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1. DI FFIC ULTY AND PR OBL EM

The growing production of u nglazed porcelain tile and porcela in tile wit h a surface
finis h req uires a highly vitrified, strong ceramic material with an attractive design.

Technologically this is achieved by using a fine mill ed , easily colou red , raw
materials composition, with a grea t vitrificat ion capa city. Th is requ ires usin g raw
materials w ith ab u ndant flu xes (feldspars, clays). The clays also p rovid e ad d itiona l green
mechanical streng th. O the r requirement s to be met regarding raw materials qu ali ty arc
favou rable rheological properties and a low ca rbon content to av oid bla ck coring .

In porcelai n tile compositions, plastic clays are used p refe rably from Germa ny,
Eng land, France and the Ukrain e. The A RGIGUS company markets high quality, w hite
plastic clays from Por tugal for the European floor tile industry. The present work
examines the su itability of these clays for porcela in tile p roduction and compares their
properties on substitu ting them for a Ukrainian clay.

2. RAW MAT ERI ALS AND SU BSTI TUTION TESTS

The tests using Portu guese clays were car ried out with a porcelain tile composition
resembling the body composition used in indust ry, based on the body com position
d etailed in Tabl e 1.

A se ries of high qua lity Portuguese white clays were used as replacement materi als
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for the Ukra inian cIay. These materials and their che mical analysis have been set out in
Table 2.

Felds par
Pegmatite

Kaolin
Clay

Of which:
Ukrainian cIay

38
16
20
26

21

%solid matter
%so lid matter
%so lid matte r
%solid matter

% solid matter

Table 1. Composition of th". reference porcelain tile body_

Following a process often used in indust ry, the who le amo unt of Ukrainia n clay in
each composition was replaced by a respective Portug uese one. The reference mixture U,
and the composi tions with the respect ive substitu tions we re milled for 12 h in laboratory
porcelain mills until an aqueou s slip was obtained, which was subseque ntly dried,
granulated and used to press laboratory test specimens .

Type of raw material
SlOt AL,O, MaO No,ON" Trade name Fo,O, TIO, COO K,o

01 Clay 68.8 25,3 1,0
1

1,4 1° ,4 10.5 0.3 2.3
Ukraine "R"

02 Clav 64.8 29.8 1.9 1° ,7 0.1 1° ,6 0. 1 2,0
Ariigus 114-51

03 Clay 64.7
1
30

.
3 1.5 11,0 0.1 0.5 0,1 1,8

Ari igus 114-71
04 Clav

1
67

.
8

1
28

•
2 1.2 1° ,4 0.1 0,2 0.1 2,0

Argigus 1140
05 Clav

1
6 1

•
9

1
3 1

•
5 2,5 1° ,9 0.2 1° ,9 0,1

1
2

.
0

Ar':i2US 1101
06 Clay 61.5

1
32.5 1.9 1.5 0.2 0.7 0,1 1,6

Araiaus 1I11

Jilble 2. Chemical analysis of the substituting raw materials (% 50Jid matter, fired specimens)

After firing the respective specimens at 1200°C in an electric laboratory kiln for 90
min, the material properties reported in Table 3 were obtained.

C. U 51 71 1141 11.1 1111
Water Abso rption

IAccording to E~ 99 % 1,59 2.60 3,02 4.74 0,8 0 1.05

Bulk density
a/em' I2.34 2,29 2,28 3.30 2.39 2,38

Appa rcm porosity
% 3. 73 5,95 6,87 6.32 1.93 1 2.51

Mec hanica l stren gth
N/mmz 37,3 21,5 19,9 10,6 19,6 31.6

Table 3. Cha racteristics of the stoneware materials obtained by[us t replacing the clay.

No cha nges were found in the results obtained und er laboratory cond itions for the
slip and pressing properties, or in the firing colour on com pa ring the starting U
comp osition wit h the comp ositions con tainin g the substitutions . Using a constant firing
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curve and temperature (l 200C C), cla y mi xtures 114-51, 114-71 and stand ard cla y 1140
vielded less favourab le vitrification resul ts, w hile clavs 1101 and 1111 sin tered be tter.
Mechanica l strength w as genera lly low er than th at of starting composition U.

The im portance of the chemical and mineralogi cal composi tion of a stoneware body
(e.g. proportion of clay-quartz-feldspar) in th is case required adju st ment, especia lly in the
alkal i content to obtain sim ila r products. To produce a porcelain tile stru cture, milling
time was also lengthened.

Using mi xtures 114-51 and 114-71 of ARGIGUS clay and a minor compositional
adj ustment with regard to the alkali bearers (taking into account the price of the raw
materia l), test specimens were formed under laboratory conditions at 1200°C with a
constant fir ing schedule (e lectric laboratory roll er kiln).

At the same ignition loss (7.7%) of the stu died co mpositions, taking into account the
influence of com p action in p ressing on shrinkage genera lly and in fir ing, the resul ting
m aterials properties are presented in Table 4.

Feldspars
Pegmatite
Kao lin
Clays

Of which 114-51
Of w hich 114-71

Co mposition
w ith 114-51

39
17
20
24

19

Co m position
with 114-71

39
18
20
23

18

% so lid matter
% so lid matter
% so lid matter
% so lid matter

% solid matter
% so lid matter

Table 4. Composition of thebody Oil replacing the clays and keeping a constant proportion of clay-quart:-ff.'ld~par constituents.

Composition U2 114-51 11'1..7\
Characteristics of thematerial
Firing colour I

IGrev-wh ite L* 68.1 70.2 7 1.7

a* 1.8 1.2 1.6

b* 9.7 9.9 10.0
Water absorpti on
EN99 % 1.09 0 .14 0.19
Bu lk de nsity

g icm3 2.40 2.44 2.4 1
Apparent poros ity I

% 2.60 I 0.35 0.46
Mechanical strength

IEN IOO N/mm 2 11.0 16.2 19.6

Ta ble 5. Characterist ics of flle laboratory materials obtained on replacing the clay and keepiJlR the body 's chemical
composition constant (constant proportion of clay-quartz-feJdspar con-tituent«),

3. SUMMARY AND CONCLUSIONS

The substitu tion usually p rac tised w ith raw materials, as in the example of the
Ukrain ian clay by a Portuguese cla y, ge nerally produces compositional changes in the
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result ing body, and at first the proper ties of the products obtained tend to be
unfavourable.

A scientifically accu rate subs titu tion of a clay and the gene ra l bod y composition
showed that white Portuguese clays rep resent a potentially exce llen t material for
porcelain tile ma nufac ture. With the respective milling of the compositions, wa ter
absorption was obtained under fast-firing cond itions.

On the basis of the di ffi cult granulation of the pressing powder in the laboratory, the
mechanical streng th data found in the stud y can only be used to sho w the trend . The
absolu te data for these compositions will improve with industrially prod uced granulates
and less forced firing curves. The firing colour measu rem en t (Hunter-Lab system) ru n on
the Portuguese clays sho wed a light firing colour, which did not di ffer from that of the
sta rting composi tion.

The unlimited potential use was thus confirmed of these white clays, especially
with regard to critical qua lity parameters such as water absorption, green mechanical
st rength, and firing colour in porcelain tile compositions The materi al wa s shown to
compare excellently with a currently used Ukra inian clay.
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