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_In many experimental studies using porous materiais it ié desireabie to
have highly regular pore structures where the local porosity.and gspecific
surfaée area are determinable to a much greater accuracy than wouid_be possible ’
with random pore configurations. In these cases knowledge of thé pore geometry
reduces the number of unknbwn parameters of the system therebyvpermitting a more
qﬁantitative assessment of experimentai results.. Some‘investigators héve used
porous bodies compééedtof bundles of fine tubes (1) or beds of small spheres (2)
to accompiish this ﬁurpose, but the former approach is limited‘to pores of
quite large dimensions ( >300u) while the lattef giveé structures of insufficient
regularity for many purposes.

In connection with stﬁdies of anodic dissolution of porous metal electrodes
a technique has been developed for fabrigation of porous-structures possessing |
xhhighlyvuniform porosity and havingvindividual pores of nearly identical and |
‘unifbrm size and shape (3). These structures are formed from fine wires
sintered in parallel closed packed1configuration.

In principle, the method‘may be uséd to fabricate porous bodies fromvany
material which may be sintered and which is available in wire form. .A bundle
of:straight wires‘is assembled in such a way that the wires lie in a hexagonal
close;packed érray. .The bundle is thenwsintered uﬁder appropriate conditions
of témberature and dur@tion. The fesulting mass haé parallel individﬁal pores
paséing through it which correspond to thevoriginal void spaces befween wires.
If the assembly of the bundle is caréfully accompliéhed,'all.of the pores will
:have very nearly the same sizé and shape. This method of assehbling wires in

" a hexagonal close-packed array is an exténsion of the work of Alexander and

Balluffi(4) to the formation of porous bodies on a considerably larger scale.
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Proper choicé of sintering conditions wili éliowbcomplete fusion of adjacehﬁ
wires along lines of contaéﬁ and elimination 6f the narrow fissures bordering
these contact lines without distortion of the overall structure. An array of
stféight wires can be closely approximated by sections of a large wire coil
where the radius of curvature of windings is much greater than‘any pore iéngth
Qf interéSt. This technique has been successfully applied to fabricatidn of

porous copper electrodes with pores of about 35u diameter.

Experimental

‘Poréus stfucturéé were fabricated from 0.010 inéhvdiaméter copper wire
(BS No. 30, 99.9% Cu) formed in a coil of 6 5/8 inch inside diameter. In ordef
to prbmote good sintering conditions, the wire was first cleaned by passing it
through three tricholoethylene solvent baths aﬁd winding onto a clean spoél.

After this procedure the wire was stored under contamination free conditions.

wire : .
The degreased/@as wound in hexagonal close-packed array on a stainless steel -

‘:Ispool.(6l5/8"'diameter, 3 3/4" width) which was mounted on.and driven by a
variable speed lathe.

The coil winding apparatus, with the spool and coil inAplace,'is showp in Fig-
ure 1. The wire passes from its feed spool) whicﬁ is driven at a rate
_synchronized with winding speed, through the tension maintaining device diagramed
in Figure 2. It then passes through a . Teflon guide block which rideé.on a‘travel—
ing ;supporf. This support is‘driven paréllel'mathe coil‘axis‘by a sieevelSur--
-rounaing a threaded (lOO threads per inch).portion oﬁ the shaft on which the
coil_is mounted. In this mannervthevguide block is displaced laterélly exactly

one wvire diameter per spool revolution.
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- The first layer of wire was wound in such a way that on each tufn thé wire
4ﬁas in contact with:the neighboring wire, wound on the pyevious turn. Eaéh |
subsequent layer of wife was wound in the same direction and placed iﬁ the
crack between wires of the preceding layer. In this manner 83 layeré of wire
were placed on the spool (a 1.04 cm thickness). During the winding, the tension
in the wire was maintained at approximately 130 grams-force.

After completion of windiné, the air contained in the coll was evacuated -
and réplaced‘with nitrogen. The coil wés then stored in nitrogen until sinter- -
ing.v Aﬁ'fhat'time the nitrogen was'removed under vacuum and replaced with
'hydrogén.. The coil was thén placed in furnace with a hydrogen atmosphere and
sinteréd for sixty hours at 1,050 + 10°C. These conditions were determined by
the results of test sinterings made with small coils of the same wire for £empera-
tures of from 980°C to 1070°C and for sintering times of from 4 hours to 6k ﬁours.
After sintering the temperature was reduced at the approximate rate of lOO°C/hour.

‘Ihdividual porous blocks wefe cut from the sintered coil on a milling
machine. The coil was mounted horizontally on a dividing head and cuts were.
made‘with a vertical slitting saw on a horizontal‘spindle. The'first cut, of
two used to remove a bléck, was made such that the exposed surface was about
0.04 cm off the plane of the axis of the coil. ‘The second cutuwas'made pafallel
to the first to give a rough piece about 0.5T7 cm thick. The pieces were theﬁ
machined to dimension 1.4 X 5.4 X 0.5 cm using a sharp fly cutter, with the
pores intersecting the 1.4 X 5.4 cm face atvapproximately right angles. This
removed aboﬁt 0.0k cm from these faces and did not damage the pore sfructure
although it wiped or smeared a thin film of copper over the surface; largely
closing over the pores. The smeared film wés then removed by electrochemical

o

dissolution in dilute sulfuric acid at current densities sufficiently high
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(~O.8A/cm2) to prevent penetration of the reaction appreciébly into the pores;
about 3 minutes of sﬁch electrolysis was required to give clean surfaces with

open pores.

.Résults and Discussion
A typical cross-section of the resulting porous structure is shown greatly '
enlarged in Figure 3. From photographic enlargements, measurements of individ-.
ual pore cfoss;sectional areas and.perimeters yielded mean values, at the 95%

confidence level of

¥ 1,964 (+0.101) X 10°° cm”, ahd
-2
2.22(+0.05) X 10 ° cm,

respeétively, and thus a specific surface area of

1,130 cme/cm3

based ﬁpon void volume. The porosity was 3.5%.

Porous materials fabricated by the.method outlined above have aihighly
uniform porosity. This property is particularly advantageous in such applica-~
tiohs as the study of the rate of dissolution at various locations within
porous_bodies.‘ If the porosity is initially uniform, meaéurement of the porosity
distribution throughout the porous piece after dissolution immediately gives the
time-averaged reaction rate during dissolﬁtion. This type of porous body has
a furthef advantage. ©Should a large part of the sintered contact region be
removed by a process such as dissolution, the material will still reﬁain its
essenﬁial structure. TFurther, aﬁalySes of many experimenté iﬁvolve a parametef

x

which contains the product of the Specific surface area and the reaction rate
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constant, and often neither of these is known with confidence. Thus use of

. porous'bbdies such as those described here having a known and uniform specific
suffacé area. facilitates the theoretical intefpretation of experimental'data.
Finaliy, the structures formed by this method pbssess a regular geometry readily
described mathematically. They thus lend themselves well to experimental investi-

gation of theories based on well characterized pore configﬁrations.
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Figure Captions

Figure 1. Coil winding apparatus.

Figure 2. Schematic diagram of coil winding device.

A.

B.

C.

Variable sbeed motor drive

Feed spool

Tensioning rollér

Fixed Teflon guide

Low inertia drag wheel with friction b;ake

Damped spring dynamometer for tension measurement .

Traveling Teflon guide

" Guide drive mechanism

Coil

'Figure 3. Porous electrode structure.

Enlarged cross section parallel to electrode face.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
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Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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