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(57) ABSTRACT

A total heat exchange element has a stacked-layer structure in
which sheet-like partition members added a water-soluble
moisture absorbent thereto and spacing members are stacked
alternately, the spacing members are joined with the partition
members by using an adhesive so as to form air flow passages
together with the partition members. According to the present
invention, the spacing members have water retention proper-
ties. Further, an adhesive that exhibits insolubility to the
water-soluble moisture absorbent or an aqueous solution of
the water-soluble moisture absorbent is used as the adhesive.
As aresult, it is easy to obtain a total heat exchange element
with which it is possible to easily constitute an air-condition-
ing apparatus or a ventilator that has high latent heat exchange
efficiency and has high reliability.
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TOTAL HEAT EXCHANGE ELEMENT AND
MANUFACTURING METHOD THEREOF

TECHNICAL FIELD

[0001] The present invention relates to a total heat
exchange element and a manufacturing method thereof, the
total heat exchange element being used in a heat exchanger
included in an air-conditioning apparatus or a ventilator and
being configured so as to exchange latent heat as well as to
exchange sensible heat between two types of air flows. The
present invention more specifically relates to a total heat
exchange element used in a stationary-type heat exchanger
and a manufacturing method thereof.

BACKGROUND ART

[0002] As for heat exchangers included in air-conditioning
apparatuses and ventilators, there are two types such as rota-
tion-type heat exchangers and stationary-type heat exchang-
ers. In both types of heat exchangers, total heat exchange
elements are preferably used because total heat exchange
elements have higher heat exchange efficiency than sensible
heat exchange elements, which exchange only sensible heat.
In many situations, a total heat exchange element is obtained
by manufacturing a long product by using a single-face cor-
rugated cardboard manufacturing apparatus (i.e., single-facer
apparatus) and using the long product as a material for the
heat exchange element, the long product having a structure in
which a sheet-like partition member and a corrugated-plate-
like spacing member are pasted together.

[0003] A total heat exchange eclement used in a rotation-
type heat exchanger is manufactured by applying an adhesive
to a predetermined surface of the long product described
above and rolling the long product into a wheel-like configu-
ration. A total heat exchange element used in a stationary-
type heat exchanger is manufactured by obtaining a plurality
of element structuring units by cutting the long product
described above into pieces of a predetermined size and
stacking, in the manner of layers, the element structuring
units oriented in predetermined directions (in other words, by
stacking the element structuring units in the manner of layers
in such a manner that the corrugation stripes of the spacing
members included in the element structuring units that are
positioned adjacent to each other in the layer stacking direc-
tion are substantially orthogonal to each other.) In this situa-
tion, the elements structuring units that are positioned adja-
cent to each other in the layer stacking direction are joined
together by using an adhesive.

[0004] Between the total heat exchange elements that are
used in rotation-type heat exchangers and the total heat
exchange elements that are used in stationary-type heat
exchangers, the functions that the partition members and the
spacing members are expected to have are different, because
operation principles of the heat exchangers are different.
Roughly speaking, in the total heat exchange elements that
are used in rotation-type heat exchangers, the partition mem-
bers and the spacing members are expected to have heat
storing and releasing properties as well as moisture storing
and releasing properties. In contrast, in the total heat
exchange elements that are used in stationary-type heat
exchangers, because a latent heat exchanging process and a
sensible heat exchanging process are performed between two
types of air flows via the partition members, the partition
members are expected to have heat conductivity and moisture
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permeability, whereas the spacing members are expected to
play a role of securing air flow passages by maintaining
intervals between the partition members and to have a certain
degree of gas blocking properties for the purpose of inhibiting
leaks of the air flows. The present invention relates to a total
heat exchange element that is used in a stationary-type heat
exchanger. Thus, in the following sections, a focus of the
explanation will be placed on the total heat exchange ele-
ments that are used in stationary-type heat exchangers.
[0005] As materials for partition members and spacing
members included in a total heat exchange element, paper,
materials obtained by blending pulp and a resin and shaping
the blended materials into a sheet-like form, resins, metallic
foils, or the like are used. Usually, for the purpose of exchang-
ing latent heat efficiently, a water-soluble or non-water-
soluble moisture absorbent (moisture permeable agent) is
added in advance to the material for the partition members. As
the water-soluble moisture absorbent, for example, an alkali
metal salt such as lithium chloride or an alkali earth metal salt
such as calcium chloride may be used. As the non-water-
soluble moisture absorbent, for example, silica gel or powder
of a strongly acidic ion-exchange resin or a strongly basic
ion-exchange resin may be used.

[0006] For example, Patent Document 1 describes a paper
that can be used in a total heat exchange member. The paper
is obtained by applying a moisture absorbing/releasing coat-
ing layer of which the main components are moisture absorb-
ing/releasing powder (i.e., a non-water-soluble moisture
absorbent) and a binder, onto one or both surfaces of a flame-
retardant base paper, and further applying a thermal-adhe-
sion-type adhesive layer onto one of the surfaces of the flame-
retardant base paper. Also, Patent Document 2 describes an
adsorbing sheet obtained by partially embedding granular
adsorbing members into an adhesive layer formed on a base
material for the sheet, and further covering the adhesive layer
and the granular adsorbing members with an adsorbent layer
containing a particulate adsorbent (i.e., a non-water-soluble
moisture absorbent). Such an adsorbing sheet is used in, for
example, a rotation-type total heat exchanger or a dehumidi-
fying rotor.

[0007] Patent Document 3 describes a heat exchange ele-
ment obtained by manufacturing a partition member (i.e., a
flat plate) by using craft paper or a film having moisture
permeability or moisture absorbing properties, and also,
manufacturing a spacing member (i.e., a corrugated plate) by
using a metallic foil on which a synthetic resin film is lami-
nated or a synthetic resin film, and further adding a water-
soluble moisture absorbent to the partition member. Patent
Document 4 describes a composite heat-transfer element
obtained by manufacturing a partition member (i.e., a liner)
by using a paper to which a water-soluble moisture absorbent
or non-water-soluble moisture absorbent has been added, and
also, manufacturing a spacing member (i.e., a corrugated
member) by using a metallic foil. The composite heat-transfer
element can be used in a total heat exchanger.

[0008] Patent Document 5 describes a heat exchanger
obtained by manufacturing a spacing member (i.e., a spacing
plate) by using a material obtained by blending fiber (i.e.,
cellulose fiber) thathas a high softening point with a resin that
has a lower softening point than the fiber and making the
blended material into the form of paper, and also, manufac-
turing an element structuring unit (i.e., a unit member) by
joining, by way of thermal fusion bonding, the spacing mem-
ber and a partition member together while using the same
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resin as a binder, and further stacking a predetermined num-
ber of element structuring units in the manner of layers by
using an aqueous adhesive or by using the same resin as a
binder.

[0009] Patent Document 6 describes a heat exchanger
obtained by manufacturing a partition member by using a gas
blocking product obtained by forming a moisture permeable
film being capable of blocking air on one of the surfaces of a
plate-like porous member, and also, forming a moisture
absorbent layer on the other surface, and further joining the
partition member and a spacing member together by using an
aqueous adhesive.

[0010] Furthermore, Patent Document 7 describes a heat
exchange element obtained by configuring a spacing member
(i.e., a spacing plate) by disposing a thin film having air
blocking properties so as to be in close contact with a porous
member (i.e., woven cloth, nonwoven cloth, knitted cloth,
paper, or the like), and also, manufacturing an element struc-
turing unit (i.e., a unit member) by bonding the spacing mem-
ber with a partition member (i.e., a partition plate) by using a
thermal-adhesion-type adhesive layer formed on the entirety
of one of the surfaces of the spacing member or the partition
member, and subsequently stacking a predetermined number
of element structuring units in the manner of layers by using
an aqueous adhesive. The partition member included in the
heat exchange element is configured by, for example, dispos-
ing a moisture permeable film so as to be in close contact with
aporous member, the moisture permeable film being capable
of selectively allow water vapor to permeate therethrough.
[0011] Patent Document 1: Japanese Patent Application
Laid-open No. H10-153398

[0012] Patent Document 2: Japanese Patent Application
Laid-open No. 2003-251133

[0013] Patent Document 3: Japanese Patent Application
Laid-open No. H06-109395

[0014] Patent Document 4: Japanese Patent Application
Laid-open No. H07-19789

[0015] Patent Document 5: Japanese Patent Application
Laid-open No. H10-54691

[0016] Patent Document 6: Japanese Patent Application
Laid-open No. 2001-27489

[0017] Patent Document 7: Japanese Patent Application
Laid-open No. H08-219676

DISCLOSURE OF INVENTION
Problem to be Solved by the Invention

[0018] From the point of view of keeping manufacturing
costs of total heat exchange elements down, it is more desir-
able to use a water-soluble moisture absorbent than to use a
non-water-soluble moisture absorbent like in the paper that
can be used in a total heat exchange member described in
Patent Document 1 or in the adsorbing sheet described in
Patent Document 2. For example, by applying an aqueous
solution of a water-soluble moisture absorbent to a paper and
drying the paper, it is possible to easily manufacture a mate-
rial that is suitable for obtaining a partition member to which
the moisture absorbent has been added.

[0019] It should be noted, however, that when having dis-
solved in water, many water-soluble moisture absorbents
make the electric conductivity of the water (i.e., the aqueous
solution) extremely high by causing ionization or the like.
Thus, in air-conditioning apparatuses, ventilators, and the
like including a total heat exchange element in which a water-
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soluble moisture absorbent has been added to the partition
member, there is a possibility that the water-soluble moisture
absorbent may dissolve into condensation water that can form
during a heat exchanging process, and a serious malfunction
like a tracking phenomenon may occur when the condensa-
tion water comes into contact with an electric power charging
unit.

[0020] For the purpose of inhibiting such a malfunction, it
is more desirable to configure a spacing member by using a
material having water retention properties like paper than to
configure a spacing member by using a metallic foil or a
synthetic resin film like in the heat exchange element
described in Patent Document 3 or in the composite heat-
transfer element described in Patent Document 4, or than to
configure a spacing member by using a material-blended
paper containing a resin like in the heat exchanger described
in Patent Document 5.

[0021] Further, like in the heat exchanger described in
Patent Document 6, when a partition member and a spacing
member are joined together by using an aqueous adhesive
such as starch glue or a vinyl-acetate-based emulsion,
although it is possible to enhance workability during the
manufacturing process of the total heat exchange element and
handleability of the adhesive, a phenomenon may occur in
which the actual latent heat exchange efficiency level is lower
than a latent heat exchange efficiency level estimated from a
result of measuring the moisture permeability achieved by the
partition member alone. Such a phenomenon does not occur
in total heat exchange elements in which the partition member
is manufactured by using a resin sheet or the like having low
water retention properties. In other words, such a phenom-
enon is unique to total heat exchange elements in which the
partition member is manufactured by using a water retentive
material, like paper. This phenomenon occurs prominently in
total heat exchange elements in which a large amount of
water-soluble moisture absorbent has been added to the par-
tition member.

[0022] During studies to determine the causes of the phe-
nomenon described above, the inventors of the present inven-
tion have placed their focus on a situation in which, when a
partition member to which a water-soluble moisture absor-
bent has been added and a spacing member manufactured by
using a water retentive material are joined together by using
an aqueous adhesive, between the time at which the aqueous
adhesive is applied and the time at which the aqueous adhe-
sive has dried and the joining process is completed, the water,
which is the solvent in the aqueous adhesive, seeps into both
the partition member and the spacing member, so that a part of
the water-soluble moisture absorbent in the partition member
moves into the spacing member via the aqueous adhesive.
Because the water-soluble moisture absorbent moves from
the partition member into the spacing member, when the
partition member has been assembled into a total heat
exchange element, the partition member is not able to main-
tain the moisture permeability that could be achieved when
the partition member was by itself. It has been implied that, as
a result, there is a possibility that the latent heat exchange
efficiency may decrease.

[0023] Forexample, like in the heat exchanger described in
Patent Document 7, in the case where an element structuring
unit is manufactured by forming a thermal-adhesion-type
adhesive layer on the entirety of one of the surfaces of the
spacing member or the partition member and thermally bond-
ing the spacing member or the partition member by using the
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adhesive layer, even if a water-soluble moisture absorbent has
been added to the partition member, it is possible to prevent
the water-soluble moisture absorbent from moving from the
partition member into the spacing member. However, in the
total heat exchanger described in Patent Document 7, the
aqueous adhesive is used when the total heat exchange ele-
ment is manufactured by stacking the predetermined number
of'element structuring units in the manner of layers. Thus, the
water-soluble moisture absorbent moves from the partition
member into the spacing member at that time. As a result,
when the partition member has been assembled into the total
heat exchange element, the partition member is not able to
maintain the moisture permeability that could be achieved
when the partition member was by itself. Consequently, the
latent heat exchange efficiency decreases.

[0024] In view of the circumstances described above, it is
an object of the present invention to obtain a total heat
exchange element with which it is possible to easily constitute
an air-conditioning apparatus or a ventilator that has high
latent heat exchange efficiency and has high reliability. Fur-
ther, it is another object of the present invention to obtain a
manufacturing method of a total heat exchange element with
which it is possible to easily constitute an air-conditioning
apparatus or a ventilator that has high latent heat exchange
efficiency and has high reliability.

Means for Solving Problem

[0025] A total heat exchange element according to the
present invention has a stacked-layer structure in which
sheet-like partition members added a water-soluble moisture
absorbent thereto and spacing members are stacked alter-
nately, the spacing members being joined with the partition
members by using an adhesive so as to form air flow passages
together with the partition members, wherein the spacing
members have water retention properties, and the adhesive
exhibits insolubility to the water-soluble moisture absorbent
or an aqueous solution of the water-soluble moisture absor-
bent.

[0026] A manufacturing method of a total heat exchange
element according to the present invention having a stacked-
layer structure in which sheet-like partition members added a
water-soluble moisture absorbent thereto and spacing mem-
bers are stacked alternately, the spacing members being
joined with the partition members by using an adhesive so as
to form air flow passages together with the partition members,
the manufacturing method includes a unit manufacturing step
of'obtaining a plurality of element structuring units in each of
which one of the partition members and a corresponding one
of'the spacing members each being made of a water retentive
material are joined together by using the adhesive; and a layer
stacking step of joining the element structuring units together
by using an adhesive and obtaining the total heat exchange
element in which the plurality of element structuring units are
stacked in layers, wherein the adhesive used at the unit manu-
facturing step and the adhesive used at the layer stacking step
each exhibits insolubility to the water-soluble moisture absor-
bent or an aqueous solution of the water-soluble moisture
absorbent.

EFFECT OF THE INVENTION

[0027] In the total heat exchange element according to the
present invention, as the adhesive used for joining the parti-
tion members to which the water-soluble moisture absorbent
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has been added with the spacing members that have water
retention properties, an adhesive that exhibits insolubility to
the water-soluble moisture absorbent or an aqueous solution
of the water-soluble moisture absorbent is used. In other
words, as the adhesive used for joining the partition members
and the spacing members together, such an adhesive is used
into which the water-soluble moisture absorbent is not able to
dissolve, while the adhesive is in an unhardened state, and
into which the water-soluble moisture absorbent or an aque-
ous solution of the water-soluble moisture absorbent is not
able to seep, after the adhesive is hardened.

[0028] Thus, itis possible to inhibit the water-soluble mois-
ture absorbent from moving from the partition members into
the spacing members via the adhesive, during the manufac-
turing process of the total heat exchange element, needless to
say, and also, even after the manufacturing process. As a
result, in the total heat exchange element according to the
present invention, it is easy to enhance the latent heat
exchange efficiency by adding a desired amount of moisture
absorbent to the partition members. In addition, it is also easy
to inhibit the latent heat exchange efficiency from decreasing
over the course of time.

[0029] Further, because the spacing members has water
retention properties, even if condensation has occurred so that
the water-soluble moisture absorbent dissolves into the con-
densation water, it is possible to have the condensation water
absorbed by the spacing members. Thus, when an air-condi-
tioning apparatus or a ventilator is structured by using the
total heat exchange element according to the present inven-
tion, it is possible to inhibit serious malfunctions such as the
tracking phenomenon that may occur when the condensation
water in which the water-soluble moisture absorbent has dis-
solved comes into contact with an electric power charging
unit of such an apparatus.

[0030] For these reasons, according to the present inven-
tion, it is easy to obtain a total heat exchange element with
which it is possible to easily constitute an air-conditioning
apparatus or a ventilator that has high latent heat exchange
efficiency and has high reliability.

BRIEF DESCRIPTION OF DRAWINGS

[0031] FIG. 1 is a schematic perspective view illustrating
an example of a total heat exchange element according to the
present invention.

[0032] FIG. 2 is a schematic cross-sectional view illustrat-
ing a joint portion and the surroundings thereof between an
element structuring unit and another element structuring unit
positioned above the element structuring unit both of which
are included in the total heat exchange element shown in FIG.
1.

[0033] FIG. 3 is a schematic drawing illustrating an
example of equipment that is used to manufacture a long
element structuring unit member one after another at a unit
manufacturing step included in a total heat exchange element
manufacturing method according to the present invention.
[0034] FIG. 4 is a schematic drawing illustrating an
example of equipment that is used to apply an adhesive to
element structuring units at a layer stacking step included in
the total heat exchange element manufacturing method
according to the present invention.

[0035] FIG. 5 is a schematic drawing illustrating an
example of equipment that is used to manufacture a long
element structuring unit member one after another by using a
hot-melt adhesive, at the unit manufacturing step included in
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the total heat exchange element manufacturing method
according to the present invention.

[0036] FIG. 6 is a schematic drawing illustrating an
example of equipment that is used to apply a hot-melt adhe-
sive to element structuring units at the layer stacking step
included in the total heat exchange element manufacturing
method according to the present invention.

[0037] FIG. 7 is a schematic cross-sectional view illustrat-
ing a joint portion and the surroundings thereof between an
element structuring unit and another element structuring unit
that is positioned above the element structuring unit both of
which are included in a total heat exchange element according
to the present invention where a spacing member and a par-
tition member are joined together by using a thermal-adhe-
sion-type resin layer included in the spacing member as an
adhesive.

[0038] FIG. 8 is a table illustrating results of measuring
temperature exchange efficiency, moisture exchange effi-
ciency, and total heat exchange efficiency in a high-humidity
environment and in a low-humidity environment, for each of
total heat exchange elements manufactured as Example 1,
Example 2, and Comparative Example.

EXPLANATIONS OF LETTERS OR NUMERALS

[0039] 1 partition member

[0040] 3 adhesive

[0041] 5, 35 spacing member

[0042] 10, 10a to 10 element structuring unit
[0043] 13 adhesive

[0044] 20 total heat exchange element

[0045] 35A base material for spacing members
[0046] 35B thermal-adhesion-type resin layer

BEST MODE(S) FOR CARRYING OUT THE
INVENTION

[0047] Exemplary embodiments of a total heat exchange
element and a manufacturing method thereof according to the
present invention will be explained in detail, with reference to
the accompanying drawings. The present invention is not
limited to the exemplary embodiments described below.

First Embodiment

[0048] FIG. 1 is a schematic perspective view illustrating
an example of a total heat exchange element. A total heat
exchange element 20 shown in FIG. 1 is of a cross-flow type
and has a stacked-layer structure in which sheet-like partition
members 1 and corrugated-plate-like spacing members 5 are
stacked in the manner of layers so as to alternate. In the total
heat exchange element 20, the stacked-layer structure is
formed by stacking six element structuring units 10a to 10fin
the manner oflayers. A top plate member 15 is further stacked
on top of the element structuring unit 107 that is provided in
the uppermost position. The corrugation stripes of the spacing
member 5 in any one of the element structuring units are
substantially orthogonal, in a planar view, to the corrugation
stripes of the spacing member 5 in another one of the element
structuring units that is positioned above or below the one of
the element structuring units. In other words, the lengthwise
directions of ridges or grooves of the corrugated-plate-like
spacing member 5 in any one of the element structuring units
are substantially orthogonal, in a planar view, to the length-
wise directions of ridges or grooves of the corrugated-plate-
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like spacing member 5 in another one of the element struc-
turing units that is positioned above or below the one of the
element structuring units.

[0049] Each of the partition members 1 includes a base
material and a water-soluble moisture absorbent that has been
added to the base material. As the base material for each of the
partition members 1, such a material is used to which it is
possible to add a water-soluble moisture absorbent and with
which it is possible to join a corresponding one of the spacing
members 5 by using an adhesive described below. From the
point of view of inhibiting gas from being exchanged between
two types of air flows between which a heat exchanging
process is to be performed, it is more desirable to use, as the
base material, a material having a high level of air permeation
resistance (e.g., approximately 200 seconds or higher) than to
use a material having a low level of air permeation resistance
(Hereinafter, the levels of air permeation resistance denote
ones measured by using a Gurley tester). In the case where a
material having a low level of air permeation resistance is
used, it is desirable to impregnate the base material having the
low level of air permeation resistance with a water-soluble
polymer such as polyvinyl alcohol as a sealing agent. In the
case where a paper that is designed so as to achieve a high
level of air permeation resistance through, for example, a
process of crushing cellulose fiber (pulp) is used as the base
material, it is possible to obtain the partition members 1 that
are able to achieve ideal performance only by impregnating
the base material with a water-soluble moisture absorbent.
[0050] As the water-soluble moisture absorbent described
above, it is possible to use, for example, an alkali metal salt
that is deliquescent such as lithium chloride, an alkali earth
metal salt that is deliquescent such as calcium chloride, alg-
inic acid, a salt of alginic acid, a polysaccharide such as
carrageenan or chitosan, or urea. It is also acceptable to use
any other substances having water solubility and moisture
absorbing properties as the water-soluble moisture absorbent.
Deliquescent alkali metal salts and deliquescent alkali earth
metal salts have higher capabilities of adsorbing water than
other water-soluble moisture absorbents and are able to dra-
matically change the performance level of the total heat
exchange element 20 according to an added amount thereof.
Thus, a deliquescent alkali metal salt or a deliquescent alkali
earth metal salt is particularly desirable as the water-soluble
moisture absorbent.

[0051] It is possible to add the water-soluble moisture
absorbent to the base material by, for example, preparing an
aqueous solution of the water-soluble moisture absorbent and
impregnating the base material with the aqueous solution or
by applying the aqueous solution to one or both surfaces of
the base material by using equipment such as a gravure coater.
Further, it is acceptable to add, as necessary, a binder com-
ponent or a sealing agent to the aqueous solution. It should be
noted, however, that the binder component may inhibit the
base material from being impregnated with the water-soluble
moisture absorbent, depending on what type of binder com-
ponent is used. Thus, in the case where a binder component is
added to the aqueous solution, it is desirable to carefully
select the type of binder component and the added amount
thereof.

[0052] Although the desirable thickness of each of the par-
tition members 1 depends on the level of moisture permeabil-
ity that the partition members 1 are expected to have and the
material strength of the base material, it is generally desirable
to configure the thickness of each of the partition members 1
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s0 as to be approximately 20 um to 100 pm, because when the
partition members 1 are too thick, the moisture permeability
of the partition members 1 decreases, whereas when the par-
tition members 1 are too thin, the partition members 1 may be
damaged during the manufacturing process of the element
structuring units or the total heat exchange element due to an
imbalance in the strength between the partition members 1
and the spacing members 5 or due to too low a material
strength of the partition members 1. It is possible to manu-
facture the top plate member 15 by using the same material as
the base material for the partition members 1.

[0053] The spacing members 5 have water retention prop-
erties, and a material having water retention properties (here-
inafter, a “water retentive material”) is used as a material for
the spacing members 5. Examples of the water retentive mate-
rial include materials obtained by impregnating paper, woven
cloth, or nonwoven cloth made of cellulose fiber with a water-
absorbing resin or by applying a water-absorbing resin to the
same. As a material for the spacing members 5, it is also
possible to use a material obtained by impregnating woven
cloth or nonwoven cloth made of synthetic fiber having no
water retention properties with a water-absorbing resin or by
applying a water-absorbing resin to the same, or a material-
blended paper made of cellulose fiber and a resin, because
these materials also have water retention properties, although
only slight. It should be noted, however, that the water reten-
tion amounts of the spacing members 5 become smaller when
any of these materials is used.

[0054] From the point of view of ensuring the water reten-
tion properties of the spacing members 5 and the strength of
the total heat exchange element 20 as a whole, it is desirable
to configure each of the spacing members 5 so as to be thick.
However, if the spacing members 5 alone are configured to be
too thick, a problem will arise where the strengths of the
spacing members 5 and the partition members 1 become
imbalanced, so that deformation may occur during the manu-
facturing process of the element structuring units or the total
heat exchange element. In addition, in case of fire, it is not
desirable to have a large amount of burnable substances.
Further, configuring the spacing members 5 so as to be thick
can be a cause of an increase in the costs. Thus, it is generally
desirable to configure the thickness of each of the spacing
members 5 so as to be approximately 50 pm to 250 pm.
[0055] Further, it is also acceptable to add, in advance, a
flame retardant to each of the spacing members 5, as long as
the water retention properties thereof are not inhibited.
Examples of the flame retardant include materials that are
often used in the process of arranging papers to be flame
retardant, fire-proof or the like, such as guanidine salts e.g.,
guanidine hydrochloride, guanidine sulfate, guanidine sulfa-
mate, and inorganic salts e.g., ammonium sulfamate, ammo-
nium phosphate, ammonium sulfate, calcium chloride, and
magnesium chloride.

[0056] Each of the element structuring units is formed by
joining one partition member 1 and one spacing member 5 by
using an adhesive. The element structuring units that are
positioned adjacent to each other in the layer stacking direc-
tion as well as the element structuring unit 10/ provided in the
uppermost position and the top plate member 15 are also
joined together by an adhesive. Because each of the partition
members 1 is a sheet-like member and each of the spacing
members 5 is a corrugated-plate-like member, air flow pas-
sages Ps are formed in the space between the partition mem-
ber 1 and the spacing member 5 in each of the element
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structuring units 10a to 107, the space between the spacing
member 5 included in any one of the element structuring units
104 to 10e and the partition member 1 included in the one of
the element structuring units 105 to 10f that is positioned
above the element structuring unit, and the space between the
spacing member 5 included in the element structuring unit 10/
and the top plate member 15.

[0057] The total heat exchange element 20 performs a
latent heat exchanging process and a sensible heat exchang-
ing process via the partition members 1, between air flows
flowing in the air flow passages P formed below the partition
members 1 and air flows flowing in the air flow passages P
formed above the partition members 1. For example, of the
two types of air flows between which the heat exchanging
processes are performed, one is an airflow (i.e., a primary air
flow) that is taken into the inside of a building from the
outside of the building, whereas the other is an airflow (i.e., a
secondary air flow) that is discharged to the outside of the
building from the inside of the building. In the example shown
in FIG. 1, air flows Af, and other air flows Af, between which
the heat exchanging processes are performed via the partition
member 1 included in the element structuring unit 104 are
indicated with arrows drawn with solid lines.

[0058] The total heat exchange element 20 that is config-
ured as described above is characterized with the adhesive
described above that is used for joining the partition members
1 and the spacing members 5 together. Thus, in the following
sections, the adhesive will be explained in detail, with refer-
ence to FI1G. 2.

[0059] FIG. 2 is a schematic cross-sectional view illustrat-
ing a joint portion and the surroundings thereof between the
element structuring unit 10a and the element structuring unit
105 that is positioned above the element structuring unit 10a
both of which are included in the total heat exchange element
20 described above. As shown in FIG. 2, in each of the
element structuring units 10a and 105, the partition member
1 and the spacing member 5 are joined together by adhesive 3
that is applied to the rear surface side of a corrugated groove
portion R of the spacing member 5. The element structuring
unit 10a and the element structuring unit 105 are joined
together by adhesive 13 that is applied to the upper surface
side of a corrugated ridge portion T of the spacing member 5
included in the element structuring unit 10a. Also, the parti-
tion member 1 and the spacing member 5 in each of the other
element structuring units 10c¢ to 10f'shown in FIG. 1; any two
of the other element structuring units 10¢ to 10f that are
positioned adjacent to each other in the layer stacking direc-
tion; and the element structuring unit 10f and the top plate
member 15 are joined together in the same manner as
described above.

[0060] The adhesive 3 and the adhesive 13 exhibits insolu-
bility to the water-soluble moisture absorbent that has been
added to the partition members 1 or an aqueous solution of the
water-soluble moisture absorbent. In other words, while the
adhesiveis in an unhardened state, the water-soluble moisture
absorbent with which the partition members 1 are impreg-
nated is not able to dissolve into the adhesive. Also, after the
adhesive is hardened, the water-soluble moisture absorbent
and an aqueous solution of the water-soluble moisture absor-
bent are not able to seep into the adhesive. Specific examples
of the adhesive include organic-solvent-based adhesives (in-
cluding non-aqueous emulsion-type adhesives) that do not
contain water as a solvent, solventless reactive adhesives, and
hot-melt adhesives.
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[0061] In the total heat exchange element 20 in which the
partition members 1 and the spacing members 5 are joined
together by the adhesive 3 and the adhesive 13, it is possible
to inhibit the water-soluble moisture absorbent from moving
into the spacing members 5 from the partition members 1 via
the adhesive 3 and/or the adhesive 13, during the manufac-
turing process thereof, needless to say, and also, even after the
manufacturing process. The water-soluble moisture absor-
bent is not contained in the adhesive 3 and the adhesive 13.
Further, due to some water that has been adsorbed by the
adhesive 3 and/or the adhesive 13 from the air during the
manufacturing process, during a storing process, or in actual
use thereof, the adhesive 3 and/or the adhesive 13 may allow
a very small amount of the water-soluble moisture adsorbent
to dissolve into the adhesive or may allow a very small
amount of the water-soluble moisture adsorbent to seep into
the adhesive. In the present description, the “unhardened
state” of a hot-melt adhesive denotes a state in which the
hot-melt adhesive is softened or melted.

[0062] In the total heat exchange element 20 configured as
described above, the partition members 1 and the spacing
members 5 are joined together by using the adhesive 3 and the
adhesive 13. Thus, it is easy to enhance the latent heat
exchange efficiency by adding a desired amount of moisture
absorbent to the partition members 1. It is also easy to inhibit
the latent heat exchange efficiency from decreasing over the
course of time. In addition, because it is possible to inhibit the
moisture absorbent from moving from the partition members
1 into the spacing members 5, it is possible to reduce the
amount of water-soluble moisture absorbent that is required
to obtain a total heat exchange element having alevel oflatent
heat exchange efficiency that is the same as or similar to that
of'a conventional total heat exchange element. As a result, it
is also easy to reduce the costs.

[0063] Further, because it is possible to inhibit the moisture
absorbent from moving from the partition members 1 into the
spacing members 5, it is also possible to inhibit deformation
of the element structuring units caused by the spacing mem-
bers 5 absorbing moisture and becoming soft or the partition
members 1 and the spacing members 5 absorbing moisture
and expanding/shrinking or the strengths thereof changing,
during the manufacturing process of the total heat exchange
element 20. As a result, it is possible to have excellent work-
ability during the manufacturing process of the element struc-
turing units, excellent handleability of the element structuring
units, and excellent workability and productivity during the
manufacturing process of the total heat exchange element 20.
[0064] In addition, because the spacing members 5 have
water retention properties, even if condensation has occurred
in the total heat exchange element 20 so that the water-soluble
moisture absorbent dissolves into the condensation water, itis
possible to have the condensation water absorbed by the
spacing members. Thus, in an apparatus such as an air-con-
ditioning apparatus or a ventilator that is structured by using
the total heat exchange element 20, it is possible to inhibit
serious malfunctions such as the tracking phenomenon that
may occur when the condensation water in which the water-
soluble moisture absorbent has dissolved comes into contact
with an electric power charging unit of such an apparatus.
[0065] For the reasons stated above, with the configuration
of'the total heat exchange element 20, is easy to obtain a total
heat exchange element having high latent heat exchange effi-
ciency. Further, it is also easy to constitute an air-conditioning
apparatus, a ventilator, or the like that has high reliability by
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using the total heat exchange element 20. In the case where
the total heat exchange element 20 is used in an apparatus that
is installed indoor like an air-conditioning apparatus or a
ventilator, it is desirable to use a solventless reactive adhesive
or a hot-melt adhesive as the adhesive 3 and the adhesive 13
so that no organic solvent is emitted therefrom and no odor is
released therefrom. In the case where a hot-melt adhesive is
used, the process of joining the partition members 1 and the
spaces 5 together is completed when the hot-melt adhesive
that has been melt becomes hard through natural cooling or
through a chemical reaction process. Thus, there is no need to
perform a drying step. As a result, it is easy to reduce the time
required to manufacture the total heat exchange element 20
and to reduce the input energy required to manufacture the
total heat exchange element 20. Consequently, it is easy to
reduce the costs and to reduce environmental burdens on the
surrounding environment.

[0066] Itis possible to manufacture the total heat exchange
element 20 that is able to achieve the technical advantageous
effects as described above by using a method that includes,
for example, a unit manufacturing step of obtaining a plural-
ity of element structuring units in each of which a partition
member is joined with a spacing member having water reten-
tion properties by using an adhesive; and a layer stacking step
of joining the element structuring units together by using an
adhesive and obtaining the total heat exchange element in
which the plurality of element structuring units are stacked in
the manner of layers. In this situation, at the unit manufactur-
ing step and at the layer stacking step, an adhesive exhibits
insolubility to the water-soluble moisture absorbent or an
aqueous solution of the water-soluble moisture absorbent is
used. In other words, such an adhesive is used into which the
water-soluble moisture absorbent is not able to dissolve,
while the adhesive is in an unhardened state, and into which
the water-soluble moisture absorbent or an aqueous solution
of the water-soluble moisture absorbent is not able to seep,
after the adhesive is hardened. In the following sections, each
of'the steps included in this method will be explained in detail.
[0067] For example, it is possible to divide the unit manu-
facturing step into a first sub-step and a second sub-step. At
the first sub-step, first, a long material used for making the
spacing members 5 (cf. FIG. 1) having water retention prop-
erties is shaped into a corrugated-plate form so as to obtain a
long corrugated-plate-like product. After that, the adhesive 3
(cf. FIG. 2) in an unhardened state is applied to apex portions
of the corrugated ridges on one side of the corrugated-plate-
like product. After that, a long material (to which the water-
soluble moisture absorbent has been added) used for making
the partition members 1 (cf. FIG. 1) is disposed so as to abut
against the corrugated-plate-like product. Subsequently, the
unhardened adhesive is hardened so that a long element struc-
turing unit member is obtained by joining the long material
used for making the partition members 1 with the corrugated-
plate-like product.

[0068] Atthe second sub-step, the long element structuring
unit member that has been obtained at the first sub-step is cut
into pieces of a predetermined size, so as to obtain the plu-
rality of element structuring units in each of which a partition
member 1 and the spacing member 5 are joined together by
the adhesive 3. The obtained element structuring units corre-
spond to the element structuring units 10a to 10f shown in
FIG. 1.

[0069] At the layer stacking step that is performed after the
unit manufacturing step, first, the adhesive 13 (cf. FIG. 2) in
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an unhardened state is applied to apex portions of the corru-
gated ridges of the spacing members 5 included in the element
structuring units. Subsequently, the element structuring units
to which the unhardened adhesive (i.e., the adhesive 13 in an
unhardened state) has been applied are sequentially stacked
in the manner of layers, while determining the orientation of
each of the element structuring units in such a manner that the
corrugation stripes of the spacing member 5 in any one of the
element structuring units are substantially orthogonal, in a
planar view, to the corrugation stripes of the spacing member
5 in another one of the element structuring units that is posi-
tioned above or below the one of the element structuring
units. After that, the top plate member 15 (cf. FIG. 1) is
stacked on top of the uppermost element structuring unit.
Subsequently, by hardening the adhesive that has been in the
unhardened state, the element structuring units that are posi-
tioned adjacent to each other in the layer stacking direction as
well as the uppermost element structuring unit and the top
plate member 15 are joined together so that the total heat
exchange element 20 shown in FIG. 1 is obtained.

[0070] At the unit manufacturing step described above, it is
possible to manufacture the long element structuring unit
member one after another, by using, for example, equipment
as shown in FIG. 3. In this situation, the long material used for
making the spacing members and the long material used for
making the partition members are shaped in rolls in advance,
respectively.

[0071] FIG. 3 is a schematic drawing illustrating an
example ofthe equipment that is used to manufacture the long
element structuring unit member one after another at the unit
manufacturing step described above. Equipment 120 shown
in FIG. 3 is a single-facer apparatus. The single-facer appa-
ratus shapes a long material 5A used for making the spacing
members 5 into a roll R, in advance, and also shapes a long
material 1A used for making the partition members 1 (cf. F1G.
1) into a roll R, in advance.

[0072] Thematerial SA thatis pulled out oftheroll R, inthe
equipment 120 is first forwarded to a corrugator 101 includ-
ing a pair of corrugating rollers 101a and 1015. The corruga-
tor 101 is configured so that the upper corrugating roller 101a
in the form of a gear and the lower corrugating roller 1015
also in the form of a gear rotate while being engaged with
each other. The material 5A is continuously shaped into the
corrugated-plate form at the position where the corrugating
roller 101a and the corrugating roller 1015 are engaged with
each other. As a result, a long corrugated-plate-like product
5B is manufactured one after another.

[0073] After that, the corrugated-plate-like product 5B is
forwarded in a predetermined direction by the lower corru-
gating roller 1015, and an adhesive 3a in an unhardened state
is applied to the corrugated-plate-like product 5B by an appli-
cation roller 103 while the corrugated-plate-like product 5B
is being forwarded. The adhesive 3a in the unhardened state is
stored in an adhesive tank 105, while the circumferential
surface of the application roller 103 is partially immersed in
the adhesive tank 105. Also, the circumferential surface of the
application roller 103 is substantially in contact with apex
portions of gear teeth of the lower corrugating roller 1015.
[0074] When the application roller 103 rotates in a prede-
termined direction, the adhesive 3a in the unhardened state
adheres to the circumferential surface of the application roller
103, so that the adhesive 3a is further applied to the one side
of the corrugated-plate-like product 5B. To avoid a situation
in which an excessive amount of the adhesive 3a in the
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unhardened state adheres to the circumferential surface of the
application roller 103, a squeezing roller 107 is disposed near
the application roller 103. By adjusting the gap between the
lower corrugating roller 1015 and the squeezing roller 107, it
is possible to adjust the amount of the adhesive 3a in the
unhardened state to be applied to the corrugated-plate-like
product 5B. In the case where a hot-melt adhesive is used as
the adhesive 3 (cf. FIG. 2), the adhesive tank 105 is provided
with, for example, a heater (not shown), so that the hot-melt
adhesive is melted by the heater, and the adhesive 3a in the
unhardened state can be obtained.

[0075] The material 1A that is pulled out of the roll R, is
introduced to a press roller 113 by two guide rollers 111a and
11154. The press roller 113 is disposed so that the circumfer-
ential surface thereof is substantially in contact with apex
portions of gear teeth of the lower corrugating roller 1015.
During the process in which the press roller 113 forwards the
material 1A in a predetermined direction, the material 1A is
pressed so as to be in contact with the corrugated-plate-like
product 5B.

[0076] Because the adhesive 3a in the unhardened state has
been applied to the corrugated-plate-like product 5B as
described above, the adhesive 3a in the unhardened state is
hardened by using a predetermined means (not shown; e.g., a
heater, an artificial light source that emits light in a predeter-
mined wavelength range, an air blower that blows out warm
air, or an air blower that blows out cold air) after the material
1A is pressed so as to be in contact with the corrugated-plate-
like product 5B, so that the corrugated-plate-like product 5B
and the material 1A are joined together by the hardened
adhesive 3 (cf. FIG. 2). As aresult, a long element structuring
unit member 10A used for making the element structuring
units is manufactured one after another. The corrugating roll-
ers 101a and 1015 and the press roller 113 are heated to a
predetermined temperature of, for example, approximately
150° C. or higher so that it is easy to adjust the shape of the
corrugated-plate-like product 5B. In FIG. 3, the rotation
directions of the rollers and the transport directions of the
materials 1A and 5A are indicated with arrows drawn with
solid lines.

[0077] After that, by cutting the element structuring unit
member 10A into pieces of the predetermined size, one by
one, starting from an end of the element structuring unit
member 10A while using a cutting machine, the element
structuring units serving as the element structuring units 10a
to 10f'(cf. FIG. 1) are manufactured one after another.
[0078] Atthelayer stacking step that is performed to obtain
the total heat exchange element by stacking, in the manner of
layers, the plurality of element structuring units that have
been manufactured in this manner, it is possible to apply the
adhesive to the element structuring units by using, for
example, equipment of which a schematic drawing is shown
in FIG. 4.

[0079] Equipment 130 shown in FIG. 4 includes a pair of
rollers 121a and 1215, an adhesive tank 123 in which an
adhesive 13 in an unhardened state is stored, a squeezing
roller 125 that is disposed near the roller 1215, and a trans-
porting device (not shown). Each of the element structuring
units 10 is transported to the pair of rollers 121a and 1215 by
the transporting device, while being positioned in such a
manner that the partition member 1 is on top, while the
spacing member 5 is on the bottom. The adhesive 134 in the
unhardened state is applied to each of the element structuring
units 10 at the pair of rollers 121a and 1215. The plurality of
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element structuring units 10 are transported to the pair of
rollers 121a and 1215 at predetermined intervals.

[0080] Ofthe pair of rollers 121a and 1215, the roller 121a
on the upper side functions as a transporting roller that trans-
ports each of the element structuring units 10 in the predeter-
mined direction. A roller 1205 on the lower side is partially
immersed in the adhesive tank 123 and functions as an appli-
cation roller for applying the adhesive 13« in the unhardened
state to each of the element structuring units 10. When the
roller 1215 rotates in the predetermined direction, the adhe-
sive 134 in the unhardened state adheres to the circumferen-
tial surface of the roller 12154, so that the adhesive 13a is
further applied to the spacing member 5 included in each of
the element structuring units 10. The squeezing roller 125 is
disposed near the roller 1215 and removes excessive adhesive
134 in the unhardened state that has been adhered to the
circumferential surface of the roller 1215. By adjusting the
gap between the roller 1215 and the squeezing roller 125, it is
possible to adjust the amount of the adhesive 13a in the
unhardened state to be applied to each of the element struc-
turing units 10. In the case where a hot-melt adhesive is used
as the adhesive 13 (cf. FIG. 2), the adhesive tank 123 is
provided with, for example, a heater (not shown), so that the
hot-melt adhesive is melted by the heater, and the adhesive
134 in the unhardened state can be obtained.

[0081] The element structuring units 10 to which the adhe-
sive 13a in the unhardened state has been applied by the
equipment 130 are stacked in the manner of layers while
being oriented in the predetermined directions, as explained
above, and further, the top plate member 15 (cf. FIG. 1) is
stacked on top of the uppermost element structuring unit.
After that, a process of hardening the adhesive 134 that has
been in the unhardened state is performed by using a prede-
termined means (not shown; e.g., a heater, an artificial light
source that emits light in a predetermined wavelength range,
an air blower that blows out warm air, or an air blower that
blows out cold air). When this hardening process has been
completed, the total heat exchange element 20 (cf. FIGS. 1
and 4) in which the element structuring units 10 that are
positioned adjacent to each other in the layer stacking direc-
tion are joined together by the adhesive 13 (cf. FIG. 2) is
obtained.

[0082] In the case where a hot-melt adhesive is used at the
unit manufacturing step, it is also possible to manufacture the
element structuring unit member 10A by using equipment
140 of which a schematic drawing is shown in FIG. 5. Instead
of an adhesive tank 105 and the squeezing roller 107 shown in
FIG. 3, the equipment 140 shown in FIG. 5 includes: a feed
roller 133 that is disposed so as to be in contact with the
circumferential surface of the application roller 103 and sup-
plies the adhesive 3a in the unhardened state (i.e., the hot-melt
adhesive that has been melted) to the circumferential surface
of the application roller 103; a supply pipe 135 that supplies
the melted hot-melt adhesive to an area in which the applica-
tion roller 103 and the feed roller 133 rub against each other
while being in contact with each other, from above the area;
and an adhesive supply source (not shown) that sends the
melted hot-melt adhesive into the supply pipe 135. Except for
these features, the configuration of the equipment 140 is the
same as the configuration of the equipment 120 shown in FIG.
3. Thus, some of the constituent elements shown in FIG. 5 that
are the same as the constituent elements shown in FIG. 3 are
referred to by using the same reference characters as in FIG.
3, and the explanation thereof will be omitted.
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[0083] Further, in the case where a hot-melt adhesive is
used at the layer stacking step, it is also possible to apply the
adhesive 13a in the unhardened state (i.e., the hot-melt adhe-
sive that has been melted) to the element structuring units 10
by using equipment 150 of which a schematic drawing is
shown in FIG. 6. The equipment 150 shown in FIG. 6
includes: a pair of rollers 141a and 1415; a feed roller 143 that
is disposed near the roller 1415 and supplies the adhesive 13a
in the unhardened state to the circumferential surface of the
roller 1415; a supply pipe 145 that supplies the melted hot-
melt adhesive to a border area between the roller 1415 and the
feed roller 143, from above the border area; an adhesive
supply source (not shown) that sends the melted hot-melt
adhesive into the supply pipe 145; and a transporting device
(not shown).

[0084] Ofthe pair of rollers 141a and 1415, the roller 141a
on the lower side functions as a transporting roller that trans-
ports each of the element structuring units 10 in the predeter-
mined direction. The roller 1415 on the upper side functions
as an application roller for applying the adhesive 134 in the
unhardened state to each of the element structuring units 10.
Each of the element structuring units 10 is transported to the
pair of rollers 141a and 1415 by the transporting device, while
being positioned in such a manner that the partition member
1 is on the bottom, while the spacing member 5 is on top. The
adhesive 13a in the unhardened state is applied to each of the
element structuring units 10 at the pair of rollers 141a and
1415.

Second Embodiment

[0085] It is also possible to join the partition member and
the spacing member together that are included in each of the
element structuring units structuring a total heat exchange
element and to join the element structuring units together, by
configuring the spacing member by using a base material and
a thermal-adhesion-type resin layer and using the thermal-
adhesion-type resin layer included in the spacing member as
an adhesive. The overall shape of the total heat exchange
element in which such a joining mode is used can be the same
as, for example, the overall shape of the total heat exchange
element 20 shown in FIG. 1. Thus, the drawing of the total
heat exchange element is omitted.

[0086] FIG. 7 is a schematic cross-sectional view illustrat-
ing a joint portion and the surroundings thereof between an
element structuring unit and another element structuring unit
that is positioned above the element structuring unit both of
which are included in an example of the total heat exchange
element where the joining mode described above is used. In
FIG. 7, an element structuring unit 40a and another element
structuring unit 405 that is positioned above and joined with
the element structuring unit 40a are shown. Some of the
constituent elements shown in FIG. 7 that are the same as the
constituent elements shown in FIG. 2 are referred to by using
the same reference characters as in FIG. 2, and the explana-
tion thereof will be omitted.

[0087] Each of the element structuring units 40a and 405
includes the partition member 1 and a spacing member 35 that
is joined with the partition member 1. Each of the spacing
members 35 includes: a base material 35A that is manufac-
tured by using a water retentive material; and a thermal-
adhesion-type resin layer 35B that is provided on the entirety
of a lower surface of the base material 35A. The thermal-
adhesion-type resin layer 35B is formed by, for example,
attaching a film or a sheet made of a thermal-adhesion-type
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resin such as polyethylene or ethylene-vinyl acetate copoly-
mer (EVA), onto the one of the surfaces of the base material
35A by way of thermal fusion bonding. The sheet or the film
may be porous or may not be porous. In the case where the
thermal-adhesion-type resin layer 35B is formed by using a
porous film or a porous sheet, it is easy to enhance the water
retention properties of the spacing member 35. In contrast, in
the case where the thermal-adhesion-type resin layer 35B is
formed by using a non-porous film or a non-porous sheet, it is
easy to enhance the level of air permeation resistance of the
spacing member 35.

[0088] The partition member 1 and the spacing member 35
included in each of the element structuring units 40a and 405
are joined together on the rear surface side of the corrugated
groove portion R of the spacing member 35, by using the
thermal-adhesion-type resin layer 35B as a hot-melt adhe-
sive. The element structuring unit 40a and the element struc-
turing unit 405 are joined together by the adhesive 13 that is
applied to the upper surface side of the corrugated ridge
portion T of the spacing member 35 included in the element
structuring unit 40a. The thermal-adhesion-type resin layers
35B that function as the hot-melt adhesive exhibit insolubility
to the water-soluble moisture absorbent that has been added
to the partition members 1 or an aqueous solution of the
water-soluble moisture absorbent. In other words, while the
thermal-adhesion-type resin layers 35B are in an unhardened
state, the water-soluble moisture absorbent with which the
partition members 1 are impregnated is not able to dissolve
into the thermal-adhesion-type resin layers 35B. After the
thermal-adhesion-type resin layers 35B are hardened, the
water-soluble moisture absorbent and an aqueous solution of
the water-soluble moisture absorbent is not able to seep into
the thermal-adhesion-type resin layers 35B.

[0089] For example, in the case where the element struc-
turing units 40a and 405 are manufactured by using a single-
facer apparatus, it is possible to melt the thermal-adhesion-
type resin layers 35B by using a corrugator or a press roller
included in the single-facer apparatus as a heat source. Gen-
erally speaking, resins expand or shrink only a little when
absorbing moisture. Thus, when the thermal-adhesion-type
resin layers 35B are configured so as to be thick, it is possible
to inhibit deformation caused by expansion or shrinkage of
the spacing members 35. As a result, it is possible to enhance
workability in the manufacturing process of the element
structuring units and in the process of manufacturing the total
heat exchange element by stacking the plurality of element
structuring units in the manner of layers.

[0090] In the total heat exchange element in which the
joining mode for the partition members 1 and the spacing
members 35 as described above is used, for the same reasons
that are explained in the first embodiment about the total heat
exchange element 20, it is easy to obtain a total heat exchange
element having high latent heat exchange efficiency. Further,
it is also easy to structure an air-conditioning apparatus, a
ventilator, or the like that has high reliability by using the total
heat exchange element. In addition, it is easy to reduce the
time required to manufacture the total heat exchange element
and to reduce the input energy required to manufacture the
total heat exchange element. Consequently, it is easy to
reduce the costs and to reduce environmental burdens on the
surrounding environment.

EXAMPLES

[0091] In the following sections, the total heat exchange
element and the manufacturing method thereof according to
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an aspect of the present invention will be specifically
explained, by using Examples and a Comparative Example.

Example 1

[0092] First, a long element structuring unit member was
manufactured by using equipment that is the same as the
equipment 120 shown in FIG. 3, while using, as a material for
partition members, a long product obtained by impregnating
a specially-processed paper with a predetermined amount of
lithium chloride, which is a water-soluble moisture absor-
bent, the specially-processed paper having been obtained as a
result of a process of crushing cellulose fiber (pulp) and
having a thickness of approximately 300 um and an air per-
meation resistance level of 5000 seconds or higher, and also
using, as a material for spacing members, a long product
made of white single-side-glazed high-quality paper having a
thickness of approximately 80 pum. In this situation, as an
adhesive used for joining a corrugated-plate-like product
obtained by shaping the material for the spacing members by
using a corrugator and the material for the partition members
together, an ethylene-vinyl acetate copolymer resin (EVA)-
based hot-melt adhesive having an open time (i.e., a usable
time) of a number of seconds was used. A melted substance
obtained by heating the hot-melt adhesive to approximately
150° C. was applied to the corrugated-plate-like product so
that the application amount was approximately 25 g/m”.
[0093] Afterthat, the element structuring unit member was
cut into pieces of a predetermined size so that a plurality of
element structuring units were obtained. A hot-melt adhesive
having been made of a styrene-ethylene-butylene-styrene
block copolymer (SEBS)-based elastomer and having an
open time of approximately 20 seconds to 30 seconds was
applied to the element structuring units by using equipment
that is the same as the equipment 130 shown in FIG. 4. In this
situation, a melted substance was obtained by heating the
hot-melt adhesive to approximately 180° C., and the applica-
tion amount was approximately 45 g/m>.

[0094] After that, the element structuring units were
sequentially stacked in the manner of layers in such a manner
that the corrugation stripes of the spacing member in any one
of the element structuring units were substantially orthogo-
nal, in a planar view, to the corrugation stripes of the spacing
member in another one of the element structuring units that
was positioned above or below the one of the element struc-
turing units. Further, the top plate member was stacked on top
of the uppermost element structuring unit. After that, the
melted substance of the hot-melt adhesive made of the SEBS-
based elastomer was hardened so that a total heat exchange
element that had the same exterior appearance as the total heat
exchange element 20 shown in FIG. 2 was obtained. In this
total heat exchange element, the partition members and the
spacing members were joined together by using the same
joining mode as shown in FIG. 2.

Example 2

[0095] First, as a material for partition members, a long
product was prepared by impregnating a specially-processed
paper with a predetermined amount of lithium chloride,
which is a water-soluble moisture absorbent, the specially-
processed paper having been obtained as a result of a process
of crushing cellulose fiber (pulp) and having a thickness of
approximately 300 pm and an air permeation resistance level
of 5000 seconds or higher. Also, as a material for spacing
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members, a long product was prepared in which a film of
which the main component was polyethylene and had a thick-
ness of approximately 15 pm was attached, by way of thermal
fusion bonding, to one of the surfaces of a base material made
of a water-resistant paper having a thickness of approxi-
mately 85 um. The film functioned as a thermal-adhesion-
type resin layer. Subsequently, the material for the spacing
members was shaped into a corrugated-plate-like product by
using a corrugator, starting from an end of the material. By
using the film as a hot-melt adhesive, the material for the
spacing members was joined with the material for the parti-
tion members, in such a manner that any portion of the mate-
rial for the spacing members that had been shaped into the
corrugated-plate-like product was subsequently joined with
the material for the partition members. Thus, a long element
structuring unit member was obtained.

[0096] After that, the element structuring unit member was
cut into pieces of a predetermined size so that a plurality of
element structuring units were obtained. The element struc-
turing units were stacked in the manner of layers under the
same condition as the one used in Example 1, so that a total
heat exchange element having the same exterior appearance
as the total heat exchange element 20 shown in FIG. 1 was
obtained. In this total heat exchange element, the partition
members and the spacing members were joined together by
using the same joining mode as shown in FIG. 7.

Comparative Example

[0097] A long piece of flame-retardant paper (correspond-
ing to Grade 2 Flame Retardancy defined in the Japanese
Industrial Standards [JIS]) having a thickness of approxi-
mately 70 pm was used as a material for spacing members.
Also, as the adhesive used for manufacturing a long element
structuring unit member and as the adhesive used for stacking
a plurality of element structuring units in the manner of lay-
ers, a substance obtained by adding water, for the purpose of
adjusting the viscosity, to a vinyl-acetate-based emulsion
adhesive, which is a water-solvent-type adhesive, was used.
Except for these features, a total heat exchange element was
manufactured under the same condition as the one used in
Example 1. The application amount of the adhesive used for
manufacturing the long element structuring unit member was
14 g/m*. The application amount of the adhesive used for
stacking the plurality of element structuring units in the man-
ner of layers was 29 g/m>.

Evaluations

[0098] For each of the total heat exchange elements that
were manufactured as Example 1, Example 2, and Compara-
tive Example, temperature exchange efficiency (i.e., sensible
heat exchange efficiency), moisture exchange efficiency (i.e.,
latent heat exchange efficiency), and total heat exchange effi-
ciency in a high-humidity environment as well as temperature
exchange efficiency, moisture exchange efficiency, and total
heat exchange efficiency in a low-humidity environment were
measured. The levels of exchange efficiency in the high-
humidity environment were measured under a condition that
was compliant with an exchange efficiency measuring con-
dition (i.e., a summer condition) according to JIS B8628
(total heat exchangers), whereas the levels of exchange effi-
ciency in the low-humidity environment were measured
under a condition that was compliant with an exchange effi-
ciency measuring condition (i.e., a cooled-room condition)
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according to Standard 1060 Rating Air-to-Air Energy Recov-
ery Ventilation Equipment defined by the Air-conditioning
and Refrigeration Institute (ARI) in the USA, while using a
method that was compliant with JIS B8628 (total heat
exchangers). The measured results are shown in a table in
FIG. 8.

[0099] As apparent from FIG. 8, the temperature exchange
efficiency and the moisture exchange efficiency in the high-
humidity environment as well as the temperature exchange
efficiency in the low-humidity environment were substan-
tially the same for the total heat exchange elements according
to Example 1, Example 2, and Comparative Example. In
contrast, each of the total heat exchange elements according
to Example 1 and Example 2 had a very much higher level of
moisture exchange efficiency in the low-humidity environ-
ment than the total heat exchange element according to Com-
parative Example. The reason for these results can be
explained as follows: In the total heat exchange element
according to Comparative Example, the water-soluble mois-
ture absorbent (i.e., lithium chloride) moved from the parti-
tion members into the spacing members, both during the
manufacturing process of the total heat exchange element and
after the manufacturing process of the total heat exchange
element. In contrast, in each of the total heat exchange ele-
ments according to Example 1 and Example 2, the water-
soluble moisture absorbent (i.e., lithium chloride) hardly
moved from the partition members into the spacing members,
both during the manufacturing process of the total heat
exchange element and after the manufacturing process of the
total heat exchange element. It is therefore conjectured that,
in each of the total heat exchange elements according to
Example 1 and Example 2, the water adsorbing characteris-
tics was improved especially in the low-humidity environ-
ment, and the level of moisture permeability therefore
increased, because the water-soluble moisture absorbent
hardly moved.

[0100] The total heat exchange element and the manufac-
turing method thereof as well as the heat exchange ventilation
device according to aspects of the present invention have been
explained through the exemplary embodiments and the
Examples. However, the present invention is not limited to the
exemplary embodiments described above. For example, to
apply the adhesive in an unhardened state, it is acceptable to
use any other method (e.g., spraying the adhesive) that is
suitable for the properties of the adhesive, instead of using the
application roller.

[0101] Further, as long as each of the spacing members is
able to hold two partition members with a predetermined
interval therebetween, sheets that have been shaped into rect-
angular corrugations or triangular corrugations or a plurality
of plate pieces may be used as the spacing members. In
addition, as for the overall shapes of each of the element
structuring units and the total heat exchange element, it is
possible to select any shape, as necessary, according to the
applications of the total heat exchange element to be manu-
factured and the performances that the total heat exchange
element is expected to achieve. Furthermore, besides the
exemplary embodiments above, it is possible to apply various
changes, modifications, and combinations to the total heat
exchange element and the manufacturing method thereof
according to any of the aspects of the present invention.

INDUSTRIAL APPLICABILITY

[0102] The present invention is applicable to a total heat
exchange element in any mode as long as the total heat
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exchange element is used in a stationary-type heat exchanger.
Itis possible to use the total heat exchange element according
to the present invention in any of various apparatuses that are
used for the purpose of air-conditioning or ventilating build-
ings, automobiles, vessels, and the like.

1. A total heat exchange element having a stacked-layer
structure in which sheet-like partition members added a
water-soluble moisture absorbent thereto and spacing mem-
bers are stacked alternately, the spacing members being
joined with the partition members by using an adhesive so as
to form air flow passages together with the partition members,
wherein

the spacing members have water retention properties, and

the adhesive exhibits insolubility to the water-soluble

moisture absorbent or an aqueous solution of the water-
soluble moisture absorbent.

2. The total heat exchange element according to claim 1,
wherein the adhesive is an organic-solvent-based adhesive, a
solventless reactive adhesive, or a hot-melt adhesive.

3. The total heat exchange element according to claim 1,
wherein each of the partition members is made of a water
retentive material that is impregnated with the water-soluble
moisture absorbent.

4. The total heat exchange element according to claim 1,
wherein

each ofthe spacing members includes a base material made

of a water retentive material and a thermal-adhesion-
type resin layer disposed on one of surfaces of the base
material, and

the thermal-adhesion-type resin layer functions as the

adhesive used for causing the spacing members to be
joined with the partition members.

5. The total heat exchange element according to claim 1,
wherein the water-soluble moisture absorbent is a deliques-
cent alkali metal salt or a deliquescent alkali earth metal salt.

6. A manufacturing method of a total heat exchange ele-
ment having a stacked-layer structure in which sheet-like
partition members added a water-soluble moisture absorbent
thereto and spacing members are stacked alternately, the
spacing members being joined with the partition members by
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using an adhesive so as to form air flow passages together
with the partition members, the manufacturing method com-
prising:

a unit manufacturing step of obtaining a plurality of ele-
ment structuring units in each of which one of the par-
tition members and a corresponding one of the spacing
members each being made of a water retentive material
are joined together by using the adhesive; and

a layer stacking step of joining the element structuring
units together by using an adhesive and obtaining the
total heat exchange element in which the plurality of
element structuring units are stacked in layers, wherein

the adhesive used at the unit manufacturing step and the
adhesive used at the layer stacking step each exhibits
insolubility to the water-soluble moisture absorbent or
an aqueous solution of the water-soluble moisture absor-
bent.

7. The manufacturing method of a total heat exchange
element according to claim 6, wherein the adhesive used at
the unit manufacturing step and the adhesive used at the layer
stacking step are each an organic-solvent-based adhesive, a
solventless reactive adhesive, or a hot-melt adhesive.

8. The manufacturing method of a total heat exchange
element according to claim 6, wherein each of the partition
members is made of a water retentive material that is impreg-
nated with the water-soluble moisture absorbent.

9. The manufacturing method of a total heat exchange
element according to claim 6, wherein

each of the spacing members includes a base material made
of a water retentive material and a thermal-adhesion-
type resin layer disposed on one of surfaces of the base
material, and

the thermal-adhesion-type resin layer is used as the adhe-
sive at the unit manufacturing step.

10. The manufacturing method of a total heat exchange
element according to claim 6, wherein the water-soluble
moisture absorbent is a deliquescent alkali metal salt or a
deliquescent alkali earth metal salt.
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