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HEAT'% M TTI NG MEMBER AND METHOD OF

MANOFACTURI NG THE SAME BACKGROUND COF THE
- I NVENTI ON 1. Field of the.invention: _ . The present.

i nvention relates to heat transmtting “menbers,” such as a heat
transmtting pipe atd a heat tragsnitting'plate for heat exchange,
-which are enployed in 10 - wvarious ustrial fields It also relates to
et hods of manufacturing the heat transmitting nenbers. 2.

Description of the Related Art: Her et of ore, heat transnlttlng

- pirpes and heat - 15 “transmtting plates made of nmetals such as copper and
al umi num exhi bitive of high thermal conductivities have general ly
been used.for exchan@EAF hZRANSMITTING -MEMBER AND METHOD OF :

MANUFACTURING THE SAME

" BACKGROUND OF .THE INVENTION
5 - o
1. Field of the invention:
| The present invention relates to.heat trensmitting
members, such as e heat transmitting pipe and a heat
transmitting plate for heat exchange, which ate employed in
10 - various industrial fields. It also relates to methods oft

manufacturing the heat transmitting members.

2. Deseription of the Related Art;
Heretefore, heat transmitting piées and heat

15 transmiﬁting plates meae of metals such as eopper and
alumlnum exhlbltive of hlgh thermal conductivities have
generally been used for exchanglng heat, e. g , between.
liquids, between a 1iquid and a gas, and between gasés. It a
is admitted, however, that the capacity of heat to be h

20 exchanged is déterﬁined depending upon a temperatute

| difference, heat transmission characterietics, a heat
transmieeion area,_ete. which are involved between the
respective tnermal media. Accordingly, espeeially in a
case ﬁhere awneat exchanéer needs te be reduced in size,

25 the mere use! of\the materlal ‘exhibitive of the high thermal

conduct1v1ty is unsatlsfactory Therefore, the heat



I|qU|ds between a liquid and a gas, and between gases. It S
adm.tted; however, that the capacity of heat to be 20 exchanged is

det er mi ned dependi ng upon a tenperature di fference, heat '
transm ssion characteristics, a heat transm ssion area, etc. which
~are invol ved between the respectiye thermal nedia. Accordingly,
especially in a ~ case where a heat2 exchanger needs to be reduced in
-size, 25 the nere use of the material exhibitive of the high thermnal
_conductivity is unsatisfactory. Therefore, the heat

2 transm ssion area has been enlarged by providing fins on or
slots in the surface of the heat transmitting pipe or plate. . .

Furt her, the teansnissison siem Ixatsam@tneemsltaresdhhyeprovidingeéhn%mrarmted by
contr|V|ng a fin construction so as to generate a turbulent flowin -
the thermal nelehS imdsheiesurface of jthe P?Gaﬁf ErepamrighiegtRiP®fODapanese
Pat ent No. 1435526 and - Japgpese Pat ent, Anglcatlon Laj d- ppen (KCKAI)

No. - 1105359 199 T ik e ThEY e@é:eﬁ-rﬁr"‘éﬁ‘éééa cERATAGESTHEY

been enhanced by contriving a fin construction so as to

5 generate a turbuleﬁt flow in the thermal media. Besides,

| in the official gaze#ﬁeé of Japanese Patent No. 1435526 and

Japaneée Patent Application Laié-opeh (KOKAI) No. _
110597/1992, there have been proposed techniques in which a
porous mateiial or fqamed material of copper or copper

10 alloy is fixed, whereby both the enlargement.of the heat
transmission'aréa and the enhanceﬁent of the heat
transmission characteristics aie attained to reduce the
size of the heat exchanger.

| The p:oposed techniques, however, have been

15 disadvaﬁtageous as stated'below.' In.fixing the.porous or
fdamed matefial of copper or copper alloy, the technique of
Japanese Patent No. 1435526 adopts for the binding and
close adhesion of this material with the body of the heat .
transmitting membér, a method whereln molten metal is |

20 poured into a mold hav1ng the shape of the foamed materlal
and is solidified, followed by the dissolution of the
foamed'material—Shaped mold. On the other hand, the
technique of-Japane;é Patent Application Laid-open No.
110597/1992 requires a further exﬁedient such as preésed

25 ~ contact, bxazihg or plating at the final step of the fixing.

in order to rigidly join the porous material with the body



porous material or foamed material of copper or copper 10 alloy is
fixed, whereby both the enlargenent of the heat transm ssi on area
and t he enhancenent of the heat transm ssion characteristics are
attained to reduce the - size of the heat exchanger. : The
proposed techni ques, however, have been.6é5 - di sadvant ageous as stated
below. I'n fixing the porous or ~ foaned material of copper or copper
al l oy, the technique of , Japanese Patent No. 1435526 adopts for the
bi ndi ng and cl ose adhesion of this material with the body of the
~heat - transmtting nmenber, a nethod wherein nolten netal is 20
poured into a nold having the shape of the foamed material and is
solidified, foblfovhd hgatheramssititiingmenbere The pribeaaet techniques
materi al -shaped nold. On the other hand, the . techni que of Japanese
Pat ent Appl i cagroardindlypeaveidhe problem)3®at] b2 coghi pEsequipmenter
expedi ent such as pressed 25 . contact, brazing or plating at the final
'step of the fi®pfigthe costof FRAHLAFULYTHSP PHTEEREPAY oLSTRATRA i Bt th
the body the attained effects of enlarging the heat transmission
5 area and enhancing the heat transmission characferistics,
-and that:the process of manufacture becomes complieated.
_Another problem is that, in ‘the manufacture of the heat
transmitting pipe, the porous or foamed material cannot be
. fixed simultaneously inside and ouﬁside the body of the

10 pipe.
SUMMARY OF THE INVENTION

The preseht invention is intended to solve'the_

15 -~ problems as stated above. It ﬁas fer its object to provide
a heat transmitting member in which the body thereof such
as a metal plate or metal pipe of high thermal conduction
is pveflaid with a porous metal material having'a large
surface area'and a high percentage'of_voids per unit

20 - volume, "and a continuous and complete method ef
manufacturing the heat transmitting member.

According. to the present invention, a heat
trahsmittiﬁg pipe and a heat transmitting plate in which a
porous metal haterial of three-dimensional reticulate

25  structure is unitarily fixed on, at least one of the

surfaces of a metal pipe and a metal plate, respectively,



of thesheat transmtting nenber. The prior-art. techni ques

accordi ngly have the problens that the cost of equi pnent and the
cost of manufacture rise unreasonably conpared with . t he attained
effects of .enlarging-the heat transm ssion 5 area and enhancing the
heat transm ssion characteristics, and that the process of
manuf act ure becones conpli cat ed. Another problemis that, in the
manuf acture of the heat: . transmitting pipe, the porous or foaned

mat eri al cannot ‘be - fixed sinultaneously inside and outside the'body
of the 10 pi pe. : . SUMMARY OF THE | NVENTI ON
The present invention is intended to solve the 15 probl ens as stated
above_. It hascdwrbe tebtaireel Hyoupidiizdag the prapézty thathgpovdemgienber
in which the body thereof such .. .as a nmetal plate or netal pipe of
~high thermal cosppet imnide, or mixedypokded whinhacposbsics mef diheraannen
having a | arge . .surface area and a hi gh percentage of voids, per. unit
20 - vol une, exide rordemanss Povsedo g any ﬁﬁgﬁédmﬁFa such 4ﬁuﬂﬁé%ﬁ¥1ring

the heat transnittjng nmenber., .- , , .
aluminum, chromium, palladium or silver, is sintered as a

5 metal material by heating, and the property that the metal
material can be made unitary with the metal pipe or plate
when the heating is carried out on this metal pipe'or

plate.
10 _ BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1 thru 3 are fibwcharﬁs each showing an
embodiment 6f a method of manufacture according to the
‘present invention; |

15 Fig. 4 is a flowchart showing different embodiments of
the method of manufacture according to the present
invention;

Fié. 5 is a pefspective view showing an embodiment of_
a heat transmitting member according to the present

20 invention;

Fig. 6 ié'a perspectiVe view, partly broken awéy,
showing another embodiment of the heat transmitting member
according to the present invention;

Fig. 7 is a perspective view showing still another

25 embodiment Qf'thé heat transmitting member according to the

present invention;



According to the present invention, a heat transmtting pipe and a

heat transmitting plate in which a porous netal material of

t hree-di nensional reticulate 25. structure is unitarily fixed on, at

| east one of the surfaces of a netal pipe and a netal plate,
respectively, - ' 5 4 can be
obtai ned by utilizing the property that “powder of copper oxide, or '
m xed powder which consists of the copper ‘oxi de powder- and powder of
any ot her netal such as nickel, ~alum num chrom um palladi um or
silver, is sintered as a 5 metal material by heating, and the property
that the metal material can be made unitary with the netal pipe or

pl at e when Eigs he%ltflhﬁgl ild eaer isegtdgnadnviaws eachl shppinoryet
plate.- 10 BRI EF DESCRI PTI ON OF THE DRAW NGS :

another embodiment of the heat transmitting member'
acco:dlng to the present invention; and
| Figs. 12 thru 14 are perséective views.each showing.a
‘5 further embodiment of the heat transmitting member
.acébrding to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

10 | Figs. 1 thru 3 are flowcharts each éhéwing an
| embodiment of a methqd of manufacture according to the
p;eéent invention. Now, the embodiments will be described
in conjunction with these figures.
Réferring to Fig. 1, powder of copper oxide, or mixed
15 'metal'powder which consists of the copper oxide powder and
powder of any other suitable metal, is deposited in a vapor
phase onto a cellﬁlar-synthetic resin which is coated with
adhesives (inqluding pressure sensitivé adhesives)
. beforehand. Thereaftef, a copper plate/copper plates on
20 which the same metal powder is deposited is/are placed on
either/both of ﬁhe surfaces of the'cellular synthetic resin
.wifh ﬁhe metal powder deposited thereon, and it/they is/are
brought. into lightly pressed contact with the resin by a
‘roll press or the like, to thereby form é laminated
25 article. On this occasion, as the quantities of deposition

of the metal powder on the cellular synthetic resin and the



Figs. 1 thru 3 are flowharts each show ng an enbodinent of . a net hod

- of “manuf acture according to the present invention; 15 Fi g.
4 s a.flomhart show ng different enbodi nents of t he net hod of"
manuf acture according to the present . i nventi on; Fig. 5
IS a perspective view showi ng an enbodl nt of a heat transmtting
menber according to the present - ithvention; Fig. 6is a
perspective view, partly broken amay, shomﬁng anot her enbodi nent of -
the heat transmtting nenber : according to the present invention;
Fig. 7 is a perspective view showing still another 25 - enbodi nent of the
heat . transmtting nenber according to the . - present invention;:

‘Figs. 8 thru &éppee piateoare lamyer ecadtutenisiptgeting-binding can be
finally achieved'between the metal plate and a celiular
metal material, and the rugged parts of the surface of the
metal plate can be more increased to enhance the heat

.5 ' transmission characteristics of a heat transmitting member
and enlarge the heat trahsmiesion area thereof.
Subsequently, the cellular synthetic resin in ;he laminated
‘article is burnt off in a combustion furnace} Thus, a
porous metal material whose skeleton'is maae of the copper

10 oxide or a metal alley containing the copper oxide is
produced on the copper'plate; Fufther, the porous metal
material is reduced and sintered in a reducing atmosphere
euch as exists in a hydrogen reductien furnece. 'Then, a
porous material of copper or eeppef alloy provided with the

15 copper plate or copper plates on one surface or both the
surfaces thereof is manufactured. Here, the porous copper
material or copper alloy material can be directly employed
as a material for working the heat transmitting plate of a
heat exchanger. MEanwhile, in a case where the heat

20 transmitting.member is a heat.transmitting pipe, the porous
copper material or copper alloy material is further
preceSSed by an expedient as steted below. At the stage at
which the cellular copper material or copper alloy material
is formed by the reduction and sintering, the initial

_ 25 volume shrinks. .In other words, a marginal edge on which

the cellular copper material or copper alloy material is



-

anot her+ enbodi nent of the heat transmtting nmenber - according to the
present invention; and Figs. 12 thru 14 are perspective views
each showing a 5  further enbodi nent of the heat transmtting nmenber
according to the present invention. - DETAI LED

‘DESCRI. PTI.ON OF THE | NVENTI ON. 10 Figs. 1 thru 3 are flowharts
each showi ng an - enbodi nent of a Zethod of manufacture according to
the - .~ present :invention. Now, the enbodiments will be described

-in conjunction with these figures. _ Referring to. Fig. 1, powder .
~of copper oxide, or mxed 15 metal powder which consists of the copper
oxi de powder and powder of any other suitable netal, is deposited in
a vapor noth&fixednappeacs| atil the symohetperinatier Wif dhel coppgred wit h
adhesi ves (including pressure sensitive adhesives) "~ bef or ehand.
Thﬁéeafterd a pd@eer ﬁmatexpsgéentpuéibszem this Progazyy -t hélof&ne net al
powder .is deposited |s/are | aced - either/hbqth of; the surfaces of
the cellul ar ghe coppew P}la??leb?%’f’:ﬂg dgiﬁjéﬁe SsP08d

e ol TS o ol g Fob A B gL
Ianjnsteg the like so as to be worked into a copper pipe.

Thereafter, the end perts of the copper pipe in an
-identical direction are welded hy, for example, bra21ng or
fusion welding. Then, the heat transmitting pipe, which
bears the cellular métal material inside or outside, cah be
10 manufactured.

As shown in Fig. 2, a heat transmitting pipe which
bears a cellular metal material outside is continuously and
completely manufactured in such a way that a cellular
synthetic resin,.on which metal powder is deposited as

15. stated hefore, is wound round'e copper pipe outside which
the same metal powder is deposited, so as to_be in pressed
contact with the copper pipe, and that the cellular
synthetic resin and the metal powder are subjected to a
combustion step and a reduction and sintering step likewise

20 to the foregoing. 1In this embodiment, in order to enlarge
'the.quantity of deposition of the metal powder, a plurality
of layers of the cellular synthetic resin are stacked, and:
the stacked layers are wound round the copper pipe. It is
to be understood, however, that a single layer of the

25 cellular synthetic resin may well be employed in some

cases.



25 “article. On this occasion, as the quantities of deposition of
the‘metal powder on the cellular synthetic resin and the

copper plate are larger, securer sintering-binding can be finally
achi eved between the netal plate and a cellular nmetal material, and
t he rugged parts of the surface of the metal plate can be nore

I ncreased to enhance the heat 5 traﬁ%nission'characteristics of a heat
transm tting nmenber ~ and enlarge the heat transm ssion area thereof.
Subsequently, the cellular synthetic resin in the | am nated - article
I's burnt off in a conbustion furnace. Thus, a ' porous netal materi al

~whose skeleton i's made of the copper 1 0. oxide or a netal alloy
contai ning the coppen €Xéedéthér hand, PIrHEHLC eda@znifeingpPpepephlch

Further, the porous netal material is reduced and sintered in a
reduci ng at nospbBers a porousucdétal matietial ninsidedicageber sdimtiaohyf ur nace.
Then, a - - porous material -of copper or copper alloy provided with the

manufactured continuously and completely as shown in Fig.
3. A_celluiar synthetic resin on which'metal powdéf_is
.5 deposited is shaped into a cylinder, apd the cylinder is
insertéd into a copper pipe inside'whidh the same metal.
powder is depbsitéd, so as to be in fit engagement with the
coppet pibe. Thereafter, the cellular synthetic resin and
the metal powder are subjected to é'combustion step and a
10 reduction and sintering step likewise to the fqrégoing. In
'this_eﬁbodiment, a plurality of 1éyers of the cellular
synthetic resin are stacked, and the stacked layers'are
insetted into the éopper pipe. Of course, howevér, a
single 1ayer.of.the cellular synthetic resin may weil be
15 - employed in some cases. |
By the way, a heat transmitting pipe which béars
porous metal material 1ayers on_both.the inner and outer
surfacéﬁ of a copper.pipe can be similarly manufgctured
contiﬁuously and complétely by winding the céllular
20 synthetic_tesin round the copper pipetso as to be in
pressed contact, as shown in Fig. 2, and inserting the
cellulér synthetic'resin into the same copper pipe so.as to
be in_fit engagement, as éhown in Fig. 3.
Fig. 5 is a perspective vieﬁ showing an example of the
25 aforementioned heat traﬁsmitting pipe which bears the

'porous metal material layers on both the inner and outer



1:5 copper plate or copper plates on one surface or both the

surfaces thereof is manufactured. Here, the porous copper mat eri al
or -copper alloy material can be directly enpl oyed as a material for
working the heat transnitting plate of -a heat exchanger. Meanwhil e,
in a case where the heat 20 transm tfing nenber is a heat transmitting
pi pe, the porous copper material or copper alloy material is further
processed by an expedient as stated below. At the stage at + which the
cellul ar- copper material or copper alloy material "is formed by the
reduction and sintering, the initial 25 vol unme shri nks. I n ot her
words, a margi nal edge on-which -~ the cellular copper material or
copper alloy sdr@dcils iof the copper pipe. 1In the figure, numerals 17and

not fixed appears at the whol e perimeter of the copper pl at e. The
expedi ent. ut i |2 zesignateptbpepbyoubbmetal matels:b%bllams.y,a%é“’@\?ﬁﬁér

pl ate bearing the reduced and sintered material is bent inwards or
out war ds by 61deﬁﬂgn§t355the FﬁEPPFkElEG as to be worked into a copper pipe.

Incidentally, a heat transmitting plpe or a heat
5 transmltting plate which bears a plurality of layers of
porous metal materials having unequal void dlameters can be
manufactured as stated below. ﬁetal powder is deposited |
~ onto each of at least two sefts of cellular synthetic
resins having the unequal void diameters. Thereafter, the

10 . cellular synthetic resine are formed into a laminated
article in 1ightly pressed centact by'a roll press or the
like. FSubsequently, the laminated article is submitted to
any of the:foregoing prbCesses in conformity with the

" desired product. -

15 The metal powder to be employed in the present
invention is not restricted to the eopper oxide powder,-or
.the mixed metal_powder which consists of the copper oxide
powder'and the other metel powder. The metal/metals of the
metal powder'is/are selected froﬁ among,.for exampie, _

20 nickel, aluminum, chromium, paliadium and silver,
appfopriately in accordance With.ah intended use. The_
diameter of the'metel powder'should preferably lie within a
range of 0.1 to 50 (um).

Fig. 4'is a flowchart showing other embodiments of the

25 method of manufacture according_to the present invention.



Thereaftter, the end parts of the copper pipe in an | dent i cal

di rection are wel'ded by, for exanple, brazing or fusi on wel di ng.
Then, the heat transmitting pipe, which - bears the cellular netal

mat eri al insjde or outside, can be 10 manuf act ur ed. : As
shown in Fig. 2, a heat transmtting pi which bears a cell ul ar
metal material outside is continuously gﬁh conpl etel y manufactured
i.n such a way that a cellular synthetic resin, on which nmetal powder
is deposited as 15 stated before, is wound round -a.copper pipe outside
whi ch the sane netal powder is deposited, so as to be in pressed
contact with the copper pipe, and that the cellular : synthetic resin
and the metal ypaydeheldabodimentedwilabe descrilveduit icon B iond with
reduction and sintering step |ikew se 20 to the foregoing. In this
enbodi ment, | rehirdefidurean! ar ge the quantity of deposition of the
netal powder, a plurality of layers of the cellular synthetic resin
are stacked, and A raw magsestiadk&qrl Ryedycing @wﬂ@%P?%nNﬂF%#u?@ﬁﬁﬁi%l pi pe.

It is - to be understood, however, that a_sin | aye f the 25
cel lul ar yntfﬁh#QPrhﬁﬁlﬁ ﬁéfgﬁePPrSécénﬁF89eﬂn9nasghéﬁ pdice

5 - voids per unit volume, 1s obtained by any of the follow1ng
| methods:
.(1) A material having a three-dimensional reticulate
structure, which is adapted to be burnt off by heating, for
-example,.a cloth of natural flber, a.cloth of artificial
10 'flber, or a cellular synthetic resin such as urethane foam
or polyethylene foam having open~cells, is employed as the
basic @aterial of the raw material. The skeleton of the
three-dimensional reticulate structure is coated with a
pressufe.sensitiye adhesive. Metal powder such as powder
15 of single metal, mixed powder of plurality of metals, or
fine pieces of metal fiber, is deposited onto the three-
dimensional neticulate structufefin'a vaper'phase. Thus, a
three-dimensional reticulate structure with the metal
powder deposited thereon is obtained as the raw material.
20 (2) Almaterial which is adapted to be burnt off by heating
~and nhich can form a three-dimensional reticulate
structure, for example, a fiber such as pulp of wool fiber,
“is empleyed'as the basic material of the raw material. The
basic material is flattened out with metal powder, into a

25 predetermined sheetlike molded article. Then the molded



On the ot her hand, a heat transmtting pipe which bears a porous
nmet'al material -inside.can be simlarly ' manuf act ured conti nuously and
completely as shown in Fig. ‘3. A cellular synthetic resin on which
netal powder is- 5 deposited is shaped into a .cylinder, and the
cylinder is I nserted into a cop?qr-pipe I nsi de which the sanme netal
powder is deposited, so as to be in fit "engagenment with the copper

pi pe. Thereafter, the cellular synthetic resin and - t he netal powder
are subjected to a conbustion step and a 10 reduction and sintering
step likewise to the foregoing. In ~ this enbodinent, a plurality of

| ayers of the cellular . synthetic resin.are stacked, and the stacked
| ayers are sheet iwhsioth expntatiost kbecogpal pppder s cespdaas HAe AW a
single layer of the cellular synthetic resin may well be 15 enpl oyed in
sone cases.I mat¢rlal- By the way, a heat transmtting pipe which bears
porous netal material |ayers on  both the jnner oyt er, rfaces of .
a copper pipe(%kuﬁtﬁ¥%ﬁqﬁq¥ﬁﬂ§?sﬁﬁn&F§€9§rbﬁg°reagfowlng into cellular

maﬁerial, for example, cellular urethane or cellular

5 polyethylene,_is empléyed as the basic material of the raw
material. The_basic matérial is previously kneaded with a
powdery metal material, such as ﬁetal powder or fine pieces
of metal'fibe;. A resinous slurry thus obtained is used as
the raw @aterial. |

10 : Next, the raw ﬁaterial-of the porous metal material
may be laminatelei_joined with a metal member, ﬁamely the
body'ofla heat transmitting member, by a method as stated
below. |

With the methbd (3) described abdve, the desired part

15 of the metal member is coated with the resinous slurry
beforehand.'.In a case where the metal member is a metal
pipe, the resinous slurry is packed into the metal pipe
beforehand. Thereafter, the resinous slurry is blown and
sintered. |

20 . wWith the method (l).orl(Z), in a case where the metal
member is a metal platé,'the three—dimensiona; reticulate
structure with the metal powder deposited thereon or the
molded sheet/shéets is/are brought into pressed contact
with one.surface or both tﬁe surfaces of the metal plate.

25 In another aspect of performance, the three;diﬁensional

reticulate structure with the metal powder deposited



continuously and conpletely by winding the cellular 20 synthetic resin

round the copper pipe so as to be in © pressed contact, as shown in
Fig. 2, and inserting the ~cellular synthetic resin-into the sane
copper pipe so as to be in fit engagenent, as shown in Fig. 3.

- Filg. 5is a perspective view show ng aaﬁixanple'of~the 25
aforenmentioned heat transmtting pipe ch bears the - . porous netal
material |ayers on both the inner and outer

9 _ surfaces of the copper pipe. In the figure, nunerals 1 and

2 designate the porous netal naterial l|ayers, and nunmeral 3

deS|gnates t he copper pipe. I nci dental |l y,» a heat transnlttlng
pi pe or a heathereon 6raﬂhe1m¢1dgﬂrﬂhﬂex\MH(ﬂaﬂdquhed prubgtwegnotwPayer s
of _ porous metal materials having unequal void diameters can be

manuf act ured metsfapidteel angd Ietkroysivikickntics Rrgsesd €gntact thﬁﬁ?UlE]&ch of

at least two sorts of cellular synthetic .
On this occasion, in order to reallze more secure jolnlng

between the three-dimensional retlculate_structure with the
5 metal powder depoéited thereon or the @olded.sheet and the
body of the heat trahsmitting member,'ﬁhe_metal powdér of
" the same material as is containéd in the raw material |
should desifabiy be deposited on the surface of the metal
.plate in a previous_step such as coating this surface with
10 a pressufe sensitivé adhesive and then coverihg it with the
séme métal péwder, or.cdating thisléurface with a pressure
sensitéve,adhesive in which the same metal powder is
kneaded. .Here, enhancement in the strength of the
sintering between the member body and the porous metal
15 .matériéi is intended as a result of the increased contact
between the particles‘of the metal powder. That is, the
deposition of the same metal powder on the metal plate
heightehs the mutual anchor effect between the member body
and the porous metal materiai, and it also contributes to
20 further enlarging the heat transmitting surface area
thérebetﬁeen._' |
E?en in the case of a metal pipe, the lémination or
joining steﬁ'is similar. It is preferable_that'the same
metal powder is deposited onto the surface of the metal
25 pipe beforehand, whereupon the-threefdimensiCnal reticulate

-structure with the metal powder deposited thereon, or the



resins having the unequal void dianmeters. Thereafter, the 10 cel lul ar
synfhetic resins are formed into a | am nated artlcle in lightly
pressed contact by a roll press or the | i ke. Subsequently; the

| am nated article is submtted to : any of the foregoing processes in
conformty with the desired product.. 15 : The metal powder to
be enployed in the present. - |nven130n is not restricted to the copper
~ oxi de powder, or "the m xed nmetal powder which consists of the copper
oxi de ' powder “and the other netal powder. The netal/metals of the
metal powder is/fare selected fromanong, for exanple, 20 . .nickel,

al um num chrom um - pal | adi um and si |l ver, : appropriately in
accordance W hipided dheededidSBroddBt into prksEEd orMadtheritdl @hepowder

shoul d preferably lie within a - range of 0.1 to 50 ([err]m.
Fig. 4is a fb@w&h&etofhuhengebaheplpebodomethis(ﬁcddnaonZSthe oetleed of
manuf acture according to the present I nventi on.
10 | surface of the metal plpe can be easily covered w1th the
- raw materlal by helically winding the raw material round.
5 the metal pipe. 'On the other hand, the inner surface of
the metal pipe.can be_covered with the raw meterial in euch.
"a way that the-three—dimensional reticulate etruotu;e with
the metal powder deposited thereon or the mo1ded sheet is
preﬁiouSly shaped'into a eylindricai artiole.whose outside
10 diameter is somewhat larger than the inside diameter of the
" metal pipe,-and that the cylindrical article ie inserted
.1nto the metal plpe so as to be in fit. engagement
therew1th It is also possible that the three-dimensional
reticulate structures'withlthe metal powder deposited
15 thereon, or the molded'sheets, that have unequal reticular-
_mesh sizes or pore'sizee, are stacked into'a'hultiple layer
beforehand, and that the multiple lé?e: ie broﬁght into
pressed contact with the metal oipe. Moreover, it is
_poSSible'to stack the above raw materials onto the metal
20  pipe several.timee. Further, the three-dimensional
reticulate etructure with the metal powder deposited
thereon, or the-molded sheet, .can be stacked in pressed
contact onto the body of the heat trensmitting member
coated with the resinous slurry. In another aspect'of

25 performance of the present invention, a heat transmitting

member as an assembly can be manufactured in such a way



Now, the enbodinents will be described in conjunction with this
figure. A raw material for producing a porous netal materia
which has a |arge surface area and a high percentage of - 5 voi ds per
unit volume, is obtained by any of the following met hods: (1)
A material having a three-di nensional iﬁ}lculat ' structure, which is
adapted to be burnt off by heating, fo exanple, a cloth of natural
fiber, a cloth of artificial 10 fiber, or a cellular synthetic resin
such as urethane foam or pol yethyl ene foam having open cells, is
enployed as the - . basic material of the raw material. The skel eton of
t he t hree-di nensional reticulate structure is coated with a

- pressure senthatvehadhtzeeediBhalopaidest selates gbrurel withothei ngl e
netal, mxed powder of plurality of nmetals, or fine pieces of netal

fiber, i's depesialeosdes thposhted-thereon i munwinged swiiovmding siducture

I n a vapor phase. Thus, a t hree-di nensional reticulate structure
with the met&f a Pluraﬂéﬁﬁepfd@ﬁééﬂ-tE@?ﬁer%rﬁh%t dhenitia®eas the raw

..naterlaL 20 2) Amaterial which is adapfed to be burnt off by
heat i ng dimens rEEﬁcPofﬁfasYﬁ?%%utﬁrégﬁﬂ le Fo¥dsT

structuge, f(aeﬁ%g%ted thergbgegssggglgedpfﬁég the éﬁape é¥'blocks,

through which a plurality of metal pipes‘are passed so as
to be unitary therewith.
Incidentally, the particles of the metal powder can be
closely deposited onto the skeleton of_the basic material
10 . in such a way that the basic material after the deposition
- of the metal powder and- before heat treatment is wetted
wlth a liquid, followed by drying.- Consequently, the
porous metal material after the heat treatment becomes
higher in strength. More specifically, the metal powder
15 deposited on the surface of the basic material is‘wetted
with the liquid, and it is flocculated by the surface
tepsion of the liquid at the drying step} An expedient for
wetting'the metal powder is, for example, immersing the
basic material in the liquid or sprayving the liquid onto
20  the basic'material. Although the liquid may be'any.one
which does not degrade the adhession between the basic
material and the metal powdér,. water is the most
practlcable 'Besides; the strength of the porous metal
material after the baking can be further enhanced by doplng
25  the liquid with a binding agent, for example, an adhession-

increasing high polymer such as methylcellulose or



I

i s, enpl oyed as. the basic material of the raw material. The basi c

material is flattened out with netal powder, into a 25 pr edet er ni ned
shHeetli ke nolded article. Then the nol ded . ' - sheet which
contains the netal powder is used as the raw mat eri al . (3) A
synthetic resin itself before blomﬁngiﬂgC)ceIIUIar _ . material, for
exanpl e, cellular urethane or cell-ular 5  polyethylene, is enployed as
the basic material of the raw : material. The basic material is

previ ously kneaded with a - powdery netal material, such as netal
powder or fine pieces. of metal fiber. A resinous slurry thus
obtained is used as the raw material .. 10 Next, the raw
materi al of thelypeimopls alicdolrat @urdher, the Mhguidemadmnwehl ecormtrajmi ned
with a netal nenber, nanely the . body of a heat transmtting nmenber,

by a nethod ametsablizl ions. Hylway of example, when an aqueous solution
| containing cuproﬁs ions is emp}oyéd;'a'cuprqus reticulate
structure exhibits a héighténed strength, and_wheh a
5 solution containing cobalt ions or chromium ions is
employed, the electricél'conductivity'or the thermal
expansion coefficient of the raw material can be
controlled; |
Next, the héating step of the manufacturing method
10 will be explained. | | N
As stated before, ﬁhe thrée—dimensiqnal reticulate
structg;é with the metal powder deposited thereon is plaéed
on the surface of the body of thé'heat transmitting member,
the molded sheet containing the metal powder is placed 6n
15 the surface of the member body; or the surface of the
member body is coéted wiﬁh the metal powder-containing
resinous slurry; the synthetic resin'of which is
subsequéntly foamed into the three-dimensional reticulate
structure;. Thereafter, the resulting member body is heated
20 to burn off the basic material such as the cellulaf
synthetic resin or the fiber and to sinter the metal
powder. Thué, the porous metal material is produced, while
at -the same time{ it is made unitary with the surface of
the member body by fusion welding. In this manner, it is
25 rqquired at the héating.step to remove the basic matgrial

such as the cellular Synthetic resin, to mutually sinter



Wth the method (3) described above, the desired part 15  of the netal
menber is coated with the resinous slurry bef orehand. In a case
where the-nmetal nmenber is a netal pi pe, the resinous slurry is
packed into the netal pipe . bef orehand. Thereafter, the resinous
slurry is blown and : sintered. 20 Wth the nethod (1) or
(2), .in a case where the netal : Rber is a netal plate, the

t hree-di nensional reticulate - - structure with the netal powder
deposited thereon or the-* : nol ded sheet/sheets is/are brought into
pressed cont act - with one surface or both the surfaces of the netal
plate. 25 | n anot her aspect of perfornmance, the three-dinensional .
reticul ate stthet meeaM pbwiiee Diyarsp@WWKﬁe(kﬁknmdﬁeilal and the member

12 - thereon or the nolded sheet is sandw ched in between two
met al plates aodyi, sabdotighsinnéen phesm&thlxpuwﬂartunmUamuiu with theCn this
occasion, in order to realize nore secure joining
member  body. It is more preferable that temperatures for .
_the'heating steps are not high.
5 _Regerding the removal of the basic material and the .
adhering material, any of the animal and vegetable fibers
‘and the synthetic resihs can be.burnt off by heating and
roasting in an inert or reducing atmosphere or by heating
and combustion in an oxidizing atmosphere. Herein, when
10 the metal powder is of metai oride, oxygen contained in the
metal oxide is consumed by the heating and.roasting of a
hydrogen source or carbon contained in the_basic-material,
under the condition of the inert or reducing atmdsphere,
and simultaneously, the metal powder is sintered as a pure
15  metal resulting from the heating of the metal oxide. The
inert atmosphere is a gaseoﬁs one of nitrogen, argon,
helium or the like, while the reducihg atmosphere is a
gasedus;one_of hydrogen gas, hydrocarbbn gas, water gas,
ammonia gasior the iike; Further, a hydrocarbon compound,
20 a'sﬁlphur compound, a phosphor coﬁpound or a hydrogenated
substence can be preliminarily mixed or kneaded into the
basic material. However, in a case where the basic
material employed, such as the cellular synthetic resin
having the three—dimensional reticulate structure, is

25 difficult to gasify and easy to carbonize in the inert or

reducing atmosphere, it is burnt off in the oxidizing



betweenn the three-dinensional reticulate structure with the 5 nmet al
powder deposited thereon or the nolded sheet and the body of the
heat transmtting nmenber, the netal powder .of ' the same material as
'is contained in the raw materi al : shoul d desirably be deposited on
the surface of the netal _ ‘plate k@ a previous step such as coating
this surface wwth 10 . a pressure se 7tive adhesive and then covering it
with the : same netal powder, or coating this surface with a pressure
sensitive adhesive in which the sane netal powder is - - kneaded. Here,.
enhancenment in the strength of the sintering between the nenber body
and the porous netal .15 material is intended as a result of the :

i ncreased con@h®psphere byeinkroduting i .cl dn dhet kasgewherpoubierbadbat

is, the deposi tion of the same netal powder on the metal plate

hei ght ens themﬁﬁFE&PlaﬁEﬁo‘?ee'?‘Pé‘& ¥l sk hendeatiper apddyoasting amd t he
porous netal terial, and it aJso contributes to 20 further enlarging
t he heat trangﬁFttPﬁﬁtsﬁtfﬁi u%&%&iatm°5Phqq%er§@§tW§§ﬁl powder can begyen jn

(e vace of SQTELELP! Bene 0%y | ALY s meran hShBRIERS! Paten (oo
o, 2 sl 8 Mo mncdl U SSH0Gr 0 PR Bl
deposi t ed theéﬁﬁaspﬁéréh@y introducing the air, the sintering of the |
metal powder into the porouS'metal materiai is carried outh
in the'reducing atmosphere_of'the hydrogen gas, the
hydrocarbon_gas,_the water gas, thelammonia gas or the
10 likeé. Besides, in the case of u81ng the oxide for the
-metal powder, the 31nter1ng into the porous metal material
is carried out in .a reducing'atmosphere. On this occasion, -
the reducing atmosphere is not restricted to the gaseous
phase, but it may well be a liquid phase. More
15 ISpecifically, the reducing atmosphere in the liquid phase
can be prepared in such a way that the conditions of
reduction, such as the temperature and pH-value of an
aqueous” solution are adjusted in the aqueous solution of
.any of_elcohols, aldehydes, saccharoids, hydrogenated
20 substances, etc.
In this manner, the sintering (heating) step is_
effected by the method which employs the inert gas as the.
- gaseous inert atmosphere, the method which employs the
reducing gas as the gaseous reducing atmosphere, the method
.25 in which the reducing substance is preliminarily mixed into

the basic material, or the method in which the reducing
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13 . N nol ded sheet, is brought into pressed contact with the

surfaeé of the metal pipe. On this occasion, the outer surface of
t he®met al pi pe can be easily covered with the raw nmat eri al by
helically winding the raw material round - 5 the metal pipe. On the
ot her hand, the inner surface of t he netal pipe can be covered with
the raw material in such " a way tha® the three-dinensional reticulate
structure with - t he metal powder deposited thereon or the nol ded
sheet is previ ously shaped into a cylindrical article whose outside
10 . dianeter is sonewhat |arger than the inside dianeter of the
metal pipe, and that the cylindrical article is inserted  ° into the
netal pipe so a@bbeaheei isfpieEhghgertl} mixed irtRertw mbldelt arsialso
possi bl e that  t he three-di nensi onal reticulate structures with the
metal powder d&posstelisolpfossibhereonfimst tumwe tiledexisliedng, athaspheve
unequal reticular- mesh sizes or pore sizes, are stacked into a
mul tiple |ayer(air) and subsequently use the reducing atmosphere (e. g.,
the reduéing gas as the'gaseous atmosphéte, or the reducing
'5 . solution as the liquid atmosphere).

The heat transmitting member in which the porous metal
material is sintered on the surface of the member body such
as the metal plate or metal pipe, can be manufactured by

" the method described above. Eurthér, in order to finally
10 enlarge the specific surface érea of the heat transmitting
' member, minutely rugged surface can be formed on the
skeleton of the poroué metal material by electfoplating or
electroless plating. In the electroplating, the heat
transmitting member is set as a cathode, and the same metal
15 material as the'pérous metal material or a precipitable
metal material different therefrom is galvanized'at a
comparatively high current density in an electroplating
bath so as to precipitate dendritic metal. On the other
hand, in the electroless plating, metal precipitation
20' similar tb that of the electroplating is attained by
setting the loading factor of the plating (an area to be
plated/thé volume of .a plating bath) to be comparatively
high. |
Besides, in consideration of the actual application

25 of the heat transmitting mehber, it is preferable to

preliminarily oxidize a heat transmitting face (the surface



bef orehand, and that the nultiple layer is brought into pressed
con}act with the netal pipe. Mreover, it is possi ble to stack the
above raw materials onto the netal 20 pi pe several times. Further, the
t hree- di nensi onal “reticulate structure with the netal powder

deposi ted t hereon, or the nolded sheet, can be stacked in pressed
contact onto the body of the heat tramyﬁgting menber coated with
the resinous slurry. 1In another aspect of 25 performance of the
present invention; a heat transmtting menber as an assenbly can be
manuf actured in such a way , : 14
that the three-di nensional reticulate structure with the net al

powder. deposi tgfl tRETESFoLS et AN GREETHIQURECNY &bk the purﬁeés@smﬂral ity
of nmetal pipes, or that the three- di mensi onal reticulate structure
with the metal passtiestio® and dapadicth Preteetiba,doyi dedbestowtde shape of
bl ocks, - t hrough which a plurality of netal pipes are passed so as :
to be unitary pheperiyhsuch as wettability or water repellance on the
- heét transmitting face. This treatment is also effective
5 to enhance the performance and characteristics of.the heat
tranémitting membei;
The preliminary oxidation can be done by gaseous-phase
oxidation based on heating or oxidatibn_with ozone,. or by
' 1iqﬁidéphése oxidation with, e. g., an aqueous solution of
10 peroxide (such as peroxyammonium, potassium permanganaté or
_sodium peréhlorate) or an alkalihe agqueous solution; |
The wettability or the water repellance'can be
bestowed.by, for example, coating the heat transmitting
face with a silicate type hydrophilic coating material or a

15  teflon type coating material. When a hydrophilic coating
matérial containing silicon dioxide is applied on the héat
tranémittihg face in order to cope with corrosion, the heat
transmitting perférmance can be improved or maintained on
the basis of an enhanced wetfability.

20 ' A supplementary explanation will be given on.the
method (2) shown in Fig. 4. Thé animal or vegetable fibé;,
carbon fiber, or granular active carbon is kneaded or
flattened out with the.metal powder consisting of or
constituted by the copper powder or the copper oxide

25  powder, to thereby obtain the sheetlike molded article.

The molded sheet is placed on the metal copper plate on



InC|dentaIIy, the particles of the netal powder can be closely
deposited onto the skeleton of the basic material 1 0 in such a way that
t he" basic materi-al after the deposition - of the netal powder and
~before heat treatnent is wetted witha liquid, followed by drying.
Consequently, the porous nmetal nmgpterial after the heat treatnent
becones hi gher in strength. Nbrgaégeclfically, the netal powder 1 5
deposited on the surface of the basic naterial is wetted with the
liquid, and it is flocculated by the surface - tension of the liquid
at the drying step. An expedient for wetting the netal powder is,
for exanpl e, i mrersing the =~ - basic material in the liquid or spraying-
the 1iquid ontghi@® the therdinPowdert eondlist iAgt beugk Ebestitwted my e any
one whi ch- does not degrade the adhessi on between the basic

‘material and tbeppet ghowdew ey .theatcmppexr bikddeppowder is gepesitebl e.

Besi des, the strength of the porous netal material after the-baking
can be furt herAbp¢amretvely défiengolzied shees lisqhngenred dnee heignetadnt

for exanpl e, an adhessjon-, . - increasing high polyner such as
nethylcellulos@DEPer plpe in fit engagement with the inner surface

5 thereof, or/and 1t is wound round the metal copper pipe in
pressed contact with the outer surface thereof.
"SubSequently, the metal_powder of the molded sheet and that
-.9f the meral copper piate or pipe are.siptered. Then, the
reat transﬁitting member bearing the porous metal material
10 can be manufactured. |
The_method (3) shown ih Fig. 4 is especially effective.
tolmaanacture the heat transmitting member as the
assembly. Reference will now be made to Fig. 6.. The metal
- powder consisting of or constituted by the copper powder or
15 the copper oxide powder, or_a metallic short fiber being
very fine, is previously mixed into the synthetic resin
which can form'the'three-dimensional.reticulate structure.
Thereafrer,:the resulting synthetic resin is poured into
the.void of a frame in which the plurality of metal copper
| 20 pipes are erranged 1ateraliy and vertically at
_predetermined intervals. Thereafter, the poured synthetic
resin is foamed to £ill up the void with the cellular
resin. Subsequently, the metal powder or the metallic
short fiber is sintered. Then, the heat transmitting
25. member assembly in which the porous metal material is fixed

and packed outside the metal copper pipes can be



15 ¢ pol yvi nyl alcohol. Further, the Iiquid may
metallic ions. By way of exanple, when an aqueous sol uti
corftai ni ng cuprous ions is enployed, a cuprous reticulate

exhi-bits a heightened strength, and when a 5 solutio
cobalt ions or chromumions is enpl oyed, the ele
conductivity or the thernal expé%gPon-coefficient
mat eri.al can be _ controll ed. : Next, th
t he manufacturing method 10 - will be expl ai ned.

before, the three-dinensional reticulate . structur
powder deposited thereon is placed on the surface

wel | contain
on
structure
n cont ai ni ng
ctrical
of the raw
e heating step of
As stated
e wth the netal
of the body of

the heat transghhbFagtaesder,Iin Fig. 6,! hramnstaded sbedbnaestabné Nt ttige et al

powder is placed on 1 5 the surface of the nenber body

, or the surface

of the coppéerpipely, imumoazled witeh fidamenetald pomdealc6ntbeé rpocpus

resinous slurry, the synthetic resin of which is
f oamed into theetatewatentaki onal reticul ate - stru

the resulting nenber body is heated 20 to-burn off th
such as the cellul afhe héat transmlttlng'member of the pre

subsequently
cture. Thereafter,

e basic naterial
sent invention

5 thus far described in detail can heighten a heat

transmission efficiency sharply .compared with the prior-

art, heat transmitting pipe or plate furnished with fins.

In addition, according to the present i

nvention, owing

to the principle that the powder layérs of the basic

10 material and tlie member body are united with each other, in

other words, that the porous métal material

is securely

sintérgd on the member body, the heat transmitting member

has much better heat transmission characteri

stics compared

in point of performance with the prior-art heat

15  transmitting pipe or plate, in which a cellular material

made of copper or a copper alloy is fixed. Moreover, when

the multilayered or stacked-layer article of the basic

material is employed, a tufbulent flow iﬂ the heat

transmission surface of the heat transmitting member is

20 increased owing to the diffusion of the fluxes of the

thermal media, so that the thermal conduction of the heat

transmitting member is also increased.

Further, large numbers of steps and high accuracies

of,finishing-are required'in'the_prior-art methods of

25 manufacture. In contrast, the heat transmit

ting plate or

_pipe in which the porous metal material is unitary with tre



synthetfc resin or the fiber and to sinter the metal powder. Thus,

t he’ porous netal material is produced, while . at the sane tine, it

i $ ade unitary with the surface of t he nenber body by fusion

wel ding. In this manner, it is 25 - required at the heating step to
renove the basic material such'aﬁzthe-cellular synthetic resin, to
mutual ly sinter T 16 t he
nmetal powder |ayers of the raw material and the nerber body, and to-
sinter the nmetal powder unitarily with the menber body. It is nore
preferable that tenperatures for’ the heating steps are not high. .5
Regarding the renmoval of the basic material and the adhering N
material, any platécomnpipe kody \azgeteh marifactured by thedvehy simpletic
resins can be .burnt off by heating and roasting in an inert or

r educi ng atnnsphepé br agcopdangg with theymresembudnventianan oxi di zi ng

at nosphere.” - Herein, when t he net al pomder I's of netal oxide, oxygen:

contained in the Now, ?ﬁ§@91?§GQﬁBQQ9(ﬂﬁ%ﬁﬁ%&d1BVePﬁé°ﬁeH%%%gb%nd roasting
Of a | described with reference to Figs. 7 thru 14.
5 (Example 1) |
Two sorts of specimens a-and b were prepared from

polyurethane foam (produced under the trade name of JEVER
LIGHT SF" by Brldgestone Inc. in Japan) as a cellular
synthetlc resin. Each of the specimens a and b was 3 (mm)

10 | thick, 5 (cm) wide and 20 (cm) long The specimen a had an
average cell diameter of 0.6 (mm), while the specimen b had
an average cell dlameter of 0.8 (mm). The specimens of the
polyurethane foam were endowed with adhession by coating
them.with a pressure sensitive adhesive (an acrylic

15 adhesive which contained-a resin component of 5 (%) in

| ethyl methyl ketone used'as a solvent). Further, the

adhered specimens were dried. Subseguently, the specimens
were thrust into copper oxide powder and were shaken
therein so as to deposlt the powder on these specimens in a

20 'gaseous phase. Thereafter, the.resulting specimens were
dipped into water and were shaken therein so as to
uniformly deposit the copper oxide powder on the'skeleton
of the polyurethane foam. On the other hand, a copper _
plate used was 0.8 (mm) thick (the width and length thereof

25 " were equal to each other). Likewise to the polyurethane

foam specimens, the'specimens of the copper plate had their



hydr ogén source or carbon contained in the basic material, ' under the:
cohdition of the inert or reduci ng atnosphere, and si mul t aneously,
the netal powder is sintered as a pure 15  netal resulting fromthe
heating of the netal oxide. The - inert atnosphere i's a gaseous one
of nitrogen, argon, ~heliumor t li ke, while the reducing
atnmosphere is a gaseous one of rogen gas, hydrocarbon gas, water
gas, anmoni a gas or the like. Further, a hydrocarbon conmpound, - 20
a sul phur conpound, a phosphor conpound or a hydrogenated subst ance
can be prelimnarily mxed or kneaded into the . basic material.
However, in a case where the basic . mat eri al enplaoyed, such as the
cel l ul ar synt betfacessadhered by medtiga khemmwdshdthen3fBRatveeticul ate

structure, is 25 difficult to-gasify and easy tq .carbonize in the inert
or r edubengupenvthptierkad ithe Coppen oFice ROWAET RFEPSTHES

17 S at nosphere by introducing air I n i
uniforgly ontg their wholégsurfaces. t@%r%ﬁé%,“@ﬁéecégﬁéPas'c

plate having the thickﬁess of 0.8 (mm) was simil&rly
5 treated so as to preparena copper pipe having an outside
diameter of 10 (mm). First, heat t:ahémitting plates were
manufactured as explained below:  The copper élate
specimens were respectively placed on one éurface of the
polyurethane foam-a speéimen and on both the surfaces of'
10' thé polyurethané foam-b specimen, and were réspectively
* brought into lightly pressed contact with the polyurethane
foam specimens. _Thereafter, the polyurethane foam was '
_ burnt off by heating the polyurethane foam specimens and
copper plate specimens held in pressed.contact, at 500 °C
15 ‘in the atmospheric air for 10 minutes. Subseéuently, the
cépper oxide powder was sintered by heating the resulting
Specimens at 900 °C in a reducing atmosphere_of hydrogen
lgés.for¢20 minutes;'-Then, the heat transmitting ﬁlate in
which porous metal material having a porosity of 56 % |
20 was fixed on and made unitary with one.surface of the
copper plate was obtained as shown in Fig. 7. And the heat
transmittiné plate in which the copper plates were fixed on
and.made unitary with both surfaces of the porous metal |
material having a pofésity éf 96 % was obtained as shown in
25 Fig. 8. 1In these figurés,.numeral 7 designates'the porous

metal material based on the polyurethane foam-a, numeral 8



material can be burnt off by the heating and roasting in _ the inert
or reduci ng atnosphere, the netal powder can be directly sintered -
i nto the porous netal material. In the 5 case where the basic '
material is-burnt off in the oxidizing at nosphere by i ntroduci ng
the.air, the sintering of the . rfgﬁJ powder into the porous netal
material is carried out ' I n the reduci ng at nosphere of the hydrogen
gas, the : hydr ocar bon gas, the water gas, the ammonia gas or the 10
| i ke. Besides, in the case of -using the oxide for the met al
powder, the sintering into the porous netal material . I's carri-ed out
in a reducing atnosphere. -On this occasion, t he reduci ng at nosphere
is not restricthd poroue gekadbumaterial basgesson e poliuyetbanepfoamthqui d
"phase. Mire 15 specifically, the reducing atnmosphere in the_ |iquid
phase - 2af BumBFaba? cehe rCARRIF PIARL t hdncinensandivy i Bhslspst two
reducti.on, sucg as the tepperature angBFFLvalue of an : ueous

P

a
sol ution are adPBRFRdSPRCHREPSRRHARE ToRnsF foam-b SPERYMBRS a¥ebhol s,
-al dehydes, saccharpi ds, _hydr.ogenat ed 0 bst ances,.,etq. e
O oh S ranner SEaRRedr nehd O e Tayers” WAYS MeBRLERE ro thy semy
nmet hod tch e | t; Lpert ere,
The et hot-whi BROSEEPLAG $PE0. I9mdth, Wi way or i33RSRUSLIBET | LALIBERLT ©
at nosphere, thg gRtAPting plate in which a'multilayered foamed metal

copper-material was fixed'unita;ily with.the metal plate
couid be_obtained as deﬁicted in Fig. 9. Next, heét
t;ansmitting_pipes were manufactured as explained below.

10 .The foamed metal copper.material.produced on the copper
plate in the case”of Fig. Q'exhibited an areal shrinkage
percengage_of about 50 (%), aﬁd an edge oﬁ ﬁhich the foamed
metal copper material waé noﬁ fixed appeared at the
perimeter of thé cdpper.plate.' Herein, in.order to join

15 the end parts of.the heat transmitting member in the
lengthwiSe direction thereof, the heat transmitting member
was rolled widthwise into the copper pipe mentioned before,
and the“éﬁd pérts were subsequently brazed to each other.
Thén, the heét transmitting pipes in which the.foamed metal

.20 __cdpper material was figed inside and'outside_the éopper
pipe specimené weré obtained aé-shown'in Fig.-io and Fig;
11, respectively. In these figures, numeral io indicates a
brazing pért.

(Example 2)
25 ' The polyurethane foam-a,'polyurethane foam-b and

copper pipe as specified in Example 1 were used to



25 ‘in which the reducing subst ance is prelimnarily m xed |nto

the basic material, or the method in which the reduci ng :

18 * substance is prelimnarily mxed into the nol ded article.

It is also possible to first use the oxidizing at nosphere (air) and
subsequently use the reducing at rmspherezge - - . the reducing gas as
t he gaseous at nosphere, or the reducing solution as the liquid-

at nosphere). The heat transnlttlng menber in which the porous
met al material is sintered on the surface of the nenber body such

as the netal plate or netal pipe, can be manufactured by t he net hod
descri bed above. Further, in order to finally 10 enl arge the specific
surface area omanhfahturettemshinds mpf heat tnamsbhdttinmonptipey inggacdh of
surface can be formed on the ' skel eton of the porous netal material
by el ectropl at Wh§cBra foamed cpefak gteppep|matiardall wash&ikpdcenbpiaei Bee the

heat transmttipg nenber is set as a cathode, and _the sane netal 1
5 materi al a§°PH€rpB+gﬁs R SR ering e Xipdsei b SFaSP@m'b on which .

mixed powder consisting of copper oxide powder and fine
5 nickel.powder (at a weight ratio of 10 (%) with'fespect fo
fhe copper'oxide poﬁder) was deposited was placed_on the |
' copper pipe,;while in the other; the foam-a and.foam-b oh
which the mixed power was_deposited were placed on the
copper pipe. The séecimen of the foam-b and the.specimen
10 of the fbamra_and foam-b were helically wound rdund the |
copper pipe specimens in pressed éontact therewith,
respecgively. Subsequently, the resulting copper pipe
Specimens were submitted to a combustion'step and-a
reduction and sintering step which were-similar to thosé of
15 Example 1. Then, the desired heat transmittihg bipes, in
each of ﬁhich'the foamed metal copper matefial was fixed on
the copper pipe, were obtained. .
'(Examplé 3) -
The two polyurethane foam-a specimens and.copper pipe
20  as specified in Example 1 were used to manufacture a heat
_transmitting pipe in which a foamed metal copper material
- was fixed insidé and outside the copper pipe. Copper.oxide
powder was depositéd onto the two foam—a specimens. One of
the resulting specimens waé worked into the shape of a
25  cylinder, the outside diameter of which was somewhat larger

than the inside diameter of the copper pipe, and the



metal faterial different therefromis gal vani zed at a conparatively

high current density in an electroplating . bath so as to precipitate
dendritic netal. On the other hand, in the electrol ess plating,
metal precipitation 20 simlar to that of the electroplating is

attai ned by ~ setting the Ioadingéiﬁctor of the plating (an area to be -
pl ated/the volunme of a plating bath) -t e conparatively hi gh.

Bési des, in consideration of the actual application 25 of  the heat
transmtting nenber, it is preferable to prelimnarily oxidize a
heat transmtting face (the surface’ : _ o _

19 _ of the porous netal material, etc.) for the purposes of _
passivation asgldéodeoswas pnserted ointeorthe nedatlowipe in fitpengagepertich
as wettability or water repellance on the " heat transmtting face.

Thi s treat nenwith shgoiepescpexipherpl suxfagthihexecke p&heoPERAEe and

characteristics of the heat _, ' - L,
_ specimen was helically wound round the copper pipe in

préssed'contéct with the outer peripheral surface thereof.
5 Subsequent;y; the resulting copper'pibe Qas submitted to a
combustion step and a redudtion and sintéring step which
were similar to those of EXamplé 1. Then, the desired heat
transmitting pipe in which the foamed metal copper material
_was fixed inside and outside the copper pipé was obtainéd.
10 (Example 4). '
| Polyurethane:foam (produced under.the'trade name of
"EVER QIGHT SF" by Bridgestone.Ihc; in Japan) having an
average.cell diameter of 0.6 (mm) ﬁas used as a cellular
_3ynthetic resin having a threeFdimeﬁsiohal reticulate
15 structure. Eaéh of nine specimens prepared from the
polyurethane foam had a thickness of 3 (mm), a width of 5
(mm) and a length of 20 (mm), while each of three specimens
had.theiséme thickneés and width as mentioned above and a
length of 60.(mm). The.specimens of the polyurethane foam
20 were endowed with adhession by coating thém with a pressure
sensitive adhesive (an acrylic adhesive which contained a
resin component of 5 (%) in ethYl methyl ketone used as a
solvent) . Furthér; the adhered specimens were dried.
Subsequently, three kinds of métal poﬁer were prepared,
25 namély, copper okide powder, copper powder, and mixed

: powder consisting of copper powder and nickel powder. 1In a
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transnitting. nember. : The prelinihary oxi dation can be done by

gaseous- phase oxi dati on based on heating or oxidation with ozone, or
by - | i qui d- phase oxidation with, e. g., an aqueous sol ution of 10
per oxi de (such as peroxyanioni um pot assi um per manganat e or sodi um
perchl orate) or an al kal i ne aqueous sol I on. The wettability
or the water repellance can be Bg towed by, for exanple,. coating the
heat transmtting face with a silicate type hydrophilic coating
material or a 15 teflon type coating material. Wen a hydrophilic
coating mat eri al containing silicon dioxide is -applied on the heat

transmtting face in order to cope with corrosion, the heat"
transnmitting peskousapbaseantbeeenpfovke 20 e bang (Rmecdmens and pRe Bsi s

of an enhanced wettability. 20 A suppl enentary expl anation wll be
gi ven on the the 60 mer-iong( speshBen vere ghrust IHR?;ﬁ%%ﬂﬁopQFrvggépﬁble
fiber, carbon fiber, or granular active carbon i s kneade '
flattened outHﬂﬂﬂﬁftﬁ@°ﬁ§ﬁ£ltBEﬁEePchh§|%é WE)%H“QNSpeClmen gﬁgtltuted by .

sheet | i ke nol &P 9 SRRSIMEN (UETE AU net al

the copper powder or t e cogger oxide 25 q8¥der i g{ %anln t he
61ace P €
copper pkate OQ)wer, and the remaining three 20 mm-long specimens and the

rest 60 mm-long specimen were thrust into the mixed power.
All the specimens were shaken so as to-sufficiently deposit
the metal'powder onlthese specimens, respectively.
Thereafter; the resulting specimens were dipped into water
10 and- were shaken therein so as to remove off the metal
powder deposited in excess and also to uniformly deposit
the metal powder on the skeletoniof the polyurethane foam.
On the other hand, a copper plate nas used as a metsl
member, and six specimens each having the same area as thst
15 of each'of the nine polyurethane foam specimens.and a |
thickness of 0.6 (mm) were prepared as copper plate
specimens; Each_type of metal powder was deposited onto
the surfaces of the two copper plate specimens |
satisfactoriiy unifornly with the adhesive, respectively.
20 ~ Besides, a copper pipe was used as a metal pipe, and three-
| specimens each having a diameter of about'20 (mm) were
prepared as copper pipe specimens. Likewise to the above,
each type of'metal powder was sufficiently deposited onto
the outer surfaces of the copper pipe specimen with the
25 adhesive, respectiveiy.: Subsequently, the three sorts of

" polyurethane foam specimens bearing the corresponding'sorts-



20 T whi ch the metal powder consisting of or constituted by the
copper powder or the copper oxide powder is deposited.
Al ternatively, the nolded sheet is inserted into the metal . copper
pipe in fit engagenent with the inner surface 5 thereof, or/and it is
wound round the netal copper pipe in pressed contact with the outer
surface thereof. Subsequent | y, tﬂ@ met al -powder of the nol ded sheet
and t hat of the netal copper plate or pipe are sintered. Then, the
heat transm tting nenber bearing the porous netal material 10 can be
manuf act ur ed. The method (3) shown in Fig. 4 is especially
effective to manufacture the heat transmtting nenber as the
assenbly. Ref evermatal |[dowtew hereadespecEiyelg. jdheedetalthe coppepowder
consi sting of or constituted by the copper powder or 15 t he copper
oxi de powder, pkate mpeginenssigmd coPper pidpagspecimenydpsaring the same
previously m.xed into the synthetic resin . whi ch can formthe -
t hr ee- di mensi At AF Aatdle Povdgsyuse. as to formelaminated (3RE¥daf i ng
synthetic resin.is poured i Hp , th vgid-of a fr qgiin ich the
plurality of rHR%ﬁ cally, a; regards eat transmitting p ates(
5 each of the nine polyurethane foam specimens bearing the
three sorts of metal powder was joined on one surface or
both the surfaces of the corresponding copper plate
~ specimen in 1ightly pressed contact by a roll press, to
theréby prepare the laminated article. -Likewise, as
10 . regards heat transmitting pipes, each of the three
" polyurethane foam specimens bearing the three sorts of
metal powder was wound round the corresponding COpper'pipe_
spécimen in pressed contact, to thereby prepare the
laminated article. At the next step, each of the nine
15 kinds of preforms or laminations for the heat transmitting
members was heated at about 500 °C in an electric furnace
while the air was being supplied thefeinté; Then, the
adhesivé and the polyurethane foam being a basic material
- were burnt 6ff, but the metal powder remained as a sintered
20 compact on the copper plate or copper pipe with the
.skeleton of the three-dimensional reticuiate structure left
behind. Subsequently, each of the reéulting preforms was-
further heated at about 900 °C in the electric furnace
while a mixed gas cdnsisting of_hydrogen'and'hitrogen was

25 being supplied thereinto. Then, it was reduced ahd

sintered.



20 pi pes are arranged laterally and.vertically at predet er m ned
intervals. Thereafter, the poured synthetic resinis foamed to fill
up-the void with the cellular resin. Subsequently, the metal powder
or the.nmetallic short fiber is sintered. Then, the heat
transmtting 25 menber assenbly in ich the porous netal material is
fixed - and packed outside the net copper pipes can be

21 _ manuf actured. In Fig. 6, numeral 4 designates one of the
copper pipes, nuneral 5 the frame, and nunmeral 6 the porous nmet al
mat eri al . The heat transnmitting nenber of the present invention
5 thus far described in detail can heighten a heat transm ssi on
efficiency sharply Asompaesdltit hhehbeptib ransmlttlnqumemhﬂ;ﬂ whighs RPEEI ng
pi pe or plate furnished with fins. In addition, according to

tpe Eresent i rhenttihnee oaittg of sintepedhgedrlnipereus matahaaterdertSfayers
of the basic '
' : and which had three shapes could be obtained as illustrated

in Figs. 12, 13 and 14. In these figures, numeral 11
5 .indicates the copper plate, numeial 12 indieates the copper
pipe; and numerals 13 and 14 indicate the porous meﬁal
materials. - |
On this occa51on,'any of the porous metal copper
materlals on the members had a percentage of v01ds of 96
10 (). In thls.regard, the three-dlmenslonal reticulate
hstructure ef fhe metal'copper matefial_oh the heat
transmittihg'plate or heat transmitting pipe on which the
copper oxide powder had been:deposited as.the metal powder.
heforehand, exhibited a ?oluminal shrinkage percentage of
15 about 50 (%) at the reduction and sintering step.
‘Accordingly, a part at which the metal copper material was
not fixed appeared at the perimetric'edge of the heat__
transmitting plaﬁe; and similar parts appeared at the end
parts of the heat transmitting pipe.‘ Therefore, the heat
20 transmitting plate (corresponding to the shape shown in
| Fig. 13) was rolled widthwise, and the mating ends ef a
copper pipe thus worked wefe_brazed in the lengthwise
'di:ectien the;eof. Then, a. heat transmitting pipe in which
the porous metal copper material was fixed inside and

25 outside the copper pipe was manufactured.

(EXample 5)



10 ° material and the menber body are united with each other, in

other words, that the porous netal material is securely sintered on
t he nenber body, the heat transmitting nenber has much better heat
transm ssion characteristics conpared i n.point of performance with
the prior-art heat 15 transmtting piype or plate, in which a cellular
material - made of copper or a copper alloy - is fixed. . Moreover, when
~the multilayered or stacked-layer article of the basic material is
enpl oyed, a turbulent flow in the heat ~ transmission surface of the -
heat transmtting nenber is 20 - increased owng to the diffusion of the
fluxes of the - thermal nedia, so that the thermal conduction of the
heat  transniTwo reprtETiedt specdmensi AcapdsBd{each being in mhe her,

| ar ge nunmbers of steps and hi gh accuracies ~of finishing are required
in the prior- arumbesx EILws) weze PrepagedcfEPB. POIVUESHR3RRtE0qThe heat

e i UF Plarcasted under T2” t'rade nine' oF PEUEHSLIGHR Wiy @l 19
Bridgestone Inc. in Japan) aéva celiulér synthetic resin '
5 having a three-dimensional reticulate stftcture. Each of
the polyurethane foam specimens.A and B was 3 (mm) thick, 5
'(mm) wide and 60 (mm) long. Thé specimen A had én'avérage
cell_diameter.of'O.G (mm), while the specimen B had an _
average.qell diameter.of 0.8 (mm). The polyurethane foam
10 specimens.wefe endowed-with adhession by céating them with
an adhesive. Fufther, the adhered specimens were dried;
Subsquently, the speciméns were thrust intp copper oxide
péwder'flowing in the air, so as to deposit the powder
théreon. Thereafte:,-thé resulting specimens were dippéd
15. into water and were shaken therein so as to peel off the
copper oxide powder:deposited in excess énd also to
uniformly deposit the powder on the skeleton of the
polyurethane foam. On the other hand, a copper pipe having
én inside diameter of about 13 (mm) and an outside diameter
20 of about 16 (mm) was used as a metal pipe, and two copper
pipe specimens were prepared in the same manner as“in
-Example.l. .Regarding one of the copper pipe specimens
(hereinbelow, terﬁed the "first copper pipé specimeh"), the
polyurethaﬁe foam-B specimen was first wound helically

25 round the outer surface of this first copper pipe specimen,

and the polyurethane foam-A specimen was further wound



plate or pipe body can be manufactured by the very sinple. steps in
accordance with the present invention. Now, exanples of the
present invention will be described with reference to Figs. 7 thru
14. 5 (Example 1) ' - Two sorts of specinens a and b were
prepared from pol yur et hane foam (g oduced under the trade nane of:

" EVER - LIGHT SF" by Bridgestone In¢. in Japan) as a cellular :
synthetic resin. Each of the specinens a .and b was 3 (mm) 10  thick, 5
(cm wide and 20 (cn) long. The speci men a had an aver age cel
dianeter of 0.6 (M), while the specinen b had . - an average cel

di ameter of 0.8 (mm .. The specinens of the - pol yurethane foam were
endowed with abﬁéé9$thbyo%Qﬁu¢hg;polyureﬁhﬂaﬁ\ﬁqam-ﬁ ppesimeR- sensitive
adhesi ve (an acryllc adhesi ve which contained a resin copponent of 5

(% in ‘Pﬁ?‘l‘rﬁ%‘ﬁ%& eI IR Fhgs otheg GeRPFr piPEnEPect

dhered i S I t h
Thrast into cotPers CRPREoRe LRRRS G AR, S eoab foPBSE BIPRCPRPRLRYITL (o
deposit the popger 8? &P&é?ﬁé’eféarﬁ?'}? anQi 1p 2Peci m&%ﬁewé Qéaéf each
Thereafter, thé're RS ¥|ng peci mens é I'NTO and wer e

HHERE R LT
second copper pipe specimen while being shaped into a
cylinder with the foam-B speciﬁeg located on the pipe well
side of this pipe speeimen. Next, the resulting first
copper pipe Specimen was directly submitted to a reduction

10 and sinteriné step at 900 °C in an electric fUrnace-whiie a
_mixed_gas consisting of nitrogen gas and hYdregen gas was
being introduced thereintof_ The polyurefhene foam gasified
and volaﬁilized away. The copper oxide powder was reduced
into.metal copper. That is, it turned into pofous metal

15 copper materials ef two layers having uneéual average cell
diameters. The porous metal copper'materials covefed the
whole outer surface of the first_copper.pipe specimen
ﬁightly‘owing to shrinkage. Thus, a heat transmitting pipe
could be obtained. Incidentally, the reducing gae to be

20 ueed herein is not reetricted to the hydrogen gas, but it
'may_well be any of hydrecarbon'gas, hydrogen sulfide gas,
ammonia gas, water.gas, etc. |

Meanwhile, the second copper pipe specimen with the
cyllndrlcal foam-A and -B spec1mens 1n1t1ally had the

25 polyurethane foam burnt off in the electric furnace by

introducing the air thereinto. Thereafter, the resulting



plafe used was 0.8 (nm) thick (the width and I ength thereof 25 wer e

equal to each other). Likewi se to the polyurethane - f oam speci nens,

t he speci nens of the copper plate had their

23. ~surfaces adhered by coating themwth the adhesive,

wher.eupon they had the copper oxide pogyder deposited uni formly onto
their whole surfaces. Further, the copper plate having the -

t hi ckness of 0.8 (M) was S|n1IarIy 5 treated so as to prepare a copper -
pi pe having an outside - di aneter of 10 (m). First, heat transnitting
pl ates were manuf act ured as expl ai ned ‘bel ow. The copper plate ' g

speci nens were re(gectlvely pl aced on one surface of the
pol yur et hane SRR L@iPgn 8PERiNsRNWaRcSUPRited R Ch_ﬁ!ﬂlcal{ he

o .
fttia Bfggsffee? 30 haTen nedas, BebEea; nav aedfn fqmqﬁbﬂi,oaueg J L5
Ther ea -t er, Q)%.tqu;eetor}a%e rfeg%@l‘ﬂ’é action 11? uarrr,]ta lPrYe f’ie.at Iy r(l:p t he

polyurethane oam speci nens
Thus, a heat transmittlng p1pe in whlch porous metal copper

5 - materials of two layers hav1ng unequal average cell
diameters covered the whole inner surface of the second
] ' COppef pipe specimen cQuld be_qhhained similarly to the .
case of the first copﬁer pipe speeimen. Aiso usable aS'fhe
reducing liquid is any of sodium hydregen boride, sodium
10 hydrogen Carbenate, sodium sulfide, alcohol, etc. Herein,
compared with the gaseous reductioh method, the solution
reductlon method expends a longer time in reduc1ng the
entire skeleton of the three- dlmen51onal retlculate
structure and results in the coverage of lower strength.
15 This solution reductibn.method, however, is applicable in
the case of employing the finest possible ﬁetal powder and
in some uses of heat transmitting pipes.
(Example 6)
Copper oxide powder of very small ggains; pulp fiber,
- 20 and an adhesive were dispersed in a solution. Thereafter,
-the resulting dispersoid was flattened.out to prepare a dry
"sheet. On this.occasion, the weiéht ratio of the copper
oxide to the pulp should desirably be 30 (%) or more. The
dry sheet was formed into a laminated article w1th a copper
25 plate or a copper pipe in the same way as in Example 1.

Further, the lamination was submitted, in an electric



copper plate specimens held in pressed contact, at 500 [err]C 15 in the

'atnDspherlc air for 10 mnutes. Subsequently, the . copper oxide
powder was sintered.by heating the resulting speci nens at 900 [err]C
in a reduci ng atnosphere of hydrogen gas for 20 minutes. Then, the
heat transmtting plate in mhic% orous netal material having a
porosity. of 96 % 20 was fixed on a made unitary wth one surface of

t he - copper plate was obtained as shown-in Fig. 7. And the heat
transmtting plate in which the copper plates were fixed on - and

made unitary with both surfaces of ‘the porous netal mat eri al having . .
a porosity of 96 % was obtained as shown in 25 Fig. 8. 1In these '

figures, nunefarndcelesé gnatesbudtel grorstiep us:.ng aimet(at BGadePeafobased on
t he pol yuret hane foama, nuneral 8

24 bhenpugouﬁf rehen | pwiat e rared ﬂmsaed:edmcthenpenglusenhenmqf ostrem,
and nuneral 9 the copper plate. InC|dentaIIy at least two foama
speC|nens or whtngohydEogeR gﬁﬁuﬂ4$-§55blﬁ%ns Teea, a heat transmlttlng

plate or a heat transmlttlng pipe could be manufactured.

5 Herein, s1ng1e-f1ber wool, methyl cellulose, active carbon
fiber, granular'active carbon, etc. were concurrently_used
to'prepare dry sheets. Even with these materials, porous
metal materials could be similarly.prodﬁced on heat
transmitting members though they had unequal percentages of

10 ° voids. |
(Example"?)
An urethane coating material was prepared in such a
ﬁaylthat copper oxide powder of #ery small.grains was mixed
- into an urethane resin containing a.foaming.agent mixed
15  therein beforehand, and that fluidity was afforded by a
solvent. The urethane coating material was coated onto the
surfaces of a copper plate. On the ether hand, it was:
‘pressedly packed rnside a copper pipe and was coated
outside.the copper pipe."Thereafter, the urethane eoating_
20”. material wasrfoamed by.heating. Each of the copper plate
sﬁecimen and copper pipe specimen was submitted, in_an
electric furnace,'to a combustion step using air (at 500 °cC
for burning off the urethane resin) and to a.reduction and
sintering step using hydrogen gas_(at 900 °C) in the'samer
25 way as in Example 4. Then, a heat_transmitting plate, the

front and rear surfaces of which were covered with a porous



stgéked, and the stacked |ayers were submtted to the sane 5

processing steps. Then, by way of illustration, the heat
transmitting plate in which a nultilayered foaned netal copper
material was fixed unitarily with the netal plate - coul d be obtai ned
‘as depicted in Fig. 9. -Next, heat 34 transmtting pipes were
manuf act-ured as.expl ai ned below. 10 The foamed netal copper material
- produced on the copper plate in the case of Fig. 9 exhibited an
areal shrinkage per cent age. of about 50 (%, and an edge on which the
f oamed met al copper material was not. fixed appeared at the

perinmeter of th ate. Herei t he end

parts of the W@EF EgngﬁlFPPﬂﬁrhﬁﬁ%% dl?FtWﬂ?éaaCtquqengpﬁwFQE grhetti on

th f, th t nb ' Il ed ,w. dth to th
hereol, i1 bl | CobiRL LLDRLARODSLy o o LSS il Lot e
brazed to eaCBfohﬁgEh was fll%@&nw Eﬁ“%r§3¥o %&i@g&%ﬁngfpbggﬁg t%@&Ch the

f oamed net al copper eri ar |nS| e and out copper
pi pe speci mengnuepgrabt 3hpescasos e mfg &1st) A rEOwith a Bo}&us

respectively. 1In these figures, nuneral 10 indicates a razi ng
part. 5 cbyperl materidd, could bdhtamdastaidine tTheapeaceRfhyer 8Ehane
foam b and copper pipe as specified in Exanple 1 were used to

voids of the porous copper material inside the pipe can be
regulated by changing the foamiﬁg agent and fbaming
conditions such as the temperature of the foaming step.
ﬁerein; each of sulfur, phosphorus, sodium sulfide, sddium

10 hydrogen carbonate, sodium hydrogen boride, etc. was
further mixed into the coating'material. .Copper plate”
spec1mens and copper pipe spec1mens bearlng such coating
materials were merely heated under an oxygen-free
condltlon, respectlvely. Even in this case, heat

15 transmitting members éimilar to the above could be

manufactured.
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25, manuf acture two kinds of heat transmtting pipes in each of

whi.ch a foaned nmetal copper material was fixed outside the copper
pipe. In one of the two kinds, the foamb on which m xed powder
consi sting of copper oxide powder and fine 5 nmuﬁmE"mma

wei ght ratio of 10 (%9 wth respect to 35 t he CH ” r) was
deposited was placed -on the copper pipe,. whil& it ttheMother? the
foama and foamb on whi ch tthe m xed power was deposited were. placed
on the ' copper pipe. -The specinmen of the foamb and the specinmen 10
of the foama and foamb were helically wound round the . copper pipe
specinens in %® sed Cﬁntact &heremﬁth, : respectively. Subsequently,
-the resulting S%p speci nens were submtted to a conbustion

. : in hc¢
ot e e .e-du%hhggtaﬁga%%@f?é%ﬁ'ﬁ AR i Hed e by, 2 1100
each of whichghig fRaRRY, ”ﬁhal CBBPS&SQﬁéfﬁiéﬁaegyiJl)wﬂid%pls made [ N€

copper pipe, .were obtaine
unitary with the member body, on a surface thereof, by

5 welding.

2. A heét transmitting meﬁber as defined in claim 1,
wherein said porous metal material is a porous copper
_ material or a porous cbpper alloy material.
10 |
3. A.metﬁod of manufacturing a heat transmitting
member, comprising the steps of:
J depdéiting metal powder onto a threé-dimensional
retigulate structure'in a vapbf phase;

15 placing the threé—dimensional.reticulate structure with
said metal powdé: deposited thereon, on a surface of a body
of said member; and

“ heating thg member body-and”the placed three-
dimensional réticulate structure so as to burn off said

20 | three-dimensional reticulate structuré and to sinter said
metal_powdéri thereby'producing a porous metal mate;ial=and

;simultaneously making said pordus metal matefial'unitary

with said member body on said surface thereof by welding.

25 4. A method of manufacturing a heat_transmitting

member, comprising the steps of:



.(Exghpre 3) The two pol yuret hane foam a speci nens and copper
pibe 20  as specified in Exanple 1 were used to nanufacture a heat

transnitting pipe in which a foaned netal copper xed
i nsi de.and outside the copper pipe. Copper oxide

deposited onto the two foam a speci rrenss One of m mﬂgnm “‘
speci nens was worked into the shape of 25 cylin

di anet er of which was sonmewhat | arger t han the |n5|de dlaneter of

t he copper pipe, and the '

cylinder was inserted into the netal plpe |n f|t engagenent mnth t he
i nner peripheral surface thereof. The o peci nen was helically
wound round the copper ﬁPEEePﬁng out fkh%%§€ﬁﬂbdﬁﬁé@tPWWPﬁrvhénﬁetér

peri pheral surface,thereof Subsequ ntI he resul ting copper pipe
was submittedPf§ ﬁtermmedcﬁhﬁﬁEH’é‘ﬁ ‘g?le%‘i G%&fuction and sintering
step whi ch " ep2hBthg' che hbREEa Und Ml ch LHRd1nk"SadES! MO

. heat
' metal powder, on a surface of a body of said member; and

5 | | heating the member body and the placed molded
sheeﬁ so as to bﬁrn off said fiber and to sinter oaid'metal
powder, theroby'producing a'porous metal material and
simultaneously making said porous metal material unitary

with said member body on said su:face'thereof by welding.

10
5. -A method of'manufacturing a heat transmitting
_member; comprising the steps of: .
) mixing metal powder into a synthetic resin which
can form a three-dimensional reticulaﬁe'structure; |
- 15 - coating a surfaoe of a body of said member with
| the synthetic resin which contains said metal powder;
| blowing'oaid'synthetic resin into said three-
dimensional reticulate strucﬁure; and |
heating tﬁe member body and the formed three-
20 dimensional reticulate structure so as to burn off said

threefdimensiOnal reticulate structure and to sinter said
' metal powder, thereby producing a porous metal material and
simultaneously making said porous metal material unitary

with said member body, on said surface thereof, by welding

25



t[aﬁsﬁitting pi pe in which the foaned netal copper nmaterial was
fixed inside and outside the copper pipe was obtained. 10 (Exanpl e 4)
Pdl yur et hane foam (produced under the trade nanme of F"

by Bridgestone Inc. in Japan) having an aver ag f 0.6
(mm was used as a cellular synt:ﬁztlc resin ha !mjmjrﬂm _
t hree-di nensional reticulate. structure. Each o

prepared from the polyurethane foam had a thlckness of 3 (m), a
wi dth of 5 (nmm and a length of 20 (mm, while each of three
speci nens had the sane thickness and width as nentioned above -and
a | ength of 60 (mm). The speci nens of the pol yurethane foam 20

ver e endowed with &dhedsmebhog ebaramufackunisg la degtetransmitting
sensitive adhesive (an acrylic adhesive which contained a resin
conponent of Hepber; ﬁsetiﬁﬂnﬂﬁth?lalkiét%eﬂtfs*é'tﬁ s thru S, Wh§6F\3‘§nFPe
Further, the adhered speci pens. wer ubs uent Ly, tRQree kinds
of netal powepeﬁéﬁepﬁwgﬁﬁréﬁ alse ggp?ﬁﬂﬁﬁ%!OQNﬁﬁﬁg' g €n R dpt Qcopper
powder, and’ ”héﬁger body pomder conS|st|ng of copper pomder and ni ckel
powder. In a ,

5

7. A method of manﬁfacﬁuring a heat transmitting
member as defined in any of Claims_3 thru 6, wherein said
metal powdgr_is cébper oxide powder, or metal powder which
contains the copber oxide'péwder.

10

8. A method of manﬁfaCturiné a heat transmitting
member_as,defined in any 6f.¢1aims 3 thru 7;_wherein said
three-dimensional reticulate struéture oﬁ sai¢ fiber is

burnt off in an oxidizing atmosphere, and said metal powder

15 is sintered in a reducing atmosphere.

9;' A method of manufacturing a heat transmitting

plate, comprlsing the steps of: -

depositing metal powder Wthh is copper oxide

20 = powder or which contains the copper ox1de powder, onto a

sﬁfface of a cellular synthetic resin in a vapof phése;

placing the cellular synthetic resih with said
metal powder-depoéited thereon, on a copper plate on which
the metal powder being or containing-the copper oxide

25 powder is deposited;



o~

27 ’ gaseous phase, three of the 20 mmlong speci mens and one of
"the 60 mm | ong specimen were thrust into the copper oxi de pomer
anbther three of the 20 nm | ong speci nens and

speci nen were thrust into the copper 5 power , three
20 mm | ong specimens and the ' regtg 60 mm| ong mﬂy’ﬂ"rust
into the m xed power. - Al'l the specinens were sha en sm

sufficiently deposit the netal powder on these specinens,
respectively.. : Thereafter, the resulting speci nens were dipped into
-water 10  and were shaken therein so as to renove off the netal

powder deposited in excess and also to uniformy degoslt ,the netal
powder on the skel etorP‘b’Fmt%?ftﬁﬁPrlé’c ieeddulggnsyntheticopesie 38R hand,
a copper plate uysed as a menber, and six speci mens each
havi ng t he sa%iﬂgiéﬁf’%saﬁmphr% an% each of the n| ne pol yur et hane foam
"speci nens and a ess Q d as_copper plate
- speci nens. Each'type oﬁ rnﬁggker S(ﬁt%ﬁigggg%o $ €X 10 3 he surfaces

of the two cogggﬁcgﬁ?IgtﬁH%?ﬂ 1S satlsfactorlly uniformy with the
adhesi ve, respective 2 Besides a copper pipe wds used as a netal

pi pe, amld three
| 10. A method of mahufacturing a heat transmitting
pipe, comérieihg the steps of: o
winding a'metal powder-bearing cellﬁlar
synthetic resin in which metal powder being or eonteinihg
10 copper ogide pdwder has been deposited onto a surface of a
- cellular synthetic resin in a:vapOr_phase, round a copper
pipe in pressed contact therewith, said copper pibe bearing
that metal powder being or contalnlng the copper ox1de
powder which has been dep031ted threonto; and/or shaping
15 the metal powder-bearing cellular synthetic resin into a
‘cylinder, and then inserting the cylindrical cellular
synthetic resin into.the copper pipe in fit engagement
therew1th, o
subsequently burnlng off said cellular synthetlc
20 resin in an oxidizing atmosphere; and
_ thereafter'sintering said metal powder in a

reducing atmosphere.

llf A method of manufacturing a heat transmitting

25 member, comprising the steps of:



speci rens each having a dianeter of about 20 (mm) were prepared as -
copper pi pe specimens. Likewi se to the above, iﬁu&LiJﬂxiiﬁ_lﬁﬁég__
pdbwder was sufficiently deposited onto the outer surfaces of the
copper pipe specinmen with the 25 adhesi ve, respect , ,mﬂﬂmﬂ tly,
the three sorts of pol yur et hane j‘gam speci nens

correspondi ng sorts : : ' ;

of netal powder were respectively joined to the copper - pIate
speci nens and copper pi'pe speci mens bearing the sane : sorts of metal
powder, so as'to formlamnated articles. - More specifically, as
regards heat transn1tt|ng pl at es, 5 each of the nine pol yurethane foam
speci mens bearing the mixingtmetel eovdenfinke & syohdet igazesdnnedioh one-
surface or - both the surfaces of the correspondi ng copper pl at e

speci men-i n | F@Rt E9rPrasthreendingnsignal r’iﬂql‘-‘p’rléé'r§ stgucture; thereby

prepare the lamnated article, Likew se, as %%{ds heat , .,
transmitting pipes, each? eFezfkey pouring the metal P er-containing

synthetic resin into a void_w1thin a frame in which a

Iy

5 plurality of metal pipes are arranged at predetermined
intervals;

'_thereaftef blowing the poured synthetic resin sé
as to fill up said void with the metal powder-containing
cellular synthetic resin; and

10 _ heating séid_ﬁetal pipesland said metal
powder—containing.cellular synthetic resin so as to burn
of f Sa§d cellular synthetie resin and tolsinter said metal

"_ powder, thereby producing a poroué metél material and
simultaneously making seid porque metal material unitary

15 with surfaces of said metal pipes by welding.



pol yuret hane foam speci nens bearing the three sorts of -metal powder
was wound round the correspondi ng copper pipe speci nen in pressed
codHntact, to thereby prepare the | am nated article. At the next

st ep, each of the nine 15 ki nds of preforns or |am nations for the heat

transmtting menbers was. heat ed about 500 '?%ﬁ%;il den BICLLI
. furnace - while the air was belng4g£pplled t her g ﬁ%&ﬁf E ﬂ
nt

adhesi ve and the pol yuret hane foam being a basi c nat @cial: R CE

off, but the metal powder remmined as a sintered 20 conpact on the
copper plate or copper pipe with the - skeleton of the

t hr ee- di mensi onal reticulate structure |eft "~ behind. Subsequently,
‘each of the resulting preforns wasABSTRACTf urt her. heated at about 900
[err]Cin the electric furnace whil e a m-xed gas consisting of
hydr.ogen and ni.trogen was 25 . being supplied thereinto. Then, it was
reduced and si ntered.

29
As a result, the rEQRP?¥eﬂﬁ&ﬁ%1ﬂ9ﬂ?€ﬁbﬁﬁbF?PﬂﬁPEﬁdbbPea vapor phase onto

a cellular synthetic resin coated with an adhesive

5 , beforehand Thereafter, a copper plate (9 in Flg 7) w1th
the same metal powder deposited thereéon is placed on one
surface of the metal powder-bearlng cellular synthetic
resin and is brought into 1ightly pressed contact with the
surface by a roll prese or the like, to thereby form a

10 laminated article. Subsequently, the cellular synthetic
resin is burnt off in a combustion furnace, to thereby
produce a cellular metal material of the'copper.oxiae on
the copper plate (9). Further, the cellular metal material
is reduced and sintered in a reducing atmosphere such as

15 that of a.hydrogen reduction furnace, to thereby produce a

| cellular copper material (7) which is provided with the
copper plate (9) on one surface thereof. The cellular

copper material (7) can be directly used as a material for

working a heat transmitting plate in a heat exchanger.

." This Sheet
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the three sorts of sintered netal (porous netal

had t hree shapes could be obtained as ill ust

ated

mat eri al s) and whi ch

in Figs. 12, 13

and* 14. In these figures, nuneral 11 5 [
nuneral 12 indicates the copper pi pe,

I ndi cate the porous netal materi al s.

hefy rgsa appet| pl ate,
an %EEEEPE% 13 aﬁd 14
- occasi on,

any of the porous netal copper materials on the nenbers had a

per cent age of voids of 96 10 (%9. Inthis regard, the

t hree-di nensi onal reticul ate structure of the netal cogperJatgrial
on the heat . transmtting plate or heat transmitting pi e o%= whifch

the . copper oxi de powder h been _de
bef or ehand, exhi bited a vol um na] shri nkpg
(% at the reduction and sinteripg £ep.
whi ch the nmetal copper material pas—

perinetric edge of the heat —tans)i
appeared at the end parts| =g he

& Adcordingly, 4 aat

the heat 20 transnmitting plaj e e pspoh

Fig. 13) was rolled w dthw se, apd e npt
t hus worked were brazed in the | gngtHaw s
a heat transmtting pipe in whic t
was fixed inside and 1

as the netal Egmder
age of 15 f§ 50
d appear ed |at
te, and sinilaacparts

niGEE SR tting pipd. Thereflore,

gd o the shape Hn
of a cofper pipe
i rection thereofl [hen,

Wﬁetal cdpder mat edi al

REDUC ING
SINTERING

REDUCING
SINTERING

COMPACT _IN
PIPE
R
WELDING END
PARTS

WORKING SINT

—>| COMBUSTION >

>| COMBUST 10N |

DOUBLE-
LAMINAT ION

SINGLE-

LAMINAT ION

- FACED

—> FACED

DEPOSITION
POWDER

METAL POWDER
DEPOSITED

"COPPER PLATE WITH

FOAMED |
SYNTHETIC > OF METAL [—> LAMINAT.ION

RESIN
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25 ° outside the copper pipe was manufactured. (Exanpl e 5)

30 - : Two sorts of specinmens A and B (each [permg=is he
nunber of two) were prepared from pol yurethane foam '”ﬂ$sada£aagi:?7_]'
the trade nanme of "EVER LI GHT SF" by Bri dgest one {] nc. IHERUMMH» as §
cellular synthetic resin 5 havi ng a three-di mensi onal™ T EEIEC
structure. Each of t he pol yur et hane foan1speC|nens A and B was 3
(mm thick, 5 (m wide and 60 (nm [he specinmen A had an
aver age cell dianmeter of 0.6 (MM, p speci men B had an
average cell dianeter of 0.8 (mm. The pol e foam 10 speci nens
were endowed wi th adhession by coating the an adhesi ve.
Further, the adhered speci nens were dried. Bubsequent |y, the
speci nens were thrust into copper oxide ler flowing in the air,
so as to deposit the powder t her eon, ter, the resulting
speci nens were di pped
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15" tnto water and were shaken therein so as to peel

of f the
i ~uniformy

copper oxi de powder deposited in excess and also to

deposit the powder on the skel eton of the pol yur
ot her hand, a copper pipe having an inside dia
and an outside dianeter 20 of about 16 (M) was us
and two copper pi pe ‘speci nens were prepared int

letrhmé@uamf Eﬁ
ter okeppRY EISJ%E%'

he sane nanner as in

Exanpl e 1. Regardi ng one of the copper pipe specinens er ei nbel ow,
termed the "first copper pipe specinen”), the ne foam B
speci men was first wound helically 25 round the outler &rfgce of this
first copper pipe specinen, and the pol yuretharje fpam A speci nen
was further wound et
helically round the pol yurethane foam B speci nen. gﬁﬁﬁgyrrently,
regardi ng the other copper pipe specinen (herei rbe &, tlermed t he
"second copper pipe specinen"), t he pol yuret hang foatt Ajand -B
speci nens pl aced on each =
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5 *other beforehand were inserted in fit engagenment into this

second copper pipe specinmen while being shaped into a
the foam B speci nen |l ocated on the pipe wall si dle THS BH %%EA%@EEN
speci men. Next, the resulting first copper pi pe llspeci
directly submtted to a reduction 10 and sintering step at 900 [errJC
in an electric furnace while a m xed gas consisting of nitrogen gas
and hydrogen gas was . bei ng i ntroduced thereinto. The pol yurethane
foam gasified and vol atilized away. The copper oxi de powder was
reduced into nmetal copper. That i Ity tugQed intg porous netal 15
copper materials of two |ayers having ungyual a\Ga e cea
di aneters. The porous metal copper materials covered t he whol e out er
surface of the first copper pipe specinen tightly owing to
shrinkage. Thus, a heat transmtting pipe coul d be obt ai ned.
I ncidentally, the reducing gas to be 20 used herein is not restricted
to the hydrogen gas, but it may wel |l be any of hydrocarbon gas.
hydr ogen | fide gas ni aj gp , etc.
I\/)éanv\gi I eE SHE segond éﬂp) pﬁg ag Z&)@B L cyl(ﬁr}ggg TIC
foam A anMATERdAkci menp i nY] |§£j ank fo
off in the electric fufnac®BESIN = ntrﬂﬂuGﬂRB |BE  heTET T,
Thereafter, the resultag
| B
( M1XING ) ( MIXING )
REDUCTANT REDUCTANT
| ! ! |
DEPOSITION DEPOSITING FLATTENING OUT KNEAD ING
OF METAL METAL POWDER | | FIBER WITH METAL SYNTHETIC
POWDER IN VAPOR POWDER KNEADED RESIN WITH
PHASE METAL POWDER
! | | | |
MOLDED 3-D RETICULATE RES INOUS
ARTICLE . | STRUCTURE WITH MOLDED SHEET SLURRY, AND
METAL POWDER COATING
DEPOSITED MATER | AL
| | ! |
LAMINAT ION
OR JOINING BRINGING RETICULATE - COATING
FOR HEAT STRUCTURE INTO PRESSED
TRANSMITTING | CONTACT WITH METAL PLATE, }
MEMBER WITH WINDING IT ROUND METAL
METAL POWDER PIPE, OR FITTING IT INTO
DEPOSITED METAL PIPE FOAMING

_—
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32+ - second copper pipe specinmen was submtted to chem cal
reduction whil e being heated, by addi ng forml dehyde Ii=uke——':":;;:;;;:\
exhibitive of a reducing action in an alkaline |iquid. ﬂMSSHﬁﬁhP%D a hed
transmitting pipe in which porous netal copper 5 'tLELLéf;ubi_;my-——J
| ayers havi ng unequal average cell di anet ers coveéred t he whol e

i nner surface of the second copper pipe specinen could be obtained
simlarly to the case of the first copper pipe specinmen. Al so
usabl e as the reducing liquid is any of sodi um hydrogen bori de,
sodium 10 hydr ogen carbonate, sodium sul fide, alcohol, etc. Herein,
conpared with the gaseous reduction nethod, the solution reduction
nmet hod expends a longer tine in reducing the entire skel eton of the
t hree-di nensi onal reticul ate : tpact e and results in the coverage
of |ower strength. 15 Thi s soIE;iEnt;ed i on net hod, however, is
applicable in the case of enploying the finest possible netal powder
and i.n sone uses of heat transmtting pipes.

:' This Sheet Has Been Reﬂlaced




(Exanpl e 6) Copper oxide powder of very small grains, pulp
fiber, 20 and an adhesive were dispersed in a solutj.on Thereafter
the resulting dispersoid was flattened out to prepar§ fy@dfdHeET HAS BEERE

|

On this occasion, the weight ratio-of the copper oxpEpLAGEDhe puffp
shoul d desirably be 30 (%9 or nore. The dry. sliteet—pas—ftormed=tatd a
| am nated article with a copper 25 pl ate or a copper pipe in the sane
way as in Exanple 1. Further, the lam nation was submtted, in an
electric 33 furnace to
a conbustion step using air (at 500 [ g or burning off the

pul p) and to a reduction and sinteri nﬁi% . 7 usi ng-hydrogen gas (at
900 [err]C). Then, a heat transmtting pl ate or a heat
transmitting pipe could be manufacfured. 5 Herein, single-fiber wool,

met hyl cellul ose, active carbon
were concurrently used
mat eri al s, porous nmet al

heat - ’//, )

granul ar active carbon, etc.
pfleets. Even with these

eet Has Been Re()laced
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traﬁénitting menbers though they had unequal percentages of 10 voi ds.
(Exanple 7) An urethane coating material was prepared in such a

way that copper oxide powder of very small grains was m ) I.af

uret hane resin containing a foamng agent mxed 1 5 t 3?%% *g%ﬂgﬂ@%ﬁ%ﬁ%?
and that fluidity was afforded by a sol vent. TJE=££§ELQEQ=QQ&EEQ;
mat eri al was coated onto the surfaces of a copper plate. On the

ot her hand, it was pressedl y packed inside a copper pipe and was
coat ed outsi de the copper pipe. Thereafter, the urethane coating
20 materi al was foanmed by heati nger ch lr@ the copper plate

speci nen and copper pipe speci nren was submtted, in an electric
furnace, to a conmbustion step using air (at 500 [er|EF: for burning

off the urethane resin) and to a reduction and
hydrogen gas (at 900 [err]C) in the same 25
a heat transmtting plate, the

sintering step using
y as in Exanple 4. Then,
af surfaces of which were

covered with a porous 34
]
FIG I3
13
|1
13
FIG 14
14
. This Sheet Has Been
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d

rratb-'er:[ja‘-l' of  copper, could be manufact ured
transmtting pipe, the entire internal
with a porous material of copper, and

t he ot her hand, a heat
'ch was filled

ﬁgﬁﬁq?ﬁMEUTtSéﬁEface of which was

al so covered with a porous 5 copprogatgrsa}tbc]g%d pe manuf act ured.
The percent age of voi ds of the pesaus_copper--nat-erffal inside the
pi pe can be regul at ed by changi ng the foamng At and f oam ng
conditions such as the tenperature of f oam ng step. rern, each
of sul fur, phosphorus, sodium sulfide, sodium 10 hydr ogep c ondt e,
sodi um hydrogen boride, etc. was further mxed into the ting
material. Copper plate s re-eopner pi pe spedi, bari ng
such coati ng mat eri al s |'yf heated junder an ox) gﬁg&_-ee
condi tion, respectively. Even i R-s gqage, Beat | 15 trangm g
nmenbers simlar to the above coul dirbe ~ranyf act ur ed. <
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~

What iS.clainmed is: 1. A heat transnitting.oemher conprising a

body of said nenber, and a porous netal nateri &l gisBi e TREBET
unitary with the nmenber body, on a surface thereof, by 5 megga

2. A heat transnitting menber as defined in claimi, Date - @i B! d
porous metal material is a porous coppes— mat er i é—er—a-—porous ¢35 r
alloy material. 1 0 3. A net nuf acturing a heat

transmtting menber , Conprising t he |st eps of}:
depositing metal powder onto a three-dinensj ong
structure in a vapor phase; 15 pl aci ng

reticul ate
he;ghr e-di nensional reticul ate

structure with said netal powder depost+teddtihereon, on a surface of
a body of said nenber; and L= eating the nenber body
and the placed three- di mensi onal ret el structure so as to burn
off said 20 t hree-di nensional reticul atle sfgguctjure and to sinter said

rial and
ugi tary

al Faat €
rial

net al powder, thereby producing a porous ne
si mul t aneously maki ng said porous netal mat

REDUCING
SINTERIKG
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mﬁfh séhd menber body on said surface thereof by welding.

25 4.

A net hod of manuf gettei-Rg-—a—heat smtting menber, conprising the
steps of: R=PLACEMENTSHEET flattening out fiber with neta
powder, into a B ?mﬁ §1 ned| sheet | i ke nol ded article;
pl aci ng the nol de Lch cnntblns sai d metal powder, on a
surface of a body : 5 heating the nenber
body and the placed nol ded sheet 3so as to burn pf fi ber and
to sinter said netal powder, thereby producing p pevous] net al
mat eri al and si mul t aneousl y maki ng sai d porous het erial
unitary with said nenber body on said surface thg_QQLJ y wel di ng.
10 5. -A nethod of nmanufacturing a heat tremsa Btijng
menber, conprising the steps of: ::%20_
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m xi ng- netal powder into a synthetic resin which , & 3]
threegdlnen5|gnal reticulate structure; 15 §%§P1§LM§”§&¥F§€éﬁ
of a body of said nmenmber with the synthetic resilp m@ qksonEalﬁﬁﬁ L
said netal powder; bl owi ng” sai d synt het PePasi ¥ nto- -sai-d|i
t hr ee- di nensional reticulate structure; and

heating the nenber body and the fornmed three- 2 0 di mensi onal reticu
late structure so as to burn off said-—2— t hree-di nensi onal reticul ate
structure and to sinter said nmet al powder, thereby producing a
porous netal material and si mul Eaneduslg™ymaki nggsai d porous netal
material unitary with said nme r bddy,“@nssai d&urface thereof, by
wel di ng. 25 6. A nethod of manufacturing a heat
transmtting menber as defined in any of clains 3 thru 5, wherein

t he metal powder is also deposited on said surface of said
menber body.
BASIC (1)FOAMED_ | | (2)ANIMAL OF (3)SYNTHETIC
MATERI AL SYNTHET IC VEGETABLE FIBER, RESIN
RESIN OR CARBON FIBER
V |
( MIXING ) ( MIXING )
REDUCTANT REDUCTANT
! ! y {
DEPOSITICN DEPOSITING FLATTENING QUT KNEAD ING
OF METAL METAL POWDER | [ FIBER WITH METAL SYNTHETIC
POWDER IN VAPOR POWDER KNEADED RESIN WITH
PHASE METAL POWDER |
| ! | |
MOLDED 3-D RETICULATE RES INGUS
ARTICLE STRUCTURE WITH MOLDED SHEET SLURRY, AND
METAL POWDER COATING
DEPGSITED MATERIAL
| \ . |
LAMINATION .
OR JOINING BRINGING RETICULATE COATING
FOR HEAT STRUCTURE [NTO PRESSED
TRANSMITT ING CONTACT WITH METAL PLATE, l
MEMBER WITH WINDING IT ROUND METAL
METAL POWDER PIPE, OR FITTING IT INTO
DEPOSITED METAL PIPE : FOAMING




5 ¥ 7. A nethod of manufacturing a heat transm tf+g ;
menber as defined in any of Clainms 3 thru 6, wherein said [ REPLACEMENT SHEET ||
powder is copper oxide powder, or netal powder which | contains _the - -
copper oxide powder. 10 8. A method of nanufﬁc@abk%gﬁaﬁﬁﬁaﬂﬂﬁm
transmtting menber as defined in any of clains 3t — ]

said t hree-di nensional reticulate structure or said fiber is

burnt off in an oxidizing atnosphere, a@p said netal powder 15 is

sintered in a reduci ng atnosphere. — 9. A nethod of

manuf acturing a heat transmtting pl ate, conprising the steps of:
depositing netal powder which is copper oxide 20 powder or which

cont ai ns the copper oxide powder, onto a surface of a cellular
synthetic resin in a vapor phase;rif ‘ g% ;5 pl aci ng the cellul ar
synthetic resin with said ta wd deposited thereon, on a

copper plate on which the nmetal powder being or containing the

copper oxide 25 powder is deposited;




burning*of f said cellular synthetic resin in an

at nosphere; and

a reduci ng at nosphere.
manuf acturing a heat transmtting
wi ndi ng a netal powder-bearing ce
net al powder bei ng or contai ning
deposited onto a surface of a
phase, round a copper

copper pipe bearing t hat
copper oxide powder whi ch
shaping 1 5 the netal powder-b
cylinder, and then inserting the
resin into the copper pipe in fit

OXIdIZIng

thereafter sintering sai pod WOEer 11T
5 10. A net Hb D*.AC MENT SHEET |
pi pe, conpri sing Be stzgs F&B: 1936
| 1 ul ar synt hetic &Cn-tn “which:
10 ¢ copper oxide powder has been
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HEAT TRANSMITTING MEMBER AND METHOD OF MANUFACTURING THE SAME

ABSTRACT

Copper oxide powder is deposited in a vapor phase onto

a cellular synthetic resin coated with an adhesive

5 beforehand. Thereafter, a copper plate (9 in Fig. 7) with
the same metal powder deposited thereon is placed on one
surface of the metal powder-bearing cellulaf synthetic
resin and is brought into lightly pressed contact with the
surface by a roll press or the like, to thereby form a

10 laminated article. Sﬁbsequently, the cellular synthetic
resin is burnt off in a combustion furnace, to thereby
produce a cellular metal material of the copper oxide on
the copper plate (9). Further, the cellular metal material
i1s reduced and sintered in a reducing atmosphere such as

15 that of a hydrogen reduction furnace, to thereby produce a
cellular copper material (7) which is provided with the
copper plate (9) on one surface thereof. The cellular
copper material (7) can be directly used as a material for

working a heat transmitting plate in a heat exchanger.

Figﬁre 1



