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rights associated with a statutory invention registration 
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REGIDIZED POROUS MATERIAL AND METHOD 

RIGHTS OF THE GOVERNMENT 

The invention described herein may be manufactured 
and used by or for the Government of the United States 
for all governmental purposes without the payment of 
any royalty. 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The following patent applications are somewhat re 
lated and have the same ?le date. Some of these applica 
tions also include one or more of the present application 
inventors as a named inventor thereof and are also com 
monly assigned to the Government of the United States 
represented by the Secretary of the Air Force. Each of 
these applications is also hereby incorporated by refer 
ence herein. The present application (designated by an 
‘) is included in this list for clarity and completeness of 
the record. 

Number 
Identi?cation Title 

AF l8277A Electrical Battery Cell Wicking Structure 
and Method 

AF 182778 (‘) Rigidized Porous Material and Method 
AF 17953 Alkali and Halogen Rechargeable Cell with 

Reactant Recombination 
AF 18278 A Method of Manufacturing Heat Pipe Wicks 

and Arteries 
AF 18279 A Method of Manufacturing Heat Pipe Wicks 
AF 19413 Unidirectional Heat Pipe and Wick 

BACKGROUND OF THE INVENTION 

This invention relates to porous media useful in the 
surface tension transfer of liquids and to the fabrication 
of porous media structures. The achieved porous me 
dium is useful in a variety of technical arts including the 
herein referred to electrical battery cell and heat pipe 
arts. 
The transportation of liquid materials to elevated or 

otherwise liquid reservoir separated locations without 
the use of moving parts is a useful concept that is often 
employed in, for example, the electrical battery cell, 
machinery lubrication, combustion and other chemical 
reaction and the heat transfer arts. In each of these uses, 
there is need for relatively small quantities of a liquid 
material to be present in physical locations that are 
distal from the reservoir of liquid material and in condi 
tions which are preferably free of pumps or other me 
chanically operated fluid displacement arrangements. 

In certain of such uses, there is also present a need for 
effective transfer of thermal energy and for the accom 
plishment of such transfer in situations which may in 
clude any of the liquid, gaseous, and solid physical 
states of materials. Porous media, especially the porous 
media of the present invention, are useful in accomplish 
ing energy transfer involving the ?ow and especially 
the recirculating flow of liquid effluents as in a heat 
pipe. 
The patent art includes a number of examples of po 

rous media structures and their fabrication and is indica- ~ 
tive of the modern evolution of this art. Included in this 
art is the patent of K. P. Staudhammer et al, US. Pat. 
No. 3,762,011 which concerns the fabrication of a wick 
for use in a heat pipe. The Staudhammer patent contem 
plates wick preparation by the application of a slurry of 
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high thermal conductivity particles and organic binder 
and organic solvent to the surface of a heat pipe. This 
application is followed by evaporation of the solvent 
and utilization of binder material surface tension prop 
erties to draw the high conductivity particles together 
in a bonded and compacted condition. The achievement 
of compacted material is followed by curing of the 
binder. In the Staudhammer wick structure, cured 
binder material is used to hold the wick together in an 
integral condition and to retain the wick structure in 
predetermined relationship with the attending heat pipe 
surfaces. This cured binder arrangement contrasts with 
the particle retention arrangement of the present inven 
tion. The Staudhammer particle size, particles of mesh 
size between 50 and 200 microns, and the use of an 
organic binder and its participation as a particle densify 
ing mechanism also distinguish the Staudhammer struc 
ture from the present invention. 
The prior patent activity also includes the patent of 

W. Fischer et al., US. Pat. No. 3,840,069 which con 
cerns a sintered heat pipe capillary structure having a 
distribution of both ?ne pores and coarse pores. In the 
Fischer et al. structure, the wick pores are formed in a 
sintered metal powder structure by either removing one 
metal component of the powder grains through a chem 
ical reaction or by an alternate oxidizing and reduction 
chemical treatment of the metal powder structure or by 
the use of metal powder having grins of different size in 
the powder composition. 
The patent of E. A. Dancy et al, U.S. Pat. No. 

4,082,863, concerns the fabrication of a ceramic heat 
pipe wherein is disposed a capillary layer of metal oxide 
ceramic material used to conduct the heat transfer fluid. 
In the Dancy et al. patent, a substrate member is coated 
with an aqueous slurry of metal oxide ceramic having a 
maximum particle size of about 44 microns and the 
slurry is covered with a granular ceramic material hav 
ing a particle size in the range of 250 to 500 microns. 
According to a further aspect of the Dancy et al patent 
slurry material is also drawn up between particles and 
this fabrication is followed by ?ring of the coated sur 
face at a temperature effecting bonded of the ceramic 
layer. 
The Dancy et al patent is particularly directed 

toward the fabrication of ceramic heat pipes made from 
dielectric materials. The Dancy et a1 heat pipe contem 
plates use of a variety of fabrication materials including 
metal, glass and alumina ceramic materials with the 
working fluid including lique?ed gases, liquid metal, 1 
hydrocarbons, fluorocarbons, ammonia, water, acetone, 
methanol, ethanol, the freon compounds, and other 
fabricated working ?uids. 
The Dancy et a1 heat pipe also contemplates use of 

sintered metal structures in order to achieve good heat 
transfer between the heat pipe capillary maze and the 
heat pipe container, see column 2, line 35-39. Silica is 
said to be an essential constituent of the mixture used in 
fabricating the Dancy et al structure because of its large 
melting point range and its resulting action as a glue 
between substrate and porous capillary material, see 
column 3, lines 57. In the Dancy et al structure, the ?ne 
particles of slurry mixture are used in order to achieve 
gluing action between substrate and larger particles of 
the slurry mixture, see column 4, lines 33-40. The ce 
ramic substrate, use of oxide powder materials, larger 
particle size and gluing action of the slurry material 
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inter alia distinguish the Dancy et a] apparatus from that 
of the present invention. 
The patent of G. Y. Eastman, US. Pat. No. 4,274,479, 

also concerns a heat pipe capillary wick structure, a 
structure fabricated from sintered metal-and disposed 
with longitudinal grooves on its interior surface. The 
Eastman wick grooves provide longitudinal capillary 
pumping while the sintered wick provides a high capil 
lary pressure to ?ll the grooves and assure effective 
circumferential distribution of the heat transfer liquid. 
The Eastman patent also contemplates use of a viscous 
paste material for forming a wick structure, see column 
4, lines 50-55. At column 4, line 16, the Eastman patent 
also describes the use of a hydrogen atmosphere and 
temperatures in the 900'’ C. range for fabricating a cop 
per powder based wick structure. 
Other known patents of possible interest as back 

ground with respect to the present invention include 
US. Pat. Nos. 4,207,209; 4,307,164; 4,372,823; and 
4,665,049. 
None of these patent examples or their combination, 

however, suggest the porous material structure of supe 
rior liquid transporting capability and heat transfer 
capability of the present invention. 

SUMMARY OF THE INVENTION 
In the present invention, a rigidized porous material 

member, which employs particles of small and substan 
tially equal size physical dimensions is achieved. The 
resulting structure is usable in a variety of technical arts 
involving surface tension liquid transportation. 

It is an object of the invention, therefore, to provide 
an improved surface tension liquid transportation appa 
ratus and a fabrication sequence therefor. 

It is another object of the invention to provide a 
liquid wicking apparatus which employs metallic parti 
cles of small physical size in its fabrication. 

It is another object of the invention to provide a 
liquid eftluent wicking apparatus which can be fabri 
cated conveniently and at low cost. 

It is another object of the invention to provide a 
porous material that is useful in a combined liquid efflu 
ent transportation and heat transfer utilization. 

It is another object of the invention to provide a 
porous material fabrication sequence in which the appli 
cation of‘heat energy accomplishes both viscous binder 
dissipation/disintegration and capillary wick cavity 
formation. 

It is another object of the invention to provide a 
fabrication sequence in which a heat energy application 
also accomplishes sintering fusion of particles into a 
unitary rigid structure. 

It is another object of the invention to provide a 
wicking structure that is particularly adapted to the 
transportation of liquid metal effluent. 

It is another object of the invention to provide a 
porous material structure that is useful in conducting 
?uid effluent within a heat pipe. 

It is another object of the invention to provide a 
rigidized particle structure that is usable in the nucleate 
boiling mode of heat transfer. 

It is another object of the invention to provide a 
metal particle wicking arrangement that accomplishes 
signi?cantly improved wicking action in comparison 
with conventional wick arrangements. 

Additional objects and features of the invention will 
be understood from the following description and the 
accompanying drawings. 
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4 
These and other objects of the invention are achieved 

by coating a substrate member with a liquid suspension 
of ?nely divided metal particles in an organic binder, 
adding additional dry metallic particle powder to the 
surface of the liquid suspension coating, drying the 
metallic particle coating, and heat treating the metallic 
particle coating in a reducing gas atmosphere held 
above the decomposition temperature of the organic 
binder material and below the melting point of the metal 
particles. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a portion of an electrical battery cell 
that is provided with a porous material wickin g member 
in accordance with the present invention. 
FIG. 2 shows a microphotograph of the FIG. 1 po 

rous material. 

FIG. 3 shows a method for fabricating a porous mate 
rial wicking member of the FIG. 1 and FIG. 2 type. 

DETAILED DESCRIPTION 

FIG. 1 in the drawings shows a rigidized porous 
material capillary wick structure that is disposed on one 
element of an electrical battery cell. The FIG. 1 wick 
serves the purpose of improving the contact or wetting 
action of one battery reactant material with the sub 
strate member 102 when the FIG. 1 structure is im 
mersed in lique?ed battery reactant materials. A de 
tailed description of the battery art usage of the herein 
described porous material is contained in one of the 
above identified co-pending patent applications, “Elec 
trical Battery Cell Wicking Structure and Method”. 
Since the electrical battery cell of varying types is but 
one of the possible uses of the present invention, and the 
other uses recited early in the background of the inven 
tion topic above are also merely examples of the uses 
that will occur to persons skilled in the art, the present 
disclosure will make repeated references to two of the 
possible of these uses-the electrical battery cell and a 
heat pipe liquid conveyance with the understanding 
that such references are exemplary and not limiting in 
nature. ‘ 

The battery cell element of FIG. 1 includes the sub 
strate member 102 which is in actuality a solid electro 
lyte member for use in, for example, a sodium and sulfur 
electrical battery cell. The substrate member 102 is 
provided with a flange 104 for capturing the substrate 
or electrolyte member within the battery cell. The sub 
strate or electrolyte member is shown to be cut away as 
indicated at 106 in order that the interior portion 
thereof be visible. 
On the exterior surface ‘108 of the substrate member 

102 is disposed a wicking material coating 100 which is 
more fully described below and which serves to en 
hance the reactant material wetting or contact with the 
exterior surface 108 of the substrate member 102. The 
wicking material coating 100 is especially useful in elec 
trical battery cell embodiments such as the sodium sul 
fur cell wherein the liquid sodium reactant material has 
minimal wetting affinity for materials, such as for the 
preferred beta double prime alumina, used for fabricat 
ing the substrate member 102. Because of this poor 
wetting affinity, it has become common practice in 
fabricating battery cells of this type to use physical 
structure elements and other complexities that are dis 
posed adjacent the electrolyte or substrate 102 member 
in order to promote travel and intimate contact or wet 
ting by the sodium reactant material. 
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In other arrangements of the wicking structure ac 
cording to the invention, the wicking material 100 may 
be disposed on a different type and shape of substrate 
member or alternately may be fabricated as a stand 
alone or separate structure that is not associated with a 
.substrate member. Certain modi?cations of the wicking 
member fabrication sequence herein described are re 
quired when the wicking material coating is disposed in 
this stand-alone con?guration. The fabrication sequence 
and its modi?cations are described in connection with 
FIG. 3 below. 
A wicking material coating may, of course, be dis 

posed on the internal surface 110 of a substrate—elec 
trolyte member 102 in FIG. 1, when such disposition is 
required by the employed battery cell reactant con?gu 
ration; such internally disposed wicking structures are 
also appropriate for use in the heat pipe uses of the 
invention. For use in a battery cell environment as 
shown in FIG. 1, the wicking material coating 100 may 
be fabricated with a thickness in the range of 0.02 inch 
to 0.08 inch or 0.5 to 2.0 millimeters; with other thick 
nesses especially for other utilizations of the wicking 
material, being possible. 
FIG. 2 in the drawings shows a porous metallic mate 

rial structure in accordance with the invention such as 
the FIG. 1 wicking material 100—-as the porous metallic 
material appears following its subjection to a physical 
fracture event. The FIG. 2 microphotograph is descrip 
tive of one face of the fracture at a magni?cation of 
1,000 times. A series of externally located arrow pairs 
and individual arrows, each of which is numbered, indi 
cate text described internal features of the FIG. 2 po 
rous material; the features thusly identi?ed in FIG. 2 are ' 
to the best degree possible, of suf?cient prominence and 
size as to be of reproducible during electrostatic or 
other copying to the FIG. 2 microphotograph. This 
numbered arrow reference arrangement is selected in 
view of the glossy and non-markable nature of the mi 
crophotographic print submitted in the application for 
Letters Patent. 

In FIG. 2, the fracture surface nature of the micro 
photograph and the magni?cation ratio of the image are 
indicated by the arrow 200 at the top of the figure. The 
two arrows, 202 and 204, in FIG. 2 together indicate the 
horizontal and vertical coordinates of one easily identi-— 
?ed component particle of the FIG. 2 material. As indi 
cated by this particle, the porous or wicking material of 
the present invention is preferably fabricated of parti 
cles having a single radius dimension, that is, fabricated 
from spherically shaped particles having a uniform 
particle size. When fabricated as a rigidized metallic 
powder structure, the particle identi?ed by the arrows 
202 and 204 is of some three to ?ve microns diameter 
and may be, for example, composed of metallic nickel 
such as the nickel in powdered form that is available 
from InternationalNickel Corporation under the identi 
fying name of type 255 MOND metal powder. Alter 
nate types of nickel powder include the type NI228 
electronic grade powder of three microns nominal size, 
the type NI227 plasma spray powder of 150 microns 
and larger size, and the type NI172 plasma spray pow 
der of 200 mesh or about 75 microns particle size, all of 
which are available in 99.9% purities from Atlantic 
Equipment Engineers Inc. of Bergen?eld, N. J. The 
larger particle size powders, of course, result in larger 
conduction paths in the FIG. 2 type of structure and 
may be desirable in some uses of the invention—-particu 
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6 
larly when effluents of greater viscosity are to be con 
veyed via the porous material. . 
Two particularly well-de?ned, close to the fracture 

surface, and highly illuminated ridge structures are 
indicated by the arrows 210 and 211 in FIG. 2. The 
slope of the arrows 210 and 211 also indicates the gen 
eral course of the designated ridge in the FIG. 2 micro 
photograph. As is illustrated by the structure of the 
ridges 210 and 211, the FIG, 2 porous or wicking mate 
-rial is comprised of a very large number, a plethora, of 
individual particles which are randomly disposed and 
attached to each other to de?ne a random maze or 
convoluted array of capillary passages-passages which 
are readily utilized as conduction paths by a liquid efflu 
ent material. The arrow pairs 206, 208 and 212, 214 
indicate the vertical and horizontal locations of two 
such convoluted paths which extend into the depth of 
the FIG. 2 microphotograph. 
As is described in FIG. 3 formation of the FIG. 1 and 

FIG. 2 porous or wicking material structure is prefera 
bly accomplished with a suspension of particles in a 
viscous binder solution, followed by drivinq off or dissi 
pation of the liquid and organic components of the 
binder material during an elevated temperature expo 
sure. During dissipation of the liquid and organic com-_ 
ponents of the binder material surface tension and other 
coagulation forces bring the wicking material particles 
into a packed and closely adjacent physical relationship. 
The further elevated temperatures of-a sintering opera 
tion fuses the packed individual particles into the struc 
ture shown in FIGS. 1 and 2. 
The wicking performance of the FIG. 1 and FIG. 2 

porous material has been found to be superior to the ' 
performance of more conventional wick arrangements. 
By way of example, a wick in accordance with the FIG. 
1 and FIG. 2 structure, when fabricated from the above 
identi?ed 255 nickel powder of substantially circular 
shaped particles and particle sizes in the range of three 
to ?ve microns, when immersed in liquid sodium at a 
temperature of 328‘ C., is found capable of generating a 
column of liquid sodium which easily and rapidly 
reaches 9 inches in height. Since this liquid sodium 
height is attained in a period of ?ve to ten minutes, and 
occurs in accordance with a linear height versus time 
relationship (the Table 1 data corresponds to a straight 
line with a correlation factor of 0.9935), it is clearly 
indicative of signi?cantly greater possible wicking 
heights achievable with the porous material of the in 
vention in either the battery or heat pipe or other use 
environments. 
The rate of travel of the liquid sodium in the herein 

described wicking material is in accordance with Table 
1 below. 

TABLE 1 
Distance Time 

1 inch 7 seconds 
2 inches 20 seconds 
3 inches 40 seconds 
4 inches 49 seconds 
5 inches 60 seconds 
6 inches 77 seconds 
7 inches 94 seconds 
8 inches 120 seconds 
9 inches 135 seconds 

The possibility of dissimilar velocities 0r non-linear 
velocity of liquid travel in opposite travel directions in 
the porous material of the present invention is also nota 
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ble and offers a potentially useful arrangement for ac 
complishing specialized tasks as is described in the 
above identi?ed co-pending patent application, “Unidi 
rectional Heat Pipe”. 

Materials other than the above identi?ed metal and 
metals other than the above-identi?ed nickel are, of 
course, usable in fabricating wicking structures in ac 
cordance with the invention. Materials such as stainless 
steel, copper, aluminum and iron are included in this 
list. Suitable adjustments for the material temperatures 
involved in the fabrication steps of FIG. 3 and FIG. 4 
below herein are, of course, required during the use of 
these alternate metals and non-metallic materials. 
As is also indicated in the above preferred to co-pend 

ing patent application of myself and three other col 
leagues, the application titled “Battery Cell Wicking 
Structure and Method”, uses of the present invention 
involving heat energy flow are enhanced by the use of 
metallic or other high thermal conductivity powder in 
the porous material. 
The presence of a mild chemical reaction between the 

wick liquid effluent and the particles of the herein de 
scribed porous material may also be advantageous 
under some operating conditions. A reaction of this 
nature is believed present in the above-described liquid 
sodium and nickel particle wicking arrangement and is 
believed to contribute to the described superior wicking 
performance. This reaction is to the extent of 0.004 to 
0.20 parts per million at a temperature in the range of 
200° C. to 600° C. as is described in the “Electrical 
Battery Cell Wicking Structure and Method”, co-pend 
ing patent application from the above list of co-pending 
patent applications. The presence of such a reaction, of 
course, is accompanied by a resulting reaction product 
contamination of the wicked liquid effluent or the po 
rous material or both but in view of the limited reaction 
occurring, this effect is of minor signi?cance. A ?nite 
operating life for the wicking structure is also implied 
by this reaction, however, other failure mechanisms are 
usually more signi?cant in determining the end of a cell 
practical operating life. The glass and alumina based 
materials identi?ed above are immune from participa 
tion in reactions of this type with most wicked materi 
als. 
FIG. 3 in the drawings shows a sequence of process 

ing steps 300 by which the FIG. 1 and FIG. 2 illustrated 
porous material wick structure can be fabricated. As 
indicated at 302 in FIG. 3, this processing sequence may 
commence with a substrate shaped in some predeter 
mined con?guration. When such a substrate is used, its 
surface is prepared for reception of the wicking material 
by way of an etching or similar process as is indicated at 
304 in FIG. 3. When the substrate material is alumina or 
a similar material, a surface preparation etch can be 
accomplished by exposing the alumina to water at a 
temperature of 200° C. for a period of l to 5 minutes or 
in a more rapid manner by exposure of the alumina 
surface to an alkali hydroxide in, for example, an aque 
ous based 1.0 normal concentration of sodium hydrox 
ide. Exposure times of less than one minute at a temper 
ature of 200° C. are found to be satisfactory for the 
alkali etching sequence. In the case of alternate sub 
strate members, surface preparation may be accom— 
plished by an etch which uses selected reactant materi 
als or by mechanical abrasion. 

Coating of the substrate surface with a metallic parti 
cle slurry is indicated in the step 306 of FIG. 3. The 
method of accomplishing this coating is dependent 
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8 
upon the shape of the substrate member being coated 
and upon the internal surface or external surface nature 
of the coated area. For the external surface coating 
arrangement shown in FIG. 1, the coating of step 306 
may be accomplished by brush application of the small 
particle slurry directly onto the substrate surface with 
supplementing, in order to achieve greater wicking 
member thickness, accomplished by sprinkling addi 
tional metallic particle dry powder over the slurry wet 
ted surface as is indicated in step 308 in FIG. 3. Slurry 
application by spraying, dipping, ?owing, or even a 
mixing of the dry powder with a solvent material in the 
presence of the substrate member are all within contem 
plation of the invention. 
The slurry applied to the substrate member may con 

sist of a solvent such as, for example, an alcohol, prefer 
ably alcohol of the ethanol type or water that is added 
to the dry powder of the wicking material. Also in 
cluded in the slurry is a dissolved organic binder mate 
rial such as Methocel binder that is sold in powder form 
by Dow Corning Corporation and a water soluble resin 
of, for example, the Polyox type that is sold by Union 
Carbide Corporation. 

Preparation of the slurry with the metal particles and 
the combined organic binder material using an alcohol 
or water solvent or other solvents is described by the 
manufacturers and typically involves proportions as 
follows: 

200 grams of Type 255 Nickel Powder 
2 grams of Polyox 
2 grams of Methocel 
240 grams of water 
The slurry is prepared by mixing the dry ingredients 

and then adding water with continuous stirring. 
If a shape compatible with rotational spinning is in 

volved, spinning at about 1500 RPM may be accom 
plished for two hours or until the slurry is dry. After 
spinning or in lieu thereof a baking at 500° C. for one 
hour is used following by a one hour sit and a 5-minute 
bake at 1000“ C. For use in the brush application se 
quence identi?ed above, it is preferable that the organic 
binder material have a room temperature viscosity that 
is in the range of 500 centistokes to 1000 centistokes 
with a value near the 750 centistokes center of this 
range being preferred. A Cannon-Fenske opaque (re 
verse flow) viscosimeter may be used for such Viscosity 
measurements. It is desirable for the wicking member 
particles to be somewhat movable in the viscous pre 
dry or pre-bake slurry during and following the particle 
to substrate application in order that the agglomeration 
of particles represented in FIG. 2 be possible during 
solvent dissipation and binder material disintegration 
and dissipation. 

In instances where the wicking material is to be fabri 
cated in a stand alone or non-substrate associated form, 
the slurry material may be confined to a mold or prede 
termined container shape during its green or uncured 
condition and may also be fabricated in successive lay 
ers of wicking material with each layer acting as a sub 
strate for a successive layer. 
The green wicking member, that is, the uncured 

slurry comprising a wicking member and resulting from 
particle application in steps 306 and 308 in FIG. 3 is 
dried as is indicated by the block 310 in FIG. 3 using a 
vacuum drying, air drying or other controlled atmo 
sphere drying process and using temperatures in the 
range of 500° C. and drying times in the range of one 
hour. This drying, of course, removes a major portion 
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of the solvent material present in the green wicking. 
During its initial phases this drying also encourages 
particle movement under the in?uence of surface ten 
sion and adhesion between the binder coated particles 
to provide a structure of the type shown in FIG. 2. 
The green wicking member is ?red in a reducing gas 

atmosphere furnace at temperatures which are prefera 
bly in the 900' C. to 1000' C. range for a period of about 
of ?ve minutes following the attainment of stable tem 
perature; this ?ring is indicated by the sintering step at 
310 in the FIG. 3 sequence. The indicated 5 minute time 
and 900‘ C. to 1000’ C. temperature values for the sin 
tering step 312 in FIG. 3 are typical of values that are 
satisfactory for the identi?ed nickel powder slurry and 
such values result in individual particles having the 
degree of melted fusion shown in FIG. 2. Longer times 
and higher temperatures for the sintering step provide 
greater degrees of article melting and result in a more 
“stringy” or less well-de?ned individual particle ap 
pearance for the achieved porous material. A large 
variety of particle fusion and particle appearance varia 
tions is, therefore, available in the porous material by 
way of selecting the times and temperatures used in the 
sintering step of block 312 in accordance with the expe 
rience of persons skilled in the heat treatment arts. 
Although porous material having the general appear 

ance shown in FIG. 2 is satisfactory for some uses of the 
invention including use for the liquid sodium wicking in 
an electrical battery cell, other employments of the 
invention involving different effluent materials and 
different effluent viscosities may be enhanced through 
he use of different times and temperatures in the step 
312. Similarly, with the selection of different metals or 
different non-metallic materials for the porous material, 
a different set of time and temperature values will be 
optimum-temperatures in excess of the 900° C. to 
l000° C. value will, for example, be desirable in the case 
of ceramic materials. - 

For a nickel porous structure, the atmosphere in the 
?ring or sintering furnace is preferably made to be re 
ducing in nature by the addition of hydrogen in the 
concentration range of 4 to 5% or by the addition of 
other reducing gases as are known in the art. Otherwise, 
the furnace has an inert atmosphere of helium, argon, 
nitrogen, or similar gases. A reducing gas atmosphere is 
desirable in the furnace since hydrogen and other such 
reducing gases combine with oxygen or oxide layers on 
the metallic particles at elevated temperatures thereby 
cleansing the metallic surfaces and allowing intimate 
sintering fusion of the particles to occur. 
Some reducing gases are capable of attacking some 

substrate materials that may be used for supporting the 
porous structure in its green state-especially at tem 
peratures just below the above indicated 900° C. to 
1000° C. range. In view of this tendency, the cooldown 
of a porous nickel sintered metal member as is indicated 
at 314 in FIG. 3 is preferably arranged to occur in an 
inert gas atmosphere, that is the reducing qas compo 
nent of the sintering atmosphere is removed while the 
workpiece is yet at the elevated sintering temperature. 
Regardless of this re?nement, however, the cooldown 
sequence is preferably accomplished according to a 
predetermined temperature pro?le which generally 
includes a temperature reduction rate of 200‘ C. per 
hour. Following the sintering step of block 314 wicking 
member thicknesses in the range of eighty thousandths 
of an inch are desired in the nickel particle and alumina 
substrate use of the invention. 
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Generally, the need for a tradeoff compromise is 

recognized between the desirability of small liquid 
transmitting passages in a porous material-in order to 
achieve high capillary pressures—and the desirability of 
large liquid transmitting passages capable of conducting 
higher volumes of ?uid through the porous material. 
The small passage and high capillary pressure end of 
this selection scale are desirable for achieving large 
effluent delivery heights while the large liquid transmit 
ting passage end of this selection scale is desirable to 
accomplish, for example, greater heat transmission in a 
heat pipe or the greater reactant communication need 
for large current delivery in a battery cell. Since large 
working ?uid passages inherently have low capillary 
pressure characteristics such a compromise is clearly 
required. One arrangement of this compromise involves 
the use of arteries of somewhat large diameter to trans 
mit ?uid to a region of use and capillaries of smaller 
diameter to distribute the artery transmitted ?uid within 
the region of use. This arrangement is employed in the 
example below. 
When used in a heat pipe of the below indicated 

physical size and other parameters, a porous nickel 
structure according to the invention provides heat 
transfer characteristics as are also discussed below. The 
heat pipe of this discussion is contained in a circular 
tube of 0.875 inch, 2.2225 centimeters, inside diameter 
of type 304 stainless steel having [0.0625 inch wall thick 
ness and 8.875 inch length with end plugs of 0.25 inch 
thickness-so that an effective length of 8.375 inches or 
21.27 centimeters is achieved. A 0.375 inch inside diam 
eter ?ll tube is received in one end plug. Eight ?uid 
communication arteries of 0.075 inch diameter are dis 
persed uniformly around the porous wick structure. 
Methanol working ?uid of a volume of 26.3 cubic 

centimeters is introduced into the heat pipe. The 26.3 
cm3 volume substantially ?lls the heat pipe since a po 
rous material porosity of eighty-seven percent is mea 
sured and an extra ten percent of working ?uid volume 
is added to accommodate condensate trapped in the ?ll 
tube. ~ 

The theoretical heat transfer limits incurred inv a heat 
pipe use of the porous material of the invention—that is 
the working ?uid physics limits are identi?ed as the 
sonic limit, the entrainment limit, the boiling limit and 
the capillary limit. These limits for the working enve 
lope of a heat pipe are known in the art and are de 
scribed, for example, in the textbook “Heat Pipe Theory 
and Practice” written by S. W. Chi and published by 
Hemisphere Publishing Company of Washington, DC. 
In the described heat pipe structure, the ?rst two of 
these limiting considerations support a relatively large 
quantity of heat transmission and are, therefore, of mini 
mal porous material describing interest. Of the latter 
two limiting phenomenon, the boiling limit Qb is most 
signi?cant by an order of magnitude in determining the 
maximum heat transfer capability of the described heat 
pipe when the assumed values of the working envelope 
limit equation variables are used. As is known to per 
sons skilled in the art, however, the determination of 
accurate values for some limit equation variables is 
usually accomplished with some difficulty. 
More speci?cally for the porous material of the in 

vention used in a heat pipe, the Sonic Limit, Qs, max is 
predicted by the relationship: 
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QS, max = Av Pv A W 

In similar fashion, the Entrainment Limit is predicted 
by the relationship , 

The Boiling Limit is predicted by the. relationship; 

The Capillary Limit is predicted by the relationship: 

Qc, max = 

In most heat pipe arrangements, the Capillary Limit 
QC de?nes the operating region boundary of greatest 
concern. 

The heat transfer ability of the described heat pipe 
having nickel particle porous material according to the 
invention is in the range of one hundred twenty-?ve 
watts. This value is subject to improvement with opti 
mization. 
While the apparatus and method herein described 

constitute a preferred embodiment of the invention, it is 
to be understood that the invention is not limited to this 
precise form of apparatus or method, and that changes 
may be made therein without departing from the scope 
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of the invention, which is de?ned in the appended 
claims. 

I claim: 
1. A rigidized particle liquid effluent wicking member 

comprising the combination of: a plethora of substan 
tially spherically shaped and equally sized metallic 
nickel particles of three to ?ve microns nominal size 
disposed into a randomly joined particle rigid physical 
array of predetermined external con?guration; said 
array also including viscous‘ binder determined capil 
lary maze means having binder voided contiguous cap 
illary passages randomly dispersed through the array 
for conveying liquid effluent material surrounding said 
particles and throughout said wicking member. 

2. The wicking member of claim 1 wherein said parti 
cles are joined together by both heat treated binder and 
sintered fusion bond between adjacent particles. 

3. The wicking member of claim 2 wherein said capil 
lary maze means includes heat treated binder material 
having temperature immunity. 

4. A wicking member formed by the process of: 
coating one surface of a substrate member with a wet 

slurry of ?nely divided metal particles and organic 
binder; 

dusting the wet surface of said slurry coating with a 
coating thickening additional layer of said ?nely ' 
divided metal particles; 

drying the thickened metallic particle coating until 
rigidized into a substrate attached wicking mem 
ber; 

driving off the liquid and organic binder components 
of said wicking member wet slurry in a ?rst ele 
vated temperature atmosphere; 

sintering the wicking member at a second higher 
temperature. 

* t 1t It 1! 


