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ABST RAcr

The green mech ani cal s trength of cera mic wa ll and floor tile bod ies is an
important prope rty. since it cond itions the mech anical behaviour of these ma ter ia ls
during the pre-firi ng operat ions. In thi s study, the variation tha t tile dry mechanical
s tre ngth and porosity undergo wit h increased pressing pressure has been determined ,
for different agglom erate-size fractions of an industrial spray-dr ied powder with
various moisture contents .

The frac ture mechan ism of thi s typ e of prod uct ha s been determined. It has heen
shown that altho ugh the porosity of the pressed compac t largely determines its
mech anical strength, at equal porosi ty, the compac ts form ed fro m spray-dried
powders with a larger moisture content exh ibit h igher dry mechanical stre ngth
values. These results ha ve bee n interpreted on the basis of th e influe nce that the
spray-dried powder moisture content has on the elas tic-plas tic deformat ion of the
agglome ra te during pressing. on the microstructural uni formity of the resulting
materi al and on the elastic expa ns ion of the newly pressed compact.

Finall y, a se mi-empir ica l equa tion is proposed . which relates dry mechanical
st ren gth of the materi al to its porosity and to the deformability of the spray-dried
powder used to form the compac t.

1. I I'I:TR OnUCTIO:\,

On e of the most important tile properties in ceramic tile manufacture is the body 's
green me cha n ica l s trength. Its importance lies in the fact that the materia ls must
withsta nd the stresses tha t they undergo d ur ing pre-firing operations without
deteri orat ing. In drying and glazi ng, as we ll as in successive convey ing, storage, and
heat-treatment operat ions , tile is subjected to mecha nical stress es (blows as a res ult
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of transport), and th ermal stresses (expans ion and contraction) , which may give rise
to deterioration in the materials.

Th ese reasons clearly indicate the cons iderable importan ce of gree n mechanical
strength for single-fired ceramic wall and floor tile manufacture. However, altho ugh
studies abound in the literature on the mechanical properties of fire d ceramic
materials, ha rdl y any work has been reported on the fracture of the gree n ware
[1][2][3][4][5J. Th e present study therefore addresses the frac ture mech anism
exh ibited by green ceramic bodies, as well as the effect of pressing pow der
characteristics and porosity of th e compact on its dry mechan ical strength.

1.1. FRACTURE IN CERA~nC MATERIALS

Generally, green or fired ceramic materials that undergo tensile stress exhibit
brittle fracture on being subjected to deformation s that rar ely exceed 1%. It has
experime ntally been shown that fracture starts at cracks exist ing within the material,
which might ha ve existe d prior to testing or during testing itself.

According to th e type of fracture they exhibit, materials may be clas sified as [6][7J:

A) Pure brittle. Fracture ari ses at pre-existing cracks in the material, critical
deformation , i.e. maximum deformation prior to rupture, being round 0.1'Yo .

B) Semi-brittle. Fracture arises at cracks produced or extende d during testing,
with crit ica l deformation lying within the ran ge 0.1 to 1%.

C) Ductile. In thi s case, critical deformation lies above 1%. with plas tic flow
arising, which may be cons iderable, often followed by a brittle type of frac ture.

The origin of rupture in ceramic materials may therefore be du e to th e presence of
inherent cracks , microplasticity, or both effects jointly. In th ese last two cases ,
subcritical cracks grow to a critical size by microplasticity, subse quently producin g
brittle fracture.

1.2. RELATIONSH IP BETIVEEN l\IECHfu"llICAL STRENGTH AND CHARACTERISTICS
OF THE COMPACT

Numerous th eoretical models ha ve been proposed to allow in terpret ing and
predicting th e mechanical strength of materials. In these models , mechanical strength
has been related to some characteristics of the particles or agglomerates that make up
the pre ssing powder (particle or agglomerate size , modulus of elasticity, etc .), or to
certain properties of the compact (porosity, modulus of elastic ity, etc.)

Th ese th eoretical models can be divided into two large groups: classica l models
and crack propagati on models .
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i) Classical models

In a dry or almos t drv tile . the clav particles lie in co ntact with each other. ma king
it quite likely for their ~lechanical strength to arise as a resu lt of short-range forces of
an ionic or Van der Waals type. which operate at the co ntact poin ts. or as a res ult of
so lid bonds produced bv the crystallization of dissolved ma terials [8][9].

Thus. the simplest method of determining tens ile strength . s . is bas ed upon
calculating the number N of interparticle bonds that break per unit frac ture surface
area . an d assess ing the force. fo• of a single bo nd . In thi s case :

(1)

In or der to calculate 1\. ideal particle pa cki ngs are used . Ass uming there is an
isotropic . random pa cking of monosized sp he res (D) having porosity e. th e value of N
is given by:

N (I - E) n
(2)

Where n is the mean value of the bonds per particle. The relationship between the
n umber of bonds per particle and the porosity of the particle packing is:

(3J

Sub stituting [2) and (3) into (1) yields:

I - E 1""
G =-· -

£ 0 2 H)

On the basis of thermodynamic models. Rumpf [5] de rived quite a similar formula
to th is. Th e determination of fo is difficult . since several kinds of interaction forc es
may arise (Van der Waals or capillary forces. hydrogen bon ds. electrosta tic forces .
etc.) . Therefore. Rumpf proposed differe nt eq uations for calcula ting th e respective
force. as a function of the prevailing adhes ion me chanism [5][9].

i i} Models bosed on crock propagation

In these mo dels . the ma terial is ass umed to break as a res ul t of crack propagatio n.
in accorda nce with Griffith 's cr iter ion [10J. Consequently, in terparticle forces may not
be summed to obtai n ten sile strength .
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(5)

where Y is a co nstant that de pends on the geometry of the test specimen and test conditions. E

the modulus of elastici ty of the material. y; surface energy for fracture start and C crack size.

This model makes the assumpt ion that the cracks are already formed and that the value of (J is
twice or three times smaller than the material's yield stress . Fracture energy is calcu lated by
adding up the bond energies at each interparticle contact point, following an analogous
procedure to that of Rumpf.

Fig . I schematica lly summarizes both of the above theories. Many workers feel tha t the
classical models are inadequate , since they do not explain the rupture mechanism observed in
materials, nor the weakening effect that cracks have, or the wide scatter in dry mechanical
strength values found for app arently identical mate rials . However, the models based on G riffi th 's
theory are currentl y wide ly accepted. Thus , tensile strength of pure brittle materials (type A), ca n
be suitably interpreted usi ng Griffi th's theory. Unfortunately, in man y case s. the actual
mech anical strength values fou nd are different from the ones predicted by theory . This suggests
that during test ing cracks form, which are larger than the pre-existing ones, by plastic
deformation.

Figure 1. oj RumpJs theory assumes that fractu re arises sitnulunveouslv throughout the material; b) GnjftlHs tbeorv
assum es that rup ture occurs as a result of crock propaga tion .
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2. EXPERIMENTAL

2.1. MATE RIALS

An indu s trial spray-dried agglomera te press ing powde r wa s use d. prepared from
kao linit ic-ill it ic natural clays. po tassium-sodium feld spar and felds path ic sa nd .

Agglom erate-size di stribution was determined by dry sc ree ning and the data have
been listed in Table I. Tru e den sity of the materi al. measur ed in a helium pycnometer.
was 2.05 g/cm' .

'fable I. /\~Ionwmk-siz f.' distribu ti on oI the induslrial/H"P.ssiIl f!, /Jm n ler ( ~'I,'l%) .

Mesh aperture Differential percentage
(urn) (%)
> 750 0 .5 7

750-500 10 .43
500-4 00 25.46
400-300 26 .54
300-200 HU 7
200-1 25 14 .77

< 125 2 .86

2.2 EXPERI:\IENTAL PROCEDURE

2.2. 1. Pressing (lowder preparation

An in dustria l spray-dried powde r (PI) was used from wh ich three agglome rat e-s ize
frac tions were taken referen ced PA. PE and Pc. The first corresponded to frac tio n
75 0 -5 0 0 urn . the sec ond to frac tion 400 -300 urn and th e third to fraction 200-1 25 urn .

2.2 .2. Pres sing pow der cha rac terization

The yield pressure was established of powd er agglom erates PA. PB and Pc. This
was don e hv mon itor ing the increase in bu lk densitv tha t th e powder bed u nderwent- -
as press ing pressure was raised (compaction curve). defining the yield pressure locu s
as th e point in the curve at which th e firs t s lope change occu rs [11 ][12 J.

2.2 .3. For mi ng lest specimens

Using the four pressing powders. prism-sh ap ed test specimens were formed sized
1. 5x8xO.7 cm by un idirectional pressing. in a laboratory hydra ulic press. These test
spec ime ns were form ed at varying pressures (2 50. 400 and 55 0 kg/em ") and di fferen t
pressing mois ture contents (0 .040 . 0 .055 and 0 .0 70 kg water/kg dry solid ). wi th a
view to obta in ing d ifferent mi crostru ctures in the gree n compact.
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2.2.4. Test specimen characteriza tion

Test spec imen bulk density. p. was determined by the method involv ing im mersion
in mercury [1 3]. Th is value was then used to calculate porosity e. by means of the
followi ng equ ation:

where p, is tru e density.

£= 1.2­
p,

(6)

Th e determinati on of the surface roughness param eters of the test specime ns was
carried out with a roughnessmeter. Twenty-five, 10 mm-long roughness profiles were
determined at each of the surfaces to be studied, sp aced at 0.1 mm.

Mec ha nical strength was determined by three-point cross -bending testing in a
universal testing mach ine, at a constant deformation rate of 1 mm/min. The
mechan ical strength values, a, were calculated from the following equa tion:

3 Fm" Lo = (7)
2 a b'

where Fmax is maximum force prior to rupture, a and b test specime n width and
thickness respectively, and L the span between sup por ts.

The modulus of elas ticity, E, was determined from the following equation :

I L'
E = P

4 a b:'
(8)

where P is the slope of the stre tch of straigh t line of the force-deformation curves
obtained in the rupture tes ts.

The mech anical strength data were ana lyzed by Weibull statistic s. Such ana lysis
was carried out by arra nging the experimental mec ha nical strength data in order
from small to large, assigning a ru pture probability to th em F (a), in accordance wi th
equation:

i
F(cr)=-­

N +1
(9)

whe re a is the mecha nical strength of the i-th tes t specimen an d N is the total
number of specimens tes ted per series . Finally, the Weibull modulus was determined
from the slope found on plotting ln ln(l /(l-F(a)) as a function of Into).
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3. RES ULTS AXD DlSCUSSIO:\"

3.1. FRACTURE ~IECIIANI S~I I:\" GREE:\" CERA~IIC BODIES

In orde r to determine how green ce ra mic bodies beh ave during frac ture. tes t
specime ns wit h differen t porositi es were subjected to three-po int cross -be nding tes ts.
Testing was don e at a cons tant rate of 0.05 mrn/mln, continuously monitoring the
relation app lied load/resulting deformation. Fig. 2 shows a typical curve. in whi ch
the following th ree s tretches ca n be distingu ished.

a) An in itial non-linear area. pro bab ly caused by the sett ling of the bending sys tem
and plas tic deformati on at the contact point s.

b) A straigh t stretch. in which deformat ion is alwavs a linea r funct ion of the
appl ied load .

c) A sligh tly curved st retch. in whi ch deformation is not a linear funct ion of load
and which ends with failure of the test specime n .

Force (N )
24 r :..:..:.:..:..:.-'--- ---- - - - - - - ----:----,

20

16

12

o l----~-----------------1

o 20 40 60 SO )(X)

Deform ation ( 1-l 1Tl )

120 140

Figure 2, Lom /.,'dt'jt JflIlaljon Clll1't! olJl(Jjnt~d in a cross-hen ding lest witb nlJ!lum of tb» samplt'.

It has been shown tha t on low ering the porosity of the tested specime n. both the
breaking load and the slo pe of the straight st retc h in crease in the correspond ing plots.
The values of the mod ul us of elasticity can be calculated from this s lope. by using
Equation (8).

The point at which the values deviate from lin earity. Po. defines tbe elas tic lim it of
the materi al. Thus. whe n a load is applied below thi s value . the arising perman en t
deformation is virtually negligible. However. on going beyo nd thi s bound.
apprecia ble plastic deform ation ari ses . since when the load is reduced the
load/deforma tion cur ve does not return along the sa me pa th (Fig. :3) .
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Force (N )
24 r -'-'--'---'- - - - - - - - - - - - - - ---.,.----,

,,o I----f-=---.....~----------_j

4

16

12

20

o 20 40 60 80 100
Deformation (J.I m)

120 140

Figure 3. Loud/deformation curve obtained in a cross-bending lest without rupture of the sample.

The elastic limit would therefore indicate the point at which crack developm ent
and extension start as a result of plastic deform ati on , arising at alrea dy existing
defects [7][14][15]. In flexural testing, rupture occurs at or near the surface of the test
spec ime n tha t is subjected to tensile stres s (Fig. 4). Thus, surface texture of the test
specime ns could noticeab ly affect test outcomes.

figure 4. Development of a crack at the surface of a test specimen subject to tensile s tress.

In Fig. 5, a sche matic illustration depicts what has been se t out above, by
schematizing the most likely fracture mechanism for green ceramic tile. On exceed ing
th e elastic limit, it becomes quite likely that a crack or existing defect at the sur face
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will grow. This crack could then branch out between the agglomera tes. giving rise to
multiple cracks. Finally. wh en the system of cracks reaches a critical size, C, failure
occurs.

t

Figu re 5 . Froclurl' tnochun ism prop osed for green ceramic tnutrtiul...·.

The ma terial considered in the study does not exhibit purely brittl e but rather
sem i-britt le behaviour, since the pro paga tion of numerous cracks is requi red for
fracture to occur. Th ese conclus ions are cons istent with the val ues of the Weihull
modulus obta ined [6][lG], and with the high critical deformation s observed . Th e
values of th e Weihull modulus range from 20 to 55 (depending on the form ing and
pressing powder variables used ), whil e critical defor mation is found to lie at 0.4%

In order to be able to apply Griffith 's theory to materials with semi-brittl e
behaviour. a series of further considerations are required [14][15II16]. however. of a
qu alit ative nature. In accorda nce with the theory. mech an ical strength, cr. can be
expressed by the following qu otient :

funct inn (num ber nf contacts)
Cl=- --- -------

fun ction (defect size )
(10)

The number of in terparticle contacts and size of th e fracture-sta rting crac k or
defect depend , in turn, upo n a series of factors that will be deal t wit h helow,

3.2. FACTORS I;-\FLUE1\CI:'I:G DRY MECHA:'I:I CAL STRE:'I:GTH

3.2.1. Influe nce of pressing po wde r moisture con ten t and pressin g pressure

Three series of test specimens were formed from pressing powder PE. Within eac h
series , pressing moisture content was kept steady and th e app lied pressure was
modified . Fifteen test speci mens were prepared for each pair of values (press ure ,
moisture content). in ord er to average the results. The mo isture conten ts involved
were 0.040 , 0.055 and 0.070 kg water/kg dry solid. while the pressures used were
250 . 400 and 550 kg/em :'.

With a view to determining the effec t that the pressing variables have on the
spec imen's mech anical s trength. c , and on its relationship to poro sity, e, the values 01'
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(J have been plo tted versus E in Fig. 6. The figure shows that dry mechanical st rength
rises cons ide rably on lowering test specimen porosity. This fact is due to the
increased number of contacts that aris e among particles and/or agglome rates on
decreasing porosity [12][17] [18].

Mech anical strength (kg/ems)
45 .------:...----=:....~-"'-------'-----___,

40

35

30

25

20

kg water/kg dry so lid

o 0.040
+ 0.055
o 0.070

0.350.330.29 0.3 1

Porosity
0.27

15 L-_ _ --'- .l.-__--'- -'-__--'

0.25

Figure 6. liJriulion of dry mechanical strength with pOroSi(l' for different pressing m oisture conten ts.

However, at the same porosity, mechanical strength rises slightly with increased
press ing powder moisture content, thus showing that the relationship between dry
mechanical strength and porosity of the material is not inde pendent of the forming
variables .

One of the causes possibly contributing to the fact that th e sp ecimens pressed at
higher moi sture contents exhibit greater dry mechanical strength may lie in the
plasticiz ing effect of the water. Thus. as agglomerate moisture content is rais ed, they
become more deformable. facilitat ing sliding and enha nc ing particle pack ing [1 9].
However, when the granules are dry, parti cle packing is less stable. which yields
grea ter after-press ing expansion . and therefore a reduction of the contact surface
produced during compaction.

Another possible cause that may serve to explain the ou tcomes, is the fact that as
granule moisture content is red uced . the micros tru cture of the compac t becomes less
un iform . Thus. agglomera tes and/or parts of these, which were not wholly deformed
dur ing pressin g as a result of their low plasti city. may act as fracture-star ting defects
in the ma teri al.
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With a view to assess ing the rela tive influen ce that each of the foregoin g causes
has, the modul us of elasticity has been plotted as a func tion of porosity in Fig. 7. It
can be obse rved that thi s param ete r, just as mechanical st rength , rises as pressing
powd er mo isture content is raised . Th is increase may be ass umed to be almost
exclusivelv du e to the increased nu mber of inter particle contacts. since the size of the
defects or 'cra cks has a negligible effect on modulus of elasticity values [2J.

Modulus of elasticity (kg/ems) . 10"

4.0

3.5

3.0

2.5

kg water/kg dry so lid

o OO·lO
+ 0055
a 0070

2.0

(US0.330.29 0.31

Porosity
0.27

1.5 L-__-'-----__-'--__-'---__-'-_ _ ..J

0 .25

Figure 7. \"i1 riul..io[J of the modulus III d w;licily' with fJOroSif.l' for different prcssinp, moisture contents .

In Fig. 8 a plot is shown of dry mechanical strength versus th e modulus of
elasticity. If the drop obs erved in mechanical strength were du e to the weakening
effect produced by more severe defects, a group of straig ht lines would be obtained as
a fun ct ion of moisture content ; however, it can be observed that the points fit a single
straight Iine quite satisfacto rily.

It may therefore be infer red that at the sa me porosity. the compacts formed from
moister granules exh ibited greater dry mechanical strength. because the actual
contac t surface among particles and/or agglomerates was higher.
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Me chanical strength (kg/e rn")
45 .--------'''-------'''-------'---- - -----,

4D

35

3D

kg water/kg dry solid

o D.U40

+ 0.055
o 0.07D

25

20

4,()O()2.500 3.DDO 3.500

Modulus of elast icity (kg/e ms)

15 L- --'- ---''-- ....L... --'

2.000

Figure 8. Relationship bd lw'en dry.' mech anical stn.~n%!.th and modulus of elasticity' for different pressina moi sture
contents.

3.2.2. Influen ce of agglom erate size

Four series of test specimens were formed from pressing powders PI. PA, PB and
PC. Within eac h series , pressing pressure was modifi ed (P = 250, 400 Y 500 kg/ern"]
and agglomera te moi sture constant was kept steady (X = 0.055 kg water/kg dry solid).
Fifteen test specimens were prepa red for each pressure va lue, to allow averaging the
resu lts .

Figure 9 shows plots of the dry mechanical strength values vers us porosity. On
exa mining this figure it can be observed, that at the same porosity, mechan ical
stre ngth grows as agglomerate size decreases. It can furt he rmore be observed that the
curves corresponding to industr ial pressing powder PI, with a mean agglomerate size
approach ing 400 urn, and those of sp ray-dried powd er PB are superimposed.
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Mechanical strength (kg/cm-)

40

o PA
+ PH
X PC
o PI

20

(US1l.3102'JIl.n

15 L __--'---_ _ ---' ---.J

1l.2S

Porosity

Fi~ure 9. variatio n ( ~rd0 ' 1JI1~GJ/(lIlicol sln'n~lh with IJOfOSi(I' j (Jr dijJerenl sprov-dricd jJOInJers.

The reasons for an increase in dry mechanical strength in a mat erial on lowering
agglomerate size can be found in th e grea ter number of contac ts amo ng particles
and/or agglomerates. and th e reduction of th e size of the fracture-starting defect.

In order to determine how granule size impacts the number of contacts am ong
particles and/or agglom erates. a plot has been made in Fig. 1() of th e modulus of
e las tic ity as a functi on of tes t spec ime n porosity. On exam ining th is figure, it ma y be
observed that despite th e sligh t increase in thi s parameter, and th erelore in the
number of interparticle co ntacts . thi s inc rease a lone canno t explain th e observed rise
in dry mechanica l st ren gth.

With a view to assessing the influen ce that th e second cause mentioned above ba s.
a plot has been made in Fig. 11 of dry mechanical strength vers us modulus of
elas tic ity. On an alysin g thi s plot. it can be observe d that the data do not fit one single
s tra ight line. bu t rather fit several stra igh t lin es quite well as a fun ction of the powder
used . This would appear to confirm that agg lomerate size affects th e dimensions of
th e fracture-starting defect , contra ry to wh at happened wi th pressing powder
moi sture con tent.
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Modu lus of elasticity (kg/crn-) . 10"
4.5 ,-- - - - - - - - - - - - - - - -,

4.0

o PA
+ PH
o PC

3.5

3.0

2.5

2.0

0.350.330.29 0.3 \

Porosity

0.27

1.5 '--__-'---__--'-__---'-__---'-_ _ ----'

02 5

Figure 10. va riation of the modulus of e1uslicil)." Idth porosity for dJfferenl spray-dried powd ers.

Mec hanical strength (kg/ems)
40 ,.---------=-'--"'---'------,

o PA
+ PH
o PC

35

30

25

4.0002.500 3.000 3.500
Modulus of elasticity (kg/crn-)

20 '-- --'- ---''-- --'- --'

2.000

Figure 11. Relationship between m echanical strength and modulus ofclosticitv for (lIlforent sptuy-dtitni powders .
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In vie w of the res ults obtai ned. and owing to the fact tha t in t1exure test s th e
fracture is quite likely to sta rt a t th e surface th at is subjected to tens ile stress. th e
su r far:e roughness was determined of lou r test specime ns form ed at the same poros ity
and obtain ed from the four stud ied pressing powd ers. Th e se lected roughness
paramet er was th e so-ca lled R/.1S() param eter [20][21 1. which is co ns ide red th e most
suitable one for sta tistica lly describi ng the severest surface defects . Tabl e II lists th e
results ob tai ned . The surface defects are sho wn to become grea ter as agglomera te s ize
is raised .

Table II. Roug hness ond drv m ochunicul ,<;({'( 'IJ,~th of materials !ornu·J Jrom di/Tt ' f)'n l '''I'my-dried jJom lon> fP= -W /J
k,~ 'cm:? oIHl .\=0 .055 k,~ InJI( 'r:l ~ drv ...ofill}.

Powder R IS O Mechanical strength
Mean Deviatio Mean Weibu ll
[urn] n (kgicm2

) mudulus
(11m)

1'1\ 22.2 5.5 25 'J t:_ .J

PB 19 .9 2 .8 29 :J:l
PC 15.7 1.5 32 40
PI l!1.7 4 .5 29 25

It can thus be observed tha t the mean values of parameter R/.lS() obta ine d for the
test specime ns forme d from powd ers PB and PI are quite alike: however. because the
agglomerate-size di strib u tion of the latt er powder is mu ch wider, th e Rz1so values
ex hi bit a greater standard deviation. T his means a wi de r defect -s ize di stribution. and
th erefore lower \ \'eibull moduli . as the degree of sca tte r found for th e mechanical
s tre ngth values is greate r (Table II).

3.:1 RELATIONSHIP BETWEEN DRY :-'IECIIANICAL STRE:\'GTII A:\'D POROS ITY OF
THE CO:-'lPACT AND PRESSI:\'G POWDER CHARACTERISTICS

The dat a obtained in tho foregoi ng sections allow formulating the follow ing
relat ionships among the variables :

Num ber of contacts = fun ction (c. D. G )

Defect site = function (C )

(11)

(12)

wh ern £ is porosity of th e compact . D is agglom erate defurmah ilitv and G is
aggloillera te s ize .

Thus. Eqs. (10 ). (11 ) and (12) yield :

c = Iuncti nn (E . n. (;) I l:I)

Wit b a view to obtaining a se mi-empirica l equa tion that de scribes the joint effect
of porosit y of th e compac t. r. an d th e pressing powder charac te ris tics [deformabi lity.
D, an d mean gra nule size, G) on mech anical strength. th e relat ion ships between
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mechanical s trength and these var iables must be es tablished beforehand. Thus, th e
effect of porosity on mech an ical strength can be adequately described by an equation
of the typ e [1 71:

(H )

where c, and di are two cha racteristic parameters of the pressing powder use d .

On the other hand, the relationship tha t exists between mechanical s trength and
agglomerate size can be expressed by th e following equation [22]:

o = K·G - a

wh ere K is a ch aracteristic material cons tant.

(15)

With regard to agglome rate deformab ility, it has been shown that this parameter is
closely related to agglomerate yield pressure [121. Fig. 12 repor ts the values
corresponding to spray-dried powders PA, PB and PC, which shows that yield
pressure drop s with agglom erate moisture content, and at a given moisture content,
with an increase in agglome rate size.

Yield pressure (kg/cm-)
10 r-----------------,

I

0.1

o PA
o PH
X PC

10

Moisture content (kg water/kg dry solid)

Figure 12. Van"ulion ojyiekl pressure wttb pressing m oisture content for powders Rt PH cuul Pc.
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A litera ture survey sho wed no equation which . with other facto rs being eq ua l.
co uld re lat e agglomerate yield pressure. 1\ to the mecha n ica l st re ngth of the
co mpac t: however. it is quite likely that th is relationship wi ll he of a po tential type .
so th a t:

(J = 1', '11 (IIi)

l3earing in mind the above. it has been a ttempted to fit the ex perime ntal data by
non -linear correlation to the followi ng equa tio n:

(I i )

The va lue of G considered for pressing powd ers PA. Pl3 and PC was 0.0625. 0 .0350
and 0 .01fi2 cm . wh ich yielded the followi ng valu es for th e param ete rs of th is
equa tion :

Ell = lJ.·t4 :l ~ = 33 (l = lJ.2 i :l p = lJ.501

A plot is show n in Fig. 13 of the th eoreti ca l mech an ical stre ngt h val ues. ca lcula ted
from th e prop osed equation versus the exp eriment al data. It can be obse rve d that th e
result s fi t a s tra ight line of unity slope quite well. th us sub stantiating the validit y of
Equ ation ( 17) .

Calculated values (kg/em")
SO -

40

}O

~o

5040}O~O

10 "- -'- --'- ---'- --'

10

Ex per imental va lues (kg/e m")

Fi~un~ J.T Ver~/i'c(lfio/l ofthl.- vuiiditvojEquotinn (1 7).
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As had bee n foreseen . the moisture content of the pressing powder. which
considerably affects porosity of the compact and granule deformability, is shown to
have a marked effect on dry mechanical strength. On the othe r hand, although
agglomerate size also influences this property. its effect is less sign ificant than that
obse rved for pressing moisture content.

4. CONCLUSIONS

The resul ts obtained in the present study allow dra wing th e follow ing conclusions:

Green ceramic compacts exhibit semi-brittle behaviour. with frac ture starting at
pre-existing cracks or defects. which grow by microplasticity during testing.

Dry mechanical strength cons iderably rises on reducing the porosity of the
compac t. owing to the increased number of contac ts among particles and/or
agglom era tes .

- At equal porosity. mechani cal streng th of the materials formed from moister
gran ules . was higher than that obtain ed on using dr ier granules and greater
pressing pressures. Th is is beca use of the influe nce that moisture content has
on elas tic-plas tic deformation of the agglomerate during pressing and the refor e
on th e number of contacts amo ng particles and/or agglom era tes.

Alth ough agglomerate size hardly influen ces the compactness of the resultin g
ma terial. it has been show n tha t the test speci mens obtained from smaller-sized
agglomerates are noticeabl y more resistant tha n the ones formed from larger
agglom erates . This is because the size of the fracture-starting defect or crack
increases as the agglomerates become larger.

Finally. a semi-empirical equa tion has been proposed . relat ing dry mechanical
s trength to the porosity of the materials and to pressing powder cha racte ristics
(agglomerate mean size and ha rdness). an d its validity has been substantiated .
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