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ABSTRACT

The hematite asanatural and non toxic red ceramic pigment has been known
since prehistoric times but color shade of hematite becomes unstable with
temperature and need to protect with a suitable matrix. The best red shades
are obtained by the inclusion of hematite in silica casings. Zircon has the
best thermal and chemical stability but it is more rare and expensive than
silica, so in thisresearch afraction of zircon is substituted with silica crys-
tals. A Sol-Gel method has been applied in order to improve the inclusion
efficiency of hematite into silica and zircon crystals; Iron sulfate was used
as Fe precursor and matrix agents were zirconium chloride and colloidal
silica. Continuous changesin color were measured by comparing L*-a*-b*
values of the heated samples. TEM analysis on calcined powders shows
hematite single crystalswith spherical morphology and diameter of 5-10nm
that were occluded with silica-zircon crystal s successfully. Dueto its chemi-
cal and thermal stability, the pigment of hematite-silica-zircon system may
be considered as a suitable red pigment for ceramic manufacturing by fast
firing cycles. © 2011 Trade Sciencelnc. - INDIA
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INTRODUCTION

In ceramic applicationsincluding glazes, ceramic
bodiesand porcelain enamds, pigmentsaredispersed
inthemediaand must do not dissolve. In conclusion,
powders used for col oring ceramics must show ther-
mal and chemicd gability at high temperatureand must
beinert to the action of molten glass(fritsor sintering
alds). Thesecharacterigticslimit ceramic pigmentsto
avery small number of refractory systemswhich are
fully reacted and relatively inert to thematrix inwhich

they aredispersed®4. Thisneedfor great chemical and
thermal stability hasdominated research and develop-
ment in recent years especialy towardsnew red or pink
pigments. In particular theinterest isdirectedto thede-
velopment of inclusion pigmentswhich makeltilizable
colouring substances sufferingtheindudtria thermal and
chemica conditionsby occludingtheminastableglassy
or crystdlinematrix (heteromorphic pigments). Thein-
clusion or encapsulation of areactive, colored or toxic
crystal into astable crystalline matrix, givesaprotec-
tion effect to the crystal guest by thehost crystal. The
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Figurel: TEM Micrographsof thedried powdersand its

EDX a) image, b) selected areadiffraction zone, ¢) X ray pat-
tern of it that indicatesamor phouspowder and d) EDX

guest crystalsareinactivated into the matrix>7.

Silicamay be considered to havearelatively low
pricegivingit apotential to be usedin occluded pig-
mentsasamatrix, dueto itsthermal and chemical sta-
bility towardsglassy phases.

Theam of thiswork wasto study the optimization
of synthesizingred inorganic pigmentsfor ceramic ap-
plications. Inorder toimprovetheinclusion efficiency
of hematiteinto silicaand zircon matrixes, the aquasol -
gd routehas been applied aschemical processeswhich
improvemicrogtructura characteristicsand control par-
ticlesmorphol ogy® 9.
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EXPERIMENTAL

Samples of the SIO, — 1.4Fe O, —ZrSiO, were
prepared using the Sol-Gd method. A concentrated aqua
solution was prepared by adding iron sulphate
(FeSO,.7H,O, Merck) inthedionized water, refluxing
at 70°Cfor 30 minute. Then, therequired colloiddl sllica
and zirconium chloride (M erck) wasadded to theaque-
ous solutions by Drops of concentrated solution. The
systemwas continuoudy stirred and kept at 70°C until
the pH stabilized equd to 5. Theresulting light yellow
gel wasdried at 110°C and then fired. In order to de-
terminetheeffectsof firing temperature, the powders
werefired at temperaturesranging from 900to 1100°C
inandectrica furnacewithasoakingtimeof 3h. The
fired sampleswere micronised, wet milledinwater and
findlydriedat 110°C.
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Figure2: Simultaneousthermal analysis(TG and DTA) of
thedried powder. DataName: NO:1.tgd, Module TG/DTA,
Samplename: dr hosseini, Sampleweight: 1.740 mg, Refer -
encename: empty pan, Referenceweight: 0.000 mg. Comment:-
Operator: icpc, Gasl: none Gas2: Air, Pan: alumina. Tempera-
tureprogram:- Cel Cel Ce/minmin s1*3013001500.5

Toidentify thecrystaline phasesthat were present
intheraw and fired samples, X-ray diffraction patterns
werecollected using aconventiona powder technique
inaSiemens Diffractometer (D500 mod) employing
Cu KaNi-filtered radiation. To definethe col or devel-
oped about the samples, aUV-Vis spectrophotometer
with analytical software for color measurements
(PERKIN ELMER Spectrometer Lambda 19, UV/
VIS/NIR, Standard Observer: 10°) hasbeenused. L*,
a*, b* color parametershave been measured following
the CIE (CommissonInternationd del’Eclairage) colo-
rimetric method. Inthismethod, L* isthelightnessaxis
(black 0) — white (100)), a* isthe green (-) — red
(+) axis, and b* istheblue (-)— ydlow (+) axis. Pow-
dersmicrostructure characterization and morphol ogy
of theoccluded hematite has been studied by transmis-
sion e ectron microscopy (Jeol JEM 2010).

RESULTSAND DISCUSSION

Morphology of the hematite particles can be de-
tected just by TEM analysisbecausethey arevery fine
and occluded by the matrix. The spherica nano hema:
tite crystal shave been successfully occludedin silica
and zircon partic esafter firing. Figure Lreport the TEM
images of not calcined sample. Inthiscase, sampleis
congtituted of very fineand spherical particles. Loca
tion of Iron chloride crysta swere not been detected. It
seemsthat they are occluded by the amorphous phase
becausethe X ray pattern of thedried powder infigure
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Figure3: XRD patternsof a) dried powder b) fired sample
after calcinationin 1000°C, H: Hematite, C: Cristobalite, Z:
Zircon

Figure4: TEM Micrographsof thefired powder sat 1100°C/3h
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Figure5: TEM Micrographsof thefired powder at 1000°C/
3h, and EDX analysisof the(a) black spherical circlesand (b)
grey background of thispowder

TABLE 1: CIEL ab valuesof powder samples(a) dried gel and
(b) calcination temper aturewas1000°C

Standard L* a* b* C* he
D65 82304 -2448 6057 60622 92314
a A 84925 6.291 5944 59.772 83.958
CWF 2 84523 -2472 6833 68379 92072
D65 57.797 19.069 19.08 26.974 45.014
b A 61.133 22142 2422 32819 47572
CWF_2 59.22 14084 2197 261  57.342

1c did not show any light dot related to acrystalline
plate. Figure2isrelated to the STA analysisand shows
all of thereactions have been take placed before 800°C
and total decrease of weight percent is 38.4%. The
main reactionin mentioned agua Sol-Gel method was:
2FeSO, +ZrCl,— Zr(S0,), + 2FeCl,

Dueto hesat treatment obtai ned zirconium sulfate
and Iron chloride have been decomposed and oxidized
to very fine particles of zirconium oxideand hematite
respectively. Thereforethereal precursor of red col-
ored agent of thissynthesized pigment (hematite) islron
chloridethat it will affect on hematite morphology®. It
seemsthat very fine and aggressive zirconium oxide
particlein situreact with nano silicaparticlewhilethe
crystal growth and diffusion have beentaking placed.
High surface areaenergy of thefineparticleshasbeen
caused to reducing of reaction temperatures.

CIELab values of dried gel and fired powder
samplesarereported in TABLE 1. Base on the D65
standard of colorimeter resultsin TABLE 1, thered
factor equalsto 19.069 and it is very near to yellow
factor (19.08). Thesedatareport that the obtained pig-
ment after cal cinationshasred brown shade.

Accordingto XRD results, it canbeseeninfigure
3; interested three phases of hematite, cristobaliteand
zircon havebeen crystallized after calcinationin 1000°C
inthe samplesand before of thistemperaturejust he-
matite can be detected (not shown).

Figure4 and 5 are TEM Micrographs of thefired
powdersat 1100°C/3h and at 1000°C/3h respectively.
Those present the size, morphology and location of the
hematite particlesthat have been occludedinthesilica:
zircon matrix. Even, it can be seen the planes of ahe-
matite crystal that areregular likesinglecrystals. TEM
Micrographs showsblack spherical circleswith 5-10
nm diametersin the sintered and uniformed of grey
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matrix. EDX anaysisof the black spherical circleshas
been detected dementsof iron, zirconiumand silicate,
thereforefigure5aindicatethat black spherical circles
are hematite particleswith spherical shapesand pres-
enceof Zr and S isdueto encapsul ation of hematite by
the matrix, as can be seen similar to egg (red sign).
FgureSbisrdatedto EDX andysisof grey background
of thesame powder (far from black spherical circles)
and showsthematrix containjust Zr and S without any
dissolved Feions. Increasing of sintering temperatures
at 1100°C/3h did not show any effect on hematitemor-
phology but it might beimportant about red shade be-
cause of oxygen reduction®.

CONCLUSION

In order to prepare ahematite—cristobalite-zircon
inclusion red ceramic pigment, Sol-Gel processwith
thecolloidd silica, Zirconium chlorideandiron (1) sul-
fate were been synthesized.

Nano-sized and homogeneous hematite particles
wereobtained into sintered cristobalite-zircon matrix
after heat treatment at 1000°C/3h and 1100°C/3h.
Occluded hematite particleshave been spherica shapes
with 5-10 nm diameters. Changes of sinteringtempera:
tures did not show any effect on hematite morphology
but it wasimportant about red shade, inclusion effi-
ciency and therma-chemica stability of the pigments.
Duetoitshighinclusion efficiency, thisheteromorphic
pigment may be considered to be asuitable red pig-
ment for ceramic applications.
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