
CAST ELL6 'J (SPA l,,) iB QUALI 98

PRESSING OF SPRAY-DRIED POWDERS.
DERIVATION OF A COMPACTION EQUATION

J. L. A m or6s; F. Gines; C. Feliu; G. Silva

Institu to de Tecnologfa Ceramica.
Asociaci6n de Investigaci6n d e las Ind ust rias Ceram icas .

Universitat [aume I. Caste llo n . Spain.

Based on the evolution tha t the porous texture of green compacts undergoes with
p ressing pressu re, a compactio n equation w as derived, w hich ad eq uately de scribes the
d ensifica tion that spray-d ried powder beds undergo w ith pressi ng pressure.

The model was developed from the follo wing assumptions :

i) The degree of compaction X reached by a powder bed on u ndergoing compaction
at pressing pressure P is defined as :

[I ]

whe re:

Vp ,,= specific pore volume of th e non-compacted powder bed (em' pore / g solid )

Vp = specific pore vo lume of the resu lting compa ct (em ' pore / g sol id )

ii) The increa se of X w ith P is due to a reduc tion in in tergranula r (Vpg) and
intragranu lar (Vpp) pore volume.

or:

x ~ Vpg" - Vpg + VPP o - Vpp

Vpo r».
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[2]

[3]
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iii) Intergranular pores start decreasing at very low pressures and their volume
reduction with pressure can be descr ibed by the following equation:

dVpg ' /
- - -= K Jpg

liP

whi ch by integr ation becomes :

[4)

Vpgo - Vpg

VPo

wh ere: a,= (Vpg..!Vp.,)

[5)

iv) Intragr anular pores only sta rt decreasing when the pressu re exceeds a given
pressu re bound Pb, and the red uction of intragranu lar pore volume with pressure obeys
an equation of the type:

Vpp" - Vpp

VP o

Eqs . [21 , [5] and [6] then yield:

a, .exp( - ; , ) [6]

x = a l (1- exp(- KP »)+ a , exp( - ; . ) [7)

To verify the valid ity of the model, test specimens we re formed at different pressing
pressu res from an ind us trial spray-dried pressing powd er obtained from a suspension of
natura l clays and felds pars used in porcelain tile manufacture. The pore-size d istribu tions
(PSD) of the spray-dried powder and of the resu lting com pa cts were used to calcu late the
specific volumes of the intergranular Vpg and int ragranular Vpp pores, of the compacts
and of the non-compacted powder bed, Vpg, and VPPo' The bulk density val ues of die
filling p, and of the resu lting compacts P..r allowed calcula ting the values of X.

The va lues of the degree of compac tion of the compacts, X, have been plotted
against p ressing pressure for a spray -dried powder with a pressing moisture content of
0.055 kg water / kg d ry solid in Fig 1. These data were the n fitted to Eq. [71, adopting for
a, the value determined expe rimentally of a ,=0,597. It can be observed that a good fit was
found (cont inuous curve).

The figure also inclu des the values of Xc and X, theoretically calcu lated from the
first and second term of Eq. [7] and the values ob tained expe rimentally from the PSD
values. The expe rimental and calcu lated va lues we re again observed to match well.
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figllrt· I. :\ ll1tch , ~f t1It ' t · .lpt'Ti"It· ll tlll}llUii"g~ to tlit' ~'r(lp( '~cd "'t Jdd (Eq. n.

Table 1 details the values of K and Po of the maximum bulk dcn sitv atta ina ble L1\'
com pact p ~ at di fferent sp ray- d ried powder moisture contents . Th e ~'a l ue oi p ~ is
calculated from a..

Hp

,(Kg "' l.t lf: r /Kg dry so lid )

3.0. 10 '
5.5.10"
X.O. IO·'
9.7 .10"

K
(M Pa")

D,45
D.57
0.77
D.9-1

Pb

(M Pa)
23.0
17.0
1-1.2
10.6

Poo
(gr/c rrr' )

2.12 1
2.13-1
2.127
2.0SI
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