Microstructural analysis of clay ceramics by SEM
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Abstract

Clay is a raw material interesting to industry
because n exhibits properties like plasticity, easy
processing and mechanical resistance after sintenng,
besides of being abundant and having low cost. In this
paper, clay was additived with feldspar or glass fines,
waste of glass industry, to compare the physical and
mechanical properties of sintered body and verify the
behavior of these additives as a function of 1he
sintering temperature. Compacts were sintered at
temperatures of 900, 1000, 1100 and 1200°C, and
fracture  surface was  examined through
microstructural characterization in a Leo 1450 VP
Scanning Electron Microscope in secondary electrons
mode. Relative density, linear contraction, water
absorption and flexure rupture modulus  were
determinated, and the obtained materials can be used
as ceramic cove tile. Microstructural analysis shows
that the glass is a better flux than the feldspar to the
same sintering conditions and that the physical and
mechanical properties of materials depend mainly on
the porosily present in iis structure.

Keywords: Clay, glass. feldspar, microstructure
and properties.

Introduction

Clay is 2 very old raw matenal. vsed by primuive
people 1o make figures and manufaclured articles (2). Ut i
used in different industrial chemical processes and in the
fabrication of ceramic arefacts like sanitary wares,
porcelain, roofl-utles, wall-tiles and floor-tiles, a2mong
others (2,8.10).

Clays are fine-grained inorganic material (grain size
smaller than 2 pm) and consist on alumtnum and iron
hydrated silicates with alkaline earths and alkaline
elements (2.8).
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Clays exhibit inleresting properties like plasticity
wheir wet, easy processing and mechanical resistance atter
sintering. Besides, 1hey are abundant and have fow cost,
leading to scientific and ndustrial interest (8,10).

However 1o get ceramic articles with charactenistics
(0 carry out a (uUncrion it is necessary to use an additive
(flux). responsible w the formation of the Jquid phase
during sintering. It promotes « best rearrangement of the
particles and fills (he present porous in the material,
making it dense (4).

The feldspay 1s the most used flux in ceramic
industry. However jts world consumption 15 tncreasing
and a1 middle term will be difficult to buy w with
accessible cost and quality (1).

Nowadays to incorporate industrial wastes in ceramic
maxses is a good alternative 10 the destination of Lhese
rejeets. since they contribute to the final properties of the
ceramics (5.6.9).

The glass fines, which are a waste of glass industry, iy
a new alternative 1o replace the feldspar in the production
of ceramic cove lile. To produce these materials il is
necessary to get physical and wechanical properties that
attend to the standard specifications (10). So the
microstructura)  charactenzalion ik an  hpportant 100l
because these propertics depend on factors like porosity.
defects. grain size and shape. (3.5.6,9.11).

In this paper it was examined the microstruclure of
clay ceramics additived with feldspar or glass fines ax a
function of the sintering remperature and correlaring the
microstructure with physical and mechamcal properties of
clay ceramics. Also the formation and diffusion of the
liguid phase were studicd.

Materials and Methods

Materials

The materials used were: clay from Siao Simdo
Compuny, sodic feldspar from Proninex Mincragio and
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glass fines wastes from Pikington Ltda. The chemical
composinon of clay, feldspar and glass fines is reported in
Table 1.

Table 1. Chemical composition of raw matenals (%).

composition clay _fesdspar _Glass fines _
Si0; 47.38 69.0-72.0 724
AlLO, 30.83 16.5-19,5 0.7
Fe,0s 5,59 0.05-0.25 0.1
Cal 0,15 <DA2 86
MgO 0.28 <001 4.0
NaxO 0.083 7.6-8.5 13.6
K0 0.54 1.0-2.0 0.3
TiO; 1.21 - 0.02
LF 4.0 0.40-0.55 -

S0; - - 0.2

Methods

Two migtures were prepared: clay plux 10 wi4%
feldspar and clay plus 6.9 wi% glass. The raw materials
were mixed in a stee! witritor mill clothed of aluminum
oxide in watery enviromment during 60 minutes. The
powder was dried and compacted in uniaxial pressing at
14 MPa in a dye measuring 115x25x14 mmv'. The
compac(s were mcasured with caliper square. weighed
and sintered in air, at a heating rale of 5°C/nunute. np 10
900. 1000. 1100 and 1200°C, staying 1 hour al fhese
temperatires. It wias used an isothermal at 600°C for 0.5
hour. Relative density, linear comraction. water
absorption und tlexure rupture modulus in three ponts of
ihe sintered body were calcolated and the fractured
surface of the saniples was observed using a Leo 1430
VP Scanning Electron Microscope in secondary electrons
mode.

Results and Discussion

Figure | shows the relative density (RD) as a function
of the sintering temperature. The sintered body with glass
has greater densification when compared to 1those with
feldspar, at the same temperaure.

Figure 2 shows the sandstoning diagram of sintered
body. that is the hnear contraction (LC) and water
absorption  (WA) asx a function of the sintering

temperature, 1t is observed that up 1o 1100°C the sintered’

bodies exhibit accepted LC values (ca. up to 9%). but at
1200°C the sintered bodies with glass exhibits a higher
vafue (ca. 15%). The values of WA 1o porous ceramic
cove tile (10%<WA<20%) (10) are vbiained at 1)00°C
for sintered body with glass and ar 1200°C with feldspar.
For semi- porous ceramic cove tile (67%< WA<10%) (10)
values of 4% WA are abtained only for sintered body with
glass at 1200°C.
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Figures | and 2 show the expecled dependence amonyg
RD. LC and WA. When the RD increascs, the LC
increases to and the WA decreases.
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Fig 1. Sintered relative densty as a2 funclion of sintenng
temperalure.
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Fi1g. 2. Sandstoning diagram of ceramic masses.

Fieure 3 shows the flexure rupture modulus (FRM) as
a function of the sintering temperature. The values of
FRM for sintered body with glass are higher than (he
values with feldspar for all sintering temperatures studied.
This can be explained because the RD (Figure 1) is Targer
and (he porosity 1s smaller for sintered body with glass.
and as the porosity reduces the FRM, the larger as RD. the
larger will be the FRM. It was observed that the values to
prodoce wall ceramic cove tile (> 12 MPa) (10) are
obtamed at 1100°C 1o sintered bady with glass aud only at
1200°C with feldspar,
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Fig 3 Flexure Ruplure Modulus (FRM] as a function of
sinlering temperature

Analyzing SEM micrographs (Figures 4-6), the clay
non- additived (Figure 4) 15 composed by lamellas with
plates of different sizes, similar to the red smectite clay
(7.

Fig 4 SEM by SE of clay sintered at 1100°C.

Figure 5a shows that the glass forms veins of liquid phase
at 900°C which increase in volume with the time and
temperature (Figure 5h), and diffuses among the particles.
This phenomenon is called “wetting™, better observed in
Figure Sc. and occurs when the contact angle between
liquid and solid is low. The capillary pressure generates
enables the rearrangement of the particles reducing the
porosity of the material (Figure 5d). making 1t denser, as
shown in Figure 1. Figares 6u and 6b show that the
feldspar does not melt up to 1000°C, forming vewns of
liquid phase only at 1100°C (Figure 6c) and partially
diffuses vn the particles at 1200°C (Figure 6d).

Reluting these microstructures with the properties of
sintered bodies it is shows that when the additive (flux)
forms a liquid phase the opening porosity is reduced and

occurs a higher densification of material afler its cooling, . 1':2%0 ?csri?p?tizf clay + glass sintered at 300, 100, 1100
dan 3 B G 5
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The Hnal porosity  damages mainly the  water
abxorplion and flexure resistance (hese cerumic materials,

Conclusion

Microstnuctural analysis of matenuls sintered was
fandamental 10 understand and interpret the behivior of
the feldspar and glass fines fluxes in the microstrocture.

Acknowledgments

We wish to acknowledge the financial support irom
FAPESP (Process n® 00/11204-6 and n° 97/11020-8). We
thank Pilkington tor the donittion of the glass powder.

References

I. Coelho. J.M.. Suslick., S.B.. and Souza. M.C.AF.
(1999) Annals of 43°CRBC.

2. Dias. F.R.V,, Santox, P.S.. and Santos. H. S. S. (1992)
Quimica Industnal. 42:33-37.

3. Dondi. M.. Ercolani, G., Melandri, C.. Mingazzin. C,,
and Marsiell, M. (1999) Interceram. 48:75-82.

4. Fanseci., M.G.. Puaula, GR.de. Teixeira, R.A.
Melchiades. F.G., and Boschi, A.O. (1999) Annals
ol 43°CBC.

. Monteiro, SN, Oliveira, E-M.S.de, and Santos.R.S.dvs.
(1997) Amnals of 41°CBC. 233-6.

6. Oliveira, L.A.. Rabelo Jr.. E.C.. and Bressiam. J.C.
(2000) Annals ol 44°C8C:40501-10.

7. Rodngues, M.G.F. and Silva, M.C. (2000) Act
Microscdpica. 9:A:219-20.

§ 2 um

J o3

8. Santos, P.S. (1989) Ciéncia e Tecnologia de Argilas.
Edgard Blicher Lida, Sio Paulo, 1:408p.

9. Souza. G.P.. and Holanda. J.N.F.de. (2001) Annals of
45°CBC:040140G1-1 1.

10. Viemra, C.M.F.. Holanda, J.N.F.de.. and Pinani. D.G.
(2000) Cerfimica. 46:15-18.

11. Zauberan. R.T., and Riclla. H.G. (2000) Annals of
44°CBC.

Fig. 6. SEM by SE of ciay + feldspar sinlered al 900, 100,
1900 and 1200°C, respectively
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