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relates also to a nethod for manufacturing such col um packi ng.
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performs material transfer, heat exchange or mixing between gases, liquids or
gas and liquid. The invention relates also to a method for manufacturing
such column packing.

Japanese Patent Application Laid-open Publication No. Hei 3-203976
discloses a column packing of this type. This column packing is made up of a

5 plurality of permeable sheets which are disposed in parallel to one another

and extend in the direction of a main stream of fluid. Projecting portions of
these permeable sheets are disposed in the direction that crosses the main
stream of fluid and these projections function as spacers between the adjacent
permeable sheets. This packing (hereinafter referred to as “X-packing”
because the cross section of a joint portion between two adjacent permeable
sheets assumes the shape of the letter X) is beneficial in that fluid flowing
down along the permeable sheets is repeatedly joined, mixed, horizontally
dispersed and redistributed at each joint of the permeable sheets. Thus,
fluid flow which was not uniform when it was charged in the device gradually
becomes uniform resulting in an optimum material transfer or heat exchange.
Moreover, gas charged in the device passes through the liquid flowing along
the inclined surfaces of the permeable sheets and necessary contact between
the gas and the liquid is achieved by contacting the gas with the liquid while
the gas passes through the permeable sheets, so that material transfer or heat
exchange can be effected efficiently with a minimum pressure loss.

For manufacturing this X-packing, the inventor of this application
proposed the method described in U.S. Patent No. 5, 673,726. According to ,
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arrow A. It is, however, actually difficult to maintain the packing 50 strictly
horizontally in the device by reason of an error in installation or other causes
and, as a result, the threads that run crosswise of the separated portions 51a
and the joints 51b of the packing 50 are disposed in a somewhat inclined
relationship to the horizontal direction. For this reason, when the operation
of the device is started and liquid is caused to flow in the direction of the
arrow A, the liquid flows concentrically along a lower portion of the threads
that run crosswise with the result that collection, horizontal distribution and
downward redistribution of the liquid are not performed uniformly but flow of
the liquid tends to concentrate on the lower portion of the inclined threads
running corsswise.

.It is, therefore, an object of the invention to provide an X-packing
capable of accurately achieving uniform collection and redistribution of liquid
at joints of the X-packing.

It is another object of the invention to provide a method for

manufacturing such X-packing at a low cost and in a large scale.

Summary of the Invention

For achieving the above described objects of the invention, there is
provided a method for manufacturing a packing made of a three-dimensional
net-like structure which constitutes an internal structure of a device which

performs material transfer, heat exchange or mixing between gases, liquids or
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There is also provided a method for manufacturing a packing made of a
three-dimensional net-like structure which constitutes an internal structure
of a device which performs material transfer, heat exchange or mixing
between gases, liquids or gas and liquid, said internal structure being divided
in a plurality of chambers or channels connected to one another and said
three-dimensional net-like structure being made of a plurality of unit
structures which are arranged continuously in vertical and horizontal
directions of the three-dimensional net-like structure, each of the unit
structures being formed by converging and dispersion of three line elements,
said method comprising steps of:
(A) forming a unit structure with three line elements, said unit structure
consisting of a plurality of basic units each of which is a combination of two
triangular pyramids having a common bottom surface and apexes disposed in
opposite directions, said basic units being arranged continuously in vertical
direction of the three-dimensional net-like structure with apexes of each of the
basic units being in contact with apexes of adjacent basic units, and a
converging section of the three line elements being formed by binding the
three line elements at a point of contact of the apexes of the adjacent basic
units, and
(B) disposing a plurality of said unit structures in such a manner that

adjacent ones of the unit structures come into contact with each other so that
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3 = gas andstiquid, said internal structure being divided in a plurality
of chanbers or channel s connected to one,anot her and sai d three-di nensi onal
net-1ike structure bei ng made of a pIuraflty of unit structures which are
arranged continuously in vertical and horizontal directions of the

t hree-di nensi onal net-like structure, each of the unit structures being
formed by converging and di spersion of three line elenents, said nethod
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shown in the partial perspective view of Fig. 2, of a plurality of basic units 22
which are arranged continuously in vertical direction of the three-dimensional
net-like structure with apexes 22a of each basic unit being in contact with the
apexes of adjacent basic units 22 to constitute a unit structure 25, each of the
basic units 22 being formed by converging and dispersion of three line
elements. As shown in Fig. 2, this basic unit 22 is a combination of two
triangular pyramids having a common bottom surface 22d and apexes 22a
disposed in opposite directions. Three line elements 23 constitute three sides
22b of each triangular pyramid. The apexes 22a of the two triangular
pyramids and the sides 22b of the two triangular pyramids are formed by
converging and dispersion of the three line elements 23 about a converging
section 24 which is formed by binding the thee line elements 23. In the
example of Fig. 2, the three line elements 23 are bound by wire 27.
Accordingly, no element corresponding to the horizontal threads in the prior
| art X-packing is used at all in this unit structure 25.
By disposing, as shown in Fig. 1, a plurality of these unit structures 25
in such a manner that horizontally adjacent ones of the unit structures 25
come into contact with each other so that the adjacent one of the unit
structures 25 are in a position to form a converging section 26 of the three line
elements 23 at each apex 22c of the common bottom surface 22d of the two

triangular pyramids constituting the basic unit 22, and forming the



triangul ar pyram ds having a common bottom surface and apexes disposed in
opposite directions, said basic units being arranged continuously in
wvertical direction of the three-dimensi&nal net-like structure wth apexes
of ;each of the basic units being in contact wth apexes of adjacent basic
units, and a converging section of the three line elenents being forned by
binding the three line elenents at a point of contact of the apexes of the
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distributor flows in the direction of arrow B in Fig. 1 and, since no element
corresponding to the horizontal threads is used in the packing 21, the liquid
which has fallen upon the top of the packing 21 does not produce a drift which
is caused by flow of the liquid toward a laterally lower portion even if there is
an error in installing the packing 21 in the device and, therefore, collection
and downward reditribution of the liquid at the apex 22a (i.e., converging
section 24) and 22c (converging section 26) of each unit structure 22 are
performed uniformly.

The three line elements may be bound by means of wire, clip or the like
fastening means or by adhering the three line elements together by means of
adhesive.

For achieving the objects of the invention, in one aspect of the invention,
there is provided a method for manufacturing a packing made of a three-
dimensional net-like structure which constitutes an internal structure of a
device which performs material transfer, heat exchange or mixing between
gases, liquids or gas and liquid, said internal structure being divided in a
plurality of chambers or channels connected to one another and said three-
dimensional net-like structure being made of a plurality of unit structures
which are arranged continuously in vertical and horizontal directions of the
three-dimensional net-like structure, each of the unit structures being formed
by converging and dispersion of four line elements, said method comprising a

step of forming a converging section of the unit structure where the four line

elements converge by binding the four line elements together.



per gpective view of Fig. 1 can be produced. This packing 21 is made, as
shown in the partial perspective view of6Fig. 2, of a plurality of basic
gnits 22 which are arranged continuously~in vertical direction of the

t hree-di nensional net-like structure with apexes 22a of each basic unit
being in contact wth the apexes of adjacent basic units 22 to constitute a
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(A) forming a unit structure with four line elements, said unit structure
consisting of a plurality of basic units each of which is a combination of two
quadruple pyramids having a common bottom surface and apexes disposed in
opposite directions, said basic units being arranged continuously in vertical
direction of the three-dimensional net-like structure with apexes of each of the
basic units being in contact with apexes of adjacent basic units, and a
converging section of the four line elements being formed by binding the four
line elements at a point of contact of the apexes of the adjacent basic units,
and
(B) disposing a plurality of said unit structures in such a manner that
adjacent ones of the unit structures come into contact with each other so that
the adjacent one of the unit structures are in a position to form the converging
section of the four line elements at each apex of the common bottom surface of
the two quadruple pyramids constituting the basic unit, and forming the
converging section of the four line elements by binding the four line elements
at each point of contact of the adjacent ones of the unit structures.

According to the manufacturing method of the invention, a packing 40
consisting of a three-dimensional net-like structure as shown in the schematic

perspective view of Fig. 8 can be produced. This packing 40 is made, as



5  converging section 26 of the three line elenents 23 by
three line elenents 23 at each point of contact of the hori

adj acent ones of the unit structures 25,7the packing 21 nmad
t hree-di nensional net-1like structure is forned. Accord
t he packing 21 manufactured by the nethod of the invention

as a gas-liquid contact device, liquid froma distributor f
direction of arrow B in Fig. 1 and, since no element corres

hori zont al Shavemir th%pasfé@ll persph@nmaww@” Big. 4;9fc phqahéy oh

bi ndi ng the
zontal ly
e of a

ingly, by using
in a device such
lows in the

‘[;Oﬂdl ng to the
¢ patst4 | en

P . R A RS iR I olal EBeRonct e ioBuSRAEE) ™
o tounuar Berliks B feRRRK Al 1R rRBHBNLE AN JhIEE Bl OhflacbibeCt OF

and downwar on of

iqui

€., Converging

section 24) t1auhe2d§ of ﬁajw:%hg baSicaRstd &Pt@@&ns@ftu’ééaﬁ Rintétrudturt CB5U B SckPdf ar e

performed uniforny. he three line el enments may be bound E)y nmeans of
wire, clip the bhasiclutdes fﬁSngnﬁrmdnby @onbyrghuh emidn dispbesivi refefolir line

el enents together by neans of adhesive, For achi evi ng

t he objects of

t he i nventi eiﬁments ondsahesm infFighd, ithisehagioynit Hérlé woyrhmat;em W hod

for manuf act ur g a packi, magde of a thr

di nen net-li ke structure
whi ch const fi# 16, PYFRIAAT BEVIRE BIORTBOBDOLtaRR\AULER ‘ﬁ%%@rﬂﬁ’% eri al

transfer, h&x%%oge)&: QSEOS‘% e g’u)éctrll&sb el line elements 23 constitute four sides

41b of each quadruple pyramid. The apexes 41a of the two quadruple
pyramids and the sides 41b of the two quadruple pyramids are formed by
converging and dispersion of the four line elements 23 about a converging
section 44 which is formed by binding the four line elements 23. In the
example of Fig. 4, the four line elements 23 are bound by wire 47.
Accordingly, no element corresponding to the horizontal threads in the prior
art X-packing is used at all in this unit structure 45.

By disposing, as shown in Fig. 3, a plurality of these unit structures 45
in such a manner that horizontally adjacent ones of the unit structures 45
come into contact with each other so that the adjacent one of the unit
structures 45 are in a position to form a converging section 46 of the four line
elements 23 at each apex 41c of the common bottom surface 41d of the two
quadruple pyramids constituting the basic unit 41, and forming the
converging section 46 of the four line elements 23 by binding the four line
elements 23 at each point of contact of the horizontally adjacent ones of the
unit structures 45, the packing 40 made of a three-dimensional net-like
structure is formed.

Accordingly, by using the packing 40 manufactured by the method of the
invention in a device such as a gas-liquid contact device, liquid from a
distributor flows in the direction of arrow B in Fig. 3 and, since no element

corresponding to the horizontal threads is used in the packing 40, the liquid



gases, liquids or gas and liquid, said internal structure being divided in
a plurality of chanbers or channels connected to one another and said
t'hree- di nmensional net-like structure be$ng made of a plurality of unit
structures which are arranged continuously in vertical and horizontal
directions of the three-dinensional net-like structure, each of the unit
structures being forned by convergi ng and di spersion of four line elenents,
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fastening means or by adhering the four line elements together by means of
adhesive.

The present invention can be applied not only to the column packing
used in devices such as a gas-liquid mixing device but also to manufacturing
of other three-dimensional net-like structure such as ones used for a mist
eliminator, a multi-layer filtering film and aggregate.

In one asepect of the invention, there is provided a method for
manufacturing a three-dimensional net-like structure including a mist
eliminator and a multi-layer filtering film made of a plurality of unit
structures which are arranged continuously in vertical and horizontal
directions of the three-dimensional net-like structure, each of the unit
structures being formed by converging and dispersion of three line elements,
said method comprising a step of forming a converging section of the unit
structure where the three line elements converge by binding the three line
elements together.

In another aspect of the invention, there is provided a method for
manufacturing a three-dimensional net-like structure including a mist
eliminator and a multi-layer filtering film made of a plurality of unit
structures which are arranged continuously in vertical and horizontal
directions of the three-dimensional net-like structure, each of the unit
structures being formed by converging and dispersion of three line elements,

said method comprising steps of:



said nethod conprising steps of (A) formng a unit structure with four line
el enments, said unit structure consisting.of a plurality of basic units each
of which is a conbination of two quadruppe pyram ds having a conmon bottom
surface and apexes di sposed in opposite directions, said basic units being
arranged continuously in vertical direction of the three-dinensional
net-1li ke structure with apexes of each of the basic units being in contact
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i s made, asthyee line elements at a point of contact of the apexes df the adjacent basic

units, and
(B) disposing a plurality of said unit structures in such a manner that
adjacent ones of the unit structures come into contact with each other so that
the adjacent one of the unit structures are in a position to form the converging
section of the three line elements at each apex of the common bottom surface
of the two triangular pyramids constituting the basic unit, and forming the
converging section of the three line elements by binding the three line
elements at each point of contact of the adjacent ones of the unit structures.

In another aspect of the invention, there is provided a method for
manufacturing a three-dimensional net-like structure including a mist
eliminator and a multi-layer filtering film made of a plurality of unit
structures which are arranged continuously in vertical and horizontal
directions of the three-dimensional net-like structure, each of the unit
structures being formed by converging and dispersion of four line elements,
said method comprising a step of forming a converging section of the unit
structure where the four line elements converge by binding the four line
elements together.

In another aspect of the invention, there is provided a method for
manufacturing a three-dimensional net-like structure including a mist
eliminator and a multi-layer filtering film made of a plurality of unit

structures which are arranged continuously in vertical and horizontal



shown in the partial perspective view of Fig. 4, of a plurality of basic
units 41 which are arranged continuously in vertical direction of the

thr ee- di mensi onal net-like structure w tI® apexes 41la of each basic unit 41
being in contact with the apexes of adjacent basic units 41 to constitute a
unit structure 45, each of the basic units 41 being forned by converging
and di spersion of four line elenents. As shown in Fig. 4, this basic unit
41 is a conbination of two_quadruple pyram ds having a conmon bqttom,
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line elements at a point of contact of the apexes of the adjacent basic units,
and

(B) disposing a plurality of said unmit structures in such a manner that
adjacent ones of the unit structures come into contact with each other so that
the adjacent one of the unit structures are in a position to form the converging
section of the four line elements at each apex of the common bottom surface of
the two quadruple pyramids constituting the basic unit, and forming the
converging section of the four line elements by binding the four line elements
at each point of contact of the adjacent ones of the unit structures.

In another aspect of the invention, there is provided a packing made of a
three-dimensional net-like structure which constitutes an internal structure
of a device which performs material transfer, heat exchange or mixing
between gases, liquids or gas and liquid, said internal structure being divided
in a plurality of chambers or channels connected to one another and said
three-dimensional net-like structure being made of a plurality of unit
structures which are arranged continuously in vertical and horizontal
directions of the three-dimensional net-like structure, each of the unit
structures being formed by converging and dispersion of three line elements

characterized in that a converging section of the unit structure where the



uni t. structures 45, the packing 40 nmade of a three-di nensional net-Ilike
structure is forned. Accordingly, by using the packing 40 manufactured
by the nethod of the invention in a devi such as a gas-liquid contact
devi-ce, liquid froma distributor flows in the direction of arrow B in Fig.
3 and, since no elenent corresponding to the horizontal threads is used in
t he packing 40, the liquid 8

which has fallen.upon the top of the Jpacki 0 does, n roduce, a drift
Whi ch T caluies BYE AIRPBE CHTREGdr donoshy EndiRe 2P YePh e BsPein cven
I f there ist@%%tﬁélror in installing the packing 40 in the device and,
therefore, collection and downward reditribution of the liquid at the apex

4la (i.e., conveh@anbth e8tlofithe iagentdds, ﬂﬁ%i@r&bf&dsﬁﬁﬁélﬁﬁg‘lﬁidéﬁ)f@%h
unit structure 41 are performed uniformy. he four line elenments may

be bound by thmerdinenswinad nettlike struttvrelwhichf@asttiteg aremtermal diyuetdiber i ng
the four line elenents together by neans of adhesive. The present
i nvention c&h ddlexissl mdvckhaperfornys tmpaterialc tramsferp it nerobigngei o duixings
such as a g%%ﬁvlrée%mggsersr,i :11?1 sdog'vgiacsean tqﬁaild,s gaitcﬁn er?lléj\ gtcrtulé &rggneing divided
in a plurality of chambers or channels connected to one another and said
three-dimensional net-like structure being made of a plurality of unit
structures which are arranged continuously in vertical and horizontal
directions of the three-dimensional net-like structure, each of the unit
structures being formed by converging and dispersion of three line elements,
said three-dimensional net-like structure being formed of a plurality of unit
structures each of which consists of a plurality of basic units each of which is a
combination of two triangular pyramids having a common bottom surface and
apexes disposed in opposite directions, said basic units being arranged
continuously in vertical direction of the three-dimensional net-like structure
with apexes of each of the basic units being in contact with apexes of adjacent
basic units, said plurality of unit structures being disposed in such a manner
that adjacent ones of the unit structures come into contact with each other so
that the adjacent one of the unit structures are in a position to form a
converging section of the three line elements at each apex of the common
bottom surface of the two triangular pyramids constituting the basic unit, a
converging section of the three line elements formed at a point of contact of
the apexes of the adjacent basic units and the converging section formed at a
point of contact of adjacent unit structures being respectively formed by
binding the three line elements.
In another aspect of the invention, there is provided a packing made of a

three-dimensional net-like structure which constitutes an internal structure

of a device which performs material transfer, heat exchange or mixing



of Qther three-dinensional net-like structure such as ones used for a m st
elimnator, a nulti-layer filtering filmand aggregate. I n one asepect
of the invention, there is provided a nétzhod for manuf acturi ng a

t hree-di nensional net-like structure including a mst elimnator and a
multi-layer filtering filmmade of a plurality of unit structures which are
arranged continuously in vertical and horizontal directions of the

o ned by C BrOB Pipeard b e wB i s Rl B
where the s M e Bfelion B HedRahel H Hthlds 3fheAEa By It pHBltler AL RRILT, ¢
together. ihreeld@infRidial aﬁ?ﬁﬁk& SlrubhiBe | DYRB! nPile WFChCphitaltP VofdQmhif

met hod for manufacturing ree-di nensional "net-like structure including a
m st el i m ngtrctirad whicH tarel ayeangddd teohtingotsly mnedeartiohl camd Uh@dizdntabf

unit structures which are arranged continuously in vertical and horizontal
directions direttiens mfetheli thresidomensional Irnekdiket strocture, esabh off thehaniti t
structures being forned conyergi ng and dispersion of three line

el ement s, sgﬁr&c&gpﬁ(h;?%%m%d Ry %)pggggigg:and Qispersion of four line elements

9 characterized in that a converging section of the unit structure where the four
line elements converge is formed by binding the four line elements together.
In another aspect of the invention, there is provided a packing made of a
three-dimensional net-like structure which constitutes an internal structure
of a device which performs material transfer, heat exchange or mixing
between gases, liquids or gas and liquid, said internal structure being divided
in a plurality of chambers or channels connected to one another and said
three-dimensional net-like structure being made of a plurality of unit
structures which are arranged continuously in vertical and horizontal
directions of the three-diménsional net-like structure, each of the unit
structures being formed by converging and dispersion of four line elements,
said three-dimensional net-like structure being formed of a plurality of unit
structures each of which consists of a plurality of basic units each of which is a
combination of two quadruple pyramids having a common bottom surface and
apexes disposed in opposite directions, said basic units being arranged
continuously in vertical direction of the three‘di_mensional net-like structure
with apexes of each of the basic units being in contact with apexes of adjacent
basic units, said plurality of unit structures being disposed in such a manner
that adjacent ones of the unit structures come into contact with each other so
that the adjacent one of the unit structures are in a position to form a
converging section of the four line elements at each apex of the common
bottom surface of the two quadruple pyramids constituting the basic unit, a

converging section of the four line elements formed at a point of contact of the



(A)=formng a unit structure with three line elenents, said unit structure
consisting of a plurality of basic unitf each of which is a conbination of
‘two triangular pyram ds having a conmon %ottom surface and apexes di sposed
i n-opposite directions, said basic units being arranged continuously in

vertical direction of the three-di nensional net-like structure with apexes
of each of the basic units being in contact with apexes of adjacent basic

units, and [ ty . ' I s. bej forned by

bi ndh ng- ¢ nEeAPLgE i bRl Ghied A Y Gl e PHinR Hiimect A pBiel;

adj acent bagicentait bfadjatshi @u&tﬁi&@&fd@%eﬁl@&é@@bﬂﬁaﬁq&rﬁ@d By m&ingtthect ures
I n such a manner that "adj acent ones of the unit strUctures Tone 1nto

cont act wi tfowehné elnlritsso t hat the adjacent one of the unit structures are
in a position to formthe converging section of the three |line elenments at

each apex of tHa ansthenaspect ofithainvantions thene is providddam tloterr dipyarsiornid

constituting e basic unit, .and form ng.the converging, sectjon, of fhe
three |ine HetdHetEugyre inclndmg a aish elghinates @%e?rﬂﬂ-‘él']@ﬁ’eéﬁéwrﬁt& m of
. anot
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t hr ee- di neRg) I ; | ' . ' Ly:nat a
MUl ayer o TR popiial URSCLURS of i UtoRMifioRbbhaf bEELEE RRlle %, e
arranged ceakh ot ¢hes lititi strivdt iéClsding fernied by esvvalrgitel £cd 13perdddn biithree

t hree-di nensi onal net-like structure, each of the unit structures being
formed by dinevelemiengs eharadtespzedsinothasfa éanvergingeseetienofithe unil struetired
conpri si ng g step of formng a converging section_ of the unit structure

where t he re| thecthape e elemanie cgaverge s farmed tebinding the dhegechant s

toget her. elements together.

In another aspect of the invention, there is provided a three-dimensional
net-like structure wherein the three-dimensional net-like structure is formed
of a plurality of unit structures each of which consists of a plurality of basic
units each of which is a combination of two triangular pyramids having a
common bottom surface and apexes disposed in opposite directions, said basic
units being arranged continuously in vertical direction of the three-
dimensional net-like structure with apexes of each of the basic units being in
contact with apexes of adjacent basic units, said plurality of unit structures
being disposed in such a manner that adjacent ones of the unit structures
come into contact with each other so that the adjacent one of the wunit
structures are in a position to form a converging section of the three line
elements at each apex of the common bottom surface of the two triangular
pyramids constituting the basic unit, a converging section of the three line
elements formed at a point of contact of the apexes of the adjacent basic units
and the converging section formed at a point of contact of adjacent unit
structures being respectively formed by binding the three line elements.

In another aspect of the invention, there is provided a three-dimensional

net-like structure including a mist eliminator and a multi-layer filtering film



I n anot her aspect of the invention, there is provided a nethod for

manuf acturing a three-di nensi onal net-Iiﬁf structure including a m st
élimnator and a multi-layer filtering fTtmmade of a plurality of unit
structures which are arranged continuously in vertical and horizontal

10 directions of the three-dinensional net-like structure, each of the
unit structures being formed by converging and dispersion of four |ine

I t g, :
S nrour + ahsad Bt BORMGANRY of i SARSwR whith bR Tefihdbd Biduibldusht #6.°
basi c uni t's \eaGE]ondRbSPortal direeiBhd 8t twtmemeﬁ%ﬁayab@1m¥ lspfictgrd)avi ng

a common bottom surface and apexes di sposed in opposite directions, said

basi ¢ units ehch o tly tattggeuctonéd beingsbymed byaohveRting iahdatispsrsivn offour
t hree-di mensional net-like structure with apexes of each of the basic units

being in corhm&lements clparasterifedaint thed i canwergingrsection aﬁuhaundrﬁteuq:umg

section of the fo e .el epents being forned by .ne
el enents at “g‘%?é tLﬂurc]éﬂ? #lemgnts penvoreg 48 %m@@g’yag}r&géﬁtt APt s,
and (B) dls%ésnllegts%get rallty of said unit structures in such a rranner that

In still another aspect of the invention, there is provided a three-
dimensional net-like structure wherein the three-dimensional net-like
structure being formed of a plurality of unit structures each of which consists
of a plurality of basic units each of which is a combination of two quadruple
pyramids having a common bottom surface and apexes disposed in opposite
directions, said basic units being arranged continuously in vertical direction of
the three-dimensional net-like structure with apexes of each of the basic units
being in contact with apexes of adjacent basic units, said plurality of unit
structures being disposed in such a manner that adjacent ones of the unit
structures come into contact with each other so that the adjacent one of the
unit structures are in a position to form a converging section of the four line
elements at each apex of the common bottom surface of the two quadruple
pyramids constituting the basic unit, a converging section of the four line
elements formed at a point of contact of the apexes of the adjacent basic units
and the converging section formed at a point of contact of adjacent unit

structures being respectively formed by binding the four line elements.

In the accompanying drawings,
Fig. 1 is schematic perspective view showing an example of a three-

dimensional net-like structure;
Fig. 2 is a perspective view showing a unit structure used in this

example;



adj acent ones of the unit structures cone into contact wth each other so
that the adjacent one of the unit structures are in a position to formthe
econvergi ng section of the four line el erht s at each apex of the conmon
bottom surface of the two quadruple pyram ds constituting the basic unit,
and form ng the converging section of the four line elenents by binding the
four line elenents at each point of contact of the adjacent ones of the

unit structures... . I n anot her aspect. of the j nventio there i,s ovi ded
N acki ng. mde. i3 (R SR HBRE RATRPOCIE. VPR RIWIDE: BRebhek SrreRlActh £ ut oo

an internal U [ e 8M] C ' perfornms material transfer, heat
tRbdeHsi n%%oq{al %eg g%ﬂees’ rw}ﬂ?’uf

exchange or mXi ng between qui’ds or gas and |iquid, said internal

structure being Hg.iv'udﬁdai g?ﬁpﬁbﬁ{ré‘lt}'i&% Sovrin@Nh e it OftrGHRRBE ShsadC PANGES €d to

one another and said thre i mensional net-lrke structure beling made of a
plurality okxaple;structures which are arranged continuously in vertical
and horizontal directions of the three-dinensional net-like structure, each
of the unit strJdgubAlsisbei frgnt oremsdshowiogna estaienin ambicli iperedémants aréir ee
line el ements char ct?ri zed in that a converging section of the unit

struct ure whErangegdor lorming a ymit SErYCERS: e| enents converge is forned by

binding the thr%?g.léévias glp [P 0le% of the state shown in Fig. 5A;

Fig. 6A is a front view showing a state in which line elements of a unit
structure are bound with wire;

Fig. 6B is a plan view of the state shown in Fig. 6A;

Fig. 7 is a perspective view showing wire used for binding line elements;

Fig. 8 is a perspective view showing a state in which wire is engaged
with line elements:

Fig. 9is a front view showing a step of forming a knot in the wire;

Fig. 10A is a front view showing hooked portions of line element openers
are placed about line elements;

Fig. 10B is a view taken along'arrows B-B in Fig. 104;

Fig. 11Ais a front view showing line elements in a spread apart state;

Fig. 11B is a view taken along arrows C-C in Fig. 11A;

Fig. 12 is a perspective view showing a converging section bound with a
wire; '

Fig. 13 is a perspective view showing a flat steel wire used for binding
line elements;

Fig. 14 is a perspective view showing a flat steel wire engaged with line
elements;

Fig. 15 is a plan view showing the flat steel wire enclosing line elements
being caulked with cutting pliers;

Fig. 16 is a plan view showing a step of cutting the flat steel wire with

the cutting pliers;



t oget her. I n anot her aspect of the invention, there is provided a
packi ng made of a three-di nensional net-]ike structure which constitutes an
k'nternal structure of a device which perh%rns material transfer, heat
exchange or m xi ng between gases, |liquids or gas and liquid, said internal
structure being divided in a plurality of chanbers or channels connected to
one another and said three-dinmensional net-like structure being made of a

plurality of unid, sfructures i ch.are, arranged conti.nuousl.y in vert.cal
and hori zont al cﬁlgeﬁ 15oh Pepipec etVFﬁvﬁéhBWh%&eo?Pé’lveﬁ@PglqeﬁtéX%ItbPHE JFEh each

of the unit g-peing formed by convergi ng and di spersion of three
l'ine elenenggéhégggkfhreé-dinensional net-1li ke structure being fornmed of a

plurality of U“'EigﬁiSi&éBIa%ﬁvﬁ@ﬁéhd%in@"fﬁlfé?s eREIBsIRE i elémRhty;al ity of basic
units each of which is a conbination of two triangular pyramds having a
conmon bot t om sFigaI®iscperspestive diespsinavinga fopqmsittenddioreiohiofhle phersi
basic units being arranged continuously in vertical direction of the

t hr ee- di nensi ondf1gn2Q i4 a perspective wiew showing e xesvergingsertioh kdwndwithca uni t s
being in confact wth apexes of adjacent basic units, said plurality of
unit struct $t98d Wigeidi sposed in such a manner that adjacent ones of the

uni t structuresl?comi. ntqo contact with,each other so that, .the ad'%ﬁcen one
of the unit strdéf & & PETPREC wﬁo‘gﬂviSé’ﬁv?ggPo?’oﬁ‘ivgr%Bﬁ\fgfté?rhﬁo%% PBR! of
the three '}f&?fﬁh@@ﬁ% t8hofafwitRwith; t he common bottom surface of the
two triangular pyramds constituting the basic unit, a converging section
of the three |i rmgemﬁ@atp%rg@dmd AeéwashReting a0don&ergingtsebion bensipgng of of
t he adj acent basic units and the converging section formed at a point of

contact of Zeolialine elenmmintts bonudiwitk s fladi stgelwepecti vel y formed by bi ndi ng

the three |ine el.enents. I n anot her aspect of the invention, there is
provi ded a packi g.ni%léﬁaadqer%pecnve view showing a converging section consisting of

four line elements which adhere together by means of adhesive; and
Fig. 24 is perspective view showing an example of the prior art X-

| packing.

Embodiments of the invention will now be described with reference to
the accompanying drawings.
Embodiment 1

This embodiment relates to a method for manufacturing a three-
dimensional net-like structure shown in Figs. 1 and 2 in which the unit
structure is formed by converging and dispersion of three line elements.

Line elements used in the manufacturing method of the invention may
be made of metal or plastic. There is no particular limitation in the material
used for line element and wire, twine or monofilament may be used as the line
elements. Since the line element is formed to a three-dimensional net-like
structure by alternately repeating opening and converging of the three line
elements, the material for the line element must be capable of plastic

deformation and have sufficient rigidity to maintain their shape after



t hree-di nensional net-like structure which constitutes an internal
structure of a device which perforns material transfer, heat exchange or
i Xi ng 17 12 bet ween gases,
liquids or gas and liquid, said internal structure being divided in a
plurality of chanbers or channels connected to one another and said

t hree-di nensional net-like structure being nmade of a plurality of unit
structures which are arranged continuously in vertical and horizontal
directions &WSH:-t hr ee- di nensional net-1ike structure, each of the unit

charact er i zed | HerRS SIeHERERY, b d8afY 51 L ARREI AR of RpelcPieR AL ho
four 1 ne. chapphhea 30 aEHnt Snddl PG enividh Wik, HOM Hy ARisEheTgs

t oget her. n anot her aspect I nventi on, ere i S provi

packi ng madeteel lihek breflastio itk G Preft@hiblel beRatibé liguid Qowsi £1bng Ahstdphé es an
i nternal structure of a device which perforns material transfer, heat

exchange or beiweery the tlimesnwhache sondtityte dhe owirgaw twihel dgeiitd, theacapillarer nal
structure being divided in a plurality of chanbers or, _channels connected to
one anot her aghignsand thexebydiemhasreontianster- of kehestliquadur e Inethy peasenbf a

plural ity of ymit, structures wich are Arnanded continygusty, Lh veLbise!

together to form a single steel wire and two of this steel wire are further
twisted to a single wire and this wire is used as the line element 3.
(1) Step of producing a unit structure

For producing the unit structure 25 of the three-dimensional net-like
structure shown in Figs. 1 and 2, three line elements 23 are first disposed in
parallel to one another and in contact with one another as shown in the front
view of Fig. HA and the plan view of Fig. 5B. Then, for forming converging
sections 24 of the unit structure 25, the three line elements 23 are bound
together at a predetermined interval with wires 27 as shown in the front view
of Fig. 6A and the plan view of Fig. 6B.

For binding the three line elements 23 with the wires 27, as shown in
Fig. 7, a wire 27 made of steel wire is bent in U-shape in its foremost end
portion 27a by means of a known wire tip bending machine (not shown).
Then, as shown in Fig. 8, this wire 27 is disposed in such a manner that its
bent foremost end portion 27a enclose the three line elements 23 and are
engaged with these line elements 23 and then, as shown in Fig. 9, the
foremost end portion 27a of the wire 27 and a portion of the wire 27 adjacent
to the foremost end portion 27a are held by cutting pliers 50. By turning the
cutting pliers 50 by predetermined times (e.g., three times), a knot (shown by
reference numeral 27b in Fig. 12) is formed in the wire 27. Then, the cutting
pliers 50 are withdrawn by a predetermined distance and the wire 27 and its

foremost end portion 27a are cut off with the cutting pliers 50.



directions of the three-dinensional net-like structure, each of the unit
structures being forned by convergi ng and di spersion of four line elenents,
sai d three-di nensional net-I|ike structuﬁ%sbeing formed of a plurality of
unit. structures each of which consists of a plurality of basic units each
of which is a conbination of tw quadruple pyram ds having a comon bottom
surface and apexes di sposed in opposite directions, said basic units being

et T ke ot ruct iR P e Blenient %k WRieE ek hoc, st Y RgnPiing act
et e B8 SO 7 _ "0é ‘
bei ng- i spoSadi iy 2 epme 2% the el Bterifndl BRAl DA lonEbIAA HERINET

cone into capé apteatl hfafPah eathahidile tPositidh BeBwdeiC B adftReff chbhifergihd

structures are in a position to forma converging section of the four |ine
el ement s at sedidnsapein of nidrmeroshowm ntRigsn 304 f 20B, d1Atdrel 11B. gbactuas e
pyram ds constituting the basic unit, a converging section of the four line
el enent s f ofhewndn BigpolGA asfl Whtarcepastingspreader 51 having three hooks 51a

13 apexes .of. the . adjacent basjc uni and the. canvergi.ng section fornmed
2t a poi nt  SROEATSAEPOICEA 48 SAETEA of B0 GREFER LS BRrNET iBSHeR® BERPST o ned
by binding {pg gh%tyes{)é&ﬁreeﬁ&'ﬁrglsa are engaged with respective three line elements

23 at middle positions between the respective converging sections 24. Then,

by pulling the hooks 51a in the direction of arrow A in Fig. 10B, the three line

elements 23 are spread apart at the middle positions of the converging
sections 24 as shown in Figs. 11A and 11B. Thus, when the hooks 51a have
been withdrawn, the unit structure 25 which consists of a. plurality of basic
units 22 each of which is a combination of two triangular pyramids having a
common bottom surface 22d and apexes 22a disposed in opposite directions,
the basic units 22 being arranged continuously in vertical direction, is formed.
The converging section 24 of this unit structure 25 is shown in the perspective
view of Fig. 12.
(2) Step of binding a plurality of the unit structures

A plurality of the unit structures 25 are disposed in such a manner that,
as shown in Fig. 1, horizontally adjacent ones of the unit structures 25 come
into contact with each other so that the adjacent one of the unit structures 25
are in a position to form the converging section 26 of the three line elements
28 at each apex 22c of the common bottom surface 22d of the two triangular
pyramids constituting the basic unit 22. By binding the converging section
26 of the three line elements 23 at each point of contact of the adjacent ones of
the unit structure 25 in a manner shown in Figs. 7 to 9, i.e., by binding with
wire 27, the packing 27 made of a three-dimensional net-like structure is
formed.

In the above described steps (1) and (2), forming of plural unit structures



I n gnot her aspect of the invention, there is provided a three-di nensional
net-like structure including a mst elimnpator and a nmulti-layer filtering
filmmade of a plurality of unit struct ukks which are arranged conti nuously
in vertical and horizontal directions of the three-dinensional net-like
structure, each of the unit structures being forned by convergi ng and

di spersion of three line elenents characterized in that a converging

section of e uni.t structure where the thr | i ng el erent,s converge, i s

For e by, PR BEREneh e Higse Wt ages guanope achievertyall i oRdt BE pect
of the inventi.qQn.: re,.d [ t gL nensi t- ki et ure
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of unit strggtures each of which consists of a plurality of basic units
each of which is a conbination of two triangular pyram ds having a conmon
bottom surface Anpdth@exemplesifdsiadingnthope disictedeentic2d eogpthepisdshome ¢nunits
bei ng arranged continuously in vertical direction of the three- dinensional
net-like st gt I8etovl®. h Inpiie exaipln @ls showinhia Bigsi18, flat steebwiiregb2 mn thet act

wi th apexes of agjacent basi¢ unjt said plurality of unit, structures
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pyrami ds constituting the basic unit, a converging section ee

line el enenig el iWashgaked wicth fhe dinedérhants 28. tTierdpexdnwal il Fi. ad, gkent
basic units and the converging section forned at a point of contact of

adj acent unidrestastiendpestibriig ofdhe dlatisted ywire 58dd caylktedragamgstt the thireee
line el enents. I n _anot her aspect. of the jnvention, there_is provided a
t hr ee- di rrenim@rﬁiﬁmﬁéfs 28kwitky ewiting plievi Pacand themyi ay shovwa; iafag. ﬁfhdb:a

mul ti-1ayer cxfx% Lu:[lge {hd’ 1]; étlegi wire 52 with a cutting tipe of the pliers 53, a clip ring 59

as shown in Fig. 17 is formed and the three line elements 23 are thereby
bound together. The converging section 24 of the unit structure formed in
this manner is shown in the perspective view of Fig. 17.

Another example of binding the three line elements 23 is shown in Figs.
18 t0 20. In this example, as shown in Fig, 18, pliers 54 are disposed in such
a manner that an annular portion 54a encloses the three line elements 23
with a predetermined gap 55 defined between the annular portion 54a and the
three line elements 23. The pliers 54 are made of hollow pipes and, as shown
in F1g 19, a foremost end portion 54b of the annular portion 54a is formed in
its inner side portion with an opening 54c. The pliers 54 are connected to an
adhesive supply tank (not shown) storing adhesive such as a quick setting
adhesive through a connecting hose (not shown). By supplying liquid quick
setting adhesive under pressure into the pliers 54 in Fig. 19, the liquid quick
setting adhesive flows into the gap 55 between the line elements 23 and the
annular portion 54a and the three line elements 23 adhere to one another to
form an adhered section 56 (Fig. 20) whereby binding of the three line

elements 23 is achieved. After completion of adhesion, the pliers 54 are



14 , made of a plurality of unit structures which are arranged
continuously in vertical and horizontal directions of the three-dinensional
met-1ike structure, each of the unit strétures being fornmed by converging
and -di spersion of four line elenments characterized in that a converging
section of the unit structure where the four line elenents converge is
formed by binding the four |line elenents together. In still another

aspect of the jnventiqp, there is provid hree: di mensi onal, net-|I.ike
Struct ure wHBHRTRWhe T cA0VRTERE SeFRn §gto|#thseunstt FTUETHTE WA YD thifed of

a plurality of unit structukres each of whic onsy sts of a plurality of
basic units xﬁa&gﬁer& 8 W&Hnﬁi‘eé’e&”%twst"f‘%"ﬁ ogﬁg.\r@. quadr upl e pyram ds havi ng
a comon boﬁ%ﬁﬂhﬁﬂ&&&i? and apexes di sposed in opposite directions, said
basi c units™being arranged continuously in vertical direction of the
t hr ee- di mensi ongthi§eédmbbdignsrit’ welaféL to! hhnrRaE Sfopf meatita@hiringe abghiee- uni t's
being in contact with apexes of adjacent basic units, said plurality of
uni t struct dimenbienal ndi-tike sstoudtnres d6rslwwraimdligd. lannd o} av evitichrihe wiitt he
unit structures cone into_contact with each other so that the adjacent one
of the structure is formed by converging and dispersion of four line elements:
In this embodiment also, the line element which can be used in the
Embodiment 1 can be used. In forming of the unit structure 45 and binding
of the unit structures 45 together, the same steps as described with respect to
the Embodiment 1 can be used except that four line elements 23 instead of
three line elements 23 are used and the opening spreader 51 shown in Figs. 10
and 11 has four hooks 51a instead of three. Detailed description about these
steps will therefore be omitted. For binding converging sections 44 and 46 of
the four line elements 23, the same methods employed in the Embodiment 1
can be employed.
Fig. 21 is a perspective view showing an example of a converging section
44 (46) formed by binding four line elements 23 with wire 60 in the same
manner as illustrated in Figs. 7 to 9. Fig. 22 is a perspective view showing
an example of a converging section 44 (46) formed by binding the four line
elements 23 with a clip ring 62 in the same manner as illustrated in Figs. 13
to 16. Fig. 23 is a perspective view showing an example of a converging
section 44 (46) formed by forming an adhered section 64 with quick setting
adhesive in the same manner as illustrated in Figs. 18 and 19.
In the same manner as in Embodiment 1, forming of plural unit
structures 45 and binding of these unit structures 45 can be achieved all at

once by arranging and operating a plurality of cutting pliers 50 and opening

spreader 51.



unit, structures are in a position to forma convergi ng section of the four
line el ements at each apex of the connDQ%Pottonlsurface of the two
guadrupl e pyrami ds constituting the basi<* unit, a converging section of the
four. line elements fornmed at a point of contact of the apexes of the

adj acent basic units and the converging section fornmed at a point of
contact of adjacent unit structures being respectively formed by binding

the four line el enents. Brief Description of the Draw ngs In the
acconpanyi ng draw ngs, Fig. 1 is schematic perspective view showi ng an
exanpl e of a three- dinensional net-like structure; Fig. 2is a

perspective view showing a unit structure used in this— ;

15 Fig. 3 is a schematic perspective view show ther exanpl e
of a three-dinensional net-like structure; Fi g. Znﬂmﬁm«'mfﬂ ',”me
view showing a unit structure used in this ey e

What is claimed is:

1. A method for manufacturing a packing made of a three-dimensional net-like
structure which constitutes an internal structure of a device which performs
material transfer, heat exchange or mixing between gases, liquids or gas and
liquid, said internal structure being divided in a plurality of chambers or
channels connected to one another and said three-dimensional net-like
structure being made of a plurality of unit structures which are arranged
continuously in vertical and horizontal directions of the three-dimensional
net-like structure, each of the unit structures being formed by converging and
dispersion of three line elements, said method comprising a step of forming a
converging section of the unit structure where the three line elements

converge by binding the three line elements together.

2. A method for manufacturing a packing made of a three-dimensional net-
like structure which constitutes an internal structure of a device which
performs material transfer, heat exchange or mixing between gases, liquids or
gas and liquid, said internal structure being divided in a plurality of chambers
or channels connected to one another and said three-dimensional net-like
structure being made of a plurality of unit structures which are arranged
continuously in vertical and horizontal directions of the three-dimensional
net-like structure, each of the unit structures being formed by converging and
dispersion of three line elements, said method comprising steps of:

(A) forming a unit structure with three line elements, said unit structure

consisting of a plurality of basic units each of which is a combination of two



exanpl e; Fig. 5Ais a front view showing a state imwhteh-Hne

el ements are arranged for formng a unit structure; a plan
vi ew of the state shown in Fig. 5A 2%ig. 6Ais a fr E m}}ﬂmﬁ
state in which line elements of a unit structure are boun
Fig. 6Bis a plan view of the state shown in Fig. 6A Fig. 7is a
perspective view showng wire used for binding |line elenents; Fig. 8
is a perspective view showing a state in which wire is engaged with line
el ements: triangulgr pramids hawmg & cemmsindvattom susfaep anfl dpexes dispasédiot i n
the wire; Fig. . 10Ais a_front view show ng hooked portions of |i ne
el enent ope ﬁﬁpgsf@ﬁ divertaensy sqid basic weite beis arranged coptiguously msv
t aken al ong jarr . 10A; 11A is..a front
e el erendBerHoR 5 oE e ok dmenciopel nct ke Semritg e avei off évp?i'ﬂ*?a ong
arrows G Cj, th M¥ine in Shfhct 17ith afeR! SPIGiAE: DAY AN

oun

conver gi ng secltlon 'S a perspec |ve Vi ew
showi ng a fkahverbfif} s¥dtich b %He ftﬁi'eé) h&i@' élezﬂeh&e b@iwmv‘ed by binfirg tHét is a
perspective view showing a flat steel wire engaged with |line elenents;

Fig. 15 is thydealiny ielsmeritevatng polst &f edntatteef the apexesadfadiengdjhéorst IRdsdrent s
being caul ked with cutting pliers; Fig. 16 is a plan view show ng a
step of cutunig and flat steel wire with the cutting pliers;

(B) disposing a plurality of said unit structures in such a manner that
adjacent ones of the unit structures come into contact with each other so that
the adjacent one of the unit structures are in a position to form the converging
section of the three line elements at each apex of the common bottom surface
of the two triangular pyramids constituting the basic unit, and forming the
converging section of the three line elements by binding the three line

elements at each point of contact of the adjacent ones of the unit structures.

3. A method for manufacturing a packing made of a three-dimensional net-like
structure as defined in claim 2 wherein the converging section of the three line

elements is formed by binding the three line elements by means of wire.

4, A method for manufacturing a packing made of a three-dimensional net-like
structure as defined in claim 2 wherein the converging section of the three line

elements is formed by binding the three line elements by means of a clip.

5. A method for manufacturing a packing made of a three-dimensional net-like
structure as defined in claim 2 wherein the converging section of the three line
elements is formed by adhering together of the three line elements by means

of an adhesive.

6. A method for manufacturing a packing made of a three-dimensional net-like
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f orenost end po

Fig—17 is a perspective view show ng the convergi ng section

bound with the flat W-N Fig3 18 is a plan view show ng pl
-encl osing |ine ei ﬂ m Ei I'umljjuﬂg 19 is%a perspective view showi ng a
r :

«CI'S; Fig. 20 is a perspective view

showi ng a converging section bound with a flat steel wire; Fig. 2
a perspective view show ng a convergi ng section consisting of four lin
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adhesi ve; ai¢hid, said iSkerR4l bEruRRiePBsihkVdividedWrs aoplurglin ofchamilrersfort he
prior art X-"packing. Descri ption of gPr eferred E%lbodi ﬁr?nents

channels connected to one another and said three-dimensional net-like
structure being made of a plurality of unit structures which are arranged
continuously in vertical and horizontal directions of the three-dimensional
net-like structure, each of the unit structures being formed by converging and
dispersion of four line elements, said method comprising a step of forming a
converging section of the unit structure where the four line elements converge

by binding the four line elements together.

7. A method for manufacturing a packing made of a three-dimensional net-
like structure which constitutes an internal structure of a device which
performs material transfer, heat exchange or mixing between gases, liquids or
gas and liquid, said internal structure being divided in a plurality of chambers
or channels connected to one another and said three-dimensional net-like
structure being made of a plurality of unit structures which are arranged
continuously in vertical and horizontal directions of the three-dimensional
net-like structure, each of the unit structures being formed by converging and
dispersion of four line elements, said method comprising steps of:

(A) forming a unit structure with four line elements, said unit structure
consisting of a plurality of basic units each of which is a combination of two
quadruple pyramids having a common bottom surface and apexes disposed in
opposite directions, said basic units being arranged continuously in vertical
direction of the three-dimensional net-like structure with apexes of each of the
basic units being in contact with apexes of adjacent basic units, and a
converging section of the four line elements being formed by binding the four
line elements at a point of contact of the apexes of the adjacent basic units,

and



Enbodi ments of the invention will now be described with +eference to the

acconpanyi ng draw ngs. Enbodi nent 1 This enbodinent relates to a

ret hod for manufacturing a three- dimens2énal net-like sgmg'w"“m:ﬂm,”'
Figs. 1 and 2 in which the unit structure is fornmed by c "
di spersion of three |line elenents. Line el enents used in the

manuf acturing nmethod of the invention may be nade of netal or plastic.
There is no artlcular I|n1tat|on in the material used for |ine el enent and
wire, twine( § ampluralily pe saife@nak stristuyeseln sughng smagnae dhahe

i nensi onal, net ke .str

Al tor nat el y SCiAREHE F)ﬁgg B Hﬁﬁaﬁﬁﬁlgswe@awtsm%t ShrLaatt pihed bt s
e rat er aliul glidch LhOoe ALSTER oo lkLed S £ A0AN 2180 Bl B3] s IBLOLIEIA O

and have su Nt rigi mai nt ai n elr <K ape a

17 t W st igB&ion of theTfﬁﬁr h‘n@%l@xh@ﬁﬁrﬁt éﬂﬂ‘l xrﬂi@ﬁe eomendPhGttoth B RHce ¥F 2
single piece of wire but a line element nade of wire or twne which is made
by tw sti ngthéitwes gaatiriple epyramids avnistithiing she shgwie fuatigbhed Hormirse the qui d

flows along the space
converging section of the four line elements by binding the four line elements

-

at each point of contact of the adjacent ones of the unit structures.

8. A method for manufacturing a packing made of a three-dimensional net-like
structure as defined in claim 7 wherein the converging section of the four line

elements is formed by binding the four line elements by means of wire.

9. A method for manufacturing a packing made of a three-dimensional net-like
structure as defined in claim 7 wherein the converging section of the four line

elements is formed by binding the four line elements by means of a clip.

10. A method for manufacturing a packing made of a three-dimensional net-
like structure as defined in claim 7 wherein the converging section of the four
line elements is formed by adhering together of the four line elements by

means of an adhesive.

11. A method for manufacturing a three-dimensional net-like structure
including a mist eliminator and a multi-layer filtering film made of a plurality
of unit structures which are arranged continuously in vertical and horizontal
directions of the three-dimensional net-like structure, each of the unit
structures being formed by converging and dispersion of three line elements,
said method comprising a step of forming a converging section of the unit
structure where the three line elements converge by binding the three line

elements together.



between the |lines which constitute the wire or twine due to the capillary
action and thereby enhanc fer of t liquid. In the present
enmbodi nent, Seven steel |ines,each havi a dianeter of 0.1lmmare tw sted

t oget her to f a n‘mﬂuwﬁmﬂ'ﬂﬁl wire and two of this steel wire are further
twisted to a M ®his wire is used as the line element 3. (1)
Step of producing‘a tnit stricture For producing the unit structure 25

of the three-dinmensional net-like structure shown in Figs. 1 and 2, three
line elements 23 are first disposed in parallel to one another and in

contact W tho0ng pehAET fASEANLbLAAENS CAARtAMIEWAL FLoiRE aatlcdie P! an

vi ew of Fig. f'or Tormng convergi ng sections he unit

structure 2pclulifhg st limenflod BRASAd d8Pertilédring GUatMade 8f a plurality
predetermned interval with wires 27 as shown in the front view of Fig. 6A

and t he pl anfunéstriicttirgs wiiich are arfargelicodtingotiély inhreeticali aved hbriwemtad 23
with the wires 27, as showmn in Fig. 7, a wire 27 made of steel wire is bent

in U shape idirections opfe ¥het thued-dimensisnab metpjkerssdractare, aeacio ! he eanitp
bendi ng machi ne (not, sho X en, as shown .i Fig. 8, his,.wire 27 js
oo Sl R fokied BF onfSreing SPd:Hurertion i Amre fine Hedaaits e
the th | | dwith th | i | ts 23 and
e ree IS%%&@%&%?%@%"gﬁgﬁngage W ese Il ne el enents an

t hen, as shown enbst end portion 27a of the wire 27 and a

portion of (AP fmme?d ARitaaeRtture wHR theee Mt cRMLMST sdiduritastph&ube! d by
cutting pliers 50. By turning the cutting pliers 50 by predeterm ned tines

(e.g., threeohsisting ofa khurhlity bdbasioyntitys eachnefewhivkeised cémbinatidn of tw@) is
formed in the wire 27. Then, the cutting pliers 50 are withdrawn by _a
pr edet er mi nériaggularmyeamids hawing a cormambotiten susfasamnd apexepdisnosed #¥a are

cut off with the, cytti liers 50. . . . , .
! WI opposeite 'é}xelctqgng sla?d %as?c units being arranged continuously in vertical

direction of the three-dimensional net-like structure with apexes of egch of the
basic units being in contact with apexes of adjacent basic units, and a
converging section of the three line elements being formed by binding the
three line elements at a point of contact of the apexes of the adjacent basic
units, and

(B) disposing a plurality of said unit structures in such a manner that
adjacent ones of the unit structures come into contact with each other so that
the adjacent one of the unit structures are in a position to form the converging
section of the three line elements at each apex of the common bottom surface
of the two triangular pyramids constituting the basic unit, and forming the
converging section of the three line elements by binding the three line

elements at each point of contact of the adjacent ones of the unit structures.
13. A method for manufacturing a three-dimensional net-like structure as
defined in claim 12 wherein the converging section of the three line elements

is formed by binding the three line elements by means of wire.

14. A method for manufacturing a three-dimensional net-like structure as
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conver gi ng

sections 24 forned at the predeterm ned int in_ the
l'ongitudinal direction are spread apart 28 each ni ddl eT 'ﬂu j ' m’m

adj acent convergi ng sections 24 in a manner shown in Fi 3" ' s
r °51°

and 11B. Fi
havi ng thre

di sposed in syc

respective
respective
direction o

apart at the mddle positions of the converging sections 24 as shown in

Then, the three line elenments 23 whi ch have-been hound at

h
e

rst, as shown in Figs. 10A and 10B, an openi ng sprea

t he
A

e hooks 51a which are disposed at an interval of 180 degrees is

h.a
dghped in glaim erenthy copvgnging sestion of Ehe, Ehxgedipg plements

nner _t hat thﬁlﬁrespect.i ve hqoks _5la are engaged with

R P e A 2

Figs. 11A and 11B. Thus, when the hooks 5la have been withdrawn, the unit
structure 235MA edethed o triafhfaat@hing & thiectdimEmichal Mdtslile sharbuef ayhi ch

ation of two triangular pyram ds having a comon bottom surface

s a conbin
22d and ape
bei ng arran
conver gi ng

vi ew of Fi g'adii%éivgz) Step of binding a plurality of the unit structures

xefingd an ¢laipn 32 avherenptios carvedgingsectios of the thweeilnaeleten2®
ged continuously in vertical direction, is formed. The

dedermaed by adhemng togethex of the ihzeedineselements ihy meanseofspect i ve

16. A method for manufacturing a three-dimensional net-like structure
including a mist eliminator and a multi-layer filtering film made of a plurality
of unit structures which are arranged continuously in vertical and horizontal
directions of the three-dimensional net-like structure, each of the umt
structures being formed by converging and dispersion of four line elements,
said method comprising a step of forming a converging section of the unit
structure where the four line elements converge by binding the four line

elements together.

17. A method for manufacturing a three-dimensional net-like structure
including a mist eliminator and a multi-layer filtering film made of a plurality
of unit structures which are arranged continuously in vertical and horizontal
directions of the three-dimensional net-like structure, each of the unit
structures being formed by converging and dispersion of four line elements,
said method comprising steps of:

(A) forming a unit structure with four line elements, said unit structure
consisting of a plurality of basic units each of which is a combination of two
quadruple pyramids having a common bottom surface and apexes disposed in
opposite directions, said basic units being arranged continuocusly in vertical
direction of the three-dimensional net-like structure with apexes of each of the

basic units being in contact with apexes of adjacent basic units, and a



A plurality of —the—unit—structures 25 are di sposed in such a manner that,

as shown in Fi 9.y _' adj acent_ones of the unit structures 25
come into conta Jﬂmmm‘mm?g)émr so tha7 the adj acent one of the unit
structures 25 are im aLp s to formthe converging section 26 of the
three line elements 23 at each apex 22c of the common bottom surface 22d of
the two triangular pyram ds constituting the basic unit 22. By binding the

converging section 26 of the three line elenents 23 at_each point o

contact of CARVergIngeacti08 RILhgoppling Jomanta haing frmpd ﬁ@m@%@eé{aw in
Figs. 7 to I 4., i ndi.n ith wr 7. . the Ki ng. 27 de of .a
hree- di mendsrEfmealY af pdbf ol phmal} oF 1B pue® S°E AdafdatBite Wile i peq
steps (1) agﬁ (2), formng of plural unit structures

19 25 an ginding of these unit structures 25 can be achieved all at

once by arr Bpidigporivty ePl@idlitg 6f Bhidr ahif ¥tivlcterdbt i @ueh i £raahfeBnbat
openi ng spreader 51. Anot her exanple of binding three line elenents 23

t oget her i sadjawent onedofithe Wit tstrucfuresrcontd mte xambalct withs eadioother soFhat 13,

flat steel wire 52 in the formof a flat sheet is bent in U-shape inits

f or enost e ngh@ adiaicent oxpeyof thej wnit structures are in a position to form the converging
section of the four line elements at each apex of the common bottom surface of
the two quadruple pyramids constituting the basic unit, and forming the
converging section of the four line elements by binding the four line elements

at each point of contact of the adjacent ones of the unit structures.

18. A method for manufacturing a three-dimensional net-like structure as
defined in claim 17 wherein the converging section of the four line elements is

formed by binding the four line elements by means of wire.

19. A method for manufacturing a three-dimensional net-like structure as
defined in claim 17 wherein the converging section of the four line elements is

formed by binding the four line elements by means of a clip.

20. A method for manufacturing a three-dimensional net-like structure as
defined in claim 17 wherein the converging section of the four line elements is
formed by adhering together of the four line elements by means of an

adhesive,

21. A packing made of a three-dimensional net-like structure which
constitutes an internal structure of a device which performs material transfer,
heat exchange or mixing between gases, liquids or gas and liquid, said
internal structure being divided in a plurality of chambers or channels

connected to one another and said three-dimensional net-like structure being



flat, steel wire 52 is disposed, as shown in Fig. 14, in such a manner that
its bent forenpst end portion 52a substantlally encloses the three line
el enents 23 and the |'ine2&l enents 23. Then, as shown in
Fig- 15, the fof umﬁﬂm umr[ﬂm)n 52a of the flat steel wire 52 is caul ked
against the three |¢ne elwerents 23 with cutting pliers 53 and then, as
shown in Fig. 16, by cutting the flat steel wire 52 with a cutting tipe of

| 1'ne el onontiadss of acBviralfin 3 sih dUiisereR eV bbb e BRANEGArgGRBIBy 38 of
h . . . . .

of Flg 17, "R AR H??%@%?*ﬁ‘%ﬁ€h@f§€%ﬁ@°yﬁf AEPLRE Rt Ees'

shown in Fi@ggech $§tﬁé)u1¥ﬂ stidbtitsDef S fBthid KP e g’hﬁ' Bispdri oxPJ)f ﬁﬁ*ée 54

are disposed in such a manner that an annular n 54a enc oses the

three |ine gnerslementsSchvrabteridedaaeihat @ cme}eg,ﬁngﬁactd&i bfitltk haitveenctube
annul ar portion 54a and the three line elements 23. The pliers 54 are nade

of hol | ow piwlegedhd, thase dimevelemenks gonvedge ds formeerbdy indiqppthe chregdinef t he
annul ar portjon 54a is_fornmed in its inner side portion with an opening
54c. The pl ﬁb@erst& tagetheBnnect ed to an adhesive supply tank (not shown)
storing adhesive such as a quick setting adhesive through a connecting hose
(not shown). By supplying liquid quick setting adhesive under pressure into

the pliers A Pafkink? mhde of W thrdtldiheRGibhh hAARES! ffulthVS winlip the

gap 55 betmeen th 23 and e annu portion 54a an

three |ine ebrstitiites 28 ivdRRAEstrActuRe obadehiRe viltch performs aniRiRd tEAHéON 56
(Fig. 20) whereby binding of the three line el enents 23 is achieved. After
conpl eti on bkatdixebange drhmigingebstwebemrgases, liquids or gas and liquid, said

internal structure being divided in a plurality of chambers or channels
connected to one another and said three-dimensional net-like structure being
made of a plurality of unit structures which are arranged continuously in
vertical and horizontal directions of the three-dimensional net-like structure,
each of the unit structures being formed by converging and dispersion of three
line elements, said three-dimensional net-like structure being formed of a
plurality of unit structures each of which consists of a plurality of basic units
each of which is a combination of two triangular pyramids having a common
bottom surface and apexes disposed in opposite directions, said basic units
being arranged continuously in vertical direction of the three-dimensional
net-like structure with apexes of each of the basic units being in contact with
apexes of adjacent basic units, said plurality of unit structures being disposed
in such a manner that adjacent ones of the unit structures come into contact
with each other so that the adjacent one of the unit structures are in a position
to form a converging section of the three line elements at each apex of the
common bottom surface of the two triangular pyramids constituting the basic
unit, a converging section of the three line elements formed at a point of
contact of the apexes of the adjacent basic units and the converging section

formed at a point of contact of adjacent unit structures being respectively



20, wthdrawn. The converging section 24 of the unit structure made in
this manner is shown in the perspective view of Fig.720. Enbodi nent 2

-Thi s embodi ment relates to a method foré%hanufact uri ng | - E“ Hmonal
net-1i ke structure 40 shown in Figs. 3 and 4 in whi Ch”mmlmnﬂ“l Im reis
formed by converging and di spersion of four line eleneatst t " |A this
enbodi nent al so, the |line elenment which can be used in the Enbodi nent 1 can
be used. I fory ng.of th it .structure 45 and bi nding of the unit
structur es?%ﬁn‘?‘gié’égméi‘flgttﬁﬁggﬁeﬁeh%et gleé’gs'descri bed with respect to the
Enbodi ment 1 can be used except that four line elenments 23 instead of three
line el ements 23 are used and the opening spreader 51 shown in Figs. 10 and
11 has foupghookspadienghsif£Rd off at FhRR-diBRimidmI H65Eké PétrabL@BOWhishese
steps will therefore be omtted. For binding converging sections 44 and 46
of the foucohstimted ambmiesn2B3strudtars afie doeich odsicle ppifoymd mateirind tEmsfel nent 1

can be enpl oyed. Fig. 21 is a perspective view show ng an exanple of a
conver gi ngheattaxghange (remiximgbetweebigagenglieds o1 gases widpsayd t h

TS NS I G- TEON - L
by bi ndi ng g{ng&gec}%&'h é@&%@{ﬁépﬁfseﬁﬁ b dfnELdiBndl AY-196 Sidubllife TRER; MRNNET

as illustr
made of a plurality of unit structures which are arranged continuously in

vertical and horizontal directions of the three-dimensional net-like structure,
each of the unit structures being formed by converging and dispersion of four
line elements characterized in that a converging section of the unit structure
where the four line elements converge is formed by binding the four line

elements together.

24. A packing made of a three-dimensional net-like structure which
constitutes an internal structure of a device which performs material transfer,
heat exchange or mixing between gases, liquids or gas and liquid, said
internal structure being divided in a plurality of chambers or channels
connected to one another and said three-dimensional net-like structure being
made of a plurality of unit structures which are arranged continuously in
vertical and horizontal directions of the three-dimensional net-like structure,
each of the unit structures being formed by converging and dispersion of four
line elements, said three-dimensional net-like structure being formed of a
plurality of unit structures each of which consists of a plurality of basic units
each of which is a combination of two quadruple pyramids having a common
bottom surface and apexes disposed in opposite directions, said basic units
being arranged continuously in vertical direction of the three-dimensional
net-like structure with apexes of each of the basic units being in contact with

apexes of adjacent basic units, said plurality of unit structures being disposed



to 16. Fig. 23 _' a ers ective view showi ng an exanple of a conver gi ng
section 44 (46}

ﬂjl mnﬂu,ng an adhered section 64 with quick setting
adhesi ve in thet il lustraB@d in Figs. 18 and 19. In the

same nmanner as |n Embodi et 1, forming of plural unit structures 45 and
bi ndi ng of these unit structures 45 can be achieved all at once by
arrangi ng and operating a plurality of cutting pliers 50 and openi ng

spreader 51. 21 What is
cl ai med i s- 10 such a manner that adjacent ones of the unit structures come into contact

with each other so that the adjacent one of the unit structures are in a position
to form a converging section of the four line elements at each apex of the
common bottom surface of the two quadruple pyramids constituting the basic
unit, a converging section of the four line elements formed at a point of contact
of the apexes of the adjacent basic units and the converging section formed at
a point of contact of adjacent unit structures being respectively formed by

binding the four line elements.

25. A three-dimensional net-like structure including a mist eliminator and a
multi-layer filtering film made of a plurality of unit structures which are
arranged continuously in vertical and horizontal directions of the three-
dimensional net-like structure, each of the unit structures being formed by
converging and dispersion of three line elements characterized in that a
converging section of the unit structure where the three Line elements

converge is formed by binding the three line elements together.

26. A three-dimensional net-like structure as defined in claim 25 wherein said
three-dimensional net-like structure is formed of a plurality of unit structures
each of which consists of a plurality of basic units each of which is a
combination of two triangular pyramids having a common bottom surface and
apexes disposed in opposite directions, said basic units being arranged
continuously in vertical direction of the three-dimensional net-like structure
with apexes of each of the basic units being in contact with apexes of adjacent
basic units, said plurality of unit structures being disposed in such a manner
that adjacent ones of the unit structures come into contact with each other so
that the adjacent one of the unit structures are in a position to form a
converging section of the three line elements at each apex of the common

bottom surface of the two triangular pyramids constituting the basic unit, a



1. A nethod for manufacturing a packing nmade of a three- | onal
net=li ke structure which constitutes an internal struct device
-which perforns material transfer, heat @kchange or mi Xi mm’l WH"
| iquids or gas and liquid, said internal structure being I
plurality of chanbers or channels connected to one another and said® "
t hree-di nensional net-like structure being nmade of a plurality of unit
structures which _are arranged contlnuou Iy in vertical and h%rlzontal

d|t r ec% i ons f@ﬂ"@fﬁng gpetion p thrpg i %? ets formed @t peintiptgonfagt ofy; ¢
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three line-‘e cturihg a pac

made of a tmﬁgﬁrgjﬂmé@mbe[@hendsl ke structure which constltut es an
i nternal structure of a device which perforns material transfer, heat
exchange or m xi ng between gases, liquids or gas and liquid, said internal

structure being divided in a EI urality of chanbers or channel s connected to

olne alnot her%7an$ﬂme§ dimeseiogiakbatiiba s rwéurqml@dgngacmtﬁt@hﬁmﬁgo aof a
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line el eme rrsing steps o
structure risiira® de't‘lﬁ(eeét‘%ﬁ@tﬁfré o8 ©f YR tunt SHaEHISs cuemg $oivied B a
plurality o asic units each of which is a combination of

converging and d1spers1on of four line elements charactenzed in that a
converging section of the unit structure where the four line elements converge

is formed by binding the four line elements together.

28. A three-dimensional net-like structure as defined in claim 27 wherein
said three-dimensional net-like structure being formed of a plurality of unit
structures each of which consists of a plurality of basic units each of which is a
combination of two quadruple pyramids having a common bottom surface and
apexes disposed in opposite directions, said basic units being arranged
continuously in vertical direction of the three-dimensional net-like structure
with apexes of each of the basic units being in contact with apexes of adjacent
basic units, said plurality of unit structures being disposed in such a manner
that adjacent ones of the unit structures come into contact with each other so
that the adjacent one of the unit structures are in a position to form a
converging section of the four line elements at each apex of the common
bottom surface of the two quadruple pyramids constituting the basic unit, a
converging section of the four line elements formed at a point of contact of the
apexes of the adjacent basic units and the converging section formed at a point
of contact of adjacent unit structures being respectively formed by binding the

four line elements.



22 triangul ar pyram ds having a comon bottom surface and apexes

di sposed in opposite directions, said basic units being arranged
continuously in vertical direction of the three-dinensional net-1like
structure with apexes of each of the basic units being in contact with
apexes of adjacent basic units, and a converging section of the three line
el ements being fornmed by binding the three Iine elenents at a point of
contact of the apexes of the adjacent basic units, and (B) disposing a
plurality of said unit structures in sucB2a manner that adjacent ones of
the unit structures conme into contact with each other so that the adjacent
one of the unit structures are in a position to formthe convergi ng section
of the three line elenents at each apexygf,dihe common bottom surface of the
two triangular pyram ds constituting t icunit, and formng the
converging section of the three Iine elenents by binding the three Iine

el enents at each p0|nt of contact of the adjacent ones of the uni t

converging section of the three line elenents is formed by binding the
three line el emeQtgeiyd ToARRmAfackirE a packing made of a three-dimensional net-like

structure which constitutes an internal structure of device which performs material
transfer, heat exchange or mixing between gases, liquids or gas and liquid, the internal
structure being divided in a plurality of chambers or channels connected to one another
is provided. The three-dimensional net-like structure is made of a plurality of unit
structures (22) which are arranged continuously in vertical and horizontal directions of
the three-dimensional net-like structure, Each of the unit structures (22) is formed by
converging and dispersion of three or four line elements (23). The method comprises
a step of forming a converging section (24) of the unit structure (22) where the three or
four line elements (23) converge by binding the three or four line elements (23)

together.

[Figure 2]



4. A nethod for manufacturing a packing nade of a three-di nensional
netslike structure as defined in claim2 wherein the convergi ng section of
the three line elenents is formed by binding the three Iine el enments by
meafis-of a clip. 5. A nethod for manufacturing a packing nmade of a

t hree-di nensi onal net-like structure as defined in claim2 wherein the
convergi ng section of the three |line elﬁggnts I's formed by adheri ng
together of the three line el enents by ans of an adhesi ve. 6. A nethod
for manufacturing a packing nade of a three-dinensional net-1like

structure mhlch cggstltutes an inter strﬁg %kg of a device which
perforns ®rial 40r ansidy X ng between gases, |iquids
or gas and N quj d, \sa d \nt rn%f’ thucturg bejng diviBédd in a plurality of

chanmbers or \\ )(/
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chapnel s connected to one another and said three-di mensional net-1like
structure being nmade of a plurality of unit structures which are arranged
continuously in vertical and horizontal dir.ections of the three-dinmensional
netslike structure, each of the unit structures being formed by converging
and di spersion of four line elenments, said nethod conprising a step of
formng a converging section of the unjit_structure where the four line

el enents converge by binding the four £/ el enents t oget her. 7. A net hod
for manufacturing a pqﬁfing made o ? t hree-di nensi onal net- |ike structure
whi ch constitutes an imfternal strugiyyjg/ of a device which perforns materi al

transfer, heat exchange or (g L
said internal structure being d|vi?§:

channel s connected to one another;j?ﬂ

structure being nmadé2af a pl urality/df
continuously in vertigET’ahﬂxﬂori pnt i
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and di spersion of four line ele;;
formng a unit structure with fg

ot/ gen ga =27 | i quids or gas and |iquid,
,&i a plurality of chanbers or

\Sai_d _thrge- di mensi onal net-1ike

nit structures which are arranged

oirectiogg of the three-dinensional
ciure Png formed by converging

i\y method conprising steps of. (A

gMendsq said unit structure

t S gj\h'of which is a conbi nati on of
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and 24 (B) disposing a
plurality of said unit structures in such a manner that adjacent ones of
the unit structures conme into contact with each other so that the adjacent
one; of the unit structures are in a position to formthe convergi ng section
of the four line elements at each apex of the common bottom surface of the
two quadrupl e pyram ds constituting thg Qgsic unit, and formng the '
convergi ng section of the four lin e% Aents by binding the four |ine

el ements at each @6i n4%f com act e adj acent ones of the unit
structures. 498. A\metRod for| manu actfuri ng a packi ng nmade of a

t hr ee- di nensi qnal net-1i\ke stjruct uke defined in claim7 wherein the
conver gi ng secti onyo he\ fyo i ngyelenments is formed by binding the four
line elenments b Rany of \ire. 94 ‘A net hod for manufacturing a packing
made of a three-diff tructure agugefined inclaim?7
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el ements is formed by binding the four line elenents by nmeans of a clip.
10. "A nmethod for manufacturing a packing made of a three-dinensional net-
| i ke structure as defined in claim7 wherein the converging section of the
four line elements is forned by adhering together of the four |line elenents
by means of an adhesive. 11. A nmethod for manufacturing a
t hree-di nensi onal net-like structure igzigding a mst elimnator and a
multi-layer filtering filmmade of a p lity of unit structures which are
arranged continuouslﬁ4in verti caly\&np orizoqh%L directions of the

' the

t hr ee- di nensi onal net-kj ke struct §t{g//each o unit structures being
formed by converging and di rs@;k g—1hree line elenents, said nethod

conprising a step of formng a czﬁm~fa'ng section of the unit structure
where the three line eleqfﬂgs cony X DY b1 1 ng the three Iine elenents

t oget her. ‘///__//41
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"12. A nethod for manufacturing a three-dinensional net-like structure
incfuding a mst elimnator and a nulti-layer filtering film made of a
plurality of unit structures which are arranged continuously in verti cal
and_horizontal directions of the three-dinensional net-like structure, each
of the unit structures being forned by converging and di spersion of three
line elenments, said nmethod conprising steps of: (A formng a unit
structure with three line el ements, saPfdlanit structure consisting of a
plurality of basic units each of which is a conbination of two triangular
pyram ds having a conmon bottom surface and apexes di sposed in opposite
directions, said basic units being arranged continuously in verti cal
direction of the three-dinensional net-like structure with apexes of each
of the basic units being in contact with apexes of adjacent basic units,
and a converging section of the three line elenents being fornmed by binding
the three line elenents at a point of contact of the apexes of the adjacent
basic units, and (B) disposing a plurality of said unit structures in such
a manner that adjacent ones of the unit structures conme into contact with
each other .so that the adjacent of the unit structures are in a
position to formthe converging fion of the three line elenents at each
apex of the common bottom surfaceyRf the two triangular pyram ds
constituting the basic {t._and \;ﬁkgg‘ihe convergi ng section of the
three line el enments by bfnhding hr ee~-igge el enents at each point of
contact of the adjacent ones of |} unit structures.
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“13. A nethod for manufacturing a three-dimensional net-like structure as
defined in claim 12 wherein the converging section of the three |ine

el enent’'s is formed by binding the three Iine elenments by nmeans of wre.
14. A method for manufacturing a three-dinmensional net-like structure as
defined in claim12 wherein the converging section of the three line
elenments is fornmed by binding the four |ipe elenents by neans of a clip.
15. A nmethod for manufacturing a three§éh nsional net-1like structure as
defined in claim212 wherein the converging section of the three line

el ements is fornmed by adhering together of the three Iine elenents by neans
of an adhesi ve. 16. A nethod for manufacturing a three-dinensional
net-1like structure :
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including a mst elimnator and a nulti-layer filtering film made of a
plurality of unit structures which are arranged continuously in vertical
and hor.i zontal directions of the three-dinensional net-like structure, each
of {he unit structures being forned by converging and di spersion of four
line elements, said nmethod conprising a step of form ng a converging
section of the unit structure where the four line el enents converge by

bi nding the four line elenents to ?the7(15 17. A method for manufacturing a
t hree-di nensional net-like structufe including a mst elimnator and a

mul ti-layer filtering film made of J ity of unit structures which are
arranged continuously in vertical

frori zontal directions of the
t hree-di nensi onal net-1like str e, each of the unit structures being

Sion of four line elenents, said method
ynit structure EQEC%f ur line elenments,
a plurality of +8énits each of which
and apexes di sposed in opposite directions, said basic units being arranged
continuously in verticx¢7éﬁrection of the three-dinensional net-like

O .

structure with apexes each of the basic units being in contact with
apexes of adjacent basic units, and a

conprising steps of (A
said unit structure cons
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converging section of the four line elenents being forned by binding the
four line elenents at a point of contact of the apexes of the adjacent
basic units, and (B) disposing a plurality of said unit structures in such
a manner that adjacent ones of the unit structures come into contact with
each other so that the adjacent one of the unit structures are in a
position to formthe converging sectiog,pf the four line elenents at each
apex of the conmon bottom surface of the two quadrupl e pyram ds
constituting the basic unit, and form ng the converging section of the four
line el enments by bindi 8§ ttre _four |ing nts at each point of contact of
the adjacent ones of bh nit A J . 18. A nethod for manufacturing
a t hree-di nensi onal net?rﬁke\al'v Wre as defined in claim17 wherein the
convergi ng section of the four \ eeents i s forned by binding the four

line elements by means of wire. Yod for manufacturing a
t hr ee- di nensi onal net-I| F-eflned 1 claim1l7 wherein the
convergi ng sect 9@ -o

L 5 b2 ned by bi ndi ng the four
line el ements by means of=a cii
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“20. A nmethod for manufacturing a three-dimensional net-like structure as
defirned in claim 17 wherein the converging section of the four |ine
el enents is formed by adhering together of the four line el enents by neans

of an adhesi ve. 21. A packing made of a three-dinensional net-Iike
structure which constitutes an internal structure of a device which
perfornms material transfer, heat exchaggfsor m xi ng between gases, |iquids
or gas and liquid, said internal structure being divided in a plurality of

chanmbers or channel s connected to one another and said three-di nensi onal
net-like structure being made of a plurality of unit structures
whi ch are arranged continuously in vertical and horizontal directions of
the three-di nensional net-like structure, each of the unit structures being
formed by converging and di spersion of three Iine elenents characterized in
that a converging sgﬁéion of Appnit structure where the three line

el ements converge i 1rﬁqgifl ngy ng th§7three | ine el ements together
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“22. A packing made of a three-di nensional net-like structure whiich
consStitutes an internal structure of a device which perforns nateri al
transfer, heat exchange or m xi ng between gases, liquids or gas and |iquid,
said internal structure being divided in a plurality of chanbers or
channel s connected to one another and said three-dinensional net-I|ike
structure being nmade of a plurality of unit structures which are arranged
continuously in vertical and horizontal0/di5ections of the three-dinensional
net-like structure, each of the unit structures being formed by converging
and dispersion of three line elenents, said three-di nensional net-1ike
structure being fornmed of a plurality of unit structures each of which
consists of a plurality of basic units each of which is a conbination of
two triangular pyram ds having a comon bottom surface and apexes di sposed
in opposite directions, said basbg un28s being arranged continuously in
vertical direction of the three-dinensional net-like structure with apexes
of each of the basic units being,i,njcentact with apexes of adjacent basic

g &fs bejng disposed in such a manner
S <onme into contact with each other
so that the adjacent one of t%4 | ANStructures are in a position to forma
converging section of 2he thréeg g
bottom surface of the two i

am ds constituting the basic unit,
¥l ements formed at a point of
pasi ¢ units and the convergi ng

section formed at a point of adjacent unit structures being

respectively 27
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“forned by binding the three |line el enments. 23. A packing made of a
t hr ée- di nensi onal net-like structure which constitutes an internal
structure of a device which perforns materi.al transfer, heat exchange or

m xi ng between gases, liquids or gas and liquid, said internal structure
being divided in a plurality of chanbers or- channels connected to one
anot her and sai d three-di nensional net-ljike structure being made of a

plurality of unit structures which ardld anged continuously in vertical
and horizontal directions of the three-dinmensional net-like structure, each
of the unit structures being forned by converging and di spersion of four
line el ements characterized in that a converging section of the unit
structure where the four line elenments converge is forned by binding the
four line elenents together. 24. A packing nmade of a three-dinensional
net-like structure which constitutes an internal structure of a device
which perforns material transfer, heat exchange or m xi ng between gases,

|l iquids or gas and |i g3, said
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internal structure being divided in a plurality of chanbers or channel s
connected to one another and said three-dinensional net-like structure
bei ng made of a plurality of unit structures which are arranged
continuously in vertical and horizontal directions of the three-di nmensional
net-like structure, each of the unit structures being formed by converging
and di spersion of four |line elenents, fzy t hr ee-di nensi onal net-1Ilike
structure being fornmed of a plurality o nit structures each of which
consists of a plurality of basic units each of which is a conbination of
two quadrupl e pyram ds having a common bottom surface and apexes di sposed
in opposite directions, said basic units being arranged continuously in
vertical directi-on of the three-di nensional net-like structure with apexes
of each of the basic units being in contact with apexes of adjacent basic
units, said plurality of unit structures being di sposed in such a
manner that adjacent of4s of the unit structures cone into contact with
each other so that the adjacent ong,of the unit structures are in a
position to form a conwvergi ng sect”’8n of the four line elenents at each
apex of the com$gh bottom surface df the two quadruple pyram ds
constituting the i nit, a conv'rqing section of the four line elenents

formed at a point © ~—2D
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“of the apexes of the adjacent basic units and the converging section fornmed
at & point of contact of adjacent unit structures being respectively forned
by binding the four line el enents. 25. A three-di nensional net-1like
structure including a mst elimnator and a nulti-layer filtering film nmade
of a plurality of unit structures which are arranged continuously in
vertical and horizontal directions of the three- dinensional net-I|ike
structure, each of the unit structure§35épng formed by convergi ng and
di spersion of three line elements characterized in that a converging
section of the unit structure where the three Iine elenments converge is
formed by binding the three Iine el enents together. 26. A
t hree-di nensi onal net-like structure as defined in claim25 wherein said
t hree-di nensi onal net-like structure is forned of a plurality of unit
structures each of which consists of a plurality of basic units each of
which is a conbination of two triangular pyram ds having a comon bottom
surface and apexes di spgged_in,opposite directions, said basic units being
arranged continuously in vert eCt+oR30f the three-di nensiona
net-1like structure w2gh—apex of the basic units being in contact
w th apexes of adjacent basic ot-@Bal ity of unit structures

dj acent ones of the unit structures

that the adjacent one of the unit:

convergi ng section of the three |ine

Pace of the two triangul ar
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conyergi ng section of the three line elenents fornmed at a point of contact
of the apexes of the adjacent basic units and the converging section forned
at a point of contact of adjacent unit structures being respectively fornmed
by binding the three line el enents. 27. A three-dinensional net-1like
structure including a mst elimnator and a multi-layer filtering film nmade
of a plurality of unit structures whigh,gge arranged continuously in
vertical and horizontal directions of tﬁe t hree- di mensi onal netlike
structure, each of the unit structures being forned by convergi ng and

di spersion of four line elenents characterized in that a convergi-ng section
of the unit structure where the four line elenents converge is fornmed by

bi nding the four line el enents together. 28. A three-dinensional net-like
structure as defined in claim27 wherein said three-dinensional net-1like
structure being forned of a plurality of unit
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uctures each of which consists of a plurality of basic units each of
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th is a conbination of two quadruple pyranids having a common bottom
-li ke structure with apexes of each of the basic units being in contact

gnged continuously in vertical direction of the three-dinmensional

(7]
C
o
—
(&)
(&)
o
©
()
—
(7] -
o n
o 4+
o —
o c =
> X
C
— &) o e
— oA
© w0 2 o o
(D) © e 3
(7] o) © L C 0
o O —mC._ DO
o — N O - O C o
— OO QXD oD
TS0 O._
(%) — C == >0
(] T C - C 5 © SO
X C.— O.—- C o
N o fdteatm (&}
© OCLVLC « OW0w O -
© n O O — O 0
c (O eoX N C O y- (&)
© X un oo T S .
Do = N NNC =W
() OT C 5400 4= @ 4o 4o
@ o Cmmms g
Y— hnmu © —
rrrrrrrrr O - O O
t.mure. OO e >x—_-C C
n=nccSo0onovavSS0O

FI1G.24



