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A bstract

The dwrabtlity of cordierite honeycomb structure for
artomotive ennsstons control s stronghy affected by
the presence of some pollutants on the trap walls
durmg the lngh temperature step of flter regeneration

The short term mteraction behveen cordiertte and
some smgle pollutant oxides ( Na,0, CaQ), ZnQ), PhO,
Fe,0, 1,0.) has been imvestigated by differential
dilatomerry, YRD, IR spectroscopy and SEM

There s evidence that the pollitant ons diffuse mto
the covdierne latnce The formation of new phases and
surface etchmg have often been observed,  the
appearance of new phases having a thermal e xpansion
coefficient different to that of the pue cordierite 1y
responsible of a diffuse nucrocrackmg, particularly i
the samiple polluted by sodnan ovide

A1 900 C all the pollutants except Fe,O y strongly
ctch the cordiertte, particularly dangerons s the
presence of sodumn or lead ovides whieh are able 1o
completely destrov the cordierite structure

Die Bestandigkent derv zellenformigen Struk tur von
Cordevit Eiltern, die fur die Kontrolle der Abgase von
Pergasermotoren verwendet werden, st von der
Gegomvart versclnedener Vernnrewngungen beemflufit,
welche sich an den Wanden des Filters absetzen und
nit thnen ber den holen Temperaturen der Regen
ertering des Filters reagmren,

Die ki zfristige Wechsehvirkung cwischen Cor
dicrtt und  cmphasigen Veriremigungen  ( Na, 0,
Ca(), ZnO, PhQ, Fe,0,, 1',0.) wurde durch
Differenzialdehnungsmessung,  Infrarotspek b oskopie
und Rasterclek tronennukroskopte untersucht

Die Untersuclnmg zeigt vor allent die Ober Hachen
Angriffserschemungen des  Filters, aber auch  die
Diffusion der Verunrcungungsione ut das Gitrer des
reinen Cordernt und die Bildung newer Kristallin-
phasen.  Nachdem  die letzteren  cmen  anderen
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Warmeansdehmngskocifizent haben als der Cordienit
sind ste fur dhe verbretteten Mikrorisse verantwort
heh, dies wird gan: besonders deuthich ber Na,€)
vermmrentgten Struk turen.

Es wcurde beobachitet, daff alle Vernnremiger aufier
Fo,0y con 900" C an den Cordierit mit Sicherhent
angretfen Die o gefalirlichsten Verunreniger  sind
fedoch Na,O und PhO, weil sie zur vollkonuenen
Zerstorung der Cordwerustonk tr fiihren

La durabilite de la stracture a md d'abedle d base de
cordierite urthisée pour e controle des  émissions
atttomobiles est affectée par la présence sur les parois
due filtre des differents polluants, pendant les cyeles
thérnngues de régencration a haute temperatur e

L'mteraction a court terme entre la cordiérite et
chaque pollutant ( Na,O, CaQ), Zu@), PhQ, Fe,0),,
1500 ) a éteé étudide par difatometrie differentielle,
diffraction des ravons X, spectroscopie IR et MEB

La diffusion des ons polluants dans le résean de
cordienite o ¢ nuse en évidence, la formation de
phases nouvelles et phicnoménes d attaque superficielle
ont cte observes Les nowrelles phases ayant un
coeffrcient de dilatation thernngue different de la
cordicnite pure sont responsable de la microfissuration
diffuse, surtout evidente dans échantillon pollue par
lovide de sodinn

A lexeeption du Fe, Oy, a par tir de 900 C, tous les
polluants attaquent fortement la cordierite, parti-
culicrement dangereuy sont Tovvde de sodnnn et
Fovvde de plonih, qui détrasent completement la
structure de la cordierne

| Introduction
Cordierite honeycomb structures have been widely

employed in the automotive industry in the last 15
years.' ! They have performed as catalytic conver-
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ters for hydrocarbons, carbon monoxide and nitrous
oxides emissions ol gasoline-powered cars and also
as traps and incinerators for particulate material
from the exhaust gases of diesel-powered cars ' ~°

In this last application, the durability and
efficiency of the ceramic structure may be strongly
affected by the interaction with the pollutants
emitted from the engine: at the high temperatures
sometimes reached during flter regenetation (about
1000°C)." the pollutants may react with the cor
dierite, leading (o noxious modification ol the filter
properties.

In a previous work ' some preliminary resulls on
the nteraction between single pollutants and
cordierite were reported. In this paper the deterior
ation of the cordierite honeycomb structure due (o
the new phases lormation and local differential
dimensional vanations was investigated. The low
temperature limits at which the dumage becomes
evident were specified.

2 Experimental

Cordierite (indialite) honeycomb filter (type EX 60
100725, Corning Glass Works. USA) was used, this
trap has a square shape cell geometry with a wall
thickness of -6 3mm and a porosity ol about S0%,
with a mean pore size ol 32 yim. Cordierite (indialite)
powder {Baikowsky, Germany) was also inves-
tigated as reference as 1t is purer. Na,CO (as Na,O
source), CaQ, ZnO, PbO), Fe,0, and V,0, (C. Erba,
ltaly) were used to simulate pollutants present in the
particulate.’

To investigate the interaction between cordierite
and pollutants and its infAuence on the thermal
expansion, mixtures of cordierite powder und oxides
(ratio ['l by weight) were pressed at 400 MPa to
obtamn bars of 6mm x~ 6 mm » [O0mm. This weight
ratio (1:1) was chosen to simulate the real conditions
in use when a local superficial contact between a
pollutant particle and the filter wall takes place.

Samples of the flter (6bmm » 6mm » 25mm)
were also cutin the axial direction The samples were
plunged n alcoholic suspensions ol different oxides
(o obtain a weight increase of 0% + | alter drying
at 100"C In this way oxide particles were deposited
on the surface and into the pores of the cordierite

filter to simulate operative conditions. The value of

10% by weight of pollutants was chosen on the
ground ol statistics (Grachello, A., pers commun.,
1991) ol the pollutant level in filters alter long-term
use

Differential dilatometry experiments (Netzsch 402
ED apparatus, using alumina standard bar as
reference [or the mixtures cordierite-oxide and an
undoped filter sample as reference for doped filter

samples) up to 1000'C with a heating rate of
10"C/min were performed  To investigate new
phases produced by ceramic-oxide reaction, com-
pacts ol carefully diy-mixed Baikowsky cordierite
and different oxides (ratio 1:1 by weight) were made.
These compacts were treated i wir at temperatures
ranging from 500°C to 1000"C and held at each
temperature for Smin (heating rate ol 10"C/min).
After heat treatment, all the compacts were milled
and studied by X ray diffractometry (Philips PW
1710 apparatus, CuK, radiation) and by IR analysis
(Jusco DS-702 G apparatus). The morphologies of
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Fig. I. Diflerential dilatometrie curves ol pure cordiente and

cordiente oxide bars (o) Pure cordierite, (a) N, CO ;. (b) Ca()

(¢) ZnO, (d) PbO), (¢) Fe, O, (1) V,0, (———) Heating and
(- - - -) cooling curves
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the elched samples were mvestigated by scanning
electron nucroscopy (Hitachi S2300 apparatus).

3 Results and Discussion

The dilutomerric behaviour of cordierite-oxide bars
compared to that ol pure cordierite 1s presented in
Fig. I The cordierite-NaCO, sample (Fig I(a)
showed a large expunsion, starting at about 700" ¢
and with a maximum at Y00'C, at higher tempera-
tures and during cooling, u large shrinkage was
detected This behaviour can be ascribed o new
phase formation The cooling curve stops at about
Y00 C because the detection limit 1s overcome The
sample containimg cordiente and CaQ (Fig. 1(b))
shrank at 400 C and 800 C probably because of the
presence ol Ca(OH), and CaC'O . detected by XRD
The cordiente-ZnQ) bar (Fig 1{¢)) did not present
dany evident dimenstonal change The cordienle-
PbO specimen (R [(d) showed a large shrinkuge
startmg at about 600 € alter coolimg the bar was
shrunk  The  cordiente-Fe, O, (Fig Le)n and
cordierite VO (Fig [(h)y samples presented only
bitde shinkages begmming at about 800 €' and
OO0 C respectively
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The dilatometne curve of pure cordierite (Fig, 1 (o))
shows a little shrinkage at 840 C due to the starting
ol sintering phenomena. In the case ol the mixtures
with V,0, or PbO, the sintering starts at lower
temperatures and shrinkage becomes more evident,
probably because of therr low melting temperatures
and the new phase formation When Fe,0, 18
present, only the shrinkage 1s moditied and becomes
more noticeable

The dilatometric behaviour ol cordierite filter
bars doped with the different oxides 1s presented in
Fig 2. When a cordierite filter 1s doped with sodium
carbonate (Fig 2(a)), a large expansion takes place at
about 860 C, changing the dopant (lor example,
using sodium acetate as precursor of Na,0). a
stmilar effect was obtained. the mfAuence of the anion
appears to be neghgible  After heat treatment the
sample remamned expanded: also Lachman er o/
reported a deleterious effect on thermul expansion of
extruded cordierite when doped with alkahs

In contrast, during heating, the samples contain
mg caleium, zine, lead and iron oxides (Fig. 2(b)—He).
respectively) present o hittle shrinkage and, at room
temperature, the samples appear shrunk

The cordiente dilatometric behaviour 1s weuakly
mfAuenced by vanadium oxide (Fig (M) the
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Fig. 2. Differennal dilatometric curves of cordierne fiher polluted by () Na,CO, (b) CaQ), (©) Zn0) (d) PO (e) Fe, Oy (1) V,0
(— ) Heatimg and (- - - -) cooling curves
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Table 1. X Raydifitaction results, principal phases lormed by the reaction between cordierite and oxides as
function of tlemperature (held ut each (emperature for Smin)

COvide Temperatine ( C)
Ll 70 S 9N 1000
Nua, 00 Cordierite (h) Cordienle (1) Na, ('O (l) Na,Mg,S1,0,, thy Na,Mg,81,0,, (h)

Na (O, (h) Na,CO, (h)

Na,Mg,S1,0,, (h)

NaAlO, (1)

Nu,Al,SI10, (1)

Nu,Al,S10, ()
Mg,Si0, (1)

Ca) Cordiertte (hy Cordierite th) Cordiente (h)
CaQ) (h) CaOQ) (h) CaQ (h)
CaCO (D CaCOy () CaCO (D
Znt) Cordiertte (h) Cordierite (h) Cordiertte (h)
Zn0) (h) Z2nQ) (h) Zn¢) (h)
Pbh() Cordiertte (h) Cordiertte (m) Cordierite (m)
Pb) (h) Ph,S10, (h) PbAL,SIO,, (m)
Ph,Si0, (I PhAI,SI0),, (M)
Fe,00, Cordiente (h) Cordienite (h) Cordiertte (h)
Fe,0, (h) Fe,0, (h) Fe,0, (h)
V,0,  Cordienite th) Cordientte (h) Cordierite (m)
V,0, (h) V,0, (h) V,0, (h)
Si10, (1)
MpV,0, ()

Cordierite (1)
CuQ (h)
Melihte (1)
Cordiertte (h)
ZnO (h)

PbAL,SI0,, (h)
PhAL,S1,0), (h)

Cordierite (h)
Fe,0, th)
Cordierite (m)
V,0, (h
Si10, (m)
MgV,0, (1)

Cordierite ()
CaQ) (h)
Melihite (m)
Cordierite (m)
Zn0O (h)
Zn,510), (tm)
MgAL,O, (1)
PbAI,S10, (h)
PhAL,S1,0, (h)

Cordierite (h)

Fe,0, (h)

Cordiertie (m)
V,0., (m)
Si10), (m)
MgV,0, (h)

Content (h) = high, (m) = medium, (1) = low

shrinkage starts at about 300°C but a small
expansion, during cooling, partially counterbalances
the shrinkage.

The thermul behaviour of doped filter bars 1s
similar to that of the cordierite-oxide mixtures
when the pollutant s in contact with the filter wall, it
reacts with cordierite and modifies its thermal
expansion because ol a solid solution or a new phase
formation.

The inAuence of the pollutant-Alter interaction
can be lound not only n local varnation ol the
thermal expansion behaviour of the tilter but n a
dimensional change spread over the whole ceramie
structure during the thermal cycles: the filter
porosity, even 1f ranging around S0%, 1s not able to
completely take up the local dimensional variations.

In Table | the principal new phases formed by the
reaction between cordierite and single oxides as a
function ol the heat treatment temperature are
reported The XRD putterns are complex und in
some samples (doped with Na, Zn, Ph, V oxides) the

backgrounds are high, supporting the hypothesis ol

the presence of variable amount ol amorphous
phases Up (o 500 C no nteruction between
cordierite and pollutants has been observed
Starting lrom 600°C, sodium oxide reacts with
cordierite to give Na,Al,Si10,, a carnegiente-like
phase, since Na,CO, melts at 850°C, this reaction
oceurs in the solid state Considering the results of
Evans er a/® and the XRD patterns of the mixtures
having increasing Na,O content (1, 5, 10, 25 wt%), 1t
cun be deduced that a large amount of Na,O can
enterinto the zeohite like channels” of the cordierite

without any evident structural change. When a
critical amount 1s reached, the attack and deterior-
ation of the latuce take place starting from the T,
tetrahedra® with new crystalline phase formation,
Residual products of the attack are SiQ, and MgO
which lorm crystalline Mg,S10, after heat treat-
ment al 700°C This is i agreement with the
MgO-Al,0,-810, phase diagram:'" the subtrac-
tion of stlica and alumina from cordierite, to grve
Na,Al,S10),, generates forsterite

Remembering that sodium sihcoaluminates have
a thermal expansion coefficient ten times higher than
cordierite'' und high background present in the
XRD patterns, the large expansion of the
cordierite-Na,CO, mixture can be imputed to
sodium silicoaluminate and glass formation. Cor-
dierite disuppears and Na  Mg,S1,0,, 1s synthesised
after heat treatment at 8OO'C, at 1000"C, near
Mg-Na silicate, NaAIQ, appears. Cordierile 1s more
stable in presence of calcium oxide: only a small
quantity of melilite (Ca,Al,S$10,-Ca,MgSi,0,)
appears at 900"C. Cordierite 15 unaffected by ZnO
until 000" C: at this temperature Zn,SiQ, and
MgAl,O, ure [ormed

At 600"C cordienite reacts with PbO to give
Pb,SiO,; since the melting point of PbO 15 890 'C the
reaction ocecurs 1n the sohid state. Lead silicate is
expansive'? but sintering phenomena enhanced by
the low melung point of both PbQ and silicate
(740°C) result n a large total shninkage At 700°'C
PbAL,S10,, 1s formed: starting from 900"C, cor-
dierite is completely destroyed (o produce two lead
sthcoalummmates. This is in agreement with the
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IR spectroscopy was also performed on the
cordierite-oxide  mixtures to confirm the XRD
results and to check the short range order variations
in cordierite structure during heat treatments.
Except for the cordierite-Fe O, mixture, which does
not exhibit any significant change of the IR spectra
alter heat treatment ut different temperatures, a
slight broadening of the bunds was observed for all

-~ ¥

Fig. 3. Microstructure of cordierite as tired at 1000 ¢

results of Sorrel'? who obtained lead feldspar by
reaction between lead sulphate and kaolin, at about
800 ¢

Interaction between cordierite and won oxide
does not give any new phases; 1in contrast, V,0,,
starting from 800'C, reacts with cordierite to give
MgV ,0, and cristobalite

(b) (c)
Fig. 4. Scanning electron micrographs showing tlter micro Fig. 5. Scunning eleciron micrographs showing flter micro
structure alter Smin at 1000°CT (a) Na polluted cordiertte (b) structure alter 60 min al 1O00°C (a) Zn polluted cordierne, (b)

Ph polluted cordiente Ph polluted cordienite, (¢) V polluled cordiente
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the other mixtures increasing with the heat treat-
ment lemperature This phenomenon may be
ascribed to the decrease of the short-range order,
probubly due to the distortion ol 810, and AlO,
tetrahedru caused by ion diffusion into the cordierite
structure

In the cordierite-Na ,O mixture, the presence of
an amorphous phase 1s clearly revealed starting
from 700 C, as well as the formation of an alkaline
silicate contamning magnesium 1n tetrahedral co-
ordination In the cordierite-PbQ mixture, alter
treatment at 900'C, the spectrum shows that the
cordierite has completely disappeared, 4 new
crystalline phase is formed and an amorphous phase
is also present. For the cordierite-V,0, mixture, the
presence of free S10, was detected at temperature
~900"C,

In conclusion, the 1R data confirm the inform
ation from XRD palterns

Figure 3 shows the microstructure of cordierite as
fred at [000'C, the preferred orentation of its
elongated grams 1s due to the extrusion process
employed to produce the monolith Figures 4 and 5
present the morphological change due to the
interaction between the oxides and cordiertte filter
after heat treatments at 1000 C.

After Smin at 1000 C, as shown 1n Fig d(a),
sodium oxide interacts with cordierite creating
cracks as a consequence ol the Na silicoaluminate
formation and the diffetent thermal expunsion
behaviour between this new phase and the cordiernite
matrix; lead oxide (Fig. d(b)) produces a superficial
etching ol the cordierite grains, the other oxides do
not give any visible modification.

Il the thermal treatment at 1000 °C 1s prolonged
for 60min, sodium oxide produces longer and
deeper cracks, zine (Fig S(a)), lead (Fig. S(b)) and
vanadium (Fig. Sc)) oxides etch the cordierite giving
formation of new phases, no visible modifications
are present in the samples doped with the remaming
two oxides.

4 Conclusions

The results on the interaction between cordierite and
single pollutant oxides have demonstrated that:

— Usually pollutants lead to surface etching and
new phase lormation. Some ol these phases
have a thermal expansion coefficient very
different from pure cordierite. Thus during filter
regeneration, where temperatures of aboul
[000C may be reached, different dimensional
variations may be produced locally in the
ceramic body and microcracks appear.

—Sodium and lead oxides seem to be the most
dangerous pollutants, since they are able to
completely destroy the cordierite structure at
temperatutes lower than 900°C. lron oxide
seems to yield only a solid solution; the other
pollutants partially react with cordierite 1o
produce new phases.
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