depends very much on the particle
size of raw materials, especially the materials
supplying MgO and CaO oxides. At
temperatures higher than 1000 degrees Celsius,
the amount of unreacted quartz and feldspars in
the structure is gradually reduced and the
amount of pyroxene (like diopside), plagioclase
(like anorthite) and melilite (like gelenite)
phases increases [2, 3].

In tile bodies that have kaolin, this material
loses its structural water due to heat and turns

into metakaolin [4, 5]. At high temperatures, a
reaction chain is formed due to the penetration
of CaO resulting from the decomposition of
calcium carbonate in metakaolin. In this chain,
metakaolin is transformed into gelenite and
with more time, gelenite also becomes
anorthite. In the fast cooking process, due to the
lack of time to complete this chain, gelatin may
be formed and remain as an intermediate phase,
which, in addition to increasing the thermal
expansion coefficient of the body, increases the
tendency of the body to react with moisture in
the environment. does This combination
increases the volume of the tile body and
eventually destroys its structure. Anorthite
phase not only reduces the coefficient of
thermal expansion of the body, but also helps to
increase the strength of the body by forming a
microcomposite  microstructure  in  the
aluminosilicate field [6].

Materials and Methods

The raw materials used in this research included
two types of clay with codes clay(A) and
clay(B), two types of feldspar with codes
feldspar(A) and feldspar(B), bentonite, calcium
carbonate, Talc powder, and sodium
tripolyphosphate deflocculant, all selected from
local sources. Table 1 shows the percentage of
oxides in raw materials. Table 2 illustrates the
raw materials, their properties and minerals
extracted from various local sources.

Results and Discussion

In Talc B samples, increasing the weight
percentage of MgO, changing its supply source,
and decreasing CaO lead to a sudden increase
in the formation of the Diopside phase in the
final microstructure, with a reduction in the
weight percentage of both quartz and Anorthite.
in comparison with the base sample.
Meanwhile, compared to CA group samples,
although it is expected to have an increasing
trend of anorthite formation by raising the Talc
weight percentage, it had a lower weight
percentage due to the higher growth of MgO
than CaO. It appears that it was replaced to form
a more Diopside phase so that the changes
slightly decreased in the weight percentage of
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quartz. Moreover, decreasing the CaO/MgO
ratio resulted in the diffusion of calcium in the
structure of Albite and its transformation into
Anorthite from samples CB1 to CB2; however,
the weight percentage of Gehlenite is almost
constant in the three samples of the
microstructure. This result was described in the
experiment of X’s research. The triple
equilibrium diagram (Figure 11) shows how
Wollastonite is created in the triple system
Ca0-MgO-SiO2. It can be observed that the
Wollastonite phase can be formed by the
interaction of both CaO and SiO2 in free quartz,
which causes the weight percentage reduction
of quartz and the increase of the Wollastonite
phase. Figure 12 depicts the changes in thermal
expansion with temperature for CB1, CB2, and
CB3 samples. In this group, the thermal
expansion coefficient decreases owing to the
positive effect of useful crystalline phases such
as Anorthite and Diopside in the body, despite
the reduction in the weight percentage of raw
materials via a low expansion coefficient from
samples CB1 to CB3. Comparing CB2 and CB3
shows that the impact of the 3% Anorthite
phase weight rise on reducing the thermal
expansion coefficient is much higher than
Diopside with 5% weight reduction.Compared
to the base sample, CB1 and CB2 samples
contain a higher thermal expansion coefficient
due to having a lower amount of the Anorthite
phase, and CB3 encompasses a lower thermal
expansion coefficient owing to the higher
weight percentage of Diopside, including an
almost equal amount of the Anorthite phase.
Conclusion

In this research, various samples of common
raw materials in the production of wall tiles
were made by adding calcium carbonate (as the
main source of CaO) and different sources of
MgO and the effect of CaO/MgO ratio, the
microstructure and final properties of these
samples were investigated. The results obtained
are:

- Not adding carbonate materials to the initial
mixture causes a large amount of quartz to
remain free and unreacted in the final
microstructure, the formation of new phases in
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the body and the water absorption percentage of
the sample not reaching the standard level.

- The optimal weight percentage for calcium
carbonate according to standard tests and final
microstructure was 12% by weight. At less than
this value, the final properties dropped and not
much microstructural changes occurred. At
more than this weight percentage, the formation
of gelenite destructive phase was strengthened.
- In the samples containing talc B, decreasing
the ratio of CaO/MgO to less than 4 causes a
sudden increase in the weight percentage of
diopside (up to about 15% by weight). An
excessive decrease in this ratio (less than 3)
causes a decrease in the diopside phase growth.
Ethical Considerations compliance with
ethical guidelines

The cooperation of the participants in the
present study was voluntary and accompanied
by their consent.

Funding

No funding.

Authors' contributions

Conducting experiments:  Amir  Hossein
Mahmoud Hosseiny;

Methodology and data analysis: Abolhassan
Najafi, Gholamreza Khalaj;

Initial writing: Abolhassan Najafi, Amir
Hossein Mahmoud Hosseiny;

Final writing: Gholamreza Khalaj.

Conflicts of interest

The authors declared no conflict of interest.



é’ G)W o“'b),@ o‘f" glﬁw'

029 oo ding

gy, Alis

Nes ol sbainy ol plss 9 b le y CA0/MQO s b o)y
SLT b s WLy 58 9 8,59 9 SIU adgl aobio 31 oolisw! b g o sy 5o

A . #Y . ., \ . . .
Q‘)"‘ ‘GBL..: ‘LSA»L”‘ .)|)T oKl ‘osLu A>l9 ‘tS""W 9 ‘5._9 cuSlisle u)‘yo LS“’W 05; -\

oS

0aisS Jlad (slaanST o 5 ol Hlgie 4 CAO/IMPO cos 136 idghy cpl ;o sdoodio
s aalllae S5 3505 g ot o pe B 1alS g Cudgian¥y g dylagsio

e skl Dl anelS SlinsS ity e (s sslite s 325 S5l i 5o s
ety @l @ azg Lol aBle G5 00,0 V0 g VY F ol ol dgal La0o e
S oy raS o1 50sST mals BYs 4 eeedS Sl yS G3s 2o pd VY L diged conel
5 b Bl diged (e Glere 4 caslie Coy oLl as o g sieS Sugb, bluil as s
Qo,3 Ve gV G5 s s 5 pedS OGS G39 we )0 VY Lgdub}:.‘;‘ (b oo iSu
o 4l (3,290 SIB) Gl 8 MOO easS psls e oSS )

R g Sy 0,95 50 g o DalS gaisl B 10 (o b (80 JSb 5l e Lo el laasSly
dwlre (oS Dyse 4 ol Sl s LSis el S de s wid plel Maud
559 22,0 F 51 50S 4 CA0/MOO s [als 5 ST 559 duo o il 331 L o g g dzeis
coge 5l S & CA0/IMQO e rals .l sl 9 e 0B wlaggs 56

Al Blasgo B8 0l els

VPeX/o¥ o) iedl o & ,b
VPe¥/eB/oY 5900 Fu b
VY[ B/YA 1oy dy gu,b

uu\.v|5> 9 US“‘“‘ 6‘)‘.‘ S¢> Ko )l
A soliiwl T &0 4 allis

G2
?EE5§5“E
Eﬁﬁ%

DOI:
10.30495/jnm.2023.31926.1998

rols’ slaojly
bLlesl u.?" CA> (6 g lgs 6..;[5

8275 ydlysl 1 ghmnn oo o5

ul)'il msLn EOSLA ..\>|5 LS’Q)L”J‘ olj oKl u>|9.4 LSM}W os; :GSLJ.J

STV TYETY c il

ab_najafi@iust.ac.ir : g sl cons


https://doi.org/10.30495/jnm.2023.31926.1998
mailto:ab_najafi@iust.ac.ir

oo Qo 51 03wl b o po S5y 53 100 (W S (gl polg 9 Ll 2 CAOMEO Cund 15U (o 2

A o 0y Jarme )0 09290 ugb, b STy 4 1) oy oled
2ol 35 5 IS w53 35 e Gl s S 5
oials el b gl B osd e o Sl o5
JSbon, JSas b asl wgbge aioy (5l bludl o
Pl Gal8l ey Sl siagll a1 (j5alS's Soe
Sylaie d9>g Jdo @y puzmen [in] S o S5 aainy
oy Gl da LolS sy sasms Sis adgl olse .0 MO
0yl 292y iy o 5 Maglugsis” ol @ (6,500 sphe 5B
J58 sl ale Sl b o et — ol DG G il g0
S 50 Sl 5 (S5 58 ol Sgatn el Wilgd o a8 el
Slas5 @ 5wl Gl blal oo e 058 Lo
Sed oo &y g ol ool s pdy Bllail oloul cely a5 ol
S (slaoly 5l (S 45 dwyg0 S5 4 azs o (3]
oials 5 (wlagso 5 iyl Gazen) i gysh slasle
93 polie JyS d(Cuddy Gommen) il lajls fSeis
0556 il adsl el o 95350 CA0 5 MGO w.s]
Pl 50 deST 90 (nl B pgas )0 (goaxie Sl
slo g loge, b lagl* s i )8, (215 slaaiay ol
lap] (iS5l ol pld JEloiy (g iy 132
5o walgi oo a5 Conl oads plodil Gy sli2! ple g b, b

DY g a0 lacsl LSal, pols 3o plol

5 AP oole 93 S 5 5l cuidy 9 Syl 5B 90 yekS ow)
e 53 Syl (S jeealSs e Sl JSCES g CopndS
»CA0 el calizes wlio 1 ooy ol Vo ] SlLagias]]
DN Dy gla al5 way (Sl g g lislogy, olss
ComelS ke 250 5 PS5 ConlS LBz &5 1) (o) 2
ol ez 51 DY] co¥se 5 cusyoil lasls (39058,00
Sldlas pl 5l SO e j0 cwl s s b iegh
Soy045) Blag s g Syl 51 ol lEl C jo (BN
SLS 0 (WS e ol wiy jo ) GlailBlas Csllas (S5
4yl el )3y oyl 3l oty 5l JelS i g ,Sous,
syt A 53 a5 lom Slallas (35355 sl o0t lov
@ olpe (BB gladin ol elys 0 Vg ol U
sk, blasl g 5> bl cuyd mee Sy oga>
Jlie 36 oy cizmon Y5V Fo) Ol i 5 050
el 4 ey Sz 5o MO0 5 Ca0 spsT g0 lojos
Ol alndS Gliass jo aF Cal (60)lge alex 5l 0ald ol

bl & azgs b gl opl o .ol oniis Q] EORE SN

5- gehlenite
6- anorthite
7 -diopside
8- sintering
Y-IA (D) VY Y Fe ) g Do dlxo

dodo
— 3 e S anl Fl eSSl 5 (S el
By 50 05 oo (6 i 2l S glo LSS A s g slo
B LSas Sl s oy YL gles s 4y S la a1
0 030 2led Pl )9 (5 meS IS Y ge gho jlay
higo3 5o s (gale Slallas ol p33) o il (il 05
55 1, Jass sl 3l ogazas (o5 laainy ass wiylb
0 &S s e lis ad T s Sldlas wiS o Glais
Lulyd J5sS el (Pib 0520 adsl Sl o i b s
4 OV sy a2 g als ojlail 8 5l adslolge 9 aes
ok o U1y badiay ;o a e Z5n anl 3 31 odel 3924
4 (K Jlps (25 S5 S0 2l ol D sge L
ol Syme o)l Sy Bae Job jo war LS 5 JSas
5 ST 50 ol axzee MO 5 Ca0 sS4 o ST
o Ol5T iy 50 Cunglsd g S Sl yS oz (g0l0 4320
Jol> e 5 Laegl L (Jlad a4 aaST 95 cnl g
adgl el 50 992 90 Sl31 ki U 55 g Lo w5 Los 4335
wobypl Wy ol war Sl 5 e oSS
e gl 51 Ko Jake aits wluggs 5 Caigi¥y
o rd (Sl plotial L3l laaiss ol olgs easS
@ Sy il 0l (Gugb) bl g ()l blu]
Slge S o3l 4y 60l Sl (K a3l cnl JoSCi5 e
Ca0 MO (sloanst 00isS (1sls olgo ogas 4 sl
S a ol Xale ax o Voo e 5l YL glales jo 0l
wls sl s 00,85 STy slaclwals 5 53,lsS e
(alaggs wiilen) TouSgym lajl Hlade o5 oud
03933 (2l aiilem) Telile 5 (2 y3il aiile) T 5,

L¥logs oo

Ao eole cpl s IS glile a5 LS5 glaaiay (o
a4 bas g e e s 1 0g3 gyl O W)l >
Jol> Ca0 39i5 5l oVl glales o [05Flogs o oJsilsTlis
4 Sl 020 So (WPl y0 S Dl yS 5
5 00 b Pedly a4 Il o (al ) il o0 0975
Dsisn b "o ol @ s ol Gighe oley 23S L
Gl JeoSS )3 (BB ey 095 oy eq e S3u wil B 0
odls JSis gl 5B S plaie a4 cuds ol s w0 i
Wy Sl bl co o (il 5 odle a5 wiley Sb g

1-Mullite

2 - pyroxen

3 - plagioclase
4 - melilite



db&oﬁ:g@l&

5 OYld (g5, Gl (Bl (995 9 DM ol 18 Sz o
w‘ od}g )Jax usl.‘an auLM.?LA

L iy 9 dlge

‘Lbuu) 6‘9;‘ ULALM: uaa.bj)) U"‘ 3o oolaiwl Sy90 d..J}l ;)‘940
0sSUsS alie 3l ont 2l biliy,S s oSl da yoi5las
odls lid olge ol Glasin & p Vs j0 cwl oo

RO PR

e aged 4l )l blasdl o0 (9,5 (asine sl
Expertsystem - Misura 3/32 - ) s egdhs olKws
Voo oga b 561 sloo 5l ndigas adS .o oslaxl (ODLT
Sy90 4y ol il dz 50 VO Caeyu bl Xl ax o
B YO eogazme yo (Gl blucdl oo 0aiis 5 )18 Giole 5
Slge &yl blasl cups b (3135 ol Kl as o Fe e
G5 o3l Cebls s j5b 4 S Sl S SIG gl
ool 050 gl Slge ,o gyl Jlade g laoST g45 aziilas
Venus ) X! asisl Gl ,eld olKiws G,k 5l (idep 5
9051 ol 5l ol (s 5 UT .0 ees (100 - Philips
LS Y 992 ) (G339 2o yo o ) adsl Slge 51 S50 (6l 2

Sl 00 ol

S i y0 aS adgl sl SG ols )13 gL L el alS
Skl 5 00 005051 (025 500 & Ssl s 5 (S il
2 PA 5l) wb el oS 5 ocs b il adgs

el oo ool HLaS ¥ Jga

sl il LSlen) @adgl sl b 2l (ol puitne
(Y55 ol ol s 5 (5 il S5 ot LSS
5955 4td @l 5 At mlis 5l (S5UsS Glajesl 0d (rw
o et 055250 )18 aslllas 590 alllo (b 4 G0
) boreST pl el gie 4 4295 1 CAO/MYO saige
2 5 sl (85 B o b (g ol Bus g

o ool s iy

g (Bl aas 8 lailiwl O G ol xils -
Sgs 5l way o laslinl oles ploeinl sls -
laenled i b ekt 5 ol ), Ll 2 (s -
Sgs salS way yo JBlas ueb, blus! sls -

Sosk sl (S35 2o ys (n ke sl Ll il -
S3 Moy ppeS g (Mlaygs g gl wilen) duhe
31 35,158 5 coilj aiilon ) pae (5,5l slajlé

Ll Sl Sldes iy Slidss o Cal 53 oLLS
Ll [1¥5) Pl ofons alnil alRilejl S Sl sloo 58 )0
looysS ) ladiged (aleS (sl (51> Slbes gkl o
o0 el Gadg Ml Il o g (ke @ e S 55y,
Al la St a5 jebles a5 ol QT pladl cpl Jds 0gd
JeoSS pac (215 slaains o glladl plys 59, Lol e
~iole;] aid 4 g - doe g cale cdlad ploul doxl yo

Qoo J:u 9 4.J9| é',.u Olasine - Jju\.”

a(400°C)x _
oaips LSS sba e 10 (l) Cou o K, e Je oole gy
G

Copgle — CodS-CoggSiue — 3598 VIAD > 125 e AL,

S gSame ~ eSS = 3,195 viby gy sl osed sl B,
Sopans Sl —Copglle- CondS — 5 )lsS 1A o9y S Olden Cedgidy
el - 55,168 AR Ads ol wbe A jLwals
SopendS el - Ko - PS5,/ — 55,198 Ao¥ 0,5 5 ooly] B Lol
AV o ols) panlS” Sl S LT ole d

(20,0 AV pel>) peds ©lo = S oLl b

f"'ﬂ"“‘ls

2915 552lS = ol - S T - 5 : e oy ASW
oSl —cu 5 -6 - $3950 Sy BSIL

1. X-Ray fluorescence

Y-VA(O) IV F+Y Lo dlge dlmo



e Qalio 51 oMl b o pow S5y 53 100 (oW S (e olgd 9 )l L 2 CAO/MEO Cud 156 (ow; 2

XRF 50T olwl y adgl Slgo ooidd JuSuitd oo S35 a0 yd oylgie —Y Jgus

SenS1 (S39 e
ools Si02;  AlOs CaO MgO NaO KO Fe03 TiOz %LOI
A, SYIYA VOO YIVA <AV VEY  YA0 VPO <IYA OIA-
B, FEEA YVMYY  <NA oYY <o YJAE VAY o/va OIY-
gy OMEY  \e/¥F  N/8Y VAL oYY VA VEA A NER
Ajlewas vaeY NQIYY YIAA IPY BN Y Y Yy YTb
B,Lwals FOIPY VAF  VAY VY. eJAe 8FY VAe exe YA
BsIb YooY YYYY XY YEAL <N VXY ARD AT VIAF
peedS DL S T U VRS R 0O N VR SRS A RN\ 7 SRY Y S A 0 [AT
wl ol 50 adgl slge (39 woys ¥ Jguar
: adsl slge (S35 oy
b sl
‘ AL B,  Cosm Ajlwal Bilwald dsolos ASI
oA v VY A VY V) V) Y

Gl bl ccmmlbin digad fputd Jlae 0l 48,5 S5
blal oo s (ol Syl bladil co 0 b (5,6l slajld
S lasbiwl polie a4y Soo3 ;fl Gl oy g u—‘-‘l‘ G..:}.!a)
5 &9 1 5l oad aB b slediges Dlasein f Jgaz j0 05

Sl 00l ools ylid saims LSS dlge dus o

MgO iliko aslin s diges cslus

Sl lS Sl S bt 5y 53 (e ]
oo,S Alal b F Jaao gl diges (5 —w S £La0/MgO
Ca0 5 Ly Jlaie 5 (Ao yo YO 590>) MO YL Ly
S 3l alizre gloodgamme ol (a0 4y SG03)
Sy e 50 @it g il _wy) sleslas, 9 CaO/MgO
3o 9 digad oaed Sl sbaST S5 9o j0 09 oo
el 00l 00ls Lz O Jeuz 4o (R) CaO/MQO s

VIA(B+) ¥ SV F e L opgi Slge dloxe

Mo i L eogzgo addsl olge 5l oo aloseel el
Slos—uST slooassS” (ali Koo (03l 5 g olse
ol bajeal ol >hb 5l Ban as 1L CaO s MgO
2l s alllas 5 iy el ol Pl 5 sl
b el S sl 4 il SSol ol o yriie
NC 2,5 ol IS 05,5 ams @ 05 (oo 1y 58 o 00
Sy LB 5 el Slip)S e € (Sl S e gy

B I 5 pends’

S’ DL ,5 gl (pmnd

Shoslaul jlade cwlis 00gums cailivn 5l (6 )l jo 4> )31
G Ol Ll Lo a4y el oads S8 S 0l S
wole ol gl ol g aigy Jlade o gy (ipgh o )0
VO VWY ef e iy awaT CY 4CY cCY (NC (sle aigos
Ol e (8l o Al (1o S Ol ST 59 das e
ol L de s g sagby bluwl as s ¢ gyl bl



db&oﬁ:g@l&

oy >y (b sl )5 adgl Slgo 39 e y-F Jaam

- gl dlge (39 ey
= Ao, Bov,  Sudgin Alwals Bilwalh  elSolys BSIE
NC fv VO \- VO \'Y - -
\ o VY q V¥ \Y e -
C Y Y \Y q 'Y " \Y -
Y A VY A \'Y ) V0 -
\ t-. \Y A \Y V) \Y A
CB Y Y4 VY \ \Y AR \Y A\
Y Yy AR \4 \Y AR \Y \-

Laiges 3o CAO/MYO i g ouidd JuSiid suwnsS F39 w0 yd -0 Jguz

RO P TI

J'.:.J Si02  AlOs CaOo MgO Na20 K20 Fe203 TiO2  %LOI R
NC l4dAtd \#[eY Y/-Y \ VIV AARA VIO¥ «IYY ZINY Y/-Y

\ FYIVA \INAY4 #le ¥ \/- % \IFY YIVY VYA <IYF AIYA A%
C Y OAIYY AR /-4 \VARS \I#Y Y& V/EN <IV¥ NS/ S VR ¢
Y OFIAN \YIVY ARYIAIA AVATA \/FY Y/ag \IYY <IY¥ ARVA R VARY
PA RYAR VF/f AN V/OA VAN Y4 VYA AR Ve/oY  OIYY
\ oray VY/0f A YIXY V/OY Y/A¥ \/va AR VSIVY  YIAY
CB Y INZAYd \F/VY AIYA Y/va \/OY Y/aN V/Aay <IYA IRVAA R VAR §
Y INAAIA VEIAA AIYY Y0 V/f4 YIAY YO <Y Yo/ YISA

Jle 0 oy adScyul Sis ) L ios Sis el
s ey (Sacmi, RKK-2070) inio s s, 058
oale Hlas ¥ S j0 0,85 S jo beaiay Coy a2 Jloges

] 00

1200 4

1100

1000 -

0
=]
=]

temperature (°C)
(=)}
(=}
(=]

0 11 13 15 18 24 26 29 32 40
time (min)

Ldiges oy 4 > yloj — Lod Hlog0s —) JSCi

4 0ud (et glacend b gl 5l Sy b 1 ey
G5 e jladlyy (ig wep0 Vg ol (Fig weys e ol en
S Ll Gy sy P eels L (STPP) 'laws =l
Sl 5o )l wad bolue K0Sy b aliegll slaalgls
& (Ceramic instruments , Mulini Serie S) & ;.
(VY Lo o aslas] S5, 1) -0 005 Qo y0 4y i,
2150 (6 el S alwgdy o0l oolel slacslegs .o ol >
Qs JgilS 4 Jas (Gabrielli, SD-80) aKibe;!
5 el VF Cae @y 53lusm 5l o iy 51 Sope JgilS
2Eiolej] oy olfiws 10 o yd & ol Cushb, 4 o,
~aa 4 Jos (Gabbrielli, 70T-semiaut. 200 bar)
alased 5 oy jLad.aiad (Fe oxVo) F-MM) ol b pls slo
5 a5l S ad wlas L V0 oy 2 09wy
Y Sae @ oL, Ktle az 0 V) ¢ sles b alBilesl oS St

L. Sodium Tri Poly Phosphate

Y-VA(O) IV F+Y Lo dlge dlmo



oo Qo 51 03wl b o po S5y 53 100 (W S (gl polg 9 Ll 2 CAOMEO Cund 15U (o 2

o Wad jgabse ooz ol 50 5 (g)le o olKius o el
5o cele ) Sae 4 bdiges alS (g ke o oo 5l zg,5
B (6 S ojlal oy T Jobo loasme g i (5,l0e55 35U sleo

s sl (V) bl ollas braigas ysby blasl do s

D, —D; (Y) akay,
Dy
x 100

s, bl aoys =

Ot 4igad 58 D1 g (g p9abe 5| g aigei S8 D2 (T 0 a8

el iy

als bl yoead JSis ol pwyn 5 e Sl
Philips, PW )X axal _3ly oKiws I daaiges
Jade s sl eimmen .o oslizul (3040/60, Cu Ko
3 ladiay [0 ead JoSas slajl 5l Sy (g duoyo) (oS
solazwl (Ver. 2.33, Rev. 1.5, 2010) Maud ;3 » 5
Tabg oy GVl Gby) 5l (oS Jebos slp I3l o cnl oo

S e oolii

an)"l oK )'l [F¥RY o> ral.iz.w" I)LxBA oy Lgl/.g
Olee s oolizul (Clave - F-800N) sl alais aws conslss
(¥ akal, 51 ISIRI9169-4 & sl sillas o oivas oslie

3FL (*) akay,

° T 2B

jod.Lal_éL‘(N)omoJ).‘cﬂ QM¢)|969;;FQ1)QJ
dhio Cols d « (MM) ashad oe B (mm) el b
el w905 (NIMM?) _2s5 Canglie O 5 (MM) oS

10 dploes (F) adasly 5l oolaowl b ey ol ooy

Lyl x100

%S, =

d
g;gj_\,“bbij(mm)awmgjijdQT)MS
Sl (MM) @905

als’ al LSas slojls 9 ol sleg; cvsliv )y
Vega Il ) 7oty G9l osSns Son 1 dadisas

T Jemd (s (5397580 8sg S 5 (TESCAN
10 o asu ladiged .o solansl (Mira 3, TESCAN)

1-Scanning Electron microscope
2-Field Emission Scanning Electron Microscope

Y-VA(O+) IV F+Y L opgi dlge dlxo

oanlin ¥ S ;o Soleds job a ls5 o | 0o ploxil Jol 1o
o,

3 lasliwl Gollae « baiges adS ol L duoyd uuns (glp
Gide A L 9 NS 39 lal e 5 e ISIRI 3994
o 3 D5z J 50 Sl sl ()l o olSis yo el ¥
BLol Olasas g abgé case oo bl o celn F ow 4
 oah Sid (g pabst olaj bl 5 o dbdizel oban
Ay e latiges ol iz woys N (jy Ladiges

T 0 dewle())

M, — M x 100 )kl

ol iz asy =
my
diged o ML s o 5l zs > 5l o Wiged prr M2 Gl 50 oS

Lol &3y 5l

gl el Lo e
\—r 7/
Sty Cpm ol dy iy 33 Sl gs g
T
] -
STPP/ B=F Um g 4 O J

[ S5 A S Il g s

( AT 15 el Sl ealil LI 51 S g

.

[ S el b s 43 010 5 ]

}

H;é’;i(.;’)ﬁo&_-ﬂ)uh.j’"}f‘j\—): J

}

[ o Nealel Lo S ol 1

I

[ SRS 4 e glan b oS S0 o G 03 5 S

'

[ RIS Cr =, ]

p

\

N

/

aiges e bo Jol po Soilod —F JSb

S ailinl Bllae gl blusl as o s Qe.o)'i plel o
oy 3l am laaiges adS Job i Jee ISIRI 9169-10

Sygods el T o 4 ldiged (w0 (5503l

3-X-Ray diffraction
4-Rietveld Refinement



Intensity (a.u.)

Ob&oﬁ:g@l&

5edss ke gl 5 azal |y Sz gla dsdss cils ol
5y Al e 3 00 S5 Ol 6 S5 Lo & 55
bl as o jals 0gd oo jandin bl 3l b 4 diay goad
CY 5 CY wiges 30 50 pundS 0l S 0o y0 i0l38l Ly
Wo@lngg;oygyogNCawgw
gl 40 Couy pldil oo ol Bl Ll el diged g0 ol jo
@ lgen |y S Sl ,S iol3dl 08 e CY @ cs CY
o525 g S iS50 09250 CAO (5505108 s ale
s CF s o o 5o s Ol 58 (5 s oo
Olime Gali8l b olie 58 bl 3l LSCas oy oo Hlaiay ol
JSizs b ol Lol o ls aslsl 55 CF igai 10 pundS il )
B b?’“u;q L{bL,L’Z.L?U c|) L)M A 90 ul.\.a )lﬁ él.i) )lm
zo Ol Sy anld e o ead LSS bl A
blasl g 0,5 ol corgo aulgs oo g amdlas | winy 3l el
Gl aigy azetiye [IV]aigd dias )68 S5 > b g
o5me CF digai 4y 000, LCY 5 €Y wigad jo iy (5Ll

St

s b olgise |, CF diged 0 oads S5 Ol 56 lads
Gy 50 ol 3B oS coll 5 susb, bluwil ws s polis

B Gl 0gh e Bygal add & bas (b Sy 5l e
Ol sk, bluwil s jo Gialidl 08, YL cels diy jo i
Cy 5 C) wgas 55 0 ugb, bl aoys [Alsgs o

Sl LSy

JSs 50 CY 5 CY OV NC sladiges X axsl il 555!

Sl 00 00l UL....: Y

Q Al-Albit
[ W-Wollastonite
Q-Quartz
D-Diopside
| G-Gehlenite
An-Anorthite

yAn . DQ QQ“Q Q ‘ Q

) "o TR ) AN o\ o Moy (Ml

¢ gy il /[ r‘u.v' Wi g W Mgl g b e et i iy
A/ J ; / M | Vi, o ‘\'
et ot et Vi i iyt | R Y vy

W AA N f X a A

I L Wia AU )
AW Ml Ve g W el Py

-
-

o A
PR L™ |

" Vi o A
iy AT - Wl VY ke f

Al Y

LA

Vs A i\ A
L A ST R M2 5
R Tl \A‘ !

kit Y Wt ke VA et o " iatpietin T

)

2 Theta

20 30 40 50

Sraigei g NC aigei X axisl il 5o - JsCis
Cogys

'

4 Olehd e alade ol o0y e die YoxOXO slal
YOee gVere NOee Voo dAee o)lods sloooliows alensg

S35 20y B Jolome jo ablie ol e ol (lio DLS
ools 158 eolel g o AL A ARGV TRE VRV N L PPN WSV

Wb gy Soe 5 50

oS OLo )5 dlagy (P39 oS (rdd

Sadiged oS SloyS lp e (Sg S0 )d e
S3 e V0 g WY F e L sa Cr 3 Cy Oy NC
iy o] i gl yges] gl a4l peadS Sl S
2 ok, blail s ys 5 ooy pliilas s o 5> blul

Gl 00l o0l L)L“'J ?JB»

bluwsil < pb ol ©a2 sbaysosl @l -# Jgua
Rk bluwil ao,s g cony (Ll woys o J)l >
C es)f 9 NC ‘Sl.bda'}w’

Lges
o905] NC CY CY cCY

N FURCERV AR+ AYIOY VOV VEIVE
a(400°C)x 106 (%) VIFA  VIA®  VIA-  ANY
oy plil oo,y VNE GNY L YE L)e¥
A R IRVASRSEY PV SRV L Y A PR L VA

NC $ges g o oanlive Jso ol mls 5l a5 jshilen
Ve D Hlas L5 cenlio g o lastinl ol Ld> s, sl
b 58 olas vgeS” Loy el ol e e (oo Yo i
Jods s a0l B s 50 S Lo S5l solail pas
ol o T 0 (e amst )0 5 oo JuSas A5 jud o
30 pedS Ol S Sig ey (e GilEl b Lol e
oole oyl 4325 5l j0 a8 ()18 0lge (LY 3 CY OV (lodiges
oneis 5o 5 458 Sl 55 )35 e sl S 055

[2] Sgd oo obj gu,ds 4 5 ol i asys

e 50 &S abl a0 Wb s LI Coy oLl v o
iy LBl a0y Yyane 525 iy " IS 5o el 5y
Al 2oy ) Gl S Wl s (LA sleaia gl cle
(22,0 VNVE) cel (g0l Luns oy olaal llo NC &g
oolisi | o3 5155 Jaia (355 05 Slyicsn s ol ol s
Loy &g o (Das) cuils adgl 1wl jo lacsly S 5 09,58

1-Deformation

Y-VA(O) IV F+Y Lo dlge dlmo



oo Qo 51 03wl b o po S5y 53 100 (W S (gl polg 9 Ll 2 CAOMEO Cund 15U (o 2

Wged A Comd ;S ol31 5155 shls CYaiges (o kislug,
oS iy 518 5 OV Wiged @y s o9l i a2, NC
55 diged (b ()l blal co b 9 CF wiged & s
Ll ol 5l 50,0 CF 9 CV (sladiges 4 cund (5505 oo
ol Pl e ol il llyd glls 5
blasl ao )0 55 g ol wds s 0wy obdsl s ,s Jud
4 S (50 Ll pd Gl ggeme )3 iges ol )3 (Sugb,
VY 5l 50 bdiged plo colo 10 95 ced 5l 09 ddigad o
Cawd 4y gl a4 a5 b o oolainl endS Slo S Sig 2o 0
oo 9‘9,{») L;wls ol '..1—| ol JJY«) LY Cy Agod o]
Aoy eS Susb, bluddl asje (ol Sl bl

MQO aibw sol> aiges b aasice

MQO sspe B SIB G359 suoye il bowg S ol 4o
&g, CA0/MQO s ams 45 g ialpdl bslo ,o 39290
doyd g R CaO/MgO G lade ojls alS
Sl 685 el oaal 0 Jga> ,0 MQO 4 Ca0 slau,s]
oo ools ylis oy FUSE ,0 CB og,5 (sladiges X axs!

Al-Albite
W-Wollastonite
Q-Quartz
D-Diopside
An Ge-Gehlenite
Q Al c Q Q, An-Anorthite

A Q
LAWY Nt Wil ]
W Y { A AL TL S
L/ CB2

fiv |
I Al "\ ‘{ II "y \
{0 W V0 i i T W R

ab Y
.
| A

.1 'y, Al Fna N J
#&”.\/'._f VY i Y W Vig' i Sy " WY g
T

Intensity (a.u.)

J\ i\ \
Yim m/" Wl Yo" Vg i/
\ )

20 30 40 50 2Theta 60

CB 05,5 saaiges X axil il 5o5II-F Sl
L o5 RietVeld (i) 4 o5 09051 @l Vdsoz 5
Sladiges slp cnl oas plxil Maud 1580 o 5 51 solal
sl 00 00ls L CB o5
39 ol JSiS g3l (Jig wuoys -V Jgua
CB ogy5 sboaiges ol jslwy,

Syok B (9 o)y

dgad )55 Soysil Sl wlass culy coisialy

CBY YY YAD YWY V0 YN

CBY YY/o Y-/A Y VoI YIY \

CBY YA YYo YY Vo /b Y AN

Y-VA(O+) IV F+Y L opgi dlge dlxo

o el Sy el it iy oSl 1 oS ppboiles
wiy Sl NC wiges jo .l 35155 4 by po ladiges aon
4 a5 |z el dwgad 985 4 Sz g lSlog ) Oy
ouijlo adsl olge )0 a5 ol s 55,158 4 bgsye slacsly o
sk U 55k 51 S5 s R0 e S SIS 97 5 ]
Qe plo slaiagh ;0 4,25 (ol aline 0l 9529 Sy
oSl 05,05 JJody £9.540 oyl [LI\] Sl 00l 0030 35
FilsS S8 4 g Lo, 4525 5l am &5 <l MQO 3 CaO
oz jlapazr (Jbiws 5 slasl 003,51 3529 4 iy )3 09250
S o B35 |y oS3 5 S S0 edimngins
peedS SliyS S35 wops £ glyls a5 C) wiges o [10)
Cagy Ay o Seds 5 LS 5l aladilis g pas 4 (ol
BY=XV/PY® aygly o 56 ol eSits 4y bgyye ol Sy s
a bgye ol Ky od D03 rimed el o a3l
NC wg0i 43 o CF wigai ;0 BY=YF/5-° aygly o 55,165
ke (A0 o il b 45 dy o S5 4 sl oS
e 00,5 o820 waz lajls jsks 2STy o 518 5
3B aizen 098 o awlS LSl [0 35250 oI5l 55165 lake
B S el Sgo a OY=YVIOT agl; o o]l
Ego50 Q.3| Lol 00l ),aUa' (A|2(Nao_34.Cao,le)Sizog)
sl ) cldl L3l 1o eudS oo ,05 3985 sazas jlis
S 5> el el SOl Lsiedl] LSS 5 (pao
P55 58 4 bgrye oSy (g 20l LY Wigad 3 by
2 bl Sl sl 00,55 Gz 5eis € el 4y o
Codi 3B 4 bgrye Sy (oo 905 L) 5 CF wigad i
S aleailis £a,5 b olen ol 5 ool @il iyl oS
o9 opl ool BY=YV/IAE® woly jo cus,gl 5B LSas
Ozt sl o yoil s il s 0o Sl oo Lt
Syl & 00,8 3gis ol il 3o 50 (65 S
4l (Al2(Nag 75.Cag.25)Si20g) <o Ji S y09aS giun]
e 3l JoS s )l 5 00l Sy il S
~ Sy g D0 CF g 4y bgy o il 50 [F] el s
@ Lol el atils g5t L2alS ol3] 35,168 4 by e sl
B ol band e JS0i5 Gro Bl Jlade cnl jalls
St o iz ekt o Sl oyl e o oy
4 Sl s Wy g ot samline Zod)gil 5B« by
SganS oty iged Sl o 50 el atilas i o g5l
oo fSas glus wlayes 5B MgO oSt jlaie

Iy sralead

539 220 VY L CY dgei connl Cowsts s 4 azg5 L
Ll 1o Gbll diged o e Glaie 4 eeedS ol S

1



oy Ko g &=ls

—iiSly 6l (St g (Salnoge i Lol i S ol oo
Lo lajle plo b g Cadgiua¥y 5l dl gl )8 g ye slo

Dgd JSas aslgs e

14000-
13000-2
12000-
110002

80005 Felo
TLa AlKo
NaHa

CaKg
CaKa
KK Tikp FeKp

KK§ TiKa  FeKa keV
T ;

Kot

054

5 10 i3
5T Na2O MgO ALOs SiO: K:O CaO TiO: FexOs

Sigaess Y-8 AWNYY  E/E) YYAY £/EA YYIYY -NY 4MA

34UT of yor 43 CBY digws I FESEM s guai -5 S
ol asine an>l EDS

B Sis lSel g oo sdwline ¥ SE s a8 sbilen
A JSe 33 8,00 5929 S102 3 CA0 1S o 5l cdginYs
poas s oo olis |, CBY wges 5| ahaiio 90 SEM g0
aseine) ol31 5519S s jo Lieas el SO eaims ylis (Lall)
5 o8 USE g obal b 5 by ol 4o a8 ol (0 b oo
075 odimslis (@) A S oed g0 il alie i
S5 35,095 0,8 S5 (59, p Cudgin¥y SzsS sla sl JoSis

ool CBY oy o

09,5 (nl ladiges i1y (o5 905l pgas OUSE 40 pizeen
Sl 00 ool ylas Maud S8l sy

Jd |
! |

00
2Theta [degrees]

by 4 Maud i3580 o 55 oS 5IUT 5190 0SS
CB og,5 slaaiges sl Rietveld

s MO 555 woyo (ualil B UL 5l> (sladiges 5o
@l JESleg 5o wlagmo 5B (taliil 4 2ie L0 als
s MO oaiiS” (sl e i ety Wil b gl po 0y
Syl 5 3515 (S ey GhalS 4y e ST ol o33
slo,os CBY wgai o & Jo FESEM pgar o 0
03,508 cslabe 5 55 Loyl (LS b el 52 ke

BB 539 a0y Gialidl b ogd oo ovnlive ' Jgax 5o
Jebs & gsazme y0 (Jg 0yl (alidl aig ool 56 St
A SIB dges b awslie ;o Ca0 4 MO s il
Ol liggs 5B g il als eyl 5B G55 ey
il oIS Sl 5SS s heys mizpad il Bl
Lol CBY 4 CB) wges 5l codl ao)s oS el
Sl )0 S 3948 cnims lid Cud el woye i3l
2 Sedl Gy weys el Sodyel a4 ol b g e
39 ey Py Sl ol Loyl aged aw o Sl
Sl sl &y, Ca0/MQO cos pals L syl
GBIl Bl Lo &5 51557 (59 e yd ol Wy (izeen
2 5l Sy S a o IS 4l i 5
5 Ca0 35i 5l cos gl JSas g ol51 515 L Ca0 s
osds alowl agsl sael 45 Syrge Silimgiagll L
8,5 )3 0)Lal 0 50 5 (B o aghy 4o a cnl il
A s 50 1) Coigia¥y oS 09 [N Y Fo) 0]
4 as C’JQL:J u;lt' Ao loges yo CaO-MgO-SiOZ @.U
Sl a0l lis Gl ce 5w el a0 )gl VS
3990 (S Glej 55 slalogas )3 oS> Jolas 4 (o)
979 by Crl oo el B GGl e Sy ]2 50 g o
ol (as yw SOy Do 4 ladigel A pol> Buasd (o ol

Y-VA(O) IV F+Y Lo dlge dlmo



oo Qo 51 03wl b o po S5y 53 100 (W S (gl polg 9 Ll 2 CAOMEO Cund 15U (o 2

Sio,

Two Liquids

~ — — 1600
~ Ca0 MgQ Si0y"
~2CaC Mg0 2Si0,

o ——
1800
—1900 —
= oy ——
— 2100 — -
—— 2200 —

Periclose

407 cpsleV
6
30+ : -QFO MnnSi Au ical Fe
T m'uﬂ Ay K Ca Fo Au
|l 1N Lh 1\‘ ! : ) ‘ ‘
2 4 6 0 ’ T

ey Au Mg AlO: SiO:2 CaO K:0 FeOs3 -\gnr‘ Au Mg AlLO: SiO: CaO Fe;0:
S3gaed YFNY VY N0 BFIYY Q/PY FIAL  FIVY Sigaers VYAY TIFY  UYY YAYY LY/EE VT

Jb 50 Caigiw¥y W ygls (©) « o131 35,155 yobs () .CBY aiges I EDS 30GT of yor 43 SEM y guas —A S
SFleS 035 89y » S5l

VoIA (D) IF Y F e g Slgo alons l



Ol g s

Sl 3BT 695,85 rals s 4 aS sls sy Jleil oyl
TS 25 45) ke slags 35a5 (MO ol jlade 51 56)
Sl sl (AP SI* lagg b awlie o 55 oYL
Qb 00 2 pealS Sl Conw 44 s MQO 51 2 518
3gis o 4y Ylais| 33 codygil 5B oy alidl [hy]
IV ol e asginaglT Slie 9,0 4, CAO 51 YL on
o Nal o 86w 5,90 40 Ll it cnl alice Yo e
Agad T S0x0 Olidlazmas o g GIS...L,.,W}!T olde
oolawl l.a (S’L”)SB ) GLQAJAJ ‘5’>).r S99y » YavYA JL»J )
plaml Soo iy it slagley g oo jo (Sl axdl 3l

DYTss )y 25 6lologei wi

CAY 9 CB\"AS,AJ SEM P - SCS

3- viscosity
4- mobility

Ca0 s STy 5l Ygono Cosgialg i olo a5 jghilon
(@) A USG50 00d o0 dlonl alay ;0 dgzge Sl51 55165 4
Sl )3 0,8 Sy 0)l920 (59, p JeSiS b o0 SzsS sloS sk
Jolo (g0 301 4y az g5 Ly a5 gl o0 odaline 35,165 516
EDS b1 .cwl cusginYy 56 4 by Yl « EDS
oals ool lid palal 1 Sy p) H0 b oads (i 3blie

L amslic yo CBY wges 5l ahaiio A JS,0 SEM jy9las
s a A S (5l by alie oS 5 b 45e0) CAY
A Caol Gl saims ol paal ams e plis (B SIG
Cmnd (6 5 o i 3B 2o 0 sl CBY aiged jtzluss,
slazdss slls CBY wges jtsls .cwl CAY ages o
b oammd olis aF casl CAY [lisle 4 Cas 5505
7 et g BRSSO S5 5 aned 5B s
Ll 5 9z ge sl il aSiyl yads sl lagyT 51 YL
CAY wiges sl 55 a5 cons 5 58,5 slaad l,ls CBY
i Jedoay CBY Jllogy) 5 (S9ndS (rizren ol

el G S9i5 9 e (B9

L as (F U5 ,0) XRD (031 5 aej Sy a5 b
Ol ediges o 51l LSas lade wnl blie annl
Sladiges ;o aiud B ke .ol i CA 09,5 5l wg,5
5 el in CBY wiges 5l 5 LuSs Ls a5 CBY 4 CBY
s s S (5 st e (1o CBY &g 2l 555!

<l CAY diges @

Lol J5ls 0 MOO G55 s yo (a3l s oo 5l 4
J3ls o Ol B Ll 4 e (g ygl5lS ps sl
FUPIAR 00 ISRPSERCAN IRV IS OEL O A1) o IRCH PR FEE T
sl '8 by g5 Ylaiol ol i 56 052y il
Verr Vb los Al i e ST 5l (28518 1L s
W Ol D98 oo JoSis Clde 585l glagea ol Kl az
b obes 3 08 o 131,56 al y93 B 590 (5550 wiilen a5
iy [10] Ca0-Si0; SiSsg 5l Jol> Lo e
S5 R cels sty 5l Jels Skl
9 el s il olie 3 g5l e ebed 50 (VY]
Ol S oo s SiSIL plaiel O g 4wl 3 aslsl L
So,5 Masl o 1wl oo 3l o1 o Sg Jols 45 5
FUNEEI VS ERY R SRV L ERSPESCE IR AR
el 5o el Glie slajls Koo o 4 o] 5 > s MO

1- Viscose flow
2- Viscous fingering

Y-IA:(B4) IV F+Y oo dlgo alzme



oo Qo 51 03wl b o po S5y 53 100 (W S (gl polg 9 Ll 2 CAOMEO Cund 15U (o 2

130003

120003
11000
10000
90005
80003 Felo
70005
80003
5000
40005

30003

CaKp
20004 CaKe,
10005 Ko KKp TiKp  Fep
) KKd TiKe  FeKg keV
- T

T T
-] 10 15

2w Na20 MgO ALO3 SiO: K:0 CaO TiO: Fe03

NaHeo

GIgaers £/30 WAL Vel Voi WY YAY ./eY MY

3GT ol o 4y CBY aiges FESEM y a5 - 1Y St
ooy i 4x>l EDS

Slp Lo Gualidl a4 cas dblasl wo o jloged VY IS 50
ol 00l ool ul....u CB oj)f Ls‘.md.;}o.u

0.7 035 w
033 1
06 18 _ | )
Zom ‘
5 0.5 | 2oz Y
L Bow ! ‘ ——cB1
c
o 04 4 ox o o C o — CB2
2 360 380 400 420 240
s Temperature (°C) ——CB3
203 4 530
=3 I
i 820 4
0.2 g a0
& 7o 726
0.1 5 g8 | 77
w
1 cez cBs Pa
0 T T T T T T T 1

0 100 200 300 400 500 600 700
Temperature (°C)

3 9 Lod Cond blucil wsys 50905 —1Y S
—digod jo ol il 4z j0 Feor sloo U )l o> blucsl
CB og,5 sla
o pd adgl olge (i oy 8l e e 098 5o
tls 5l blas! oo « CBY 6 CBY wises 5l ol
087 ke Sysk slajlh cute I Lo 4 a5 wle

5B 0L RV Sl oy B o ..\.,L.,..,yo P) c,‘..,.?”.ﬂ

VYA (D) IF Y Fe ) Lo g0 ale

weight %

25

20 illite +

chiorite

@

dolomtte

3% g0 700 800 900
temperature °C

1000 10 2 4 6 8
_sookinq time h

Ciliso G315 (535 o yd Ol padi 510905 ~V+ b
a5 1o 0+ glod jo (yid )8 4108 yloj A G
Dy lof Sossle

az 0 Vee ool il azrin Ve S 0 &S jeblen
Cesgia¥y g Coid) il 20 e8] sl am 4 ol Sl
QO G,y 3B B aady Gali8laile Gy je caslidl aig,
ool yo g anils dalol ol cuds b ol il axj0 Vo0 gleo
welaizl g o )l jo diged (38,5 130 oo caals aig, Leo
gy 4 plized Coigialy 5 sleynd (o ygil (IS Sl
oy aaglyd o Lol adyle ul ) s j8 g ools delol ve5  Laul8l
)l S5y gysk sl wl;y sl S pley &5 & e
— Sam sk S 0 pamye welgd il ale JlSlan,
MQO iy (il L as Jlaxs ol ool b LYYV L
Sl B s yd oSt cpl 5l s Slie 58 CAY &g 50
Ooliz asl anslas 1) (Clw 5B 51 55 ailsz) sase ) ails>
L MO 5l 2 Glie 50wy oo Jlai ey e 83 51 590
S o8 I 5 o S5 2 355 el et 53,
MO 5 cul snile (Bl abais lon ,0 same 55 aly> (sl
S o il 00,50 a8 b wlas gy 3B LSis o adlsl
S el 00y 4285 CBY wgas 5l oahaiie SEM 5051
S JBs s ol 5 ol yer 43 Yt a5 MQO € a4l
olas EDS ;JUT ol yor 4y conis R YE Ll )0 g 8,1y Joddse

] 00 00ls



Ob&oﬁ:,@l&

N
=]
|

0.14 -

0.12

[
©o
!

0.1 -

=
co
!

Water Absorbtion (%)
- -
o ~
. .

Moisture expansion(%)

>
w1
!

=
&
I

CB1 CB2 CB3 PA CB1 CB2 CB3 PA

s 08wl 8 lasliow ‘sl.m‘;,,.oﬂ FaTLV2 I ) N U
w0y 9 Ol Gds wwoyd Iyl bluws! (glalaii dw

Hob) blui!
& S 558 plSinl sas ggaze ;0 CB oy 5 slaaiges
Lo (39 %2ys 4 4295 L (s d0e (nlod)ls laog 57 ple
celie Gl [lSlog, U3 0 wlss 5 <ol el YL
—S 5 95w (P 97y el pl e oS oo Jlasol s
Sy B4 Geizmen aBL Lok o iSlen) sla
Sl 920 (Fi9 w0 )d @b fdo 09,5 [l (sladiges ;0 plSoil
sladiges ol LSlan) 0 e (rl (o2al5 &g, 5 0092
Ivflasl s ploial  als el o8 ol
@ cugb, blusl so,s 1)l ggee ;0 CB oy 5 sladiges
Yloiol ldiges cpl YL osb, blusl asis oYL o
Jeslagy 5o Sy 5l g ased 5B (VL oo 92y Sl 4
o 4 Yl CBY wiged yo sk, bluil s yo cél el
] S 58 oeals
T iz Ll laaigel 415 Wi e sunlie a5 jshilen
s (0o, Ve BV ) Jles A6 slaasay ojlastenl
5 CB (sloog ;S (sladigas jo a5 (39 2o po Sl L
s ol 5o ol iz aoye do s fad a5 i
ol o YL ugb) blal ws s fiizmen il 108
St 5 iy 5 i 6 S il 00imd Li nigas
<l Qi as )0 0i)ls baiges susb, bluwdl 2ul38l o ool
GrSejlal glas Lo 4 wilgi e b CBY Wi ol L
e Lo digal cnl jo ased b as asl Lo cnlar b s b
Gladalss o laiz g oads dtuy lo o ad s &
sl 08,55 3985 Wi ls O izl s ol i aSl
Sl Blasil g 2 00565 Gl CBY wigas 3o o 5o
sk, blasil ao)s 0 565 Sls digas (nl (izren ol
9 wey® e 4z S| Sl 095 (nl Sladiges G 3
L Ll el 565 CBY wiges 5l Sl diges ol aste slo;le

50 5 Sedly sllasl 58 5l g S (g e pe GRS 4 az gl

S dleoges 5 Gl blasil copo aals e ool
a5 ) CBY 5 CBY wiges 90 c dunlio ,8 .l 5 iun
2o, ¥ ocud gl CBY wiges jo .ol o b iy,
5565 Sis we s B wleyss 5 CBY wisas 5l 2ty 55
Gl b i ol e bl el sus a5 CBY
blasl oo 5008 ade wlaygo (2al5 56 » ood )l
Wgei b amglio o .l aily ol CBY wses jo g)l,>
Sl peS ke prils o 4 CBY s CBY (slaaigas carly
Ll aiias 5t (Sl Blasl o po sl syl 51
3 <yl 5Bl aply Loy i gl a5 CBY wyes
P flar 9o (S35 weys s 4 el by Wiges b asli

Sl 6508 &yl bludl oo

3 ylaibiw! ‘sl.bo,.oﬂ W

Sy 5 lalas an e alSoriul o bl sloge; gl

00,9\ Y St g A Jgoz 0 ladiges don (gl gk, bla!
ol ol e el @ azgi b el S5 LLE el oas

Sb a3l e s 5SShe iy Cds obml gly gl
e Caaglin (yaeil @l 4 4z Lol 5155 yee
aib ;5 1S010545-4 s skl b CBY 14, laaiges
I8 (e yresbia p 3es VO BY o plSeul) Bl

iy

baiges o Cwoglio —A Jgus

Agos CBY CBY CBY PA
e UONROY VEA VXY VEIYE
(N/mm2)
Llsl as,o
N N P S P
sk,

Ol Cd asys WWEY VYR VAT VYYD

18 - 84 -
N
= 16 §.
E g
£
= f S
T1a & 5
® S
g s
%1 2
: :
3 L
T 10 g
5
&
-
8 4

CB1 CB2 (B3 PA

CB1 CB2 (B3 PA

Y-VA(O) IV F+Y Lo dlge dlmo



oo Qo 51 03wl b o po S5y 53 100 (W S (gl polg 9 Ll 2 CAOMEO Cund 15U (o 2

4 Ca0/MQO coes zals BSIG g9l sladiges 5o -
) wlasses i wops SSL (Gl g F Sl oS
G cpl 0 5l Gon malS 090 0 ((S39 do 0 VO D90

D sn Silaygd S aD, el Czge (V51 50S)

o9 @S Jgo! 3l (59 m (SW Oli>No
aldbsls &g 4 pol> G5 )0 pEas S lie (5 Ko

el 009 T ol b g

S ool

e 0 el Alie S g gy il Bados 4y jm
OB s g o) Lkse

5075 G ool + Loyl plox

el Lo o o i cpandlal sl 5 aools Lo

k> 09ats (> paal ¢ 425 Gudlil addgl )

gl Lo e les )55

&L o)l

Bl (215 455 236 p2l> i (B ais LB Rl

| 009

References

1. Biffi, G., & Giovannini, R. (2003). Book for
the production of the ceramic tiles. Gruppo
editoriale Faenza.

2.Kim, J., Katsuki, H., Jongprateep, O.,
Boonsalee, S., & Pee, J. H. (2021).
Investigation of the correlation between
porcelain phase composition and bending
strength using a Rietveld quantitative analysis.
Journal of the Ceramic Society of Japan,
129(10), 619-624.

3.Yousaf, M., Igbal, T., Hussain, M. A., Tabish,
A. N., Hag, E. U., Siddigi, M. H. & Mahmood,
H. (2022). Microstructural and mechanical
characterization of high strength porcelain
insulators  for power transmission and
distribution applications. Ceramics
International, 48(2), 1603-1610.

4 Traore, K., Kabre, T. S., & Blanchart, P.
(2003). Gehlenite and anorthite crystallisation
from Kkaolinite and calcite mix. Ceramics
International, 29(4), 377-383.

Y-VA(O+) IV F+Y L opgi dlge dlxo

05,5 (nl 0035y el Glgie 4 CBY wigni s 2 oled ols>

G5 A
Sl 5o Jshae adsl olge 51 (555UsS (slaaiges (imsiy (nl 5o
bl g Olsie @) pedS Sl S (09381 L s slasalS
Cns 36 g 0 aislo MOO b5 calises polie 5 (CAO
o ised (nl Sl olss 5 sl » CaO/MQO

5o, le sl Caws 45 gl .o

ol (Bl crge sl ool & (LS olge (9938 pas -
3 00,85 JwiSly g ol g0 4 IS skl laia
Ot g A 50 ax bl LSCis pae ole LS by,

Dg oo 3,lailiwl ax b diged O Gdx auo o

Sopseil 4 azgi b medS Sl yS (sl atge (35 2oy -
O35S 50 0s (S5 ey WYl Sl 5 sl
Sz GbSlen, DY 5 00,5 S8l ol ele ke
ol o e 318 S5 iy oy cal | St o Sl

RORUNPY

5.Traoré, K., Ouédraogo, G. V., Blanchart, P.,
Jernot, J. P., & Gomina, M. (2007). Influence
of calcite on the microstructure and mechanical
properties of pottery ceramics obtained from a
kaolinite-rich clay from Burkina Faso. Journal
of the European Ceramic Society, 27(2-3),
1677-1681.

6.Torres, F. J., de Sola, E. R., & Alarcon, J.
(2006). Mechanism of crystallization of fast
fired mullite-based glass—ceramic glazes for
floor-tiles. Journal of non-crystalline
solids, 352(21-22), 2159-2165.

7.Torres, F. J., & Alarcén, J. (2005). Pyroxene-
based glass-ceramics as glazes for floor
tiles. Journal of the European Ceramic
Society, 25(4), 349-355.

8.Brasileiro, C. T., Conte, S., Contartesi, F.,
Melchiades, F. G., Zanelli, C., Dondi, M., &
Boschi, A. O. (2021). Effect of strong mineral
fluxes on sintering of porcelain stoneware tiles.
Journal of the European Ceramic Society,
41(11), 5755-5767.


https://books.google.com/books/about/Book_for_the_production_of_ceramic_tiles.html?id=kpnJPQAACAAJ
https://books.google.com/books/about/Book_for_the_production_of_ceramic_tiles.html?id=kpnJPQAACAAJ
https://books.google.com/books/about/Book_for_the_production_of_ceramic_tiles.html?id=kpnJPQAACAAJ
https://www.jstage.jst.go.jp/article/jcersj2/129/10/129_21059/_article/-char/ja/
https://www.jstage.jst.go.jp/article/jcersj2/129/10/129_21059/_article/-char/ja/
https://www.jstage.jst.go.jp/article/jcersj2/129/10/129_21059/_article/-char/ja/
https://www.jstage.jst.go.jp/article/jcersj2/129/10/129_21059/_article/-char/ja/
https://www.jstage.jst.go.jp/article/jcersj2/129/10/129_21059/_article/-char/ja/
https://www.jstage.jst.go.jp/article/jcersj2/129/10/129_21059/_article/-char/ja/
https://www.jstage.jst.go.jp/article/jcersj2/129/10/129_21059/_article/-char/ja/
https://www.sciencedirect.com/science/article/pii/S0272884221030492
https://www.sciencedirect.com/science/article/pii/S0272884221030492
https://www.sciencedirect.com/science/article/pii/S0272884221030492
https://www.sciencedirect.com/science/article/pii/S0272884221030492
https://www.sciencedirect.com/science/article/pii/S0272884221030492
https://www.sciencedirect.com/science/article/pii/S0272884221030492
https://www.sciencedirect.com/science/article/pii/S0272884221030492
https://www.sciencedirect.com/science/article/pii/S0272884221030492
https://www.sciencedirect.com/science/article/pii/S0272884202001487
https://www.sciencedirect.com/science/article/pii/S0272884202001487
https://www.sciencedirect.com/science/article/pii/S0272884202001487
https://www.sciencedirect.com/science/article/pii/S0272884202001487
https://www.sciencedirect.com/science/article/pii/S0955221906003050
https://www.sciencedirect.com/science/article/pii/S0955221906003050
https://www.sciencedirect.com/science/article/pii/S0955221906003050
https://www.sciencedirect.com/science/article/pii/S0955221906003050
https://www.sciencedirect.com/science/article/pii/S0955221906003050
https://www.sciencedirect.com/science/article/pii/S0955221906003050
https://www.sciencedirect.com/science/article/pii/S0955221906003050
https://www.sciencedirect.com/science/article/pii/S0022309306001955
https://www.sciencedirect.com/science/article/pii/S0022309306001955
https://www.sciencedirect.com/science/article/pii/S0022309306001955
https://www.sciencedirect.com/science/article/pii/S0022309306001955
https://www.sciencedirect.com/science/article/pii/S0022309306001955
https://www.sciencedirect.com/science/article/pii/S0955221904000846
https://www.sciencedirect.com/science/article/pii/S0955221904000846
https://www.sciencedirect.com/science/article/pii/S0955221904000846
https://www.sciencedirect.com/science/article/pii/S0955221904000846
https://www.sciencedirect.com/science/article/pii/S0955221921002806
https://www.sciencedirect.com/science/article/pii/S0955221921002806
https://www.sciencedirect.com/science/article/pii/S0955221921002806
https://www.sciencedirect.com/science/article/pii/S0955221921002806
https://www.sciencedirect.com/science/article/pii/S0955221921002806
https://www.sciencedirect.com/science/article/pii/S0955221921002806

Ob&oﬁ:,@l&

9. Dondi, M., Raimondo, M., & Zanelli, C.
(2014). Clays and bodies for ceramic tiles:
Reappraisal and technological classification.
Applied Clay Science, 96, 91-109.

10. Zanelli, C., Marrocchino, E., Guarini, G.,
Toffano, A., Vaccaro, C., & Dondi, M. (2021).
Recycling construction and demolition residues
in clay bricks. Applied Sciences, 11(19), 8918.

11. Ktosek-Wawrzyn, E., Malolepszy, J., &
Murzyn, P. (2013). Sintering behavior of kaolin
with calcite. Procedia Engineering, 57, 572-582

12. Ke, S., Cheng, X., Wang, Y., Wang, Q., &
Wang, H. (2013). Dolomite, Wollastonite and
calcite as different CaO sources in Anorthite-
based porcelain. Ceramics International, 39(5),
4953-4960.

13.Peters, T. (1978). Mineralogical changes
during firing of calcium-rich brick clays.,
American ceramic society bulletin, 57.

14. Gonzéalez-Garcia, F., Romero-Acosta, V.,
Garcia-Ramos, G., & Gonzalez-Rodriguez, M.
(1990). Firing transformations of mixtures of
clays containing illite, kaolinite and calcium
carbonate used by ornamental tile industries.
Applied Clay Science, 5(4), 361-375.

15. Cultrone, G., Rodriguez-Navarro, C.,
Sebastian, E., Cazalla, O., & De La Torre, M.
J. (2001). Carbonate and silicate phase
reactions during ceramic firing. European
Journal of Mineralogy, 13(3), 621-634

16. Dubale, M., Vasi¢, M. V., Goel, G.,
Kalamdhad, A., & Singh, L. B. (2022).
Utilization of Construction and Demolition
Mix Waste in the Fired Brick Production: The
Impact on Mechanical Properties. Materials,
16(1), 262.

17. Bozadjiev, L. S., Bozadjiev, R. L.,
Georgiev, G. T., & Doncheva, L. S. (2006).
Diopside porcelain tile. Bull. Am. Ceram.
Soc, 85, 12-9101.

18. Mesbah, H., Wilson, M. A., Carter, M. A.,
& Shackleton, J. (2010, August). Effect of
prolonged sintering time at 1200 C on the phase
transformation and reactivity with moisture of
fired  kaolinite. In 11th International
Conference on Ceramic Processing Science,
ICCPS-11,(Zurich, Switzerland), The
University of Manchester Library.

19. Alonso-De la Garza, D. A., Guzman, A. M.,
GOmez-Rodriguez, C., Martinez, D. I, &
Elizondo, N. (2022). Influence of Al203 and
Si02  nanoparticles  addition on  the
microstructure and mechano-physical
properties of ceramic tiles. Ceramics
International.

20. Wang, S., Li, X., Wang, C., Bai, M., Zhou,
X., Zhang, X., & Wang, Y. (2022). Anorthite-
based transparent glass-ceramic glaze for
ceramic tiles: Preparation and crystallization
mechanism. Journal of the European Ceramic
Society, 42(3), 1132-1140.

21. Kronberg, T., & Hupa, L. (2020). The
impact of Wollastonite and dolomite on
chemical durability of matte fast-fired raw
glazes. Journal of the European Ceramic
Society, 40(8), 3327-3337.

22. Hao, D., Akatsu, T., Kamochi, N., Inada,
M., & Shiraishi, A. (2023). Near-zero sintering
shrinkage in pottery with Wollastonite
addition. Journal of the European Ceramic
Society, 43(2), 700-707.

23. Amoroés, J. L., Blasco, E., Moreno, A., &
Feliu, C. (2022). Kinetics of the
transformations occurring during the firing
process of an industrial spray-dried porcelain
stoneware body. Ceramics International,
48(12), 17611-17620.

cmrdgerma gl s Loyl mls YE
CaO/MQO s b cypr OVFN) s sl

b o 3y 0l L0 shainy ol ol 5 Lsle
bl plee el Sl 55 o SIG el olie 5 ool

FoYVUFONY (s lge oimady — sole aslilad

Y-VA(O) IV F+Y Lo dlge dlmo


https://www.sciencedirect.com/science/article/pii/S0169131714000283
https://www.sciencedirect.com/science/article/pii/S0169131714000283
https://www.sciencedirect.com/science/article/pii/S0169131714000283
https://www.sciencedirect.com/science/article/pii/S0169131714000283
https://www.mdpi.com/2076-3417/11/19/8918
https://www.mdpi.com/2076-3417/11/19/8918
https://www.mdpi.com/2076-3417/11/19/8918
https://www.mdpi.com/2076-3417/11/19/8918
https://www.sciencedirect.com/science/article/pii/S1877705813008060
https://www.sciencedirect.com/science/article/pii/S1877705813008060
https://www.sciencedirect.com/science/article/pii/S1877705813008060
https://www.sciencedirect.com/science/article/pii/S0272884212013478
https://www.sciencedirect.com/science/article/pii/S0272884212013478
https://www.sciencedirect.com/science/article/pii/S0272884212013478
https://www.sciencedirect.com/science/article/pii/S0272884212013478
https://www.sciencedirect.com/science/article/pii/S0272884212013478
https://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=PASCAL7960009854
https://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=PASCAL7960009854
https://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=PASCAL7960009854
https://www.sciencedirect.com/science/article/pii/016913179090031J
https://www.sciencedirect.com/science/article/pii/016913179090031J
https://www.sciencedirect.com/science/article/pii/016913179090031J
https://www.sciencedirect.com/science/article/pii/016913179090031J
https://www.sciencedirect.com/science/article/pii/016913179090031J
https://www.sciencedirect.com/science/article/pii/016913179090031J
https://pubs.geoscienceworld.org/eurjmin/article-abstract/13/3/621/61834
https://pubs.geoscienceworld.org/eurjmin/article-abstract/13/3/621/61834
https://pubs.geoscienceworld.org/eurjmin/article-abstract/13/3/621/61834
https://pubs.geoscienceworld.org/eurjmin/article-abstract/13/3/621/61834
https://pubs.geoscienceworld.org/eurjmin/article-abstract/13/3/621/61834
https://www.mdpi.com/2033724
https://www.mdpi.com/2033724
https://www.mdpi.com/2033724
https://www.mdpi.com/2033724
https://www.mdpi.com/2033724
https://www.mdpi.com/2033724
https://www.researchgate.net/scientific-contributions/GT-Georgiev-2089780208
https://www.researchgate.net/scientific-contributions/GT-Georgiev-2089780208
https://www.researchgate.net/scientific-contributions/GT-Georgiev-2089780208
https://www.researchgate.net/scientific-contributions/GT-Georgiev-2089780208
http://www.datingceramic.manchester.ac.uk/publications/Mesbah_2.pdf
http://www.datingceramic.manchester.ac.uk/publications/Mesbah_2.pdf
http://www.datingceramic.manchester.ac.uk/publications/Mesbah_2.pdf
http://www.datingceramic.manchester.ac.uk/publications/Mesbah_2.pdf
http://www.datingceramic.manchester.ac.uk/publications/Mesbah_2.pdf
http://www.datingceramic.manchester.ac.uk/publications/Mesbah_2.pdf
http://www.datingceramic.manchester.ac.uk/publications/Mesbah_2.pdf
http://www.datingceramic.manchester.ac.uk/publications/Mesbah_2.pdf
https://www.sciencedirect.com/science/article/pii/S0272884222001560
https://www.sciencedirect.com/science/article/pii/S0272884222001560
https://www.sciencedirect.com/science/article/pii/S0272884222001560
https://www.sciencedirect.com/science/article/pii/S0272884222001560
https://www.sciencedirect.com/science/article/pii/S0272884222001560
https://www.sciencedirect.com/science/article/pii/S0272884222001560
https://www.sciencedirect.com/science/article/pii/S0272884222001560
https://www.sciencedirect.com/science/article/pii/S095522192100844X
https://www.sciencedirect.com/science/article/pii/S095522192100844X
https://www.sciencedirect.com/science/article/pii/S095522192100844X
https://www.sciencedirect.com/science/article/pii/S095522192100844X
https://www.sciencedirect.com/science/article/pii/S095522192100844X
https://www.sciencedirect.com/science/article/pii/S095522192100844X
https://www.sciencedirect.com/science/article/pii/S0955221920302132
https://www.sciencedirect.com/science/article/pii/S0955221920302132
https://www.sciencedirect.com/science/article/pii/S0955221920302132
https://www.sciencedirect.com/science/article/pii/S0955221920302132
https://www.sciencedirect.com/science/article/pii/S0955221920302132
https://www.sciencedirect.com/science/article/pii/S0955221922008147
https://www.sciencedirect.com/science/article/pii/S0955221922008147
https://www.sciencedirect.com/science/article/pii/S0955221922008147
https://www.sciencedirect.com/science/article/pii/S0955221922008147
https://www.sciencedirect.com/science/article/pii/S0955221922008147
https://www.sciencedirect.com/science/article/pii/S0272884222007684
https://www.sciencedirect.com/science/article/pii/S0272884222007684
https://www.sciencedirect.com/science/article/pii/S0272884222007684
https://www.sciencedirect.com/science/article/pii/S0272884222007684
https://www.sciencedirect.com/science/article/pii/S0272884222007684
https://www.sciencedirect.com/science/article/pii/S0272884222007684
https://jnm.marvdasht.iau.ir/article_6011.html
https://jnm.marvdasht.iau.ir/article_6011.html
https://jnm.marvdasht.iau.ir/article_6011.html
https://jnm.marvdasht.iau.ir/article_6011.html
https://jnm.marvdasht.iau.ir/article_6011.html

