JOURNAL OF MATERIALS SCIENCE36(2001) 669—672

Control of the degree of pore-opening
for porous metals

FENG CHEN, AIWEN ZHANG, DEPING HE

Department of Materials Science and Engineering, Southeast University,
Nanjing 210018, People’s Republic of China

E-mail: fengchen@seu.edu.cn

A mechanism-based analytical model for calculating the Degree of Pore-Opening (DPO) of
porous metals processed via negative pressure infiltration method is developed. The
emphasis is placed on predicting the dependence of DPO on the infiltration pressure
difference, particle size, surface tension, and wetting angle between liquid metal and
particles. Experimental measurements are subsequently performed to check the accuracy
of model predictions, and it is shown that the proposed model can be used to quantitatively
control the microstructure of porous metals during infiltration processing. © 2001 Kluwer
Academic Publishers

1. Introduction contacting point between melt surface and Yhaxis
The microstructure of an infiltration-processed porousbe represented by D. Note that the surface of the melt
metal with open cells is characterized by a variety oftrapped between the particles is formed by rotating the
parameters, including the pore size, porosity, and theurve ADA around theX axis. Because the particles
Degree of Pore-Opening (DPO). Amongst these, DPGare normally not wetted by the melt, i.e., the wetting
is perhaps the key parameter controlling the permeabiangled between the melt and particles is greater than
lity of the material, and hence strongly influences sucH(°, the surface tensios of the melt will prevent the
material properties as sound absorption [1], heat trangnelt from penetrating to the point O if the pressure is
fer [2, 3] and filtration. However, except for some pre- not sufficiently high. Consequently, a passage connect-
liminary studies [3], it appears that no existing methoding the neighboring pores after the removal of particles
can be used to quantitatively control the DPO of porousexists. With the assumption that the radius of the pas-
metals during the infiltration process. sage iss which equals the length of OD, the ratigR

In the present study, a mechanism-based model is dés defined here as the Degree of Pore-Opening (DPO).
veloped to predict the DPO as a function of process pathe existence of DPO ensures the successful removal
rameters such as the infiltration pressare, radius of ~ of spherical particles after infiltration and, to a certain
spherical particleR, surface tension of liquid metal,  extent, controls the structure of the pores. Fig. 2 shows
and wetting angle between liquid metal and partiéles a typical cross-section of a porous aluminium specimen
Experimental measurements on porous aluminium alwhere the pore-openings can be easily identified—the
loys are subsequently carried out to check the accuracymall, dark circular dots underneath individual pores.
of analytical predictions. According to the above infiltration mechanism of
porous metals, it can be expected that DPO is strongly
influenced by the parametetsP, R, § andd. The main
purpose of this work is to determine the functional de-
Bendence of DPO on these parameters.

2. Principles of the infiltration preparation

of porous metals
Porous aluminium alloys were processed by the metho
of negative pressure infiltration. Here, liquid metal is
infiltrated under negative pressure around preheate
spherical particles packed in a mould to form a
metal/particle composite; after cooling down to room
temperature, the water-soluble particles are then re
moved under water jet, resulting in a porous metal
skeleton consisting of interconnecting pores. Fig. 1 de-
picts two rigid spherical particlesGand G, having
identical radiusk and contacting at point O, with lig-
uid metal trying to enter the interstices of the particles
under infiltration pressuré P. In the X-Y plane of
interest, let the contacting between melt surface ana
particles Q, O, be denoted by A" and A, and let the Figure 1 Schematic illustration of infiltration process.
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Figure 2 Typical cross-section of porous alluminium with open cells: fap =4.00 kPa, DPG=0.33; (b) AP =9.33 kPa, DPG=0.27;
(c) AP =293 kPa, DPG=0.16.

3. Theoretical model Under the present experimental conditions, the wet-
3.1. The model ting angle satisfies the condition 99 6 <180. Let

Let L;L be the tangent of the circle £at point A, the pressure difference above and below the melt sur-
which forms an angle; with the X axis, and letkL,’”  face ADA be denoted by P. Applying the Lapalace

be the tangent of the curve ADA' at point A, which equation at point D on the curve ADA', we have

forms an angler, with the X axis. The angle between

L;L," and LyL,’ is denoted by, so6 =180—« is AP =o(1/r1+1/r2) 2

the wetting angle between liquid metal and spherical . . ,
particles. Since = a1 — s, it follows that wherer is the radius of curvature of surface ADA' at

point D, andr; is the radius of surface ADA at point D
formed by revolving ADA around th& axis (the sign
0 =180— a = 180— (01 — @2) (1) ofryis taken to be negative here). Note thatquals
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the radius of the pore-opening OD, i.es,= —3§. For
simplicity, it is assumed that the shape of curve ADA
is parabolic, described by

Y =kX?+35 (3)

where the coefficierk is to be determined. It follows

from (3) that the radius of curvature of the parabola at

point D isr; = 1/2k. Upon substitution of the value of
ri, ro into Equation 2, one obtains

AP =02k — 1/6) 4
On the other hand, the equation of circleg i®
(X —RZ?+Y?=R? (5)

Let (a, b) denote the coordinates of point A, which is
the contacting point of the parabola with circlge. @hen
from (3) and (5), one has

b=ka?+s (6)
(@a— R?+b?>=R? (7)
Furthermore, from Equation 1, one has
tga = tg(a1 — 2)
= (tga1 —tgap)/(1 —tgas —tgaz)  (8)

It is clear from Fig. 1 that tg is the slope of kL’
which, from Equation 3, is given by
tgaz = 2ka (9)

Similarly, because tg; is the slope of LL,’, it can be

calculated from Equation 5, as
tgas = (R—2a)/b (10)

Substituting the expression of tg, tg o, into Equa-

tion 8, one obtains
tge = (R—a—2kab)/[b+ 2ka(R—a)] (11)

The parameters\P, R, § and « (a supplementary

angle off) are determined by the processing condi-
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3.2. Parameter studies

3.2.1. The influence of AP and R

Assume the melt is pure aluminium at 72¢hus
oa = 0.893 N/m [5]) andd = 150°. For particle sizes
of 2R=1-6 mm and infiltration pressure difference
of AP =3.33-39.99 kPa (25-300 mmHg), it is found
that DPO decreases gradually with increashg for a
constanR; however, for a constat P, DPO increases
with decreasing patrticle size (Fig. 3).

tions and the characteristics of the materials involved.
From Equations 4, 6, 7 and 11, the unknown parames3.2.2. The influence of

tersa, b, k ands can be obtained numerically [4]. The
predicted dependence of DPO &P, R, § andd is
presented in Figs 3-5.
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Figure 3 AP, Rvs§/R.

Assumed =150 and AP =13.33 kPa (100 mmHg)
for the Al-1%Pb aluminium alloy. At 720 oa1 =
0.893 N/m antba1_10pp=0.674 N/m (Pb can effec-
tively decrease the surface tension of the aluminium al-
loy melt) [6]. Within the variation range of =0.674—
0.893 N/m, DPO decreases slowly with the decrease
of o (Fig. 4).

3.2.3. The influence of 6

Assume o5 =0.893 N/m and AP=1333 kPa
(100 mmHg) for pure alluminium. It is found that
DPO reaches its maximum value fere=180". With
the decrease af, DPO decreases significantly and fi-
nally approaches zero whérapproaches 9QFig. 5).

3.3. Discussion
According to the above results, it is found that, to ob-
tain a certain DPO¢@ must be greater than 90and
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a larged and a smallR would have a bigger poten- 0.45. _
tial in adjusting DPO because changing® is rela- . ISR bermental
tively easy during the infiltration processing of porous 0407 33 e 3.0~3.8 Experimental
metals.c has a weak influence on DPO, because it~ 035{ =\ & e e ontd
has a very limited adjustment range in practice. To ob- 0 304 \)\ﬁz\ —a— 2 4 Theoretical
tain good properties of sound absorption, filtrationand& D\\\;\f
heat transfer (under forced convective conditions) for ©  0.25- \j \0\0
porous metals, these results suggest that it would be 0.20- \D
beneficial if smaller particles are chosen as the fillers so 0.15. \D
that DPO can be easily adjusted by varyin@ during ) I
processing. 0.10+— . . . ;
0 10 20 30 40

AP, kPa
4. Experimental verification @
To verify the analytical model, a series of experimen-
tal measurements were made by infiltrating liquid alu- 0.454 ‘\A\ —=—3.8~5.8 Experimental
minium under different vacuum pressures into packed 0.40- e - g.g;hgosg!mmal
spherical particles of different sizes. A big container a2\ o 58 Theoretical
was used to keep the vacuum pressure relatively con 0.351 \\’\ —4— 0.9~1.6 Experimental
stant during the infiltration process. After the removal 0.30- Nk, o 128 Theortical
of the particles, the samples were sectioned using arc 0.25. ”k; \o\o
electrodischarge machine, and the pore-openings of the ' \
pores (see Fig. 2) were measured with an optical test- 0.201 B
ing apparatus having a precision of 0.01 mm. However, 0.154 |
the measurement of pore openings is only approximate 0.10
because the pore openings connecting the neighborin ‘ 0 10 20 30
spherical pores appear at various positions on the sur AP kPa

face of each pore, and at varying angles to the plane sec ©
tion. Here, the radius of those openings appearing nor-

mal to the observing direction of the optical microscopeFigure 6 Contrast between theoretical and experimental results.
can be easily measure. For those openings inclined t
the observing direction, the largest radius that can b
measured with this method is used. For each sectio Lo S
the average of approximately 20-30 measurements PO) of porous metals processed with infiltration
used below, and it is estimated that the measuremefgethod W?ﬁ _developed. Itl was tfjoun(é I;hathDPO de-
error is likely to be less than 10%. The measured Dpcfreases with increasing values &P and R, whereas
as a function ofA P is shown in Fig. 6 (solid points). It increases with increasirdy Surface tension only has

The predicted relationship between DPO axv# is a minor |nflu_ence on DPO' .
also shown in Fig. 6 (open points). The relevant pa—2' The predicted relat[onshlps between DEO arfel
rameters chosen ar® takes the average size of the COMPares favorably with those measured.
particles having a size range of 0.9-1.6, 1.6-2.6, 2.6—
3.0,3.0-3.8, 3.8-5.8, 5.8-6.8 mmrespectiveljakes ~ References _ _
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