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ABST RACT

Pllysico-cllemical alld thermal tests !l'L're used to stlldy tile behuoiour ofa POrollS si llx le-fire
compositioll ill tohic): calcium carbonate was replaced by magnesite. Tllis materia l is of some
interest as it breaks doum at lower temperatures than calcium carbonate, tohicl: could help solre
problems relating to tile ou tgassillX of tile carbonates, allotoing [rits to be used toitlt ltnrcr ecaling'
temperatures or faster firing schedules.

Form ulations were prepared containing 0 to 20% magnesite, all uihich tes ts !l'ere TlIII to
determine their 1m ter absorpt ion, linear slzrillkaxe. moisture expansion, thermal expmlsi<m all
dryillg and firing , alld X -ray diffra ction .

Tile results of these tests were compared to tile [inding« obtained 1I11der standard conditions
(w itll calcium carbonate).

Tile substitution greatly modifies produ ct characteristics, sometimes so lIexati1'ely as to
make sllbstitlltillX magnesite fo r calcium carbonate quite unfeasible.

CONDITI ONS USED

Calc ium Magnes ite (%)
Ca rbonate (%

Reference: 13.4 0 1 5 1 10 I 15 I 20

T abla I: Carhonate I'('rCl' fl tagt'~ tested.

NB:The othe r constituents were kept proportionally unchanged in all the compositions.
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Type of mill: horizontal laboratory mills
Mill capacity: 5 I
Milling time: 17 min
Pressin g moisture conte nt: 7%
Specific compaction pressu re: 250 kgf I em'
Firing temperature: 1140°C
Firing cycle: 62 min
Kiln used : industrial roller kiln
The magnesite and calcium carbona te used were natural min erals of grea t purity
(this wa s measured)

- Tests ru n: wa ter absorption , linear shrinkage, moisture expansion, thermal
expa ns ion on d rying and firing, and X-ray diffraction on firing the compositions.

NB: The reported data cor respo nd to the average of 5 measu rem ents, except for the
thermal expans ion and X-ray diffraction tests, in which only one measurem ent was taken.

TEST RESULTS AND DI SCUSSION

CI.clam
i',

lIagnaa lt. (%)
clrbOnete
R.f.r•.~, 0 1~f',5 to 15 20

s 13 .4l1JF
VVaterabsorotion {%\ 19.9 16 .8 18.6 19.7 20.9 22.1
Linear snnnkaoe (% ) 0.73 1.27 1.34 1.4 1 1.51 1.58

tv10isture exoa nsi on I% l 0 33 1.09 1.09 1.04 0.92 0.95
Thermal expansion on firing 71.5 59 .8 61.0 62.4 63.1 64 .3
(25·325°C)(x1o-1/"C)

Table 11: Summary of tilt' data obtained for each composition,
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J
content

It can be observe d in Fig. 1 that the
composition contai n ing calcium
carbo na te exhibited g rea ter th erm al
expa ns ion than the ones using magnesite.
Raising the magnesite content also clearly
increased therma l expansion.

Pas - 10

Figu re 2

Fig. 2 shows that the composition
conta ining calcium carbona te exhibited
19.9% water absorption, whereas the
compositio n bea ring 13.4% magnes ite
exhibited 20.5% wa ter absorption.

Increasing the magnesite con tent
raised wa ter absorption .



CASTELL6:-1 (SPA I!': )

LINEAR SH RINKAGE MOISTU RE EXPANSION
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figu re 3 figure .,

It can be observed in Fig. 3 that the
calcium carbon ate conta in ing
composi tion exhib ited 0.73% linear
sh rinkage, wh ereas the formulation with
a 13.4% magn esite p roportion exhibited
1.48% linea r sh rinkag e.

Increas ing the magnesite content
raised linear sh rinkage.

The referen ce com position exhibited
0.33% moisture expans ion, while the
composition with the same prop ortion of
ma gnesit e exh ibited 0.96% moist u re
expansIon.

Increasing the magnesite content d id
not however raise moisture expa ns ion.

DRYING THERMAL EXPANSION

Drying thermal expa ns ion
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Figure 5

Fig. 5 sho ws that the drying thermal expansion of the refe rence composition with
13.4% calcium carbo nate exh ibited material expansion in the 973 to lO77°C interval owing
to crystalline-phase formation. In curve PN 321 with 15% magnesite th is expansion did not
occur. For this reason magnesite d id not red uce linear shrinkage [ike ca lcium carbonate.
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X-RAY DI FFRACTIO N O N FIRING THE COMPOSITIONS

Calcium _nate ~ "~ . ;T%T

ReIerence =1 3.4% 0 ",I..'" 5
,

10 15 <20
Mullite (A12Si2013) Mullite Mullite Mullite Mullite Mullite
Quartz (SiO,) Quartz Quartz Quartz Quartz Quartz

Diop5ide (CaMgSi,O, ) Clinoenstatite Clinoenstatite Clinoenstatite Clinoenstatite Clinoenstatite
Aror1hte (CaAl,5i,Q, ) (MgSiO, ) (MgSiO,) (MgSiO,) (MgSiO,) (MgSiO, )
Gt'eIenite (Ca2A12SiOl ) Pericla se Periclase Pencla se Penctase

(MgO) (MgO) (MgO) (MgO)

Mu llite and quartz we re present in all the compositions .

The reference composition contained calcium and calcium / magnesium crys ta lline
phases that formed d uring firing (d iops ide, anorthite and gehlenite).

In the com posi tion withou t any carbonates, only cIinoe ns tatite stemming from the
talc (9%) in the composition could be obse rved .

The formulations containing magnesite exhibited per icIase (MgO), whose peak
height rose as the magnesite propo rtion increased.

NB: The XRD plots are presented in the poster.

CONCLUSIONS

Magnesite could not replace calcium carbo nate in porous, single-fire bod ies for the
following reasons:

- Linear shrinkage rises, reducing dimensional stability;

- Therma l expansion on firing decreases;

- Moisture expansion rises and produces cracking .

In the refe rence compositio n conta ining calcium carbona te, th ere is more
crystalline-phase forma tion than in the compos itions containing magnesite, which
explains why the latter exhibi t higher linear shrinkage and grea ter moisture expa ns ion.

- XRD shows that MgO hardly reacts with the othe r compositional constitue nts.
MgCO, the refore acts as a pore-forming material owing to the outga ssing of the
carbo na tes, witho ut however forming crystalline phases like CaCO,.

- Moistu re expansion does not rise as the magnesite proportion is increased,
ind icating that tha t the residua l (pericIase) and a rising MgO react only slightly or
no t at all with the wa ter.
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