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Ro!e of Struc’tura! Fe(m) and Iron Oxide Nanophases in
Mu!hte Co!ora‘uon :
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;-Karlsruhe, Ge any) ﬁne& with'a verucal gomometer and ‘CuKo -
-radigtion’ selected by a grap}nte monochromator. “The: gomometer

metric -
S I “atenal able o’ mcoxporate consxderable
purities. 5.;1n parncular, Fe*t, 1ons are mamly.mcorporated mto X
‘the- (AIO ) octahedra, substi e jf‘EPR spectra Wer recorded at 140 K in the 0t 400 mT

troscoplc tudles have been camed out on Cr-doped 1 llite, - t mafvneuc ﬁeld ranoe fc',r X—band f[equency (v
‘Alftaviolét (UV)—VISlble (vis)a ion’

‘ such study has prevxously beenn ported Prev1ous spectroscoplcf‘
studles have been camed out .on’ theucolor hanges' f heated

e
1mpurmes, but no relzmonshlp has been’ estabhshed between 1ron
_' species,- their distribution,-and chromanc propernes : mulhtev
Funhermore, spectial propemes of superp‘n‘amagnenc (nanocrys—.., )
talhne) femc oxides are not known in mullite. Understandmo the’
- relationship "between dllute Fe>* ions, mcorporated u'on ox1de .
nanophases, ‘and optical : parameters could help to” manaere “the.
“chromatic behavior in mullite ceramics, We present hére' new DRS
studxes of mulhte, exhlbmno ye]low color awhich . we attribute to’

ent. J
.pound SEM charactenzanon revealed the occurence of mulhte f ;
: crystals 1()0 to 200 nm’ in lenath ‘and 25 fo 50 nm in wxdth The S
3 prmc1pa] impurities (Table 1) in'the studied mulhte were iron 'md C
itanium
N (A) ‘Alumi “"Kaolinite~mullite - transforma— .
" tions were similar for all startm(7 matenals, ‘and the presence of :
crystalline mullite was ev1denced by XRD. However ‘the Hor .
ssample dxd not . xhxblt cnstob'xhte reﬂecnons XRD pattems

extendmo from r1bout 16° to 36° 26. . < S
. (B) For exgn oudes Furﬂxermore, anamse 101 md rutlle 110

‘reflections were present ‘with clearly resolved weak peaLs wh1ch
“were “observed, respectxvel), at 25.25° and 27.40° 26. Smdled
, sqmples ha»e exhlbned superparamaonenc behavmr,5 ° asswned
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. S Table 1. - S‘artmo I\aohmte Characteristies™ - " “Fe**ions at two tetrahedral (T) and octabadral (O) sites®® ™
LT . e - | Toullite. EPR studies™ have established that iron, as Fe®™ substi-
ImP “my content (i ?’mcmm] ﬁrodfr -+ - tutes for Al m'nnly in the octahedral sites, chains of which exiend
I\a~04 CHT 107t “along the ¢-axis of the structure. The intensities of EPR signals at
© 8err = 9 and g = 4, comresponding, respectively, to octahedral

" and tetrahedral 1ron,‘5 by analogy with an EPR study on Fe®”

030 12 center in “sillimasiite’® which has a structure similar, to' that "of |

b mulhte, .Were used to_monitor Fe3t content in the mvestxgated

B samples Fxoure l(a) shows the EPR sensmvny to Fe(III) content

Jhich i from reference to A 88 mulht_

\ -

" Nashest """ Phases? Fe~0; Hor - ki

(1) A-88 - An o T1727109 <000 <001 030 15 -

) crénce sample? synihietic ‘Morophasit mu]hte (wt%: e,O ~="0.21; Ti0g' =
0.14),° supphed by KPCL‘(leoaes. ance).; Sources: a, 2). Jnn River (Amazon
5)  and Hotd, £ respec 1y, from ‘Embu and Ji undxapeba areas -
".(Sa0 Paolo,’ Br:ml), 4. 6) Warren County (Geonzm USA). *From the XRD panem
“the symbols are listed in the apparent order of importance of foreign phases ldenuﬁed
.(An) anatase, (Qz) quartz, () 11].|te. (He) hematite, IXRD index after Hinkley.HE =
&lpgm‘"gf‘h:{fﬂg ¥ ;140 K, wh °ff 5 Lé? D 3(32) - B(1Y) ‘“‘“} L = line, “This - posmon §e8ms; “to: ‘correspond to: the (6t,u z
ibed YRR o1 . R 3 19.20th nergy 0

Eoip

A A,

88 mulhte"'produces n edoel

tend of the' OMCT with siructural Fé(III) ¢ :
to those obt led w1th EPR spectra. The mtensmes o the\ 'EPR

100 150 200
Magne’nc f;eld (mT)

Flg. 1 }x band EPR spectra' (2) mullite: (l‘) A-88, (’?) A 90 (3) Car. (4) RG1-2 (5) Hor, 6} KGa-l and (7) ref (smthenc sample) (b) C’u‘ mulllte. dem cd
. from raw (R) '\nd mm'ﬂlv ble'lched (B) Laohmtes
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(i) ¢ and 1)077 O zae in Mulllu’ Colomvon
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T tasit
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g
-of mulllte' (I) A-SS (2) A-90, (3) C'lr, (4) KG
(7) referenice’ (syntheuc sample)

frorh titaniferous vanenes of andalousue the ch’xrge tr'msfer band
in mullite has been attributed to Fe** — Fe?, Ti*7 — Ti**, and
Tt +

Fe’* — Ti** + Fe®*. transitions by carlier investiga-

" tions,™12! The presence of ferrous iron seems unhkelv bw'mse it

77 is'well knotwn that the $pin=a 'ﬂlowed 5T-.“ 55 E(D) tr"znsmon for this™

data, the abﬁorptlori threshold of rutile 3 W'IS observed at 388 nm. >33
(3) Evzdence for Ir

n'an ochﬁedral' te oc urs at approximately | 1000 nm:
s d;eg‘r‘_gulhte spectm “do’ ‘Dot shoiv i

ccurs as

an mdependent ph'lse, “iccording to the XRD data ‘Conse-

quently, for such ch'u"oe transfer 10 tal\e pl'lce, it is con51dered

] Orzde Nmzoplzases : "
In M 151b1e spectra the spectml fe’xtures due to the hxoher-enervv

t. Further, assocxated rutile”
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ecause of :its’ mgen31ty and eneroy, 1 :
egrée of certainty, to'd-d transmons f oceahddrs
31 The feature af 446 nm,

asThd

“1 (b))‘ due to’

passing t throu0h the achromauc C pomt ~Thls hne mdlcates th'lt Ap

may be related {6 inctéased iron omde nanophase concentranon
i (hue) Is pracncally the same (575—576 nm) for all samples (T able

Further, 1ron ox1de nanophases ev1denced by DRS an EPR data g
i

’ T(l) A-SS' (") A 90 (a) Ca.r. (4) I\G.l- (5) Hor, (6) KGa-
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- of the O\ICT band (Fig. 6) is strontvly correl'\ted wuh the | pumy of -
o S e ‘

- conﬁrmed by an EPR swnal due to superparamaonetlc oxides and‘
: supported by transmlssmn electromc microscopy of mulhte sam- .

rk
‘ obt"med from fired raw lmohmxea The otier main con\.,queme is
that the P of tin and the %1 (Table II) in muilite change wita iron
" content. The most suitable representatlon of chanoe in purity of tint -
: in the different samples is obtained by plotting P against pigment--
ing iron species content. Two parameters can b° considered from
optical spectra; (1) the band position and (u) the band intensity,
which relate to the content of the coloring pigment.’The’ mtensmf

; 1t is well known"6 that’ the increasing iron solublhty process is
:temperature controlled mecham ' ’ i
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