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I Introduction 

Cordlerlte honeyc(,mb structures have been w~delv 
employed in [he aulomol ive induslry in the last 15 
years. I ; 'T'hcy have performed as catalytic conver- 
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ters I'~r hydrocarbuns, carbon monoxide and nitrous 
(>xldes emlssmns or gas~flineipowered cars and also 
as traps and incineraLors for parllculale material 
t'r~>m Lhe exhausl gases o1" d~esel-powered cars ~ -" 

In Lhls last applicalion, the durability and 
etticlency (~1' the ceramic sllUClUre may be strongly 
affecled by the interaction with the polluLants 
emitted I'ron] the engine: at the high temperatures 
sumellmes reached dLirtng tiller re~.enetaLi(m (about 
IIX)()"C)/' the p()lh, ll:lnts may react with the cor 
dierlte, leading to n()xlOUS nlodlfiCatlurl ~1" the filler 
pr~)perties. 

In a prewtms w~rk ~ s(~me preliminary results on 
the ~nteraclion beLween s~ngle p~fllutants and 
cordteriLe were repurted. In this paper Lhe deterior 
alion ~)1' the c(~rdtenle h~neyc~mb strUcLLire due to 
the new phases format ion and h~cal differentml 
dnnensumal varnatl(mS was investlgaLed. 'T'he I~w 
temperature limits at which Lhe damage bec~mes 
evident were specified. 

2 Experimental 

C'ordierlle (iridlahte) honeycomb filler (type EX 61) 
1(.)1)/'2'~, Corntng Glass W()rks. USA) was lised', this 
trap has a square shape cell ge~)metry with a wall 
Ihtckness (fl" ()'h ~, mm and a p,m~stty of about '~()~"h 
wt lh a mean pure size or 32 ym. C,~rdiertle (indlaltLe) 
powder (Balk~wskv, Germany) was als(~ Inves- 
tigated as reference as tl is purer. Na,CO~ (as Na,(2) 
source), Ca(-), ZnO,  pb(2), Fe:(2)~ and V :(.).., (C. E.rba, 
I laly) were used I~) simulate pol lutants presenl, in Ihe 
par {Jcula Le. 7 

To invesllgal,e Lhe interacl lon belween cordier~te 
and pul lutants and its inl]uence (m the thermal 
expansl(m, mixtures ol 'e~,diertLe powder and oxides 
(rat io I'1 by weight) were pressed aL 4()()MPa to 
obtain bars of  ~ mm ',. ~ mm >. I ()mm. This weight 
ratl,~ ( I :1)  was chosen to simulate Lfie real o)ndlt~ons 
in rise when a local superficial contact belween a 
pol lutant  particle and the filler wall takes place. 

Samples (~1" the filter (6mm ,' t~mm ,.' 2'~mm) 
were als() cut in the axial dlret'llorl 'T'he samples were 
plung.ed irl alc()h~flic suspensions or dttli~rent oxides 
I(~ obtain a welghl increase of J()% -I- I al'ter drying 
at I()()"C In this way oxide particles were deposited 
on the surface and ~nlu the pores of the cordterlte 
filter to simulate ~)perallve condilt(ms. The value or 
IIi% by welghl cd" pollutants was ch,~sen ~n lhe 
ground or Sl:lltSllCS (Glachello, A., pers t'~mmun., 
1991) o1' l,he pollutant level in fillers al'l,er Iongiterm 
use 

Dlfferenl,ml dtlalomeLrv experimenLs(Netzsch 402 
ED apparatus, using alurmna standard bar as 
reference li~r the m~xtures cordlerite-oxlde and an 
undoped filter sample as reference for doped filter 

ii 
O 

samples) up to I1)1)()'(," wtlh a heating rate of 
I()"C'/mzn were performed 'T'¢~ investigate new 
phases pruduced by ceramic-oxide reaclmn, com- 
pacts of carefully dny-mixed Balkowsky cordiertle 
and different oxides (ratm I:1 by wetght) were made. 
These compacts were l,reated m air at lemperalures 
ran~.ing from 5()1)'C t~ I()()()"C and field at euch 
temperature for 5rmn (heating rate of I(.)"C/mtn). 
Al'Ler heal treatment, all the compacts were trolled 
and studied by X ray dtffractomel.ry (Phdips PW 
17 I1) apparatus, C"u K, radiation) and by I R analysis 
fiasco DS-7()2 G apparatus). The morphologies ol" 
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Fig. L. DiHerenlial dllaR~melrlt' curves ol pure cordienk' ond 
c~rdtenle ox,Je bars (o) Purl ~ t'urdtertle, (a) Na,,(."(.)~. (b) Ca(.) 
(c) Zn(), (d) Pb(.), (e) Fe,(:)~, (I) V,C)~ l- ) Healing and 

( . . . .  ) ~.'~lznl..~, curves 
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the etched samples were investigated by scanmng 
electrum mncrosc~pV (Hnlachi S.3()() apparatus). 

3 Resulis and Discussion 

F'he dnlat~urlelric hehaviuur If l 'c~rdtertte-~xide bars 
c~vnpared h~ thai ol' pure c~rdiertle is presented nn 
F'~.. I The o~rd~er~te-NaC'O~ sample (Fur'. I(a)) 
,,;h(~wed :i large expan,',.t~m, .,,farting at ab~Lil '7()()C 
and wrth a ma.~nmum at g()()'(.', al h~L.,heu tempera- 
lure.,,, and durunp c~(fl~nt.,., a large ,.hnnkage wa.,,, 
detected T'hi.s behavi~ur can be a.scrtbed h~ new 
pha'~e I'orilluti~w~ T'he ~.'(~l~ng ctirve sh)p._s al abe)Lit 
~-)()()' C becati.se tile detecti,m Ivuntl is ~,verc,~nne 'The 
,,ample c,,nla~nnnb, c,,rdieunle and Ca(_) (Fng. I(h)) 
,,hrank at ,el)q) (.' and N()() C pr,,bablv be~.'ause ~fl'lhe 
['u e'.,em.'e o1' Ca((_) H ), and C'aC(.) ~. deteuled hy X R D 
r'he ~.'~rdnernle-Zn(_) bar (Fig I(c)) dud m~l pre.,.,ent 
all'¢ evidenl diITleUl'~ll~nal ~.'ll~.Itl~,e T'he c(~rdlelile- 
Pb() !,l'~e~.']illel~ (kI!~ I(d)),,h~v,'ed a larl, e l,,hrlilkuL.,e 
Malllrl[.., ;11 ah~nnl fl()() C'. al'let c(~(flint.., Ihe bar v,.a~, 
,.,hiLink T'he ~.'~>rdnenntu-Fe,(_)~ (FIL-' I(e)) and 
~.'~>ldle~ile V ,(.), (FnL., I(I )) ',ample'., pne~,enlled (rely 
L]llle ',llunnkaL.,e'~ I~el..,.nu]nlnnup al ah~unl N()()C and 
¢~()() (.'. re,fl~ecln~el~ 

'The .ddah,nelnc curve ul" pure ~.'ordnente (Fig. l,fl~)) 
',;h~ws :l ]li l le ,.,,hrinkage al 840' C due tu the starling 
~fl'.strlterlng phem)mena. In the case ~1" the mnxtures 
with V:(_),, (~r PbO, the .~tnterlng start,~ at h~wer 
temperatures and .shnnkage bec~mes ,m~re evident, 
pr(~hablv beeau.,,e (~1" their h~w melting temperatures 
and the new phase I~rmatlon When Fe,(_)l J.,, 
pre,~ent, ~mlv Ihe ,dlrtnkage is m~dtfied and beo~me,~ 
m(~re nollCea ble 

T'he (Jvlat~mwLrJc behavt(~ur ~11' ~.'(~rdienle filter 
hars d(~ped wnlh the dtfl'erent (~xide.~ is pre.~ented in 
Fig 2. When a ~.'~rdierlte filter IN d~ped wnlh '~dluln 
carbonate( F U...,, 2(a )), a large ex pa n.,,,ion take,,; place al 
about N6()C, ut~an~ln[., tile d(~l'~.llll (l'~r example, 
u',,tng !,a~diLiUn a~.'elale as prectir,,,~,~r ()1' Na,.,(.)). a 
',.llnllal el"re~.'l wa',. ~btairned. Ihe I nl-] UeliCe (~I" the ;.I nl,l')rl 
appear,~ t , )he negligible After heal treatment tile 
sample remanned expanded: al.s~ L.achman ~.t ,H '4 
reD~rled a deleleru~u.s effe~.'l ()11 thermal expan.sn~m o1' 
e~lltlded ~.'l~rdierile when d~ped wnlh alkahs 

In c~)illrasl, dtirirl[~ healing. Ihe samples c~mlain 
~ng cah.'lum, zinc. lead and irun ~xldes (Fit.,. 2(bHe). 
respectively) presenl LI little .,,hr]nkage and, al room 
temperal~te, lhe ,,alnple.s appea, ,,hrulnk 

'Tile ~.'(~rdlevlte dl lat~,netrw behaviour m weakly 
influenced hv vanadium (~xnde IFtL:, 2(1")I the 
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X Ray dtfl"taclton results, pnncipal phase~ hwmed hy Ihe reaclton belween cordterfle and oxtdes as a 
luncltun of lemperalure (held al each lempetalute for '~ ram) 

( )  ~ , h '  ' l " ( 'mp~' r , lm c ( ( ~ ) 

bOO 7 00  ?)'00 ~00 I 0 0 0  

Na,,(_) C'()rd~ettle lh) Cordiet t le (I) Na ,(.'l )~ (I) Na4Mg,,St ~(.)~, (h) Na,,Mg,,St ~()~, (h) 
Na,,C'O ~ (hi Na,(.."() ~ (h) Na,~Mp,:S~ ~(-)~u (h) NaAIO,, (I) 
Na,,AI,,StO(., (I) Na,,AI,,St(.)~, (It 

M g,Sff.),) (I) 
CaO C()rdlerile (h) C'()r(llerile (h) (."(.)rdlenl(.' (h) (."ordlerile (I) (."ordi(:rile ii) 

C'a(_) (h) (?at.) (h) Ca(.) (h) (."aO (hi Ca() (h) 
C'aC'O ~ (I) (."at.'(.) ~ (I) C'aC(.) ~ (I) Mehl i l¢ (I) Mehhle (m) 

Zri(.) (."()rdlerile (hi C()r(iierile (h) (-'()rdierile (h) (."()rdlerile (h) (?ordlerite ira) 
gn(.) (t1) ZnO (h) Z,n(.) (h) ZnO (hi Zn(;) (h) 

Zn,St( ),~ (m) 
MgAI  ,(.) 4 (I) 

f)b() C()rdiertle (h) (.'ordtertle (nl) C()rdtertle (m) PbAI,,Sd),, (h) PhAI,,Sff),, (h) 
Pb(_) (h) Ph,S)( )4 (h) PhAI,,Sff),  (m) F)hAI,S),(.), (h) PhAI:S),( .) ,  (h) 
Pb,S)(_).~ (I) PbAI ,S i ( ) ,  (m) 

Fe,,( )~ (.'()rdlerlle (h) (. 'ordlerlle ih) (."()rdp.'rtle (ll) C()rdieri le (h) (.'()rdierde (h) 
F'e,(.) ~ (h) F'e,(.) ~ (h) F'e,()~ (hi F'e,(_)~ (h) ,F'e,,(.) ~ (h) 

V ,(.),, C'()rdtertle Ih) C()rdtertle ih) (.'()rd~ertle (rn) (-'()rdterile (rn) (.'()rdtenle (m) 
V,(.),, (h) V ,(.),, (h) V,O,, (h) V,,O,, (h) V,,(),, (m) 

Sff), (I) Sit),, (m) S)(_),, (m) 
Mr:V,,(.),, (I) Mt:,V,( )(, (I) Mt.),V,(.), (h) 

(.'~)ril(.'ril (h) = hq..)h, (m) = )ncd)um, (I) = I()w 

,~hrtnkage starts at ab(.)ut 3()()'C but a small 
expa nM()n, d urine, c()()l~ ng, partially counterbalances 
the shrinkage. 

'The thermal beh:~w()ur ()r doped filter bars ~s 
stmtlar to that (.)r the o.)rdter)te-()xtde mixtures 
when the p()llutant Js in c(.)ntact with the filter wall, ~t 
reacts wtth cordtertle and m(.)difie,~ it,; thermal 
expans)()n because (.)1' a solid s()luti()n ()r a new phase 
f(.)r ma I ion. 

'['he )nfluence of the p(')llutant-filter tnteractt(.)n 
can be f(.)und not only ~n local var'mtu)n ()1" the 
thermal expans)t.)n behav~()ur of the filter hut in a 
d]men,~t()nal change spread ()vet the whole cerarnw 
'~tructur'e dur ing the thermal cycles' the filter 
p(.)t(.)~)ty, even HI" rang)ng around '~()%, ts not able t(') 
completely take up the local dimens)onal v,')rmtk)ns. 

In ']"able I (he principal new phases f()rmed by the 
react)on between (.'()rd)ertte and s~ngle ()xtdes as a 
runctt()n ()1" tile Ileal Ireatmenl temperature are 
reported 'The X R D  patterns are complex and in 
st)me s,'~mples (d()ped w~th Na, Zn, Pb, V oxtdes) the 
backgrounds are h~gh, supp(.)rt~ng the hypothesis (.)f 
the presence ()1' variable arn(.)unt ()f amorph(.)us 
phases LIp t() 5()()C" no )nteract)(.)n between 
c(_)rdier')te and pollutants ha,~ been observed 

Slarttng rrom 6(.)()"C, s(.)d~um oxide reacts with 
c()rd)ente It.) give Na,,AI,S)O,, a carneg.je)le-hke 
phase, since Na:(.-'().~ melt,~ al 85()"C', this reacti(.)n 
(.)c(.'urs tn the solid state C()nsidertn~ the restilts (.)f 
Evans et a/~ and the XRD patterns or the mixtures 
having increasinL2 Na :O content( I ,  5, IlL 25 wt%), tt 
can be deduced thai a large am~)un( or Na :O can 
enter )nh.) the ze(.)ltle like channels '.) of the (.'ordter)le 

wtth()ut any evident structural change. When a 
erltwal amount ts reached, the aitack and delertor- 
ati(.)n ()1" the latttce take place starting I'r,)m the 'T' 2 
tetrahedra u with new crv,~lalline phase formation. 
Residual products of the atta(.'k are SiO: and MgO 
which form crystalline Mg,,Sff.),4 after heat treat- 
ment at '7OO'(? Tt .s  is in a~.reen)ent with the 
MgO-AI:(-)~-SiC):  phase dmgram: TM the subtrac- 
t~()n ()1 s~l~(.'a and alumina from c()rdlertte, to gwe 
Na : A l :gf f ) . ,  genera tes rorsterite 

Rememl')erlng that sodium slhcoalummates have 
a thermal expanst(m ~.'oel~clent ten times higher than 
c()rdierite ~ and high background present In the 
X R D  patterns, tile large expansKm ()f" the 
(.'ordterite-Na:CC).~ mixture can be imputed It) 
~odlum sdicoalurntnale and glass I'~)rmation. Cor- 
dlerite disappears and Na,~Mg:Sl d ) l .  IS synlhesised 
al'ler Ileal treatment at X()()"C, at I()()()"C, near 
Mg-Na  sthcale, NaAIO:  appears. Cordterite ts more 
stable in presence of calcium oxide: only a small 
quanti ty ()I" melilite (Ca:Al:gff:) . , -Ca,MgSi,()7) 
appears at (.-)()()"C. C(.)rdierite ts unaffected by Zn()  
until I()()()'C: at this temperature Zn,SiO4 and 
MgAI,C),~ are r()rmed 

At b()(.)"C c(.)rdler]te reacts with PbO It) gtve 
Pb,Si(-)4; since the melting point (.)f PbC) is 89()'C the 
reacti()n occurs in the st)l)d state. Lead silicate is 
expuns)ve ): but slnterlng phenomena enhanced by 
the h.)w meltmg p(.)tnt of both Pb(-) and sihcale 
(740'C) result in a large t()tal shrinkage At 7(X)"C 
PbAI,,Sff;), ~s formed; start~ng rrt)m 9(.X)"C, cor- 
dier~te is c()mplelely destroyed to produce two lead 
s~l~coalumlnates. "l"hts is in agreement with the 
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I r spectroscopy was also perlbrmed ,~n the 
c(~rdterite-oxlde nuxtures t,~ confirm the XRD 
results and to check the shorl range ~rder vartatlon,~ 
=n c~>rdterlle structure durtng heat treatments. 
Except I'(~r the cordlerlle-Fe,C) ~ mixture, which does 
n(~t exhiNt any s~gmhcunt change ~fl'the IR spectra 
after heat Irealmenl at different lemperutures, u 
slight br(~aden~ng ~;1' the hands was ~;bserved for all 

Fig. 3. Mlcr=~drurlur~:' ,~1' tord lcr l l t '  ;.h hred ul I(XX)' C 

results i~l" Sq~rrel ~ who (~hlained lead Feldspar hv 
reucll~m between lead ,;LiIphale and ka~lln, at annul 
8()() C 

Inleractl,)n between c()rdnerlte and lu()n (~xlde 
d~;es not give any new phases; in contrast, V:O,,, 
starl ing from ~()()L', relicts with c()rdlerlte Io give 
MgV ,0~_, a l l d  ~.'rlMoballle 

(at 

(,,;) 

(b) 
Fig. 4. Scanning ~leclrorl mtcrograph~ sh~wtrlL.;, hirer rrncro 
, , I rut iure ul lcr hmlr| LII I(X)()"(.' (a) Na Df l lu led c¢~rdlerll~' (h) 

Ph pol luled c~rdl~'rlh. = 

(c) 
Fig. 5. Scurirung eleclror| mtcropr,Lph;, :,howmg hller mtcro 
,.drLiclure aller h(Imln al IIHH)"C la) Zn p()lllJled cordtertle, (h) 

Ph DdhJled t.'ordier=lc, It) V pol lul t 'd c~rdler=lc 
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the ,)lher mixtures increastng wtth the heat treat- 
ment temperature This phenomemm may be 
ascr=bed to the decrease of the short-range order, 
probably due to the distortion (ff SiO~, and AI(_),~ 
tetrahedra caused by ion diffusion tnto the cordwnte 
s t r u c t u r e  

In the ct~rdler'lte-Na,() mixture, the presence or 
an am~rph(~us phase ns clearly revealed startnng 
Irom '7()() C, us well as the l'(~rrnatI~m ~,1' an alkaline 
snhcate contanning magnesnum nn lelrahedral co- 
ordinatncm In the cordiernte-PbO mixture, after 
treatment at 9()()'C, the spectrLnm shows that the 
cordlertle has c~,npletely dtsappeared, a new 
crystalline phase is I'ormed and an amorphous phase 
is als~ present. F'ot the c~rdmr~te-V,(.),, m~xture, the 
presence ~[" rree Sff): was detected at temperature 
_. 91)( )' 'C, 

In c~,nclusn~m, the I R d,'=ta confirm the nnfi,rm 
atnon I'r~un XRD patterns 

F i g u r e  ~, shrews the  m l c r o s t r t l c l u r e  ~)fcordlertle us 
fired at I()O()"C, the prel'erred ornentatnem of his 
e l o n g a t e d  g ranns  IS d u e  [() t i l e  exlrLiSltm pr()cess 
emphwedtopuoducethernon,flnlh F'~gures4and'~ 
presenl the n~urph~,log.w.'ll change due 1o the 
interact~(m between the oxMes and c,~rdier~te filter 
al'ler heat treatments at I()t)()' ('. 

After 5m~n at I()()()'(.", as sh(~wn tn Fig 4(a), 
s~dlLHn ,~xtde nnteracls wnth cordwr~te creatinw, 
cracks as a consequence t.,l' the Na snlncoalumnnate 
I'(~rmat~on and the d~ffetent thermal exp:tnst(m 
behaviour between thin new phase and the curdwrtte 
matrix; lead t~x~de (F~g. 4(b)) pruduves a superficml 
etching of the cordlerlte gratns, the t~ther t)xldes do 
m)t give any visible modification. 

If the thermal treatment at I()()()'C' is prohmg, ed 
for h()min, sodiurn t~cnde produces hmger and 
deeper cracks, z.~m.' (F~..,. S(a)), lead (F'~g. 5(b)) and 
vanadium (Fig. 5(c))oxides etch the cordwr~te giving 
Iormatn~m (d" new phases, no vtsnble rr]~dtficatt,ms 
are.present =n the samples doped wtth the remanrung 
tw(,  ~,xldes. 

4 Conclusions 

"rhe results on the interaclion between ct,rdiertte and 
single polh.ltanl (~x=des have dem,mslraled that: 

--Llsually pollutants lead to surface etching and 
new phase formation. Some of these phases 
have a thermal expansion coefficient very 
different from pure cordiente. 'T'hus during filter 
regeneration, where temperatures or about 
It)()()"C may be reached, dlfferenl d~mensmnal 
varmttons may be produced locally in the 
ceramw body and m~crocracks appear. 

--Sodium and lead oxides seem to be the most 
dangerous pc~llutants, since they are able to 
c(~mplelelv destn~y the cordterite structure at 
temperatures h~wer than ~(XY'C. Iron oxide 
seems to yield only a solid solution; the other 
pollutants parlmllv react w~th cordter=te to 
produce new phases. 
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