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METHOD FOR PRODUCING COMPOSITE MEMBER OF METAL MEMBER
AND RESIN MEMBER
Field of the Invention
The present invention relates {o material sclence and & method for
molding compaosite members having metal members and polymer resin members.
BACKGROUND OF INVENTION
Parts made only of either metal members or resin members are

commonly used in the fields of automobiles, slectronic devices, industral
machinery, and the like. Thatis, a commonly used method is {o produce members
made of metal or members made of reain, which are then assembiled. By contrast,
there has recently been more inferest in composite members which include both
metal members and resin members in the interests of fully exploiiing the features
of both metal and resin, producing more ightweight members, and reducing costs
of manufacturing.

An example of 8 method for producing composite members of metal
members and resin members is a technigue ulilizing insert molding. When a
composite member is formed using insert molding, a metal member is first
inserted in the mold. Molfen resin is then injected into the mold, filling the mold
with resin. The resin is codled to solidification, and the compaosite member of the
desired shape is taker out of the mold.

However, because resin and metal are inherently difficult to bond, the
resulting composite members tend {o separate where the component members
are joined together. JP Patent No. 2,878,967 {(Nakagawa, et al.) discloses a
method to strengthen adhesion between resin and metal in metalinsert molding
process comprising prefreating the metal surface with an alkoxysilane compound.
JF laid open patent No. 2004-346255 discloses a polyamide composition
containing a silane coupling agent and an epoxy-mpdified styrene elastomer io
strengthen adhesion with metal.

Thers is a nead to develop means for improving the bonding strength
between the metal and resin without additional process steps.

Furthermore, when the resin has high thermal conductivity, early
solidification of the resin is a problem. In other words, because of the high theymal
conductivity of the resin, the resin fends o solidify while the mold is being filled
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with the resin, preventing the resin from spreading throughout the moid.

With respect to techniques for heating the resin supplied to a mold, US
4,340,551 has disclosed a techmgue in which H is employed to control the
{emperature of mold surface where the resin is supplied.

SUMMARY OF INVENTION

An object of the invention is o provide a method for producing composite

members having powerful bonding strength between metal members and resin
members.

One embodiment of the invention is a method for producing a composite
member having a metal member and a resin member, the method comprising the
steps of:

8} providing 8 resin composition comprising {1} thermoplastic
regin having a resin melting point and/or a glass transition, and a
solidification point; and (i) a plurality of metal particles having one or
more metal melling points between about 130 °C and 400 °C;
disposing one of more metal member(s) it a mold cavity, each said
metal member{s) having at least one exposed surface, and said mold
cavity, optionally, having at least one mold cavily exposed swrface;
b} heating the one or more metal membaer(s) to a femperature
equal or higher than at least one of the melting points of the plurality of
metal particles to provide one or more heated metal member(s);
o} heating the thermoplastic resin composition to a femperature
higher than the resin melting point or the glass transition temperature
and higher than one or more metal melting points to provide a heated
resin,
d) injecting the heated resin into the mold o contact each heated
metal member(s) exposed surface o provide a heated composiie
mamber; and
e) cooling said heated composite member below the resin
solidification point,
) A further embodiment of the invention is composite member
made hy the method as disclosed above.

DESCRIPTION OF FIGURES
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Figure 1 Hlustrates a mold for praciicing the method of the invention.
Figure 2 flustrates a composite molded product provided by the method
of the invention.
Figure 3 illustrates the metal particles within the resin used for praclicing
5 the mathod of the invention.
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DETAILED DESCRIPITON OF THE INVENTION

The mathod of the invention requires a resin composition having i} a

thermoplastic resim having a resin melting point and/or a glass transition, and a
solidification point, and (i) a plurality of metal parlicles having one or more metal
melting points. The melting peint and glass transition temperature of the
thermoplastic resin and metal melling points can be determined by peak
temperature oblained by differential scanning calonimetry {DSC) in a heating
aycle; and the resin solidification point can be determined in a corresponding
cooling cycle from the melt according to ASTM D 3418,

The resin is a thermoplastic resin that is orystalline, semi-crystailine or
amorphous, BExamples of thermopiastic resins useful iy the invention include
polyolefin resins such as polyathylena and polypropylene, polyamide resins such
as nylon-6, nylon-68, nylon-11, nylon-12, and aromatic polyamides, polyester
resins such as polyethylene tergphthalate, polybutylens terephthalale, and
polycycliohexyimethylene terephthalate, and ABS resins, polycarbonate resins,
modified polyphenylene ether resing, polyacetal resing, polyphenyiane sulfide
resing, fully aromatic polyester rasins, polyether ether ketone resing, polyether
sulfone resins, polysulfone resing, and polyamide-imide resins. Copolymers of any
combination of components forming such resing are also included. These
thermoplastic resing may also be used individuslly or in combinations of two or
more. Preferred thermoplastic resins for varnious aspecis of the invention  include
those selgcted from the group consisting of polyamide resins, polyester resins,
polyphenylene sulfide resins. Preferably, the resin has a melting point or glass
transition temperature higher than 150 °C, and more preferably between 200 °C
and 400 °C. A preferred resin class is liquid crystal polysesters wherein hoth the
diol and diacid component have aromatic ring.

The “plurality of metal particles” having one or more metal melting points
includes a single metal composition having & single metal melting point or a
mixture of metal compositions having multiple metal melting points.  The metal
melting points may be determined using D&, and are evidenced by one or more
significant endotherni(s) in the heating scan. Preferably low-meiting metals are
used in the method of the invention having melting points, at the peak of the
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encdotherms as observed by DSC, of betwaen 130 *C and about 400 °C, and more
preferably between 200 °C and about 300 *C. Examples of such low-melting
metals include Sn alloys such as §n-Cu, Sn-Al, Sn-dn, Sn-Te, 8n-Pt, Su-P, Sn-
Mn, Sn-8h, Bn-Ag, Sn-Ag-Cu, Sn-Ag-Cu-Bi, Bn-Ag-Cu-8b, Sn-Ca, Sn-Mg, Sn-Au,
Sn-Ba, and Sn-Ge; and Li alloys such as ALl Cu-li, and Zn-Li. Preferred metal
compositions are Sn-Cu, Sn-8h, Sr-Al, Sn-dn, Sn-Pi, Sn-Mn, Sn-Ag, Sn-Ag-Cus,
Sn-Ag-Cu=Bi, Sn-Ag-Cu-Sh, Sn-Ay, Al-Li, and Zn-Li. More preferred are Sn-Cu,
Sn-Al and Sn-Zn. it is even mors preferable to use Sn-Cu alloys, as they are
available with a range of melting points.

The metal padicles can include spherical, flaked, and needled shapes;
as so desired by the artisan. The metal particle diameter is not particularty limited.
However, from the perspective of contributing to the adhesive strength between
the metal member and resin member, the particle diameter before being blended
with the resin is preferably 1 to 300 ym. By pariicle diameter is meant the weight-
average mean particle diameter that can be determined using a laser diffraction
type particle size distribution analyzer such as g Cirrus Granulomster (Model 920)
or a Couller laser diffraction fype particle size distribution analyzer {(L8-230).

Qther materials may be addad as needed, in addition to the resin and
metal particles, in the resin composition.  Addiives includs flame retardants,
reinforcing agents, inorganic fillers, plasticizers, rubbers, nucleating agents, flame
retardant synergists, heatl stabilizers, antioxidants, dyes, pigments, mold release
agents, lubricants, UV stabilizers, adhesion promoters other than the metal
particles disclosed above, and the like.

The content of each companent in the resin composition is not
partcularly imited and may be delermined as desired according 1o the functions
required of the molded product and the materials that are used. In one
ambodiment, based on the fotal volume of the resin member, the resin member
will prefaerably include the resin in an amount of 85 o 38 vol%, and more
preferably 80 to 40 vol%%. The plurality of metal particles will preferably be included
in an amount of 1 to 20 vol%, and more preferably 3 to 10 vol9%.

The method of the invention further requires one or more melal
member(s). Any metal or metal alloy, having af least 100 °C higher melting point
fhan the highest temperature used in the method, may be used as the metal
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member, such as steel, nickel, chromium, copper, zing, titanium, aluminum, or
magnesium, or alloys of such metais. in one embodiment the ong or more metal
member{s) have al least ane surface formed with aluminum o iron,

A mold (1) for practicing the method of the invention is illustrated in
Figure 1. Metal members (2) are disposed in the proximity of heaters {3} within
the mold cavily {4). The heaters (3} are used in healing the metal members and,
optionally, the mold cavity (4). The heaters (3} are preferably induction heaters
having a metlal core {7}, a coil {8} for conducting current, and a power supply (8).
The mold (1) may have addiional heaters {(not shown) W provide additional
heating to the mold cavity {(4). One or more resin injection ports {5} provides
heated resin fo the mold cavity {4) such that when injected the heated resin
contacts the metal member exposed surface (2A).

The method of the invention includes (b} disposing one or more metal
membear(s) in a mold cavity {4); such that at least one exposed surface (2A) of the
metal member remains gvailable to the resin, 1o be injected.  The one or more
metal members may be pre-heated oulside the mold, before disposing in the mold
cavity, if so desired by the artisan.  In one embodiment the atleast one exposed
surface of the metal member (2A), optionally, can be pre-treated with a coupling
agent to further enhance adhesion with the resin 1o be injected. Examples of
coupling agents include silane, tanate, zirconate, aluminate, and zircoaluminate
coupling agenis.

Metal hydroxides and alkoxides useful as coupling agents include those of
Group HHa thru Villa, ib, b, Hib, and Vb of the Periodic Table and the
lanthanides.  Specific coupling agents are metal hydroxides and alkoxides of
metals selected from the group consisting of Ti, Zr, Mn, Fe, Co, Ni, Cu, Zn, Al,
and B. Preferred metal hydroxides and alkoxides are those of Ti and Zr.

Specific metal alkoxide coupling agents are titanate and zirconate arthoesters and

chelates including compounds of the formuda (1), (1) and (i)
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R is a monovalent Cy ~ Cg linear or branched alkyl;

Y iz a divalent radical selected from ~CH{CH; ), ~C{CHy=CHy-, or —
CHCHy;

X is selected from OH, -N{R")z, -C{OIORY, -C{OIR?, -COrA™; wherein

R is a ~CHs or C3 — Cy linear or branched atkyl, optionally substituted with
a hydroxyl or inferrupted with an ether oxygen; provided that no more than one
heteroatom is bonded to any one carbon atom,

R*is Cy — Cx linear or branched alkyl;

A is selected from NHs™, Li", Na°, or K.

The one or more metal member(s) are heated to a temperature equal or
higher than at least one of the melting points of the plurality of metal particles
included in the resin composition. The heating of the metal member{s) may be
done partially or completely outside the mold cavity.  In one embodiment heating
the metal member(s) are performad in the mold by induction heating. Inone
embodiment the resin solidification point is higher than the melting point of the
metal particles, and the one or more metal member(s) are heated ta &
temperature betwsen the resin solidification temperature and the meiting point of
the resin,  In a preferved embuodiment the one or more metal member{s) are

heated to a temperature at least + 10 °C over the resin solidification point and the
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resin melting point. in another embodiment wherein the resin solidification point is
lower than the melting point of the metal pariicles, the one or more metal
member{s) are heated {0 & temperature between the metal particles melting point
and the metal particles melting point + 100 *C. o 8 preferred embodiment the one
or more metal members(s) are heated {0 a temperature bebween the metal
particles melting point and the metal particles melting point + 50 °C.  The metal
members can be heated using well known heating methods such as induction
heating (IR} or resistance healing, and preferably inducton heating.

The resin composition is heated to a temperature higher than the resin
melting point {if present) or higher than the glass transition temperature; and
higher than one or more metal melling points 1o provide a heated resin. The
heated resin is then injected into the mold cavity having the one or more heated
metal member{s) 1o contact said metal member exposed surface to provide a
heated compaosile member.  In this way, the metal particles will contact the
exposed  surface of the one or more heated metal member{s), and afford a firm
junction between the metal particles, in their mohten state, and the heated metal
member(s); as well as greater interfacial junclion strength between the metal
menber{s) and resin member. The interfacial juncion strength ts preferably at
least 3 MPa, and more preferably atleast 10 MPa.

The junction strength can be determined by a tensile tester equipped
with g load cell, and tests can be conducted by attaching o each of the metal
mambers and resin members a jig for attachment (o the tester. The junction
strength can aisc be assumed fo be at or over the breaking strength of the resin
member § the resin member becomes broken when the metal member and resin
member are separated off the tester

In another embodiment, the mold cavity optionally has at least one mold
cavily exposed surface that may be heated, in addifion o the one or more metal
member{s}. This canlead to the undesirable result of the resin composition
becoming joined to the mold cavity exposed surface. tis desirable 1o have a mold
cavity exposed surface whersin part, and preferably all of, said surface is treated
{0 inhibit adhesion with the metal particles. For example, the mold cavity
exposed surface can be treated with fluoropolymer release agents.

Cooling the heated composite member below the resin solidification point,
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solidifies the resin composition and sitows the composite member 1o be released
from the mald. The sclidification point is the point in the cooling cycle wherein the
rasin solidifies, and no longer flows, sither by cooling below the glass fransition of
the resin; or by cooling below the crystailization point of the resin.  Depending on
the type of resin compasition, codling may include wirning off the induction
heaters; and cooling the resin by lowering the mold temperature {o or below the
matrix resin solidification temperature with a conling medium that passes through
the mold.

Ancther emboadiment of the invention is a composite member made by
the method of the invention as disclosed abave.  Another embadimentis a
composite member made by the method of the invention as disclosed above that
is an slectronic componeant. A further embodiment s said electronic component
that further comprises a light emitting diode.

Ancther embodiment is & composite member made by the method of the
invention as disclosed above thatis an automotive component. A further
embodiment is said awtomotive companent that further comprises a light emitling
dinde.

The composite member oblained by the method of the invention can be
usad in a wide range of applications such as slectronic products, automotive
products, electrical products, and industrial machinery products. Electronic
products include dlumination devices with LEDs, hard disks, and the like.

Materials
HTNSOT: Zytel® HTN 501, supplied by E.L du Pont de Nemours and Qo isa
copolyamide made from terephthalic acid, adipic acid, and
hexamethylensdiamine; wherein the two acids are used in a 55:45 molar ralio.
Melting temperature and solidification temperature measured by DSC are 310 °C
and 273°C {cooling cycle), respechively.
Sn-Ag-Cu sltoy: having a melting point {pesk temperature) of 219 °C measured by

DSC and a msan particle diameter of 20 wm, supplied by Senju Metal Industry Co.,

Lid in Japan. _Copper powder: Cu powder having & mean particle diameter of 10

LT,

Graphite: CB-150 supplied by Nippon Graphite Industries, Lid in Japan.
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Example 1
Pellets of a resin compuosition listed in Table 1 were prepared using a
hwin-screw exiruder.

[Table 1]
Exampie 1 (Vol%)
HTNSOY 71
Sn-Ag-Cu alloy 4
Copper powder 3
Graphite 22

As illustrated in FIG. 1, two 1 mm thick aluminum plates were inserted
into & mold cavity in which an induction heater (IH) system had been embedded.
The mold was closed, the aluminum plates [metlal members (2)] and mold heated
via the induction heaters untll the mold surface contacting the aluminum plates
had reached 250 °C. The pellets of resin composition of Table 1 was heated to
320 °C, mehed, and injected into the mold. The mold temperature was lowered
o 150°C, and a metalfresin composite member as lustrated in FIG. 2 was
removad from the mold.

When attempts were made to separate the aluminum and resin, the resin
broke, revealing that the aluminum and resin were firmly bonded. Because the
resin broke, the interfacial junction strength between the metal and resin in the
composite product could be assumed {o be at least 62 MPa, which was the
breaking strength of the resin.

Comparative Example 1

A metgliresin composite member was preparad in the same manner as
in Example 1 except that a 38% glass fiber reinforced high-melting polyamide
{Zytel (RIHTN 51G35L supplied by E.1. du Pont de Nemdurs and Co.) was used
as the resin. The resin composition contained no metal parlicles having a melting
point in the range of 130 — 400 *C; but had a resin melting point of 300 *C.
inspection of the resulling composite member, showed the aluminum plales and
resin were not joined at all.

Comparative Example 2

1@



93}

10

WO 2009/124159 PCT/US2009/039231

A metaliresin composite molded product was prepared in the same
manner as in Example 1 except that the mold temperature was fixed at 150 °C
{below the melting point of al least one of the metal particles) with an oil
temperature control system instead of an {H system to inject the resin composition
into the mold. Inspection of the resulling composite member, showed the
aluminum plates and resin were not joined at all,

As shown above, the method of the present invention provides a
metal/resin composite member of high strength. Adequale strength was not
ohiained when the resin composition contained no metal particles having a
melting point in the range of 130 - 400 *C (Comparative Example 1) or when the
mald temperature was tower than the meling point of the metal
particles{(Comparative BExample 2).

11
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CLAIMS
WHAT IS CLAIMED i8:

1. A method for producing a compaosite member having a metal
member and a resin member, the method comprising the steps of

a) providing & resin composition compnsing (i) thermoplastic

resin having a resin melting point and/or a glass transition, and a

solidification point; and {ii} a plurality of metal particles having one or

mare metal melling points between about 130 °C and 400 °C;

b} disposing one or more metal member{s) in a mold cavily, each

said metal member(s) having at least one exposed surface, and said

mold cavity, optionally, having at least one mold cavity exposed surface;
¢} heating the one or more metal member{s) to a temperature
equal of higher than at least one of the melting points of the plurality of
metal particles 1o provide one or more healed metal member(s);

) heating the resin composition {o & temperature higher than the

resin melting point and higher than one or more metal melting points t©

provide a heated resin;

e} injecting the heated resin into the mold to contact each heated

metal member(s} exposad surface to provide a heated composite

mamber: and

£} cooling said heated composite member below the resin

solidification point.

2. The method of claim 1, wherein heating the metal member is
performed in the mold by induction heating.

3. The method of claim 1 wherein the metal particles are a &n
alloy or Li alloy.

4. The mathod of claim 1, wherein the metal parlicles are selected
from the group consisting of Sn-Cu alloys, Sn-8b afloys, Sn-Al alloys, Sn-Zn
alloys, Sn-Pt alloys, Sn-Mn alloys, Sn-Ag alloys, Sn-Ag-Cu alloys, Sn-Ag-Cu-Bi
alloys, Sn-Ag-Cu-8b allovs, 8n-Au alloys, Al-Li alloys, and Zn-Li alloys.

5. The method of claim 1, wherein pag, or all of, at least one mold
cavily exposed surface is treated to inhibit adhesion with the metal particles.

8. A composite member made by the method of claim 1.

12
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7. The composite member of claim 7 that is an electronic
component.

8. The electronic companent of daim 8 that further comprises a
light emitling diode.

9. The composile member of claim 7 that is an automotive
component.

13



WO 2009/124159

PCT/US2009/039231

172

-8
= =~
P q
d D q N
( D (¢ N 3
D T
D T

D q
\\_
» 7
\
\

FIG. 1



WO 2009/124159 PCT/US2009/039231

2/2

12

FIG. 2

12—

13

N

14—

A\

FIG. 3



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2009/039231

A. CLASSIFICATION OF SUBJECT MATTER

INV. B29C45/14 B29C45/00

B29C37/00

B29C33/06 C08K3/08

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbois)

B29C CO8K

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (hame of data base and, where practical, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Gategory* | Citation of document, with indication, where appropriate, of the relevant passages

A EP 0 478 246 A (HITACHI MAXELL [JP]) 1,6

1 April 1992 (1992-04-01)

column 19, Tlines 28-50; figures 39-41

A US 2003/111647 Al (ROSENZWEIG NACHUM [IL]) 1,6

19 June 2003 (2003-06-19)
claims 1,3,4,9

A JP 2003 028986 A (MITSUBISHI PLASTICS IND) 1,6
29 January 2003 (2003-01-29)
abstract :

A DE 199 62 408 Al (VER FOERDERUNG INST 1,6

claim 1

KUNSTSTOFF [DE1) 28 June 2001 (2001-06-28)

[:] Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

*A" document defining the general state of the art which s not
considered to be of particular relevance

*E" earlier document but published on or after the international
filing date

‘L document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*0O" document referring to an oral disclosure, use, exhibition or
other means

'P* document pubiished prior to the international filing date but
later than the priority date claimed

*T* later document published after the international filing date”
or priority date and not in conflict with the application but
cited to understand the principle or theoty undetlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-—
!ntmts, ﬁuch combination being obvious to a person skilled
in the art.

*&" document member of the same patent family

Date of the actual completion of the international search

17 June 2009

Date of mailing of the intemational search report

30/06/2009

Name and mailing address of the 1ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Bibollet-Ruche, D

Form PCT/ISA/210 (second sheet) (April 2005)

Relevant to claim No.




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2009/039231
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 0478246 A 01-04-1992 DE 69127157 D1 11-09-1997
DE 69127157 T2 18-12-1997
ES 2106056 T3 01-11-1997
us 5197196 A 30-03-1993
US 2003111647 Al 19-06-2003  NONE
JP 2003028986 A 29-01-2003  NONE
DE 19962408 Al 28-06-2001  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - wo-search-report
	Page 19 - wo-search-report

