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The ad van tages of us ing ce ram ics in ad vanced heat en gines in clude in creased fuel
ef fi ciency due to higher en gine op er at ing tem per a tures, more com pact de signs with 
lower ca pac ity cool ing sys tem. Fu ture in ter nal com bus tion en gines will be char ac -
ter ized by near zero emis sion level along with low spe cific fuel con sump tion. Ho -
mog e nous com bus tion which re al ized in side the en gine cyl in der has the po ten tial of 
pro vid ing near zero emis sion level with better fuel econ omy. How ever, the ac com -
plish ment of ho mo ge neous com bus tion de pends on the air flow struc ture in side the
com bus tion cham ber, fuel in jec tion con di tions and tur bu lence as well as ig ni tion
con di tions. Var i ous meth ods and pro ce dures are be ing adopted to es tab lish the ho -
mo ge neous com bus tion in side the en gine cyl in der. In re cent days, po rous ce ramic
ma te ri als are be ing in tro duced in side the com bus tion cham ber to achieve the ho -
mo ge neous com bus tion. This pa per in ves ti gates the de sir able struc tures, types, and 
prop er ties of such po rous ce ramic ma te ri als and their pos i tive in flu ence on the
com bus tion pro cess.

Key words: porous ceramic material, internal combustion engine, homogeneous
combustion

In tro duc tion

In in ter nal com bus tion en gines, ce ram ics are be ing con sid ered in three gen eral cat e go -
ries: dis crete com po nents in turbochargers for re cip ro cat ing en gines, coat ings and mono lithic
hot-sec tion com po nents in ad vanced die sel de signs, and all-ce ramic gas tur bine en gines. In the
late 1980, when en gine de vel op ers were work ing on the adi a batic com bus tion en gine, ad vanced
ce ram ics seemed to solve one of their main prob lems, which was to be able to run the en gine
with out any oil – a ne ces sity at the re quired high tem per a ture level.

Com pared with met als, ce ram ics have su pe rior wear re sis tance, high-tem per a ture
strength, and chem i cal sta bil ity. Gen er ally, they have lower ther mal, elec tri cal con duc tiv i ties
and also lower tough ness. The lower tough ness of ce ram ics (brit tle ness) causes them to fail sud -
denly when ap plied stress is suf fi cient to prop a gate cracks which orig i nate at mi cro scopic flaws
(e. g., cracks, voids or in clu sions as small as 20 mm) in the ma te rial and this can oc cur at a stress
value of 2069 MPa and above. The tough ness of ce ram ics could be nor mally made higher
through flaw size re duc tion. The un pre dict able fail ure caused by poor con trol over flaw pop u la -
tions is the most se ri ous hand i cap to the use of struc tural ce ram ics in load-bear ing struc tures [1].
How ever with ad vanced ce ram ics, this dif fi culty can be over ruled and they are now be ing pre -
dom i nantly used in the com bus tion cham ber of re cip ro cat ing en gines to achieve ho mo ge neous
com bus tion [2]. Re search ers around the world are now fo cus ing on the po ten tial uti li za tion of
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unique char ac ter is tics of ce ram ics for ho mo ge neous com bus tion in in ter nal com bus tion en gines
for fuel econ omy and emis sion re duc tion.

Ho mo ge neous com bus tion

In tro duc tion to ho mog e nous com bus tion

Ho mo ge neous com bus tion is de fined as a pro cess in which, a 3-D vol u met ric ig ni tion
of the ho mo ge neous charge is fol lowed by si mul ta neous heat re lease (no flame front) in the
whole com bus tion cham ber vol ume char ac ter ized by a ho mo ge neous tem per a ture field [3-5].
This is dem on strated in fig.1.

To re al ize a ho mo ge neous com bus tion in a prac ti cal die sel en gine, it is ev i dent from
the above def i ni tion that, in ad di tion to the con trol of ig ni tion tim ing and heat re lease rate; three
nec es sary con di tions namely ho mo ge neous charge, 3-D ig ni tion and vol u met ric heat re lease are
to be ef fec tively sat is fied [3-5]. These three con di tions are ful filled with ease, by the in tro duc -
tion of po rous ce ramic ma te ri als in side the com bus tion cham ber and uti liz ing their unique and
spe cific char ac ter is tics [6] rather than em ploy ing other com plex tech niques such as vari able
com pres sion ra tio, vari able in duc tion tem per a ture, vari able ex haust gas recirculation, and vari -
able valve ac tu a tion.

Sa lient fea tures of ho mo ge neous com bus tion

(1) It provides up to 15% fuel savings, while meeting current emissions standards.
(2) The mode of operation is closer to the ideal Carnot cycle during compression and heat

release.
(3) Overall lean operation leads to higher cycle efficiency.
(4) Homogeneous mixing of fuel and air leads to cleaner combustion with significant low peak

temperatures, which in turn leads to lower nitric oxide (NOx) emissions.
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Fig ure 1. Def i ni tion of ho mo ge neous com bus tion and the in flu ence of po rous ce ramic
ma te ri als on com bus tion



As the pos i tive as pects of ho mo ge neous com bus tion are nu mer ous, en gine re search ers 
are now try ing to es tab lish the ho mo ge neous com bus tion in in ter nal com bus tion en gines by
putt ing var i ous tech niques into prac tice. In this as pect, the in tro duc tion of small ce ramic ma te ri -
als in the form of po rous me dia in side the com bus tion cham ber has been found to be a prom is ing
tech nique and the se lec tion of suit able ce ramic ma te ri als for this pur pose draws the at ten tion of
the re search ers all around the world.

Fea tures and re quire ments of po rous ce ramic ma te ri als for
ho mo ge neous com bus tion in en gine ap pli ca tions

Nu mer ous im por tant pa ram e ters should be con sid ered while se lect ing po rous ce ramic
ma te ri als to re al ize the ho mo ge neous com bus tion in in ter nal com bus tion en gines. In these pa -
ram e ters, the fea tures that are di -
rectly re lated to the com bus tion
and heat trans fer pro cesses are
very im por tant (e. g. spe cific sur -
face area, flame prop a ga tion,
heat trans port prop er ties, heat
ca pac ity and trans par ency for
fluid flow). The pore struc ture,
den sity, ther mal re sis tance and
me chan i cal prop er ties of po rous
ce ramic ma te ri als un der high
pres sure and tem per a ture are
equally im por tant for ho mo ge -
neous com bus tion [2].

To sup port the en gine com -
bus tion pro cesses, the ma jor fea -
tures that must be pos sessed by
the po rous ce ramic ma te ri als are
de picted in fig. 2 [2, 7].

Fea tures of po rous ce ramic ma te ri als for ho mo ge neous com bus tion

Ex cel lent heat trans fer char ac ter is tics

The heat con duc tiv ity of ce ramic ma te rial can be cho sen of sev eral or ders of mag ni -
tude higher than that of gas mix ture in side the cyl in der. Even with a po ros ity of 95 per cent, the
over all con duc tiv ity will be 300-500 times higher than the gas mix ture which re sults in 16 to 20
times higher com bus tion ve loc i ties. The high ther mal con duc tiv ity of po rous ce ramic ma te rial
con trib utes a better tem per a ture dis tri bu tion in ax ial and ra dial di rec tion and ac cord ingly cy cle
peak tem per a ture will be elim i nated which are the ma jor con tri bu tors of NOx [5, 8, 26]. Ad di -
tion ally, there is strong cool ing of the re ac tion zone and in con se quence the ther mal NOx for ma -
tion is sig nif i cantly re duced (low tem per a ture com bus tion) [2].

Large po ros ity

Ce ramic ma te ri als with po ros ity over about 80% are pref er a ble for en gine ap pli ca -
tions, since they pro vide trans par ency for gas and liq uid flows as well as for flames. This trans -
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Figure 2. Main features of porous ceramic structures to support
individual engine processes 
(Courtesy: Miroslaw Weclas [2])



par ency per mits low pres sure losses in fluid flow through the ce ramic ma te ri als. Po ros ity can be
de lib er ately gen er ated through the ap pro pri ate se lec tion of raw ma te ri als, the man u fac tur ing
pro cess, and in some cases through the use of ad di tives [5, 9, 10]. The vol ume dis tri bu tion of
typ i cal po rous ce ramic ma te rial adopted for en gine ap pli ca tions is shown in fig. 3.The pres sure
drop over the ce ramic foams with dif fer ent po ros i ties (in ppi – pores per square inch) is shown in 
fig. 4. Large trans par ency per mits low pres sure losses in fluid (gas) flow through the po rous ce -
ramic ma te rial vol ume and as sists in the prep a ra tion of ho mo ge neous charge [2].

Large spe cific sur face area

Large spe cific sur face area al lows the po rous ce ramic ma te rial to be used ef fec tively as 
a va por izer. The fuel can thus be dis trib uted over this sur face, pro vid ing very thin wall films that 
can eas ily be heated and va por ized. This spe cific sur face area de pends on the pore den sity, its
ge om e try and the ba sic struc ture used for man u fac tur ing of ce ramic ma te rial [2, 6, 10]. Ce ramic
ma te ri als with larger spe cific sur face area are cho sen for en gine ap pli ca tions as they pro motes
va por iza tion of fuel that con se quently ends with the prep a ra tion of ho mo ge neous charge, which
is the pre-req ui site for ho mo ge neous com bus tion [2].

High heat ca pac ity

The heat ca pac ity of the ce ramic ma te rial should be cho sen as high. Ow ing to this high
heat ca pac ity, high com bus tion sta bil ity can be achieved. Part of the heat re leased dur ing the
com bus tion pro cess is ac cu mu lated in side the po rous ma te rial re sult ing in a high tem per a ture of
the solid phase sur face, which pos i tively in flu ences the cold start con di tions [2, 6, 11, 13, 14].

High me chan i cal and ther mal sta bil ity

It is one of the im por tant fea tures since the po rous ce ramic ma te rial is go ing to be op er -
ated un der high tem per a ture and pres sure con di tions. When the ce ramic ma te rial is mounted on
the pis ton top cav ity, it will be come a crit i cal fac tor. Ac cel er a tions up to 500 of earth ac cel er a -
tion and large tem per a ture gra di ents are usual. The ce ramic must be sta ble enough to over come
these sit u a tions [2, 6].

156 Chidambaram, K., Packirisamy, T.: Smart Ceramic Materials for Homogeneous ...

Figure 3. Typical volume distribution of a porous
ceramic material for engine applications

Figure 4. Pressure drop vs. mean bulk velocity
(for different pore density of ceramic foams in
engines)



Re quire ments of ce ramic ma te ri als for en gine ap pli ca tions

(1) Compactness: In automotive engines, the space inside the combustion chamber is limited.
Therefore, the ceramic structure that is going to be introduced should be compact in size.

(2) Power turndown: The heat source has to allow the complete process to be operated in a wide
range of power outputs. 

(3) Multi-fuel capacity: For automotive applications, it is essential that the engine must be
capable of running with a wide range of fuels such as gasoline, natural gas, hydrogen or even
rapeseed oil, industrial gas oil, and rich methyl esters. Hence, it is essential that the porous
ceramic structure must admit the burning of different gaseous and liquid fuels with
consistent high performance.

(4) Emission output: The emission output of the resultant homogeneous combustion owing to
the porous ceramic structure has to be very low over the complete dynamic power range and
for a diversity of fuels [7, 16, 17]

Fea si ble po rous ce ramic ma te ri als, struc tures for 
ho mo ge neous com bus tion

Ce ramic ma te ri als

The ma te rial se lec tion for po rous ce ramic struc ture to op er ate at el e vated tem per a ture
is cru cial, be cause of se vere ther mal and chem i cal stresses and the pos si bil ity of crack ing. Thus
the ma te rial se lected for the pur pose should be high tem per a ture re sis tant. Num ber of stud ies
have been car ried out to iden tify the suit able ma te ri als, which can with stand the high tem per a -
ture in side the com bus tion cham ber and to pro vide sat is fac tory re sults. The ce ramic ma te ri als
such as alu mi num ox ide (Al2O3), sil i con car bide (SiC), zir co nium di ox ide (ZrO2), and sil i con
nitride (Si3N4) in the form of foam, lamellas or mix ture struc tures are found to be ap pro pri ate for
stated ap pli ca tion [17, 22] 

Zir co nium ox ide

Zir co nium ox ide oc curs as monoclinic, tetragonal, and cu bic crys tal forms. This is
shown in fig. 5. Densely sintered parts can be man u fac tured as cu bic and/or tetragonal crys tal
forms. In or der to sta bi lize these crys tal struc tures, sta bi liz ers such as mag ne sium ox ide (MgO),
cal cium ox ide (CaO) or yt trium ox ide (Y2O3) need to be added to the ZrO2. Other sta bi liz ers
some times used are ce rium ox ide (CeO2), scan dium ox ide (Sc2O3), or yt ter bium ox ide (Yb2O3).

In fully sta bi lized zir co nium ox ide, the high-tem per a ture cu bic struc ture is pre served
even af ter cool ing due to the ad di tion of the other ox ides into the crys tal struc ture. Rapid in -
crease in vol ume at el e vated tem per a ture, which is un de sir able for tech ni cal ap pli ca tions, does
not take place in fully sta bi lized zir co nium ox ide
[18, 19, 24, 25].

Par tially sta bi lized zir co nium ox ide is of great
tech ni cal sig nif i cance. At room tem per a ture, the sub -
stance in cludes a coarse cu bic phase with tetragonal
re gions. This state can be re tained in a meta-sta ble
form through ap pro pri ate pro cess con trol or an neal -
ing tech niques. This pre vents trans for ma tion of the
tetragonal phase to the monoclinic phase, and the
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Fig ure 5. Zir co nium ox ide: cu bic,
tetragonal, and monoclinic crys tal lat tices
light spheres = Zr, dark spheres = O



microstructure is “pre-stressed”; this is as so ci -
ated with an in crease in strength and tough -
ness. The microstructure of such a ma te rial is
shown in fig. 6 [1, 17, 20, 21].

Alu mi num ox ide

Alu mi num ox ide which has the wid est
range of ap pli ca tions is char ac ter ized by its
high strength, hard ness, tem per a ture sta bil ity,
high wear and cor ro sion re sis tance. Syn thet i -
cally man u fac tured ma te ri als with alu minium
ox ide con tents rang ing from 80% to more than
99% have been proven in prac tice. The out -
stand ing val ues of bend ing strength, wear re -
sis tance and high tem per a ture sta bil ity make
the alu minium ox ide suit able for me chan i cal
ap pli ca tions es pe cially in en gine ap pli ca tions
in the form of static mixer [1, 20].The
microstructure of alu minium ox ide ce ramic is
ex posed in fig. 7.

Sil i con car bide

De pend ing on the man u fac tur ing tech -
nique, it is nec es sary to dis tin guish be tween
self-bonded and sec ond-phase bonded sil i con
car bide ce ram ics, as well as be tween open po -
rous and dense types.

Open po rous sil i con car bide:
– silicate-bonded silicon carbide,
– recrystallized silicon carbide (RSIC), and
– nitride bonded silicon carbide (NSIC).

Dense sil i con car bide:
– reaction bonded silicon carbide (RBSIC),
– silicon infiltrated silicon carbide (SISIC),
– sintered silicon carbide (SSIC), and
– hot pressed silicon carbide (HPSIC).

Out of the many sil i con car bide types listed
above, the sintered sil i con car bide is found to
be more suit able for com bus tion ap pli ca tions.
Sintered sil i con car bide is pro duced us ing very 
fine SiC pow der con tain ing sintering ad di -
tives. It is pro cessed us ing form ing meth ods

and sintered at 2000-2200 °C in an in ert gas at mo sphere. This is dis tin guished by high strength
that stays nearly con stant up to very high tem per a tures (ap prox i mately 1.600 °C), main tain ing
that strength over long pe ri ods [1, 17, 20, 21]. The microstructure of a sintered sil i con car bide
ce ramic is shown in fig. 8.
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Figure 6. Microstructure of partially stabilized
zirconium oxide
(Courtesy: Brevier Technische Keramik

Figure 7. Microstructure of aluminium oxide
 ceramic (99.7%)
(Courtesy: Brevier Technische Keramik

Figure 8. Microstructure of coarse-grained SSIC
(etched) 
(Courtesy: Brevier Technische Keramik [20])



Ce ramic struc tures

Dif fer ent po rous struc tures have been tried in side the com bus tion cham ber (on the pis -
ton top cav ity) to en hance the in di vid ual en gine pro cesses and to achieve the ho mo ge neous
com bus tion. Range of ce ramic ma te ri als in the form of static mixer, foam and high den sity wire
pack ing has been at tempted and been found to pro duce a re al is tic out come. Those dif fer ent
forms are pre sented in fig. 9 [2].

If ce ramic foam has been used, then the cells of ce ramic foam would be ide al ized as a
pen tag o nal dodecahedron. The edges of the dodecahedron are the struts of the ce ramic foam.
Typ i cal ex am ple of SiC foam and its struc ture is shown in fig.10. The dif fer ent pore den si ties for 
SiC foam is given in fig.11 [2]. It has been re vealed from the lit er a ture that the ce ramic foam
with large po ros ity is pref er a ble for en gine ap pli ca tions since this makes the po rous me dia trans -
par ent for gas flow, spray, and flame [3, 4, 6, 23]. 

Ther mal prop er ties of po rous ce ramic 
ma te ri als to pro mote ho mo ge neous com bus tion

The most im por tant ther mal prop er ties of po rous ce ramic ma te ri als for in ter nal com -
bus tion en gine ap pli ca tions are given in tab.1.
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Fig ure 9. Dif fer ent po rous struc tures 
(Cour tesy: Miroslaw Weclas [2])

Fig ure 10. SiC foam struc ture
(Cour tesy: Miroslaw Weclas [2])

Fig ure 11. Dif fer ent pore den si ties for SiC foam 
(Cour tesy: Miroslaw Weclas [2])



Ta ble 1. Ther mal prop er ties of po rous ce ramic ma te ri als                  (Cour tesy: Miroslaw Weclas [2])

lai re ta
M

Spec i fi ca tion

Mean lin ear ther mal 
ex pan sion co ef fi cient

Heat 
con duc tiv ity

Melt ing 
point

Ap pli ca tion 
tem per a ture

30-100 °C
[10–6K–1]

30-600 °C
[10–6K–1]

[Wm–1K–1] [°C] [°C]

PSZ
Partly sta bi lized
zironoxide

9-13 1.2-3 2700 900-2400

ATI Alu mi num ti tan ate 5.0 1.5-3 900-1600

Al2O3 Alu mi num ox ide 80% 5-7 6-8 10-16 2050 1400-1500

Al2O3 Alu mi num ox ide 86% 5.5-7.5 6-8 14-24 1400-1500 

Al2O3 Alu mi num ox ide 95% 5-7 6-8 16-28 1400-1500

Al2O3 Alu mi num ox ide > 95% 5-7 7-8 19-30 1400-1700 

SSN Sintered sil i con nitride 2.5-3.5 15-45 1750

RBSN
Re ac tion bound sil i con
nitride

2.1-3 4-15 1100

HPSN
Hot forced sil i con
nitride

3.0-3.4 15-40 1400

AIN Alu mi num nitride 2.5-4 4.5-5 100-180 1750

SSIC
Pressureless sintered 
sil i con car bide

4-4,8 40-120 2800* 1400-1750

SISIC
Sil i con in fil trated 
sil i con car bide

4.3-4.8 110-160 1380

HPSIC
Hot forced sil i con 
car bide

3.9-4.8 80-145 1700

RSIC
Recrystallized sil i con
car bide

4.2 4.8 20 1600

NSIC
Nitride bound sil i con
car bide

4.2 4.8 14-15 1450

PS 1
Iron-chro mium-
-alu mi num al loy

13 1500 1400

* Dissociation starts at temperatures over 2000 °C

In flu ence of po rous ce ramic ma te ri als on 
ho mo ge neous com bus tion

Sil i con car bide foam and the cor ru gated struc tures made from Al2O3 fi bers, ZrO2

foam, and C/SiC com pos ite ce ram ics are in tro duced in the com bus tion cham ber ei ther in the
cyl in der clear ance vol ume, cyl in der head or on pis ton top. This cause ed dies, flow sep a ra tion,
uni fi ca tion of air fuel mix ture to gether with aug men ta tion of the ra di a tion and ther mal con duc -
tion. Thus, the in di vid ual in-cyl in der re quire ments for ho mo ge neous com bus tion are ful filled
by the po rous ce ramic struc tures that are in tro duced in side the en gine cyl in der. The in di vid ual
en gine pro cesses sup ported by these ce ramic struc tures are de picted in fig.12 [3].
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En ergy recirculation in the form of hot
burned gases recirculation con sid er ably in flu -
ences ther mo dy namic prop er ties of the charge
in the cyl in der and con trol the ig nita bil ity of the 
charge. The unique fea tures of liq uid jet dis tri -
bu tion and ho mog e ni za tion through out the po -
rous ce ramic ma te rial vol ume is very at trac tive
for fast mix ture for ma tion. Com bi na tion of
large heat ca pac ity, large spe cific sur face ar eas
with ex cel lent heat trans fer of ce ramic ma te rial
make the liq uid fuel vapourization very fast and 
com plete. The flow in side the 3-D struc tures al -
lows very ef fec tive mix ing and ho mog e ni za -
tion [12]. When the tem per a ture of ce ramic ma -
te rial is equal to ig ni tion tem per a ture un der
cer tain ther mo dy namic prop er ties and mix ture
com po si tion, there is a new kind of ig ni tion
called flameless com bus tion (ho mo ge neous
com bus tion) cre ated au to mat i cally in the com -
bus tion cham ber vol ume. Due to in her ent char -
ac ter is tics of ce ramic ma te ri als, the heat is re -
leased un der con trolled tem per a ture [2-4]. This 
ce ramic ma te rial could be well ac com mo dated
in any of the fol low ing en gine lo ca tions: cyl in -
der head, in side the cyl in der, and pis ton top
cav ity [2, 27]. A sin gle cyl in der di rect in jec tion 
die sel en gine cyl in der head fit ted with ce ramic
ma te rial in space be tween the valve spaces is
shown in fig. 13. The en gine is pro vided with
com mon rail di rect in jec tion and the high pres -
sure fuel pump is ex ter nally pow ered.

The per for mance and emis sion as sess ments con ducted on the mod i fied en gine shows
that even un der the same op er at ing con di tions, the en gine un der in ves ti ga tion is pro duc ing NOx

in the range of 100-300 mg/kWh (with ex cess air fac tor, l = 1-3.3) while the con ven tional en -
gine pro duces NOx be tween 3000-5000 mg/kWh (with   l = 4-7). The CO emis sions from the
mod i fied en gine is less than 1000 mg/kWh whilst the con ven tional en gine has typ i cal CO emis -
sions of 5-6 g/kWh [5, 6]. It re veals that CO emis sion could be re duced by a fac tor of 5 com par -
ing to a con ven tional en gine. The mod i fied en gine also shows a con sid er able re duc tion in soot
even when the en gine is op er ated with no ex cess air ( l = 1) due to ho mo ge neous mix ing of fuel
with air in side the com bus tion cham ber [5].

Sum mary and con clud ing re marks

There is no doubt the fu ture of the in ter nal com bus tion en gine is re lated to ho mo ge -
neous com bus tion pro cess in a wide range of en gine op er a tional con di tion due to its po ten tial for 
a near zero com bus tion emis sion (es pe cially NOx and soot) as well as high cy cle ef fi ciency. This 
pa per in ves ti gates the po ten tial re al iza tion of ho mo ge neous com bus tion with con trolled tem per -
a ture in the po rous ce ramic ma te rial in de pend ent of the en gine op er a tional con di tions. The tem -
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Fig ure 12. In di vid ual en gine pro cesses sup ported 
by ce ramic struc tures 
(Cour tesy: Miroslaw Weclas [3])

Fig ure 13. View of en gine head with SiC ce ramic
ma te rial mounted in space be tween valves 
(Cour tesy: F. Durst, [5])



per a ture con trol is de ter mined by the heat re cu per a tion by the po rous ce ramic ma te rial. Con stant 
tem per a ture and the cor re spond ing cyl in der pres sure dis tri bu tion are re spon si ble for high cy cle
ef fi ciency and low com bus tion noise as com pared to con ven tional en gines.

From the ex per i men tal tests, it has been es tab lished that all pro cesses (gas flow, fuel
in jec tion, spa tial dis tri bu tion, va por iza tion, ho mog e ni za tion, ig ni tion, and com bus tion) can be
con trolled or pos i tively in flu enced with the help of po rous ce ramic struc tures/ce ramic foams.
The first ex per i ments on po rous ce ramic ma te rial im ple mented en gine re veal that the mea sured
NOx and CO emis sions were sub stan tially lower than con ven tional en gine. The soot re duc tion
was also sig nif i cant even when the en gine was op er ated with no ex cess air. The com bus tion
noise was also re duced due to quite run ning of the mod i fied en gine [5].

The op ti mi za tion of ther mal, me chan i cal prop er ties of ce ramic ma te ri als, the ap pro pri -
ate choice of pore struc ture and the proper se lec tion of pore den sity for par tic u lar ap pli ca tion
draws the at ten tion of re search ers all around the world. The de vel op ment of en tirely new ma te ri -
als and struc tures ex clu sively rel e vant to en gine com bus tion pro cesses is still un der progress.
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