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ABSTRACT

Tire ceramic wall tile, tableioareand sallitary ware industries hare colls tall tly been searching
for lIew raw materials. Tile diopsidc mineral (CaM g s i,O"J has been presented as excellent opt/all .
III th i» stlldy, tire application» of ihi« plrase to obtain porcelain products toith low firillg
tentpcmtures were allalyzed. Ceramic composition» were studied toitl: diops ide and /Joroll frit
(B,O) as mw materials. Tire interactions bcttreen tire frit and tire other compounds were re rified
and its ideal percen inge determined. Tire results shou: products enll be obtained ill tire 1150-1200 'C
temperature mllge, unth water absorption bettreen 0.1 and 0.8 %. Tile snntples shouvd good
dimensiona l stability (5-7% slirinkage range). Tire plrysical properties of samples were nteasured at
differel lt fi rillg tentpcraturcs. Densib], deep abrasion and bending sirengtl: vatuee were shoum to
/Je compatible witll standard ISO 10545.
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1. INTRODUCTION
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The market continuo usly demands new products for wall tile, tabl ew are and
sanita ry wa re appl ications . Functional properties have stimu la ted research in to new
materi als with low costs in finished products. Following this tendency, the research
carried ou t in ceramic materials in the last 50 years can be distinguished in two lines: i)
synthesis of cera mics from new raw materials; and ii ) decrease of the firing temperature!':
21. A further line of research is certai nly ba sed on the av ailab ility and quali ty of the raw
materi als. The second line is has its orig ins in technical and econo mic reasons . Recently,
some natural occu rrences of di opside (calciu m magn esium silicate) have provided a good
altern ative for stud y in the respective lines. The advan tages of diopside include a low
melting poin t, low coefficient of thermal expan sion, absence of polymorphism and
crys tallizatio n precursors'> ,. 51. Thi s phase has also been used in the production of
biomater ials because of its hyd roxyapatite affinity!". However, for industrial app lications ,
d iopside has been obtained by silica and m ag nes iu m synthesis!", Acc ording to
Vereshchagin and Abakurno v!" it is possib le to fire and produce porcelain materi als, based
on natural d iopside, at temperatures between 950 and 1050 DC, with w ater ab sorption
between 1 and 3%. However, to rea ch th ese results the add ition of a flu x is necessary. In
the Russian stu dies the BP 3 frit compounds are in dicated as the best option for flu x
ap plica tions, because they promote sintering by viscous flow and also ena ble controlling
sys tem viscosity. This study presents the initial results on the use of natural d iopside, in
parti al subs titu tion of feldspar, for porcelain p roduction, especially for porcelainized
stonew are tiles. Thus, di fferent ceramic compositions were formulated based on a natural
diopsid e, a sod ium-potassium feldspar an d a transparent boron frit. Samples were fired
at several temperatures and their mecha nical properti es were evalua ted.

2. EXPERIMENTAL PROCEDURE

2.1. RAW MATERIAL CHARACTERIZATION

The stu d ied com positions were p repared from three d iffere nt raw materials:
sod ium- potassium feldspar (F-n supp lied by Mining Tabatinga, a boron frit su pp lied by
Esmalglass do Brazil and a natural d iopside, su pplied by Mining Sao Judas Ltda,

Oxides Ra w materials
("'0 by " eight) Dio pslde Frit '* Feldsp ar *

SiD;, 56 .0 61.0 71.S
Ab O, 1.62 8.0 17.0
Fe:O-, 0 .62 --- 0.20
CaO 18.0 --- 0.75
xs,o O.W --- 5.30
K:O 0.17 --- 3.20
\tnO 0.03 --- ---
TiD;, 0.05 --- 0.0 1
\ IgO 20.0 --- O.W
Pco, 0.0 1 --- 0.8
BaO --- 1.0 ---
8 :0) --- 10.0 ---

CaD + MgO 38.0 6.0 ---
)'..;a2O - K:O 0.21 10.0 ---

ZnO --- 2.0 ---
L O.1. 3.45 --- 1.02

*Chemical com po sitio n su ppl ied by the ma nufactu rer

Table 1: Chemical comyoeition of rmt' materials.
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F(~lIrt' 1: XRD l~f It it11l:;ide pmt'der: D-dit1psidc; Q- lJ lIl1rt: a/ld A-trt'lIIolite.

2.2. 5A~IPLE PREPARATIOi'l

Raw Materials
For mulations (% weight)

CIA C2A C3A C6A

Diops ide 35. 7 35.7 35.7 37.6

Frit 13.7 8.2 2.8 ------

Feldspar 5.6 11.10 16.5 17.4

*Clay 45.0 45 .0 45.0 45.0

* Ball clay

Table 2 : Samples composition.

3. RESULTS AND DISCUSSION

The resul ts of this work demonstrate th e potential u se of diopside in commercial
porcelain p roduction. Th e sa mples exhibited a decrease in water absor p tion in the 0.1-3 %
range at tempera tures of be tween 115D-12DD"C. The results p resented in Table 3 show that
water absorption values lie around 0.1 % at 1150 and 12DD"C for CIA, C2A an d C3A
composi tions . Shrinkage va lues are found ranging from 5.9 to 7.1 %, respectively.

Frit ad d ition in the compositions had a grea t influen ce on sintering behavior
compared w ith the C6A com position w ithout fri t. Even whe n 2.8% of frit was ad ded, a
signi ficant reduction in w ater absorp tion w as observed.

Sa mple/Firi ng Water Linear ;\lOR
tempera ture absorp tion shri nkage (:'li/mm')

(0/.) (e;.)

CIA 1150° 0.1 6.4 62.0
1.:WO'" 0.1 6.3 53.5

C2A 1150'" 2.7 5.9 53.0
l::!OO'" 0.1 6.5 51.1

C3A 1150'" 5.1 5.9 45.7
1200'" 0.1 7.1 56.4

C6A 1150 '" 6.8 5.6 45 .4
1200° 0.8 6.9 55.4

Table 3: PhysiCtl I and IIlcclumical l'ropatic5 ofsll mplt'5 .
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4. CONCLUSIONS

-Th e porcelain tile composition obtai ne d fro m di opside mineral presented
compatible properties with standard ISO 10545 in the p resen ce of boron frits.

-Diopside phase presented an interesti ng op tion for porcelain compositions .
m ainl y in feldspar subst itu tion.

-The availability natural d iopsi de occurrences can im prove the dev elopment of
new ceram ic p roducts due to che mical and stru ctu ral proper ties. this includes
glass and glass-ceramics app lications .

-It was shown th at com positions w ith di opside mineral enable p rod ucing
porcelain ized sto ne w are til es at low fir ing tempera tu res, w ith goo d
dimensional con trol.
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