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Production of brown pigments for porcelain insulator applications
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Abstract

In this study, production of brown pigment for the ceramic insulator applications by using inexpensive natural raw materials or waste materials
was undertaken. Different pigment compositions were designed, synthesised and examined. As a source of chromium, chromite, Cr2O3 and
ferrochrome were used. Limonite, grinding waste, flotation waste and iron oxide scale were used as an iron source whereas manganese oxide
and ferromanganese were used as a manganese source. The colour of glazed insulator bodies change from dark brown to light brown depending
on the pigment composition. The pigments prepared with ferrochrome, manganese oxide, flotation waste (C6) or iron oxide scale (D4) and
calcined at 1300◦C have a darker brown colour and possess suitableL*a*b* values as 30.1, 2.7, 1.6 for C6 and 30.9, 2.1, 0.3 for D4, which are
closer to theL*a*b* values (30.1, 2.9, 0.1) of commercial MnFe Cr pigments. The results indicate that waste materials containing iron can be
u e converted
i igment.
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sed to produce brown pigments to be used in the insulator application in ceramic industry and as a result of this waste material can b
nto a value-added product. Also, ferrochrome can be used successfully as chromium source and help to reduce the cost of the p
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. Introduction

Insulator materials are used to prevent or regulate cur-
ent flow in electrical circuits by being inserted as a barrier
etween conductors. Ceramics are widely used as insulat-

ng materials. Because of the fact that they are used in
nvironmentally sensitive applications the ceramic insulator
orcelain must be dense, moisture impervious, and must have
inimal mechanical flaws. Ceramic insulators are used to
rovide good mechanical support, high dielectric strength, a

ow loss factor, heat dissipation and protection of conductor
rom severe environment, like humidity and corrosion. The
ain advantage of ceramics as insulator is their capability for
igh-temperature operation without hazardous degradation

n chemical, mechanical or dielectric properties.1 To reduce
he surface contamination, ceramic insulators are coated with
ransparent glaze. Although, the glaze itself is an insulator, an
lectrical-conducting surface layer is produced through the
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action of water extracting alkali ions from the glaze surfa2

These problems have been overcome by the use of con
ing glazes including Fe2O3 with additions of other oxides, fo
example Cr2O3, CoO, MnO, CuO, NiO and ZnO. The co
ducting spinel phases were formed and distributed unifo
throughout the fired glaze. Another way to obtain conduc
glaze is to disperse spinel pigments based on these o
Addition of 10–20% by volume of pigments in the gla
composition is necessary to develop a continuous con
ing network.2

Ceramic pigments are inorganic products of metal ox
or compounds capable of forming metal oxides; they m
show thermal and chemical stability at high temperatures
must be inert to the chemical action of the molten gla3

The development of brown pigments that are stable at
temperatures because of the spinel structure is of great
est to the ceramic insulator applications. Brown colou
spinel pigments improve physical properties and give
thetic appearance to the porcelain insulator. Although
presence of manganese in the pigment composition will o
lead to a poor surface and unstable colour and the use o
E-mail address: eozel@anadolu.edu.tr (E. Ozel). pigment is limited, the most important brown pigment in this
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field is the manganese–iron brown spinel, which is the deep
brown colour associated with electrical porcelain insulators.4

Higher percentage levels of pigment produced from
expensive pure metal oxides and used to be in ceramic ware
can affect the final cost of product. Use of new raw material
sources or wastes containing valuable metals in the pigment
production is important in order to reduce the pigment prices.
In recent years, natural limonite, chromite5,6 and iron con-
taining grinding waste7 were successfully used in the pigment
production. Also, Samsun copper flotation waste was used as
iron source to produce brown and black pigments to be used
in the tile glaze and body and convert the waste into value-
added products.8

Based on this consideration, the aim of this study is to
produce and characterise brown inorganic pigments by using
different inexpensive raw materials and wastes containing
iron for porcelain insulator applications.

2. Experimental procedure

2.1. Preliminary study

A preliminary study was first performed on suitable raw
material selection from different raw materials and wastes.
L ding
w urce,
C e
u nt was
s se
( eri-
a -ray
s -
s mer-
c s of
t iron,
c

ing
w for
3 r an
h hen
d plied

Table 2
Elemental analysis of metallic materials determined by EDX (wt.%)

Grinding
waste (G)

Ferrochrome
(FC)

Ferromanganese
(FM)

Metallic materials
Mg 0.30 – –
Al 0.70 – –
Si 8.30 3 3
Ca 0.40 – –
Cr 0.30 65 –
Fe 71.5 25 25
Zn – – –
Mn – – 65
C – 7 7
O2 18.5 – –

onto the unfired porcelain body. Glazed ceramic body were
fired at 1300◦C for 2 h. The unfired porcelain body and glazes
were supplied from a ceramic factory (Ankara Seramik A.S¸)
in Ankara, Turkey and also firing was carried out in the same
factory.

The crystalline phases present in the pigments after calci-
nation were determined by using X-ray diffractometer (XRD-
RIGAKU Dmax IIIC) with Cu K� radiation. Colour measure-
ments were made by using a spectrophotometer (MINOLTA-
3600 d) and the results were expressed inL*a*b* values.
These parameters were measured for an illuminant D65, fol-
lowing the CIE-L*a*b* colorimetric method recommended
by the CIE (Commission Internationale del’Eclairage). In
this system,L* is the degree of lightness and darkness of the
colour in relation to the scale extending from white (L* = 100)
to black (L* = 0). a* is the scale extending from green (−a*)
to red (+a*) axis andb* is the scale extending from blue
(−b*) to yellow (+b*) axis.

2.2. Composition study

After studying the effect of the starting raw material on the
colour properties, the amount of oxides in the pigment com-
position was changed to improve colour properties by using
chosen suitable materials (Flotation waste, iron oxide scale,
f -
p ined

T
C btained

)

O

imonite, hematite, Samsun copper flotation waste, grin
aste and iron oxide scale waste were used as iron so
r2O3 (Merck), ferrochrome (Gensa A.S¸ .) and chromite wer
sed as chromium source, and manganese requireme
upplied from MnO2 (Ege Ferro A.S¸ .) and ferromangane
Gensa A.S¸ .). The chemical compositions of the raw mat
ls and wastes (wt.%) determined by energy dispersive X
pectrometer (EDX) are given inTables 1 and 2. The compo
itions of pigment mixtures were chosen to match com
ially available brown pigment. Therefore, the amount
he oxides were taken up fixed, only the sources of the
hromium and manganese were changed (Table 3).

The mixtures were ground for 3 h in a ball mill contain
ater and were dried. This was followed by calcination
h at 1300◦C. The calcined product was again ground fo
our in a ball mill containing water, washed, filtered and t
ried. Pigments of 12 wt.% were added to glaze and ap

able 1
hemical compositions of raw materials used throughout this study o

Chromite (C) Limonite (L) Hematite (H

xide materials
MgO 22.4 3.5 –
Al2O3 12.2 9 –
SiO2 4.8 31 5
CaO 0.2 – –
Cr2O3 46.7 2 –
Fe2O3 13.5 48 95
ZnO 0.2 – –
CuO – – –
NiO – 6.5 –
MnO2 – – –
errochrome, chromite, Cr2O3 and MnO2) and pigment com
ositions prepared (group C and D pigments) were calc

by converting elemental EDX analysis to oxides (wt.%)

Samsun flotation waste (S) Iron oxide scale (I) MnO2 (M)

0.4 – –
1.9 1.0 4.0

33.8 2.5 5.0
0.6 – –
– 1.5 4.0

58.6 95.0 10.0
3.4 – –
1.3 – –
– – –
– – 77.0
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Table 3
Pigment compositions prepared in this study (wt.%)

Code L H S G I C FC Cr2O3 MnO2 FM Al2O3 SiO2

CPa – 28 – – – – – 24 32 – 4 12
A1 50 – – – – – – 18 32 – – –
A2 – 27 – – – – – 24 33 – 4 12
A3 – – 35 – – – – 22 30 – 3 10
A4 – – – 31 – – – 23 32 – 3 11
A5 32 29 39
A6 36 – – – – 32 – 32 – – –
A7 – 23 – – – 32 – 30 – 4 11
A8 – – 21 – – 36 – – 30 – 2 11
A9 33 – – – – 37 – – 30 – – –
A10 – – – 21 – – 34 – 32 – 4 9
A11 20 – 39 31 – 2 8
B1 – – 25 – – – – 22 – 38 4 11
B2 – – – 23 – – – 24 – 41 4 8
B3 21 – – – – – 33 – – 40 2 4
B4 – – – 14 – – 34 – – 39 4 9
B5 38 – – – – – – 23 – 38 1 –
B6 – – 14 – – – 33 – – 39 4 10
C1 – – 33 – – 40 – – 27 – – –
C2 – – 29 – – 44 – – 27 – – –
C3 – – 25 – – 48 – – 27 – – –
C4 – – 35 – – – 32 – 33 – – –
C5 – – 31 – – – 36 – 33 – – –
C6 – – 26 – – – 40 – 33 – – –
C7 – – 49 – – – – 19 32 – – –
C8 – – 45 – – – – 23 32 – – –
C9 – – 41 – – – 27 32 – – –
D1 – – – – 19 50 – – 31 – – –
D2 – – – – 25 54 – – 31 – – –
D3 – – – – 21 – 41 – 38 – – –
D4 – – – – 17 – 45 – 38 – – –
D5 – – – – 33 – – 28 39 – – –
D6 – – – – 36 – – 25 39 – – –
D7 – – – – 28 – – 33 39 – – –

Composition of this pigment was determined by using XRF analysis. L: limonite; H: hematite; S: Samsun flotation waste; G: grinding waste; I: iron oxide
scale; C: chromite; FC: ferrochrome; Cr: Cr2O3; M: MnO2; FM: ferromanganese.

a CP: Commercial pigment.

at 1300◦C. Pigments of 12 wt.% (the percentage of pigments
were chosen constant as used in ceramic insulator factory)
were added to the glaze and applied onto the unfired porce-
lain body. The glazed ceramic bodies were fired at 1300◦C
for 2 h.

3. Experimental results and discussion

3.1. Preliminary study

The L*a*b* values and reflectance curves of coloured
glazes containing pigments prepared with different raw mate-
rials and waste are given inFig. 1. The colour properties of
glazed porcelains containing pigments were influenced by
pigment composition prepared with different starting mix-
tures and different shades of brown colour were obtained.
Darker chocolate brown were observed with iron chromite
pigments containing MnO which is similar to NiO containing
iron chromite pigments.9 In contrast, iron chromite pigments

produce a wide palette of tan and reddish brown shades
with the addition of ZnO.3 It is clear that replacement of
Mn2+ (0.97Å) ions (larger than Fe2+ (0.72Å) Fe3+ (0.78Å)
and Cr3+ (0.77Å) ions) could change the lattice parameter.
Accommodation of a larger ion induces a lattice distortion
involving even a variation of the distance between the colour-
ing ion and its ligands, that shifts the energy required to
produce an electronic transition, thus leading to different
colours.10

In group A pigments, MnO2 was used as manganese
source. The pigment prepared with hematite and Cr2O3 (A2)
has a highera* andb* value compared to the limonite or flota-
tion waste containing Cr2O3 (A1 and A3). From this point of
view, it can be concluded that, the sources of the iron oxide
affect theL* a* b* values (Fig. 1a). Flotation waste and iron
oxide scale were selected as an iron oxide source, because of
the lower total colour difference�E* (is the total difference
or distance on the CIELAB diagram at�L*, �a* and�b*)
value. The more intense chocolate brown colour was obtained
with pigment containing ferrochrome (A6) compared to pig-
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Fig. 1. Reflectance curves of coloured porcelain samples containing 12 wt.%
pigment prepared with different raw materials and different types of wastes.

ment containing Cr2O3 (A1) (Fig. 1b). Ferrochrome is an
alloy that can be regarded as a solid solution of chromium
and iron. It is thought to be a homogeneous spinel formation
which occurs easily between ferrochrome and other com-

Fig. 2. Reflectance curve of coloured porcelain samples containing 12 wt.%
pigment prepared with a mixture of flotation waste and either chromite (a),
ferrochrome (b) or Cr2O3 (c).

pounds due to its homogeneity of iron and chromium in
atomic scale and affect colour quality.

In group B pigments, ferromanganese was used as
manganese source. When the grinding waste replaced by
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F wt.%
p e (a),
f

the limonite in the same composition, theL* a* b* values
increased. Although, grinding waste was successfully used as
iron source in pigments for wall tile glaze and porcelainised
tile,7 desired colour properties by using grinding waste were
not obtained for porcelain insulator applications and crys-
tallisation on the glaze surface was occurred (B2 and B4).
However, B1 composition containing flotation waste showed
more desirable colour compared to the B3 pigment compo-
sition containing limonite (Fig. 1c).

3.2. Composition study

After establishing which starting material yielded the best
colour, the effect of oxide composition on the colour proper-
ties were studied with these materials (Table 3).

In group C, flotation waste was used as iron source
with different chromium sources (chromite, ferrochrome and
Cr2O3) while iron oxide scale were used in group D. When
the chromium content in the pigment composition prepared
with chromite and ferrochrome increases,a* and b* values
increase and desirable brown colour were obtained (Fig. 2a
and b). In contrast, the colour of glazes visually changes from
dark brown to black colours with increasing Cr2O3 content
as shown inFig. 2c. Similarly, brown colour was affected
by chromium content in the group D pigment compositions
p

lour
s ion
w
o aving

F erent
c
s ses (c:
c

ig. 3. Reflectance curve of coloured porcelain samples containing 12
igment prepared with a mixture of iron oxide scale and either chromit

errochrome (b) or Cr2O3 (c).
repared with iron oxide scale (Fig. 3).
Reproducibility of pigments is necessary to achieve co

tability. Although, chemical composition of copper flotat
aste does not change much from region to region,8 iron
xide scale can be used more safely and reliably due to h

ig. 4. XRD patterns of pigments prepared with flotation waste and diff
hromium sources (chromite, ferrochrome, Cr2O3) and calcined at 1300◦C,
howing the existence of mainly spinel(s) phase and the other pha
ristobalite and q: quartz).
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Fig. 5. XRD patterns of pigments prepared with iron oxide scale and dif-
ferent chromium sources (chromite, ferrochrome, Cr2O3) and calcined at
1300◦C, showing the existence of mainly spinel (s) phase and quartz phase
(q).

high iron oxide content and stability of chemical composition
in comparison to flotation waste.

The XRD patterns of pigments prepared with chromite,
ferrochrome, Cr2O3 and flotation waste calcined at 1300◦C
are shown inFig. 4. Spinel phase was observed for all the
pigment compositions and commercially available brown
pigment. As a difference, commercially available brown pig-
ment contain quartz (SiO2) phase. It is well known that, all
elements of first transition series (Cr, Ti, Fe, Zn, Mn, Cu,
Ni and Co) can form different compounds with the spinel
structure.11

The pigments prepared with chromite, ferrochrome,
Cr2O3 and iron oxide scale calcined at 1300◦C (Fig. 5) have
spinel phase when compared to pigments prepared with flota-
tion waste. It is clear that although all pigments have similar
spinel phase, colour of pigments were influenced by the type
of raw material compositions and the impurities.

4. Conclusions

In this study, production and characterisation of brown
pigments for porcelain insulator application by using less
expensive raw materials and waste was undertaken. The
glazed insulator bodies containing pigments have a different
shade of brown colour depending on the raw material used.

Black–brown were obtained with Cr2O3 containing pigments
whereas pigments prepared with ferrochrome, flotation waste
(C6) or iron oxide scale (D4) give more intense and bright
brown colour with a low�E* and were found to be within
the acceptable values according to the insulator porcelain
manufactures. Furthermore, if ferrochrome is used instead of
Cr2O3 in pigment composition, use of ferrochrome is more
advantageous because of its lower cost.

Flotation waste and iron oxide scale were chosen as an
iron source because of the lowerI�E* values. In this way,
flotation waste and iron oxide scale can be used as iron source
to produce brown pigments to be used in the ceramic insu-
lators and convert the waste into a value-added product and
in addition, environmental damage can be reduced with the
waste disposal in this way.
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Miss SelinÖzdilek for the help she provided during the course
of this work.

R

n

Am.

t be

um

iron-
azes.

sation
dry.

cts
anic

.

1 oks

1 zinc
eferences

1. Buchanan, R. C., Ceramic materials for electronics.Processing Prop-
erties and Application (2nd ed.). Marcel Dekker, New York, 1991.

2. Taylor, J. R. and Bull, A. C.,Ceramic Glaze Technology. Pergamo
press, Oxford, 1980.

3. Eppler, R. A. and Eppler, D. R., Glazes and Glass Coatings,
Ceram. Soc., Hong Kong, 2000.

4. Eppler, R. A. and Eppler, D. R., Which colors can and canno
produced in ceramic glazes.Ceram. Eng. Sci. Proc., 1994, 15(1),
281–288.

5. Ozel, E., K̈uçük, İ. and Turan, S., Synthesis of an iron-chromi
ceramic pigment by using limonite and chromite mixtures.Silicates
Industriels, 2003,68, 25–28.

6. Ozel, E. and Turan, S., Production and characterization of
chromium pigments and their interactions with transparent gl
J. Eur. Ceram. Soc., 2003,23, 2097–2104.

7. Turan, S., Inceefe, Y. and Ozel, E., Production and characteri
of pigments produced using grinding waste from cast iron foun
Key Eng. Mater., 2004,264–268, 2473–2476.
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