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ABSTRACT

This plate-type heat exchanger which ensures air-tightness can
be easily produced by performing solid-phase diffusion bonding
without using a brazing material in at least part of the
dolning of lateral-end surfaces of plate-type components
constituting a plate-type heat exchanger, and the joining of a
channel for upper and lower plate-type components. The present
invention invelves: a rectangular plate-type component
consbituting Lhe heal exchanger case being a box-Lype
component provided with a vertical wall section along the
peripheral edge thereof; box-tyvpe components which have the
same shape being configured in a manner such that the
crientaticn of the horizental surface of one of the bozx~type
components is reversed; layering the box-type components in
order; engaging the upper section of the vertical wall section
of the lower-layer component with the lower section of the
vertical wall section of the upper-laver component; setting
the angle (9) of the vertical wall section to 8%£30°; and
performing sclid-phase diffusicn bonding in at least part of
the contact site between the vertical wall secticn of the
upper-layer component and the vertical wall section of the

lower-lavyer component.
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PLATE-TYPE HEAT EXCHANGER AND METHOD FOR PRODUCING SAME

TECHNICAL FIELD
The present invention relates to a plate-type heat
exchanger in which a plurality of heat-transfer plates were

layered.

BACKGROUND ART

Among various types of heat exchangers, plate-type heat
exchangers are used for electric water heaters, industrial
equipment, car air-conditioners or the like because their heat
exchanging performance is very high.

A plate-type heat exchanger has layered plates for
providing paths of heat exchange media, i.e., paths for high-
and low-temperature media configured to be adjacent each other
so that heat exchange is effected mutually by virtue of the
temperature difference between the media flowing through these
paths of the high- and low-temperature media.

For example, in Patent Document 1, plates having
corrugated portions for forming flow paths are layered and
joined by various joilning methods (fastening with a gasket and
screw, welding, brazing) to obtain a structure in which high-
temperature flow paths and low-temperature flow paths are
alternated. Meanwhile, in view of an improved durability of a
heat exchanger itself, stainless steel sheets, which have
excellent corrosion resistance, are used as metal plate

materials.
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Further, for small-to-medium sized heat exchangers,
joining operations are often performed by brazing in view of
pressure resistance.

Patent Document 1: Japanese Unexamined Patent Application,

Publication No. 2010-85094

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

However, attempts for layering and joining corrugated
plate-like components by brazing may result in joining defects
inherent to braze materials, such as erosion and cracks
occurring upeon joining, decreased corrosion resistance and
buried flow paths with a braze melt. Further, the cost of
braze materials is also an issue.

Meanwhile, as a method in which decreased corrosion
resistance is prevented at a joining region, solid phase
diffusion bonding may be used instead of brazing. Solid phase
diffusion bonding is a joining method which takes advantage of
interdiffusion of atomg of a base material occurring at a
joining interface under high temperature and high pressure,
and can produce a joining region having such strength and
corrosion resistance comparable to those of the base material.
However, the quality of joining by solid phase diffusion may
be affected by the applied pressure, temperature and the like
at a joining surface.

In particular, in a case where a stainless steel sheet is

used as a metal plate material, diffusion bonding of a
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stainless steel may be strongly affected by an additive
element. When large amounts of easily oxidizable elements, Al,
Ti, and Si are contained therein, a robust oxide or oxide film
may be formed on a surface layer of a joining interface to
inhibit joining.

Further, when layered plate-like components are
pressurized both from the upward and downward directions to
perform solid phase diffusion bonding, adjacent plates tend be
joined insufficiently at side-edge surfaces although solid
phase diffusion bonding can be sufficiently achieved at
joining surfaces in the vertical direction.

This occurs because pressing force tends to be
insufficient in the lateral direction. The present invention
is made to solve the above problems. An objective of the
present invention is to provide a method of conveniently
manufacturing a robustly air-tightened plate-type heat
exchanger even when a stainless steel sheet in particular is
used as a base material, the method comprising: defining
shapes of side-edge surfaces of plate-like components of a
plate-type heat exchanger; and performing joining of the side-
edge surfaces and flow paths in the plate-like components
adjacent in the vertical direction by solid phase diffusion
bonding instead of brazing. Note that use of a braze material
is acceptable in a region where a load may not be added easily.
Means for Solving the Problems

To this end, the plate-type heat exchanger according to

the present invention is characterized by that a housing of
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the heat exchanger comprises a plurality of rectangular plate-
like components, and the rectangular plate-like components are
box-1like components each having the same shape and having a
standing wall section along a peripheral edge, and one of the
box-1like components is layered on another of the box-like
components reversed in the horizontal direction to form a
layered structure having an upper layer component and a lower
layer component such that an upper portion of a standing wall
section of the lower layer component of the layered structure
is fit into a lower portion of a standing wall section of the
upper layer component of the layered structure, and the angle
(8) of the standing wall sections is 6 < 30°, and at least a
portion of a contact region between the upper portion of the
standing wall section and the lower portion of the standing
wall section is joined by solid phase diffusion bonding.

Further, braze bonding may also be performed for at least
a portion of the above contact region depending on a desired
joining strength. Other contact regions between the upper
layer component and the lower layer component are also
preferably joined by solid phase diffusion bonding or braze
bonding.

Preferably, the box-like components are press-formed
articles each having two types of opening sections at
predetermined positions on an upper side thereof, one being
opened and protruded upwardly from each of the box-like
componernits and the other being opened and protruded to the

game height inwardly from each of the box-like components, and
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an upper side of the upwardly protruded opening section of the
lower layer component is joined with a lower side on the
downwardly protruded opening sgection of the upper layer
component at a contact region therebetween by solid phase
diffusion bonding or braze bonding.

Preferably, a fin having a cross-sectional shape of a
triangle or trapezoid or rectangle and having the same height
as a flange is further formed at an upper side-flat portion of
the layered box-like components, and when a tip piece of the
upper layer component is brought into contact with a flat
portion in the vicinity of a punching shoulder of the lower
layer component, tips of the fins make contact with each other,
and a joining region of a flow path formed at the contact
region after sclid phase diffusion bonding or braze bonding of
the both has a good joining strength comparable to that of a
base material.

The followings may also be allowed: a fin component
having a cross-sectional shape of a triangle or trapezoid or
rectangle and having the same height as a flange is arranged
between layered two box-like components, when a tip piece of
the upper layer component is brought into contact with a flat
portion in the vicinity of a punching shoulder of the lower
layer component, tips of the fins make contact with an upper
side-flat portion of a box-like component, and the both are
joined at the contact region by solid phase diffusion bonding
or braze bonding to form a flow path.

When the plate-type heat exchanger having a configuration
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as described zbove is manufactured using a stainless steel
sheet as a base material, a layered assembly of the box-like
components prepared with a single-phase ferritic stainless
steel sheet or an austenitic stainless steel sheet or a
martensitic stainless steel sheet having a chemical
composition of 0.1 Si + Ti + Al < 0.15 mass% and a surface
roughness of Ra £ 0.3 um may be heated under an atmosphere of
a heating temperature of 1100°C or more and an applied
pressure of 0.3 MPa or more and 1 x 107? Pa or less to perform
solid phase diffusion bonding. Here, 1 x 10™* Pa or less means
an ambient pressure when the heating temperature 1s reached.
Once the ambient pressure in a furnace during heating is
reduced to this pressure, an inert gas such as Ar and N, may be
contained in the furnace thereafter.

When a two-phase gtainless steel sheet having a chemical
composition of 0.1 Si + Ti + Al <« 0.15 mass% is used, and
heating is performed under an atmosphere of a heating
temperature of 1000°C or more, an applied pressure of 0.1 MPa
or more and an ambient pressure of 1 x 10°° Pa or less, even a
stainless steel sheet having a surface roughness of Ra < 2.0
pm can be sufficiently joined by solid phase diffusion bonding.
Effects of the Invention

According to the present invention, at least a portion of
joining of side-edge surfaces of plate-like components
constituting a plate-type heat exchanger and joining of flow
paths in upper and lower plate-like components is performed by

solid phasgse diffusion bonding in which a braze material such
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as Cu and Ni is not used.

Therefore, a robustly air-tightened plate-type heat
exchanger can be obtained at low cost. Further, a plate-type
heat exchanger having excellent durability can be obtained at
low cost because a stainless steel sheet is used as a steel

sheet material.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates the structure of a conventional
layered plate-type heat exchanger.

Fig. 2 illustrates the structure of flow paths of the
conventional layered plate-type heat exchanger.

Fig. 3 illustrates the structure of flow paths of the
layered plate-type heat exchanger according to the present
invention.

Fig. 4 illustrates an aspect of the present invention
where a fin is provided at a flat portion of a box-like
component .

Fig. 5 illustrates the structure of a cross-section of
the layered plate-type heat exchanger shown in Fig. 4.

Fig. 6 illustrates a heating pattern when performing

solid phase diffusion bonding according to Examples.

PREFERRED MODE FOR CARRYING OUT THE INVENTION
As described above, the present plate-type heat exchanger
has layered plates arranged to provide paths of heat exchange

media, i1.e., paths for high- and low-temperature media
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configured to be adjacent each other so that heat exchange is
effected mutually by virtue of the temperature difference
between the media flowing through these paths for the high-
and low-temperature media.

A heat exchanger with a simple structure may be
manufactured as follows: for example, a plurality of box-like
components each having a similar shape are manufactured, and
one of the box-like components horizontally rotated by about
180° to reverse the orientation is layered on another of the
box-1like components, and then lamination of box-like
components is further repeated as shown in Figs. 1 and 2.

In addition, the upper and lower components need to be
air-tightened at a contact region between a peripheral edge-
standing wall section and a peripheral edge of an opening
section of the layered box-like components in order to operate
the above layered product as a heat exchanger.

The heat exchanger as shown in Fig. 2 can be obtained as
follows: a steel sheet is pressed to form a box-like component
such that a peripheral edge-standing wall section is slightly
tilted in the outward direction, and two types of opening
gsections are formed at predetermined positions, one being
opened upwardly at a height less than one-half of that of the
peripheral edge-standing wall section on the above rectangular
plate-like component and the other being opened inwardly at a
height similarly less than one-half of that of the peripheral
edge-gstanding wall section on the above rectangular plate-like

component, and the resulting box-like component is mounded on
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a bottom plate, over which another box-like component having
the same shape is then mounded after said another box-like
component ig horizontally rotated by about 180° to reverse the
orientation, and then these procedures are repeated as
required. Note that the peripheral edge-standing wall section
of the upper box-like component is configured to be fit to and
overlapped with the peripheral edge-standing wall section of
the lower box-like component.

Here, the upper component needs to be air-tightly joined
with the lower component. Regions to be air-tightly joined
include a contact region between an downward opening-end
portion to be sexrved as a flow path of an upper component and
an upward opening-end portion to be served as a flow path of
an lower component; and an overlapping portion between a
peripheral edge-standing wall section of an upper box-like
component and a peripheral edge-standing wall section of a
lower box-like component.

When solid phase diffusion bonding is attempted for each
of the above regions instead of brazing in the layered
structure as described above, a load can be appropriately
applied to the contact region between a lower opening-end
portion of an upper component and an upper opening-end portion
of a lower component. However, a satisfactory load is
difficult to be applied to the overlapping portion between
standing wall sections at the peripheral edges. That is, it is
very difficult to apply a load to the overlapping portion

between peripheral edge-standing wall sections both from the
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upward and downward directions, and thus scolid phase diffusion
bonding cannct be sufficiently performed.

Therefore, an improved method needs toc be developed for
Jolning the overlapping portion between peripheral edge-
standing wall =sections.

Accordingly, in the present invention, the contact regiocon
between the lower opening-end portion of the upper component
and an upper opening-end portion of the lower component is
performed by solid phase diffusion bonding, and the
overlapping porlion between Lhe peripheral edge-slanding wall
section of the upper box-like component and the peripheral
edge-standing wall section of the lower box-like component 1is
defined into a specific shape, thereby achieving a sufficient
Jolning quality.

Specifically, as shown in Fig. 3 (b), a steel sheetf 1is
press—-formed to produce a box-like component 306 such that a
standing wall section 309 is provided at a peripheral edge,
and two types of opening sections 307, 308 are formed at
predetermined positions on the upper surface thereof, one
being opened and protruded upwardly on the box-like component
and the other being opened and protruded inwardly at the same
height on the box-like component. Note that in Pig. 3 {a), a
first box-like component 301 and a second box-like component
302 have the same shape, but are in a herizontally reversed
orientation relative to each other. Therefore, the height of a
single box-like rectangular plate-like component 1s equal to

the total sum of the heights of the opening sections opened

Date Regue/Date Received 2021-04-07
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and protruded upwardly and downwardly.

The above box-like component is mounded on a bottom plate
304, over which another box-like component having the same
shape 1s then mounded after said ancther box-like component is
horizontally rotated by about 180° to reverse the crientation,
and these procedures are repeated as required.

Then, a Jjoint 305 and a top plate 303 which are
separately prepared are attached to the lavered product to
obtain the structure of a heat exchanger as seen in Fig. 3 (al.
Note that the peripheral edge-standing wall section ol an
upper box-like component is configured to be fit to and
overlapped with the peripheral edge-standing wall section of a
lower box-like component. For this reason, the height of a
standing wall section 3209 needs to be higher than the total
sum of the heights of the copening sections opened and
protruded upwardly and downwardly.

In the present invention, at least a portion of the
peripheral edge-standing wall section of an upper box-like
component and the peripheral edge~standing wall section a
lower box-like component is Jjoined by solid phase diffusion
bonding. In order to achieve this, the outwardly tilted angles
cf the peripheral edge-standing wall section of an upper box-
Like component and a lower box-like component, each a
standing-wall angle (8) 502 as shown in Fig. 5 (), are
preferably 15° £ 8 < 30° in order to allow a load to be
applied to the standing wall 501 sections both from the upward

and downward directions when performing solid phase diffusion

Date Regue/Date Received 2021-04-07
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bonding. When a portion of the standing wall portion 1s brazed
to achieve robust air-tightness, angle 502 (8) 1s preferably
minimized as small as possible such as 0° £ 6 £ 15° sc as to
allow the standing wall portion to slightly tilt outwardly
without increasing the size of a plate-type heat exchanger
itself.

When a lavyered product where the box-like component 301
and the box-like component 302 arranged in a reversed
orientation relative to the box-like component 301 are
assembled as shown in Fig. 3 (a) along wilh a bottom plate, a
top plate and a joint separately prepared is maintained at
high temperature while applyving a lcad both from the upward
and downward directions, locations indicated as a, b, ¢ and d
in Fig. 3 (a) are jeined by the acticon of sclid phase
diffusion bonding,

By the way, 1n a heat exchanger, paths for heat exchange
media, i.e., paths for high- and low-temperature media are
configured to be adjacent esach other so that heat exchange is
effected mutually by virtue of the temperature difference
between the media flowing through these paths for high- and
low-temperature media. Therefore, an increased surface of a
partition wall separating the paths for high- and low-
temperature media is effective for increasing the efficiency
of heat exchange.

Accordingly, 1in the present invention, a fin having a
cross—-secticonal shape of a triangle or trapezold or rectangle

and having the same height as that of a box-like component is

Date Regue/Date Received 2021-04-07
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provided on an upper side—-flat portion of a lavered box—-like
component.

Specifically, as shown in Fig. 4, a fin having a cross-
sectional shape of a triangle, trapezoid or rectangle and
having the same heighf as that of a box-like component is
formed on an upper side-~flat portion of the box-like component
in the direction toward the inside of the beox-like component.
This box-like component having the fin formed on the upper
side-flat portion is layered. Note that in Fig. 4, the second
box-like componenl 402 is arranged Lo be in a reverse
orientation relative to the first box-like component 401, and
a third box-1like compoeonent 403 having the same shape as the
first box-like component 401 is arranged in the same direction
ag the first box~like component 401.

When the standing wall section of an upper box-like
component is layered so as to be fit into the standing wall
section of a lower box—-like component, the tips of the fins is
brought into contact with each other. Therefore, when the
assembly in this state is maintained at high temperature while
applying a lecad both from the upward and downward directions,
portions indicated by circles and sguares in Fig. 5 are Joined
by the action of solid phase diffusion bonding. Note that the
fin components may be joined each other by braze bonding.

Instead of forming a fin on a box~-like component itself,
a fin and a box-like component may be produced separately, and
a fin component may be arranged between the upper and lower

box-like components layered.

Date Regue/Date Received 2021-04-07
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In a case where a portion of a standing wall portion is
brazed, the followings may be mainly used as braze materials:
a Ni braze BNi-5 defined in JISZ3265, a BNi-5 based braze
containing P, a Cu braze BCu-1 (oxygen—-free copper) defined in
JISZ3262. A paste-like material prepared by mixing a powder
with a binder and a braze material formed into a foil-like
form can be used. The types, forms and usage amounts of braze
materials may be gelected depending on the base material,
shape and the like of a box-like component. For example,
preferably, a braze material in an amounlt of 0.1 g/cn? or more
and 1.0 g/em? or less i1s applied to a gap formed at standing
wall portions when a box-like component having a fin component
arranged therein is layered.

In the above, the structure of the plate~type heat
exchanger according to the present invention 1s described. As
also descrikbed in a section where problems to be solved are
discussed, a stainless steel sheet is preferably used as a
base steel material in order to confer durability on the
plate~type heal exchanger according to the present invention
under an environment where corrosion resistance is required.

However, 1n a case where a stainless steel sheet is used
as a steel plate material, diffusion bonding of the stainless
steel may be strongly affected by an additive element. When
large amounts of easily oxidizable elements, Al, Ti, S$i are
contained therein, a robust oxide or oxide film may be formed
on a surface of a joining interface, resulting in inhibition

of jJoining.

Date Regue/Date Received 2021-04-07
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Therefore, when manufacturing the plate-type heat
exchanger according to the present invention using a stainless
steel sheet as a base material, the present inventors control
the contents of easily-oxidizable elements, Al, Ti and 3i, and
define the surface profile of the base stainless steel sheet
and the applied pressure and heating temperature when
performing scolid phase diffusion bonding.

There is no limitation for the general composition of a
stainless steesl to be used. The followings may be used:
single-phase ferritic stainless sleel sheels, austenilic
stainless steel sheets, martensitic stainless steel sheets or
two-phase stainless steel sheets having common compositions as
defined in JIS and the like.

When large amounts of easily-oxidizable elements, Al, Ti
and $1 are contained, a robust oxide or oxide film may be
formed at a surface of a joining interface, resulting in
inhibition of joining. Therefore, the total amount thereof
will be controlled. Details will be described in Examples.
Briefly, when 0.1 31 + Ti + Al is 0.15 % or more, oxidation
may be promoted inside articles to be Jjoined, resulting in
insufficient joining performance.

A preferred stainless steel sheet for use in the present
invention is a single-phase ferritic stainless steel sheet
consisting of C: 0.0001 to 0.15%, Si: legs than 1.5%, Mn:
0.001 to 1.2%, P: 0.001 to 0.045%, 5: 0.0005 to 0.03%, WNi: ©
to 0.6%, Cr: 11.5 to 32.0%, Cu: 0 to 1.0%, Mo: 0 to 2.5%, Al:

less than 0.15%, Ti: less than 0.15%, Nb: 0 to 1.0%, V: O to

Date Regue/Date Received 2021-04-07
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e}

0.5%, N: 0 to 0.025% by mass and the remainder Fe and

all

inevitable impurities.

Further, 1t mavy also be an austenitic stainless steel
sheet consisting of C: 0.0001 to 0.15%, Si: less than 1.5%,
Mn: 0.001 to 2.5%, P: 0.001 to 0.045%, S: 0.0005 to 0.03%, Ni:
6.0 to 28.0%, Cr: 15.0 to 26.0%, Cu: 0 to 3.5%, Moc: 0 to 7.0%,
Al: less than 0.15%, Ti: less than 0.15%, Nb: 0 to 1.0%, V: O
to 0.5%, N: 0 to 0.3% by mass and the remainder Fe and
inevitable impurities.

Moreover, 1L may also be a martensitic stalnless steel
sheet consisting of C: 0.15 to 1.5%, S8i: less than 1.5%, Mn:
0.001 to 1.0%, P: 0.001 to 0.045%, S: 0.0005 to 0.03%, Ni:
0.05 to 2.5%, Cr: 13.0 to 18.5%, Cu: 0 to 0.2%, Mo: O to 0.5%,
2l: less than 0.15%, Ti: less than 0.15%, Nb: 0 to 0.2%, V: 0
to 0.2% hy mass and the remainder Fe and inevitable impurities.

Furthermcre, 1t may also be a ferritic-martensitic two-
phase stainless steel sheet or a ferritic-austenitic two-phase
stainless steel sheet consisting of C: 0.0001 to 0.15%, Si:
less than 1.5%, Mn: 0.001 to 1.0%, P: 0.001 to 0.045%, S:
0.0005 to 0.03%, HNi: 0.05 to 6.0%, Cr: 13.0 te 25.0%, Cu: 0 to
0.2%, Mo: 0 to 4.0%, Al: less than 0.15%, Ti: less than 0.15%,
Nb: 0 to 0.2%, V: 0 to 0.2%, N: 0.005 to 0.2% by mass and the
remainder ¥Fe and inevitable Impurities.

In order to maintain manufacturability, 0 to 0.01% of B
and 0 to 0.1% of one or more of Ca, Mg and REM may be added to
the aforementioned stainiess steels.

Moreover, in solid phase diffusion bonding, doining is

Date Regue/Date Received 2021-04-07
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performed while metals to be joined are strongly pressed
against each other.

Therefore, the surface roughness of the both will
strongly affect the Jjoining gquality thereof. Detalls about the
surface roughness will alsc be described in Examples below. In
a case where s0lid phase diffusion bonding is performed under
an applied pressure of 0.3 MPa, the surface roughness of a
two-phase stainless steel sheet, which can be relatively
easily diffusion beonded, needs to be Ra £ 2.0 pm, depending on
Lhe pressure at a contacl surface between Lhe melals Lo be
joined., The surface roughness of a single-phase ferritic
stainless steel sheet or an austenitic stainless steel sheet
or a martensitic stainless steel sheet, which may be difficult
to be diffusion bonded, needs to be Ra £ 0.3 um.

The applied pressure applied between stainless steael
sheets to be diffusion bonded will be set to 0.1 MPa or more
for a two-phase stainless steel, 0.3 MPa or more for single-
phase ferritic or austenitic or martensitic stainless steel
sheets. A value of the applied pressure equal to or less than
these wvalues is not preferred for commercial products as
described below because heating to higher temperature is
required to form a sound ijoining interface. A value of the
applied pressure equal to or more than these values can enable
diffusion bonding to be performed with relatively simple
equipment,

A metal weight is preferably used to apply the applied

pressure both from the upward and downward directions. A
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thermally resistant ferritic stainless steel having excellent
thermal resistance and small thermal expansion 1g preferably
used for a weight. The applied pressure may be calculated by
dividing a load of a weight by upper and lower Joining areas.

A passivation film and an oxide film on the surface of
itoining is easier to break as the applied pressure upon
heating increases, which may be responsible for impaired
joining, and the contact area between microscopically uneven
surfaces of steel sheets (the interface contact area) can be
easily increased, Therefore, Lhe atomic diffusion area expands,
resulting in facilitated diffusion bonding. ©On the other hand,
when a larger weight is used to increase the applied pressure,
lcocad shifting due to an unstable center of mass and poor
shaping due tce an uneven load tend to occur. Further, when the
lecad of a welght is increased, & ratio of the weight to the
allowable load of a hearth or transfer rails 1is increased.
Therefore, the weight of products which can be loaded will be
Limited, resulting in significantly decreased mass-
productivity. Therefore, the applied pressure 1s preferably
0.8 MPa or less, which corresponds to the minimum value
required for performing Joining.

The heating temperature at diffusion bonding is set to
1000°C or more for a two-phase stainless steel, and 1100°C or
more for single-phase ferritic, austenitic or martensitic
stainless steel sheets, Diffusion bonding can not sufficiently
he achieved when these temperatures are not reached.

Solid phase diffusion at the surface of a stainless steel

Date Regue/Date Received 2021-04-07
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usually takes place staring at around 200°C. TIn particular,
heating to 1100°C or more can facilitate diffusion bonding in
a short time because atomic diffusion is activated. Howsever,
heating to 1200°C or more may decrease high-temperature
strength and alsc tend to result in coarsened crystal grains.
A decreased high-temperature strength may result in
significant thermal deformaticn of articles to be Jjoined
during heating. Further, coarsened crystal grains may decreacse
the strength of a base material, resulting in dereriorated
pressure resistance. herefore, Lhe presenl inventors have
conducted studies to find a heating temperature at which
diffusion bonding can be performed at a temperature as low as
possible. As a result, the present inventors find that heating
temperatures in the following ranges can be used for Jjoining
under conditicens of the aforementioned chemical compositions,
surface roughness and applied pressures: 1100°C to 1200°C for
single-phase ferritic or austenitic or martensitic stainless
steel sheets, 1000°C to 1200°C for a two-phase stainless steel
sheet and 1100°C te 1200°C for jeoining between different
materials among them. Note that the proper temperature for
brazing of 1100°C or more is preferably used when a braze
material is partly used.

Diffusion bonding between stainless steel sheets can be
performed by maintaining heating of those members to be joined
under an atmosphere where a pressure of 1 x 1077 Pa or less is
achieved by vacuum suction. Diffusion bonding cannot be

sufficiently achieved under an atmosphere of more than 1 x 1077
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Pa.

In a case where the amblent pressure is higher than 1 x
104 Pa (» 1 = 10-¢ Pa), oxygen harbored in a gap between
stainless steel sheets to be jolned may remain, resulting in
formation of an oxide film on a joining surface layer upon
heating. This significantly deteriocrates the guality of
Joining. In a case where the ambient pressure 1s lower than 1
% 1072 Pa, i.e., the ambient pressure is set to 1 x 10?7 Pa or
less, an oxide film on the surface will be ultra-thin.
Therefore, it is Lhe optimal conditlion for diffusion bonding.
Note that as described above, an inert gas such as Ar, He and
Nz may be included when performing joining after the ambient
pressure reaches 1 x 10°% Pa or less.

A heating method in which the entire material in a
furnace is uniformly heated with a heater can be used. The
heat holding time may be set within a range of 30 to 120 min.

A heat holding time as short as possible 1s preferred in
view of mass-productivity. However, the heating time of 30 min.
cr more was required in order to uniformly heat the entire
articles to ke joined to sufficiently excite atomic diffusion.
On the other hand, a holiding time of 120 min. or more
facilitates growth of crystal grains to the extent where the
strength ¢of a base material 1s affected. Therefore, the

nolding time of 20 to 120 min. was preferably used.

EXAMPLES

Example 1: First, only box-like components each having a
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plate thickness of 0.4 mm were formed using a steel sheet

having an element composition shown in Table 1. Then three of
them were layvered as shown in Fig. 5 (a). These are used to
evaluate the Jjoining gquality of the test pieces. Here, the

standing-wall angle @ was 30°, and a braze material was not
applied. Further, the surface roughness Ra at a forming
portion is 0.3 um =.

The above preliminary assembled article was subjected to
diffusion bonding under conditions selected from those
described in Table 2 and the heating palterns shown in Fig., 6.
That is, it was placed in a horizontal vacuum furnace. Once
the ambient pressure reached 1 x 1072 Pa or less, heating was
performed according to the heating pattern (3) shown in 'ig. 6
with a heating temperature of 1200°C, a scaking time of 2.0
hours and a lcad surface pressure of 0.5 MPa. These conditions
appear to be the upper limits of the temperature and surface
pressure in view of mass-productivity.

A load was applied by placing a SUS 430 weight on a
processed article which had been sandwiched with alumina
ceramic plates from above and below. The applied pressure was
simply adjusted to Psin /8 = 0.5 MPa wherein 3 (mm?)
represents the total contact area at standing wall portions,
and P (N) represents the welght of a welght.

{Table 1]
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Component compositions of test pieces (mass)%

Type of — . . . 0.18i
steel [T ¢ Si Mn Ni Cr Mo Cu Nb Ti Al N ATikAl Remarks
system
1 10,007 0.61]0.18] 0.07 |[11.16]0.02]0.03 - 0,18 10.032 ] 0.009 0. 27 | Comparison material
2 10008 [0.38f0.2810.25]17.22]0.0410.05]0.15 ] 0.18 {0.022(0.012 0. 24 | Comparison matcrial
E 3 0.006 10.0710.2410.21 [17.53]0.86}0.06 - 0.26 j0.119] 0.01 0. 39 ] Comparison material
; 4 10010§0.18{0.20]0.22 |17.10]0.13]0.05] 0.12 | 0.24 {0.021] 0.012 0. 28 | Comparison matcrial
'f—: 5 10007 ({0.23]|0.22]0.13 }22.03{1.04]0.03{0.19 | 0.20 |0.090} 0.013 Q.31 { Comparison material
§ |6 0006 [0.110.20] 0.16 129.50 | 1.90]0.05] 0.19 | 0.17 ]0.082 ] 0.014 0. 26 | Comparison material
§ 7 10011 ]0.4770.28]0.12 [17.32]0.02]10.03] 0.37 0 0.003 | 0.008 0.05 | Invented material
—":g 8 [0.010[0.34{0.99} 0.14 118.44§1.85]0.19] 0.41 0 0.006 | 0.012 0.04 | Invented material
= 9 10.006]032(0.99;0.16 }18.23}11.99]0.17] 0.61 0 0.001 | 0.008 0.03 | Invented material
10 1 0.010 [0.51 10.341 0.13 | 22.5110.02]0.44 0.36 0 |0.001]0.012 0.05 | Invenled material
11 10014 (0.33{032] 013 ]16.84}0.05]1.50]0.40 0 0. 008 | 0.009 0.04 | Invented material
_ 12 10.017 | 1.44]2.03} 7.10 [16.58 ] 0.24] 1.901 ~ 0 }0.006]0.013 0. 15 | Compurison malerial
§ 13 | 0.040 %_52 0.67] 11.9 118.3910.75{2.00 - 0 0.001 ] 0.008 0. 28 | Comparison matcrial
g 14 10.042 13,28 ]0.75] 13.2 J19.0710.10}0.10 | 0.0¢ 0 0.02 | 0.022 Q.35 | Comparison material
TE 15 10.053 10.50|0.77] 8.55 }18.10§0.19{0.25 - 0 0.005 | 0.028 0.06 | Invented material
% 16 10.022 10.25[1.72] 8.06 }17.07]0.07[3.25 - 0 0.0011 0.013 0.03 | Invented material
g 17 10.022 {0.58[1.72] 9.06 | 18.21 | 0.06 | 3. 22 - 0 0 0.023 0.06 | Invented material
‘i 18 {0.017 10.51 [1.71112.10]17.31}2.04]0.35 - 0 0.002 | 0.007 0.06 | Invented material
19 {0.050 |0.50|1.50[20.20)25.30{0.20] - - 0 0 0.030 0.05 | Invented material
'§ g 20 {0.036 |1.4810.36] 6.82 | 14.46{0.12 0.60 - 0.31 |0.028 ] 0.008 0. 49 | Comparison material
_$ g 3 21 {0,340 [ 0.56 ] 0.55 1 0.13 ] 13.40{0.03 ] 0. 04 - 0 0 0.015 0.06 | Invented material
=5%[2210980]028[0.43]0.12]16.25]0.21]0.03 - 0 0 0.007 0.03 Invented material
23 10,064 10.5110.28]0.21 ]16.35]0.02]0.03 - 0.01 {0.001]0.015 0.05 | Invented mnterial
g 24 10078 /0.5710.32]0.27 | 16.2210.0810.03 - 0.01 0 0.022 0.07 | Invented material
é 2 25 10024 [0.61]0.53] 0.08 {11.78}0.09}0.03] 0.0t 0 0.002 ] 0.017 0.05 | invented material
?T; 26 10.065(0.28]/0.76] 0.14 §12.48(0.04]0.10] 0.03 0 0 0.011 0.03 | Invented material
ff- ‘;% 27 10.083]/0.27/0.85) 0.08 }12.19]0.03]0.04( 0.02 0 0.002 | 0.013 0.03 | Invented material
28 10,230 [0.53]0.32] 2.04 ]16.65§0.03]0.04 - 0,01 {0.009 | 0.142 0.07 | Invented material

~ ¢ indicates additive-free

[Table 2]

Conditions of joining

Test equipment horizontal vacuum furnace

Ambient pressure(Pa) | <1 x 1072

Joining temperature (°C)| 950 ~ 1250
Pressure at load surface (MPa)l 0, 0.1, 0.3. 0.5
Thickness of test picce (mm) | 0. 4
0.1.0.2,0.3.0.4,
1.0, 2.0, 3.0

Surface roughness ( g m)

The resulting three-layer processed article was evaluated
for the oxidation state of the inside and the quality of

jointing at standing wall portions. The oxidation state of the
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inside was evaluated by visually observing coloring conditions
of a cross section obtained after cutting the sample. The
quality of jointing at standing wall portions was considered
as no good when 5 cross sections were observed under a
microscope, and a location of no joining at all was observed
at least one of the cross sections.

Results are shown in Table 3.

The articles of the samples Nos. 7 to 11, Nos. 15 to 13,
and Nos. 21 to 28 according to the present invention showed no
coloring due to oxidation under conditions of 1200°C, 2.0
hours and 0.5 MPa, and a good joining quality. On the other
hand, the samples Nos. 1 to 6, Nos.12 to 14 and No. 20 from
comparative experiments showed coloring and an unsatisfactory
joining quality. Therefore, in the following experiments, only
the articles according to the present invention were used to
identify suitable jointing conditions.

(Table 3]
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Results from Example 1
Sample No. Remarks Internal oxidation Quality of Jointing
1 Comparison material X X
2 Comparison material X x
3 Comparison material x X
4 Comparison materisl x X
5 Comparison material X x
6 Comparison material x x
7 Invented matorial O O
8 Invented material O (@)
9 Invented materiul O (@)
10 Invented material O O
11 Invented matenal @] (@]
12 Compurison material X X
13 Comparison malenal x X
14 Companson malerial X X
15 Invented material @] O
16 Invented material O O
17 Invented material O O
18 Invenled material (@] O
19 Invented material O O
20 Comparison material x X
21 Tnvented material O O
2”2 Invented material Q @]
23 Invented material O O
24 Invented material (@) @]
25 Invented material @] O
26 Tnvemted material O O
27 Invenled matenal O O
28 Invented material O O

Example 2: Two of fin-like components having cross
gsectional shapes of (1) triangle, (2) trapezoid, (3) rectangle
which had been formed from 0.4 mm steel sheets were arranged
between the three-layer box-like components produced in No. 10,
No.16, No. 24 from Example 1. Then, a top plate and a bottom
plate each having a plate thickness of 1.0 mm as shown in Fig.

3 (a) were incorporated into the above box-like and fin-like

components to obtain a preliminary assembled heat exchanger.
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Note that the angles 0 of standing walls were corrected and
varied by pressing. Test pieces to be subjected to diffusion
bonding treatment for each of the contact regions indicated as
"am (between the top plate and the box-like component), "b"
(between the bottom plate and the box-like component), "c"
(between the fin parts) and "d" (between the standing wall
sections of the box-like compeonenteg) in Fig. 3. Further, test
pieces each having a pure Cu braze material applied on a
portion of the contact regions were also prepared for the
contact regions indicated as "c" and "d". At this time, the Cu
braze material was applied in an amount of 0.3 g/cm?.

The above preliminary assembled heat exchanger was
subjected to joining treatment under conditions of 1100°C, 2.0
hours and 0.3 MPa. The joining strength was measured by
pressure tests. The pressure tests were performed as follows:
3 out of 4 joints (openings) provided on the upper surface-
flat portion of the box-like component as illustrated in Fig.
4 were closed, and the hydraulic pressure was applied to the
ingide of the heat exchanger through the remaining one joint,
and the occurrence of leakage was observed at a predetermined
pressure of 3 MPa.

Results are shown together in Table 4. Nos. 1 to 9 from
the examples of the present invention all showed no leakage at
3 MPa in the pressure tests, showing s good joining quality.
On the other hand, in the case of No. 10 and No. 11 from
comparative examples which had large standing-wall angles, and

No. 12 which had no fins in the inside, the box-like
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components were crushed during the tests, indicating that they

did not have sufficient pressure resistance.

[Table 4]
Results from pressure tests where the standing wall-angle in Example 2 were changed.
;?mple IS\]&znple if:l'[]-(xgle Fin shape Joining method *2, 3 IMPa Rerarks
9 *] a b e d Pressure test x4
1 10 15 @ D D B D+B O
2 15 @ D D D | D+B 0
3 15 @ D D D D+B O _5
4 | 18 0 @ D| D| B |D+B o 5
5 15 @ D D B D+B O g
6 30 3 D D D D 0 %
7 24 15 @ D D D | D+B O ~
8 15 @ D D D D @]
9 30 @ D D D D O
10 45 @ op| D | oD D x .gv
¥ 60 @ p | o| oD D x éé
12 30 None D D D D X Sk
*1 : D Triangle, @ Trapezoid , (@) Reotangle
*2 : a(Between top plate and box-like component) , b (Between Botlom plale and box-like component) ,

c (Fmparts), d (Standing walls of box-like components)
%3 : D(Ditfusion bonding), B (Brazing)
*4 : O(No leakage) , X (Leaked)

Among the examples of the present invention shown in
Table 4, No. 7 represents an example where diffusion bonding
wag performed at "a" to "c¢", and brazing was performed at a
portion of "d", and No. 8 represents an example where
diffusion bonding was performed at "a" toc "d". Using these
representative test examples, joining conditions of a
temperature, time, applied pressure and ambient pressure were
varied to identify suitable joining conditions.

Results are shown in Table 5. No. 13 and No. 15 showed
imperfect joining due to insufficient melting of a braze
material. Further, in the case of No. 14 and No. 16, the

temperature and time fell outside the ranges to the side of a
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higher temperature and longer time. In the case of No. 18,
significant deformation occurred during heating due to an
excesgive applied pressure, showing deteriorated pressure
resistance. The applied pressure was too low for No. 17, and
the ambient pressure in the atmosphere was too low for No. 19.
In either of the cases, joining was insufficient, and the
pressure resistance was poor.

These results demonstrate that joining conditions outside
of the ranges defined herein cannot provide sufficient
pressure resistance. It should be noted that joining under
conditions within the ranges defined herein can provide
sufficient pressure resistance as shown in Table 3 and No. 20.

[Table 5]

Results from pressure tests where the conditions of joining in Example 2 were changed.

Kxample | Txample Numbers|  1Iating Soak time Applied pressure | Degree of vacuum 3 MPa
No. in Table 4 lemperature
e {h) (MPa) (Pa) Prossurcfest %5

13 950 2.0 0.3 1x10° X
14 1250 2.0 0.3 1x10° X
15 ’ 1000 0.15 0.3 %107 X
16 1200 4.0 0.3 1x107% X
17 1100 2.0 0 1x10°* X
18 & 1100 2.0 1.5 1x10° %
19 1100 2.0 0.3 1x107° X
20 1100 2.0 0.3 Ix107? o

*5 : O (Noleskage) |, X (Teaked)
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CLAIMS

1. A plate~Lype heal exchanger, wherein a housing of Lhe heal
exchanger comprises a plurality of rectangular plate-like
components, and the rectangular plate-like components are
box-1like components each having the same shape and having a
standing wall secticn along a peripheral edge, and one of the
box—-like components is layered on ancther of the box-like
components reversed in the horizontal direction to form a
layered structure having an upper layer component and a lower
layer component such that an upper portion of a standing wall
section of the lower layer component of the layered structure
is fit into a lower portion of a standing wall section of the
upper laver component of the layered structure, and the angle
{8) of the standing wall sections with respect to the vertical
direction of an upper side-flat portion is 1%° = & = 30°, and
a portion of a contact reglon between the upper portion of the
standing wall section of the lower layer component and the lower
portion of the standing wall secticn of the upper layer
component is Jjoined by solid phase diffusion bonding, where a
portion of the contact region between the upper porticon of the
standing wall section of the lower layer component and the lower
portion of the standing wall section of the upper lavyer

component 1s Jjoined by braze bonding.
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2. The plate—-type heat exchanger according to c¢laim 1, wherein
a contact region between the upper layer component and the lower
layer component other than the contact region, which is Joined
by solid phase diffusion bonding between the upper porticn of
the standing walil section of the lower laver component and the
lower portion of the standing wall section of the upper layer
component, is Joined by solid phase diffusion bonding or braze

bonding.

3. The plate-type heat exchanger according to claim 1 or 2,
wherein the box—-1ike components are press—-formed articles each
having two types of openlng sections at symmetrical positions
on an upper side thereof, one being opened and protruded

upwardly from each of the box-like components and the other
being opened and protruded at the same height inwardly fromeach
of the box-like components, and an upper side of the upwardly
protruded opening section of the Lower layer component 1s joined
with a _ower side on the downwardly protruded opening section
of the upper layer component at a contact region therebetween

by solid phase diffusion bonding or braze bonding.

4. A method of manufacturing the plate-type heat exchanger
according to any one of claims 1 to 3, the method comprising
healt ing a layered assembly of Lhe box—like componenls prepared

with a single-phase ferritic stainless gsteel sheet or an
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austenitic stainless steel sheet or a martensitic stainless
steel sheet having a chemical compositicn of 0.1 Si + Ti + Al
< 0.15 mass% and a surface roughness of Ra £ 0.3 pm under an
atmosphere of a heating temperature of 1100°C or more, an

applied pressure of 0.3 MPa or more and an ambient pressure of

1 x 102 Pa or less to perform solid phase diffusion bonding.

-

5. A method of manufacturing the plate-type heat exchanger
according te any one of claims 1 to 3, the method comprising
heating a layered assembly of the bhox-1ike components prepared
with a two-phase stainless steel sheet having a chemical
composition of 0.1 31 + Ti + Al < 0.15 mass% and a surface
roughness of Ra & 2.0 um under an atmosphere of a heating
temperature of 1000°C or more, an applied pressure of 0.1 MPa
or more and an ambient pressure of 1072 Pa or less to perform

sollid phase diffusion bonding.
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FIG. bA FIG. 5B

<CROSS SECTION a—a™> <CROSS SECTION b-b">
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