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A BSTRA CT

Tire ll ~C (~;naturat inorganic pigments ill tire ceramic industn; is stcadily increasing. Na tural
inorganic 1'(';:111Cl1ls hare [0'((' cos ts, compared '(pith syllf lzctic pigments, Iron oxide is t1 widcl.tl used
natural pigment since it presen ts all ample paric/y of colours, is non-toxic and has t1 low coM. The
I'd piglll<'llt has been a problem for IIII' ceralllie illdllstry l>ecm"'" the OIlly aile that i" w llsidered
l>lood red does not tvork at tentperaturcs Iligher than 1100 "C, ,VIOI'L'Oi'er, it i" ,li:'o toxic. Hematite
i" a naturu! iron are, tcith a stabte red colour "l' 10 l OOO T. HOiI'eper the Fe" iO Il i" 1'ery rcactirc
toitl: ceramic gltc c composition». [rit« and ceramic bodies. III thi« context , the prest'll ! H'ork (('as
undertaken wi th II ricu: to illuestigatillS the s.t/ll thesis processes ojhcuuttitc particle occlusion i ll al1

amorphous silica matrix. Thus, goethite with IH'erage particle size bettcccn ../ and 2 111111 (l'as 'it'et

mixed u-ith amorphou« silica (suriac« area 0( 400 m'lg ) ill a ball mill[or Su. A.fier /I'l/Ilogellizalitm
the samplc« it'ere dried ill a laboratory [urnace at nODe dmggregaled ami ' 11 11,:eqllelltly
heal-t rea ted ill all electricfu rnace ill the 1050-120(),C tcmperaturc rallg,,-!ill' 240 mi ll. Finalb), tile
hau-trcntcd "ample" 1('ere t1I la/lfzed I,y X RD and Ille pigmellt coiours Ipere dctcrntincd by a
Ll V-Vi" , peclrophotometer. The 1'1', "11" indicat« that pigmellt colour i,: intlucnccd bu tlu: parlicle
size o( the iroll oxide precllr, or, reln tirc alllollllf:' of the oxide precllr, or allll ellcap,," /ilti/Ig matrix,
a" uvl! a" hml-lrmlmCllltempl'l"alllre alld time (calcination).
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EXPERIMENTAL PROCEDURE

Na tural goe thite (hav ing mean particle size in the range 2-4 mm ) and amorphous
silica (having a surface area of 400 m' / g) we re used as raw materi als. Table 1 sho ws the
raw materials proportions used for the p repara tion of each sam ple. The samples were wet
mixed with ace tone in a ba ll m ill for 5 h so that ve ry homogen eou s slurries were obtained .
The slu rr ies were su bsequently dried at 1l0DC to constant weight and deaggregated for
calcination heat-treatments. Heat-treatments were carried ou t in an electric laboratorv
fu rnace in the 1050-1200CC temperature range for d ifferent times (60, 120, 240 and 360
minu tes ) in air by app lying a heating rate of 20cC / min. The sa mples were then cooled
down to roo m temperature. The heat-treated samples were subseque n tly subjected to
XRD (Ph ilips Xpe rt, year 1994) and UV-Vis spectrophotometer (Hun ter Lab Co lor Quest )
analyses for the determination of the mineralogical phases and calorimetric pa rameters.
To d etermine the silica sintering temperature, a powd ered sa mple wa s pressed in a
lab oratory press at 40 MPa . The therm al sh rinkage cu rve wa s then determ ined in a
d ila torneter in air by applying a heat ing rate of 20°C / min.

Sample reference Goethite (w t%) Silica (w t% )

A90 10 90

A80 20 80

A70 30 70

A60 40 60

A50 50 50

Table 1: ~VciSlt t Proportion of goethite and umerpuons silica.

RESULTS
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Figure 1: Linear thermal shrillkage currc of the
omorptioue silica.
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Figure 2: X RD JlI1ftaJl5 of sa/IJple A90-llteaf-tn'lltcd
ITt 1200 °C for 240 min.

(C- Cristobatite. 11- Hematite).
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DISCUSSION AND CONCLUSION

FiSBYt' 6: f rall/ation (~f L" lI ud Il~ system j il,. tlte i ron
oxide pn'cllr:.'(lI" it'ith d~(fi- ' rt'llt heat-trclltmcllt

fell/perM /I res, I.*f/ III/I il lO'f. i f! / ).
a"'( lnl nlhll/ r ).

From the figures it can be seen that the sa me mineralogi cal or crys ta lline pha ses are
invo lved (C- C ristoba lite and l-l-Hematite) for all the sa m ples. However, XRD int ensity
depends on particle size and cry sta l co nce n tra tion. O n the other hand, co lou r intensity do
not show th e same behaviour i.e .. be tter resu lts were ob ta ined for lower iron oxide
co n tents (10 w tj;,) and lower particle sizes (2 mrn ): th e figures show the L* and a*
parameters, and reflectan ce spectra, respec tively. A lthough sa m ple A70 sho ws hig her iro n
oxid e co nten ts, lo wer co lour in tensity (red co lou r) is found th an in sa m ple A90. Thi s result
was a lso co nf irmed for sam ples w ith d ifferent iron oxid e conte n ts as Figure 4 shows,
w hich indicat es that th ere is an optimal proport ion be tw een the iron o xid e and silica to
obta in good occlu sion and consequen tly good co lour intensity. This behaviou r can be
exp la ined by th e fact that in this case, the silica present is not enough to protect every iron
particle and conseq uen tly so me of these iron particles become exposed to a ir y ield ing
m agnet ite (Fe,O, w hich has a black co lo ur) accord ing to the follo wing reac tion : 3Fe,0 , (s)
= 2Fe,0 , (s) "±" 0 , (g ). In fact acco rdi ng to LLUSAR, th e occlusio n m echan ism in
encapsu lated pigments is di rectly re la ted with the sin te ring and l or cry sta lliza tion p rocess
of the matri x i.e ., it mus t be ad jus ted to sync h ron ize w ith the g ro w th process o f th e
occl uded chromophore phase. Furth er in vest igations cons idering th e tem pera tu re-time
effec ts show that w hen heat-treatment temperat u re and time incre ase, the co lou r in te ns ity
of th e obta ined pi gments d ecreases as Figures f and 6 sh ow. These resu lts ag ree w ith th e
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mechani sm proposed by LLUSAR, since crystal gro wth is expec ted whe n temperature
and time increase, while colour inten sity should decreases since the ligh t path in th is case
is greater, which means lower reflectance.


