DESCRIPTION Title of the invention METHOD FOR PRODUCING METAL COMPOSITE, AND
CHASSIS FOR ELECTRONIC EQUIPMENT 5Technical field [0001]  The present invention relates
to a method for producing a metal composite and an electronic equipment chassis using a metal
composite produced by the method. Background art io[0002] A metal composite produced by
laminating a metal material and a fiber-reinforced resin material and bonding them together combine
homogeneous strength and elastic modulus, excellent impact resistance, thermal conductivity and
other characteristics provided with a metal angexcelfenttightweightness, specific strength, specific
modulus, 15 anisotropy of reinforcement according to fiber direction and other characteristics provided
with a fiberfrgiatatéediresinidnor this reason, they are used in a variety of applications, including
aircraft body parts, motor vehicle body parts, marine vessel parts, machine mechanical parts, golf
clubs, and paEBHIDDotaORK EIMOILtETINGded/Cameras and RUTElectolic equipresry (Seempatent
documents 1 to 5). 20[0003]  Conventionally, it has generally been the case that, when producing
such a metBI EurpusieC & met@viatarial is first molded into a predetermined shape, and then
reinforcement fibers impregnated with a thermosetting resin are placed in contact with the metal
material, follevkedtdyfeluing of the thermosetting resin to form a fiber-reinforced 25resin material that
integrates with the metal material. In patent document 4, for instance, a composite structural material
comprising{@0igtal and fiber-reinforced resin is produced by injecting reinforcement fibers and
thermosetting resin into a molded metal pipe and curing the thermosetting resin. [0004] 5Similarly, it
has also generalhhbeeesthe casetibatiaktentpredueihgiafonetsldeinpasitecinl whichdwe antase metal
materials are bonded by means of a thermosetting resin, the metal materials are first molded into their
respective petisemeine drstizps sirduties dmecthbrnmosettin grabines ptabe diadtaden the metal
materials, followed by the curing of the thermosetting resin to bond those metal materials. [0005]
However, diwstkaromadufdcturing method is problematic in that it separately requires a metal material
molding step and a molding step for whatever other structural material to be composited with the metal
material, rd&diihlg in a low composite production efficiency. Furthermore, since a thermosetting resin is
introduced after a metal material has been 15 molded into a complex shape, it is difficult to guarantee
that the required’bordihgenength wptesiddyitathmatiag davriringproce sedandifor thisfoeasbn, there
is a risk that, if, for instance, a thermosetting resin is not adequately placed, even if only in parts,
problems sigeiasehwifthking b idengdteneorgsdkite saribine Urimgogsacdoo 0sie2@kisandophetitionally, it
has generally been the case that, with metal composites for electronic equipment chassis a resin that
serves as d¥itides. srtePenaarase fstdhneatethsrasll wanfbeiviginfordedthesirchapletedstic
integrate them. Patent document 1, for instance, discloses a configuration that incorporates an
intermediaf@e&isipd ayish comelilingdrsseidpiadibiasiahiegtivicaerilimprisvsthe ponbnmeddngth
between the metal material 25and the fiber-reinforced resin. Even th regard to the shaping of a metal
compdsite HRASOPL REFSIIEErERE 20ssEdiRg ey ditesiipnesndiper ishrsativasith@imdtidnaterial
is processed to the desired shape in advance through press molding or punch molding before it is
integrated With thdhgrereilRterded v@siR b Sentadsernbersaecatg yn[eoor|SF wirentiettosmce such
electronic equipment chassis require a resin layer aimed at providing bonding, there is deficiency in
the amenaBiftyd8ienitiall designrars: degier vHelsidpfhedwsin, BaamRis ausIgRAs rigtiehinse
problem of undermining the ongoing efforts to reduce the weight of electronic equipment. There is
another proBTER3Hthaedin €8\ aPar sl B s pignelepe ok SFBHUHES fidate SFREAR ARG Pihend
fiber-reinforced resin, the ioproduction cost of chassis is high due to a need for a large amount of
production BefHSRHE SEHBEHEY (BERUFHRIHBERE Petét documents [0008] 15Patent document 1: JP
2006-297929 A Patent document 2: JP 2010-131789 A Patent document 3: JP 2005-161852 A Patent
docurifent #%B b006-123209 A Patent document 5: JP 2009-045129 A 20Patent document 6: JP
2001-298277 A Patent document 7: JP 2001-315162 A Patent document 8: JP 03-177418 A Patent
document 9: JP D3NYEREIEIA pLiBAT ESBEIAEHDESN IBcasats i3 vihes BIATHARS Hhe iidHion
Problems to be salved by the invention [00Q09]  The task of the present invention is to provide
manufactufifgPREods fBF Blalilitsied WhidRarteshr At niedistRiEERAS fogBtREr GhthdbsPmaterials
and other structural 5 materials via a cured.resin layer or layers, which easily achieve an ability to
process higFEHGTART RRGAAT A ERATS W AH By AR BB SRS ARG AR R IGhting

and a high degree of design. freedom into complex shapes and an ability for fast compositing as
demanded By énrzﬁgiﬁilele’t,%]r%‘awﬁ ich aré'aBI€ &%r ia%f&oa%g{ggggﬁ%ggi ?ﬂﬁ/iﬁ%e&‘ég’lf@me onding

strength, as well as electronic equipment chassis that m use metal composites ohtained through such
Utk TS D L CbY te PrUbIEHSb 01 e AP Sl B enee. &

manufacturing method for metal composites of the p]resent invention is as described below: 15[0011]



A method for producing a metal composite which is molded by heating and pressurizing a preform
including a sheet substrate containing a thermosetting resin and a metal material disposed in contact
with the sheet substrate or laminated therewith to form the metal composite comprising the metal
material and a cured resin layer formed by 20curing the thermosetting resin provided along the metal
material, wherein the method comprises: a step 1 for placing the preform in a mold and heating the
metal material to a temperature in excess of 180C while heating the sheet substrate to semi-cure the
thermosettingnesine andcBval steypeFdbeappliding a pressurel thttrergrdtorred beihg heateddadtbe step 1
to form a composite material; and wherein the thermosetting resin is at least one selected from the
group consigtngnyf epdyceesint pihernclné sierinesaivxazins resin anc Wiedaturatqd polydsteringsin.
[0012] 5The second aspect of the manufacturing method for etal composites of the present invention is
as describéakibéomo§o0E] resith method for producing a metal composite which is molded by heating
and pressurizing a preform including a sheet substrate containing at least one thermosetting io resin
selected fro#dhE group consisting of epoxy resin, phenol resin, benzoxazine resin and unsaturated
polyester resin, and a metal material disposed in contact with the sheet substrate or laminated
therewith to forn®thelaniztal bespessitencomp siyvecase thiamatkeiaparticnguredaebiviagesiformed by
curing the thermosetting resin provided along the metal material, wherein the method comprises: 15a
step 1 for pragihigbhevoreformrinractablaigmieatinbotds tnbyainsrie falkshermiesetise itessurtface
temperature in excess of 180C while semi-curing the thermosetting resin, a step 2 for applying a
pressure tangiel prsfisnalbaisghslared dadhatetédell tosdoreh thepmdttiroondoshancarmnd theg shep 3 for
cooling down the metal composite molded in the step 2 under pressure so as 20to lower the surface
temperaturd@nthectiagareriatetinlaerd 3o@wnléke Mool 4ppictid sdebatreb pecihit gsprafefdble that the
pressure applied to the metal composite in the step 3 is equal to or larger than the pressure applied to
the prefornthiRfaMsetEe Ze500DS) PR e Betdrtaepest, it is preferable that the time taken by the
surface temperature of the metal material to fall from more than 180 C to 180 C or less is 3 minutes or
less. [0016[0003h the first or second aspect, it is preferable that the mold has a surface temperature of
200 to 300C when the preform is placed in the step I. 5[00171  The third aspect of the
manufacturing niEtRGEY FosHeEtA e RS Eieaong BAsk éspinbiseifon idwd epariely Fasies0018] A
method for producing a metal composite including a metal material and a cured ioresin layer provided
along the i@l matesial MekERe St tetrioel Sue piseder whattupr pthebpiRaaur BmaRaEat Ubsstrate
containing at least one thermosetting resin selected from the group consisting of epoxy resin, phenol
resin, benASERATETRSIABHAURS L Irake BbIyesEinedih 2d08B FIBDPS Rt ﬁ%&b&?ﬁ@w@%, a
step 1-2 for preheating the metal material to its surface temperature of more than 15180C but not
more than A80REARIS- SiPstep SSMAREING iFFEintachiRAUSELRERTEr Srashmatis e sihee
substrate, which has undergone the step.1-1, and the metal material, which has been preheated in the
step 12, iHBRIESH AEIAIESURYS Shisctl 8 ibhrathie Sraranies Bl srmspbimmy aniEcese to mold
them into the metal composite. 20[0019] In the third aspect, it is preferable that heating in the step
1-1 and he‘e?ti?ﬁj"i’h%ﬁ?e‘&tg’ﬁﬁ%‘&%@%@?ﬁ&%rﬁé‘&ﬁ%ﬁﬁﬁriﬁfs@%sdi?ﬁé%ht%ﬁw ISRt o]  In
the third aspect, it is preferable that the step 1-1 and t%]e step 1-2 are performed in 25parallel. [0021]
In the thirdiﬁ%%ﬁ; it iéﬁfﬂ@%ﬁ%@tﬁmﬁé 5&%&&2@@% SRSt poamis WO PR SUBEX TRy at the

same time&%)%Z]A l}n the t 'Eﬁgaspe t, it is preferable that a preform combined the sheet substrate
and the metii hastdid ?E’Bge‘f?a anbeﬁ%ic(%n}ﬁé%aﬁﬁsga{ﬁ%: l@T&fg&%ﬁ\posite in the step 2. [0023]  In the
first, secortz)é) ird aspect, it is preferable that the thermosetting resin contained in the sheet
substrate reachies a cured state when heated at 130 C for 10 ominutes. [0024] In the first, second

or third aspect, it is preferable that the thermosetting resin contains a curing accelerator. [0025] IsIn
the frh. second ST ACBARIo s IS Lt TP SO R P, SHUBHRE dRhoured
by Iaminatie %(éhe rinetal matelgj[al ntq bothrsilcli]e%ho thevsheet sulgstfrjateior a Igminate 1;f such |

r} Eg] ¢ CAURTRG firs ,Sséétc?“ncl3 Or'thire asgﬁeecst,e}? i§ prlél erable that Pﬁrg%errﬁonsl&%ng resin

substrates.
reaches ZOrg g Stgtt énﬁt § Stel?fozr(%rdtpe%f?lt 9 aaggg%g]integrate them. Patent document 1, for

aferial an 1ber-rel
instance, discloses a configuration that incorporates an intermediate resin layer containing
thermoplastic resin particles to improve the bonding strength between the metal material

25 and the fiber-reinforced resin. Even with regard to the shaping of a metal composite, it has
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In the first second or third aspect it is preferable that an edge of the preform undergoes a hemming or
crimping treatment in the step 2 or the sep 3. [0028] 25In the first, second or third aspect, it is
preferable that the sheet substrate is a prepreg obtained by impregnating a fiber base with a
thermosetting resin. [0029]  In the first, second or third aspect, it is preferable that the metal material
is a plate body having a thickness of 0.1 to 1 mm. 5[0030] In the first, second or third aspect, it is
preferable that the metal material has physically, chemically or electrically undergone surface
rougheningzomcteBprizce tHereefehdirtontes in comabrwitiatieel shegtisehsthaten§Gd3nhiolnlthe first,
second or third aspect, it is preferable that a surface of the metal material that comes in contact with
the sheet seiosastsl iadhaditiptedpdians dnotiverke0paiih giress[083dhe or pangierfieddisebefidr third
aspect, it is preferable that a metal constituting the metal material is at least one selected from the
group congistirigtegrated witinbmiditoye Theneashessiarpaléey deniaemiiutraddy. [0033]  In the first,
second or third aspect, it is preferable that the bonding strength between the metal material and the
cured resiri $49él in the metal composite to be produced is 10 MPa or more. 20[0034]  The
electronic equipment chassis of the invention are as described below: [0035] An electronic
equipmient chas§ierBISEaNeEel Bipfsteer A oSt aRebmsasitharsihdemIseot iRl Iy dritotdhe metal
composite manufacturing methods of the present invention, 25and a part B composed of a
thermopIainF@YégﬁgB?O{’@g@%]therfPtlFsdﬁﬁé?@%I@%Hﬁ,ﬁﬁ@ﬁ@é@bﬁ%ﬁh@eﬁ@ﬁbﬁ@@@%@%r%ﬁ% is at
least one type of shaped part selected from the group consisting of a boss, rib, hinge, frame, keyboard
base, vertiépigallsadoseaAnfotayhas ghrnpistambie prablsmtpt widetnie2dinmeinaralsis, a resin
layer C composed of a thermoplastic resin c is formed on a surface of the metal composite A. [0038]

It is preferdBléadige ithhavelghtrohisledinpinserassts, thetmal iy Bsi PBdras i i siss
temperature of the thermoplastic resin c is lower than that of the thermoplastic resin b. [0039]  Itis
preferable FRBRIHFRAECSIEHIE HERSAIRIABHI¢h iSRS ths (bRl gty Sibe-seimbrs st wrdnmidel
material are filled with at least one type of resin selected from the 15group consisting of the
thermésettRig HHNRRTHIGSRASHLS i W}b%&?We‘?ﬁ?éﬁ%fs‘i‘i@?é%iﬁ%‘?l[ébﬁfgl]’md‘if‘i?’bféfé’ﬁaﬁfétthat, in
the electronic equipment chassis, the metal composite A is provided with at least one type of shaping
treatment $¥1R%4Ed from the group of tapering, grooving, hole-drilling and match jointing, with the part B
joined to the metal composite A 20by fitting into that shape. [0041] It is preferable that, in the
electronic SGRPAIERYEHASYE, the metal composite A and part B are joined by placing the metal
composite A in a mold and injection-molding the part B into it. 25Advantageous effects of the invention
[0042]  THEPFESERMIAYENtion provides manufacturing methods for metal composites which integrate
metal mat é}ﬁ@fgether or metal materials and other structural materials via a cured resin layer or
layers, whi ily achieve an ability to process high-rigidity metal 5 materials having an excellent

amenability to thin-walling and lightweighti high degree of design freedom into complex
shape'§ and an 2‘%?&&}‘%?%3%&%621&?%2%@2% ded by the market, and which are able to produce
metal composner? pa\{lchexcelﬁnt%p%%i@ggﬁgg{h, as well as electronic equipment chassis that use

metal compositesaoeltr)]talneaniﬁ}loug suc cturing methods. It also provides electronic

equipment ir)chassis jncorporating ctr netic shielding capability and antenna characteristics
as required of eﬁé?fl: ?8%%’%@5%%%&%%@(? V\f/@gg%éommunications features. Brief description of the
drawings [0043]PatemFi sé.ul agt g{(ﬁ) -Ii(fj)fp'& @ set of schematic sectional drawings illustrating the
15manufacturing proceduré tor an embodimént of the present invention with regard to manufacturing
methods for metlgltcé;nq{’ncpositlr(leesrit 5. ﬁj% dsogsqrzad)g illustrating an example of the relationship between

temperature, duration aﬂ%lupressure under a manufacturing method for metal composites of the

present inventiopagegﬁ%cﬁge%%t%ggjﬁgggg%wother example of the relationship between
temperature, duration and pressure under a manufacturing method for metal composites of the

present inventiog, . .. (ﬁ)igémén(@l}l)ﬁé@ 2)144®) and 4 (c) are a set of schematic sectional drawings
illustrating the manufacturing procedure }or another embodiment of the present invention 25with

regard to manufﬁ%{&gm&%%%ggtd@:wdg%t% ﬂ)gn}gosites. Fig. 5 is a graph illustrating another

example of the relationship between temperature, duration and pressure under a manufacturing

method for metaﬂ,ﬁgm%ﬁﬁ%ggghmgiejg%wgntion. Figs. 6 (a), 6 (b) and 6 (c) are a set of

schematic sectional drawings illustrating the Smanufacturing procedure for another embodiment of the

present inventiop with regakhie ransfachsiag-methods for metal composites.  Fig. 7 is a schematic
perspective-view drawing of an example of an electronic equipment chassis of the present invention.

25 Summary of the invention



Figs. 8 (a), 8 (b), 8 (c) and 8 (d) are a set of schematic sectional drawings illustrating iothe production
procedure for an embodiment of the present invention with regard to electronic equipment chassis.
Fig. 9 is a schematic perspective-view drawing of an example of an electronic equipment chassis of
the present invention that uses two part Bs, each comprising a thermoplastic resin b. 15Figs. 10 (a),
10 (b) and 10 (c) are a set of schematic sectional drawings illustrating the procedure of the hemming
treatment in Example 1-(11) of the present invention.  Figs. 11 (a-1), 11 (a-2), 11(b) and 11(c) are a
set of schehratiesedtidracdivadmgshdliasteatiog the manufacturing procedure for another embodiment
of the present invention with regard to manufacturing methods for metal composites. 20Fig. 12 is a
partial schef®d@fi¢ perspective-view drawing of an example of a metal composite provided with a match
jointing treatment in Example 4-(5) of the present invention.  Figs. 13 (a) and 13 (b) are a set of
split-up schematidpléaskieivto apvisgst obhaentirample gfravive dferifjection; moitiods usedirtExample
4-(8) of the present invention. 25Fig. 14 is a schematic perspective-view drawing illustrating a
specimen tempesinewihichbotelingestmetagthast hatn étgk tompositsabhthieprssent ivertiomturalFig. 15 is
a schematic perspective-view drawing illustrating an example of the rigidity evaluation of an electronic
equipment BREsEIl ofithe Sresérervyeation oD &xwiptivhichepabibdinvbrtsesf@044diity Rrafeved
embodiments of the present invention with regard to manufacturing methods for metal composites and
electronic &éghpigeditxchassid bawderierevibarardescriblea betownibds] ibin thiaprebint embodiment,
a metal composite featuring a metal material and a cured resin layer formed in such as manner as to
line the melighiraiahtinis andaddel desmyaqirddosn bordorsinioaemmessinneamndanaiitngfouch a
thermosetting resin, and such a metal material, placed in contact with the sheet substrate or laminated
with it, using%h GrRRIsEtIgng rdersyedmpridingnasteb kod steisip asdahia Kepradespetiiscribed
later. 15[0046] Sheet substrate:  The sheet substrate contains a thermosetting resin, which starts
undergoindg ARATHG T EATHE el lshl PandHy sHrangidp 25- Vel e eecierbispiemTHe kol dabstrate is
molded with a metal material in a step 2 and/or a step 3 to be described later to form a cured resin
20layét in 1 Meilicormpsieohttngg thronsd spdemsasieausing sipifdsto no particular restrictions
except being a material based on a thermosetting resin or a resin composition containing a
thermosett§aEsii trirad BaBrblBeessed to ensure its suitability for handling in sheet form. For
instance, it can 25be a resin film obtained by coating a sheet of release paper or the like. It can also be
a prepreg Hihed by impregnating a fiber base with a thermosetting resin or a resin composition
containing a thermosetting resin. [00481  In this regard, there are no particular restrictions on the
degree of impred 5B AREFSL L bR RI B FreyR4tn mefabsoemiieteiniprepivasdn with no
voids, semj-complete impregnation, in which voids are present inside the fiber base throughout, partial
impregnatidh AR IEHIHESBOE D REL¥0ntains unevenly distributed impregnated regions and
unimpregnat g egions, and surface deposition, in which the resin composition is deposited and fixed
onto tfre sﬁ}g layer of the base material. 10[0049]  Using at least one type of resin chosen from a

set containing ar epoxy resin, phenol.resin, benzoxazine resin and ynsatyrated polyester resin as
“such a thermos i#@eﬁg%ﬁln ﬁﬂ%@g%ﬁ%if)lér}%mibf&?ﬁ%oﬁh@ta‘w&%p’Ssi‘f%OL\i/gﬁﬂ celRHSrSldctivity

and economic efficiency. Of these, an epoxy,resin is preferable. for the high degree of design freedom
 5offors RGO A HE BEFRIAG SHBAGh P A AN St by e AT

duct i .[0050], .. Typically, h an. Ini that contai :
Groups i TS HBIBETE-LAPEIRE A HITEC BH A e it S Dd A B BHEhor
A-t 20 in, bispk | F-t in, bisphenol, S-t in, lac-t
epony res G SHBE PO B DASHAE ol TG Eh o G rom

<Pl OB A JEslopenediens SRR ISl ANC G e gRoprer

Féyglgy résorcin yl oXy phenyl) ethan oxy
phenyl) mect‘glﬁa_llnre1 gslycidyl amine type epoxy resin, such as tetragly-cidyl diaminodiphenyl methane,
triglycidyl amm%p%ehol, triglycidyl aminocresol or tetraglycidyl xylene diamine, biphenyl-type epoxy
resin, isocyanaatﬁemopiffierd SR, r%%i:n & V}'Ir%” & & %i{ﬁt{&lrgntgl %gﬁgh 0 Sel]me a',?\ nﬁfl&% tg?ste ef oxy :
resins can be used smg?y ras z%mlxtLHe. i parl%icular, when a compgosite maEeria Wwith wenl-Balanced
heat resistanas.andmeghanical chiagiarslis s [eguireca combinaion.of & polytunctiongl epoxy
resin and difunctional epoxy resin, e.g. one that combings a phenol novofac-type epoxy resin as the
polyfuncti %gg&ﬂgﬁ@sﬁngﬁ bisphenol A-type epoxy resin or bisphenol F-type epoxy resin as the
difunctional epoxy resin, is preferable. to[0052] It is preferable that the thermosetting resin of the
sheet substraje feashes %rggig?g‘? SIA %‘éE\ﬂ%H&%ﬁQ LRSS CROGUIONS 1O QBtafn sugh, 2 sheet
substrate, a curing agent may gad ed to the thermosetting re%ln-contalnlng resin composition.
[0053] | 5The type of curing agent may be changed 2 necessary according to the thermosetting resin.
For instance, when an epoxy resin is used as the thermosetting resin, possible choices of a curing
agent include a polyaddition polymerization type, such as an amine compound, anhydride, phenaol,

mercaptan or isocyanate, and one functioning as an initiator of anion polymerization or cationic
nolvimerizatinn <crich ac a tartiaryy amine imidaznle or tol ewie acid Of thece an amine comnniind i



Of the above compounds, dicyandiamide and an aromatic polyamine compound are 15 preferably
used as amine-based curing agents. When dicyandiamide or an aromatic polyamine compound is
used, a hardened material having a high elastic modulus and heat resistance can be obtained from a
thermosetting resin. Of such compounds, dicyandiamide, 3,3'-diaminodiphenyl sulfone, and
4.4'-diaminodiphenyl sulfone are particularly preferable for such reasons as an ability to provide a resin
composition with excellent heat resistance, 20 especially moisture and heat resistance, and storage
stability whemmpikgd imean gpokyresimto become part of a one-component epoxy resin. [0056]

In any of the above resin compositions, the curing agent may be combined with a suitable curing
accelerator tonthansesetitirgrastivisiatHersinaranciscted feond rivative suctisBBasf epoxy resin,
3-phenyl-1,1-dimethyl urea, 3-(3,4-dichloropheny1)-1,1-dimethyl urea (DCMU), 3-(3-chloro-4-methyl
phenyl)-1, Pl deyiuremor@rsisesi aitnatsibrsilipy totsenecdr.an imidazole derivative may be
advantageously used as a curing accelerator in combination with dicyandiamide. A combination
between diéfdRdiamide and a compound having two or more urea bonds in a single molecule is
particularly preferable. As a compound having 5 two or more urea bonds in a single molecule,
1,1'-4(fethyl-m-priepsaend perscs st dhn sryiirety oesnethedthytenetdis(pheorjiadinfedisy Rirsatis
preferable, especially so when used in electrical/electronic material and similar applications as the use
of such a d@ﬁ?ﬁ’é‘@ﬁd%ﬁ?ﬁﬁﬂhﬁﬁdﬂﬁ‘é@’me retardancy in thin plate use. [0057] I()Another example of a
curing accelerator that can be combined is a boron trifluoride ethyl amine complex. [0058] A latent
curing agehQQILl%l becomes active at temperatures between 70 to 125 C can also be used as a curing
agent. Here, -becomes active at temperatures between 70 to 15 125 C" means that the reaction
starting temperatur@$i88dn itfe M94YCiDs € MRk, cmeprststorhidarihgreldpbritufecttiateirrtter
referred to as "activation temperature"). can be found through a differential scanning calorimetric
analysis (hERSHEHERSBRERRIBIBLMEIBL 9 ShRss opDBIAE SHEYatE fer s [Rithyey Hierierariéfoxy resin
composition in which 10 parts by weight of the curing agent to be evaluated is added to 100 parts by
weightof gﬁgbﬁ@ﬁe}ﬁﬂ-%e EoRiPHESPIHIAR 8hERYBGUIvReRbSIAEIHY PERZRNADAS tisihctivation
temperature is found from the intersection between the tangent line at the inflection point of the heat

generation®EdriEBHEAIRSIRRIYSSEr Rt thaBhadink ImHelilsRe S s raptrskardisthesshesan 70 C

storage stability is sometimes étnadequ‘ te, whereas, if it exceeds 125 C, curing performance
sometimes TANE SR BrURpECRSRY o™ m@%m&iaﬁ?amﬁgﬂ&gﬁmqﬁé%&%e active
at temperatures between 70 to 125 C, no particular restrictions apply as long as they have such an
activation @é}ﬂ&&ﬁ*&&%% FMpIRLTRLIBIE HHE ﬁé%SHaaéﬁtWerféfsrﬁfeﬁ g agaktinigrgal
capsule-type latent curin ent, amine imide, block isocyanate, compound with an oxazolidinone ring
obtained bi}lﬁtgw?g‘ﬁ X ??Bigedﬂﬁﬁoﬁeﬁ%‘fWW%{ carbamic acid ester, vinyl ether block carboxylic acid,

salt ofjmidazolet anﬁj farngylic %cid, c{;arbamic; salﬁ fa 'nei.andhoniu“m salt. io,égOGl .. Here,an
amine adducttypR rat@hfliritg dgent rererdts g’%céiﬁﬂ ARG RPN R SRS G tertiary
amino group or high-molecylar weight co insoluble.at storage temperatures that is obtained by
having actiiv%e%l(g?%%otﬁén CAILRINE f&aeg(o ees%fq%qg’lw{rja‘fa&??nﬁgﬂﬁ%‘?%‘?\?/iﬁ%ﬁ?%ﬁﬂ%&fﬁﬁ’ capable of
reacting with ri}' 2om ,,Oercial .1§ available atmi e add: ct-t%ge)e la en% %Ourin?%a ent inclﬁde "Amicure"
(registered trademark IBRPE B I\;Iu?ﬁ}frfbé’th r%gﬁ%f)awcrtlureﬁl%y eAeﬁlﬁ Nt File-Telh 5“32816 Inc.).
"Adeka Hard%}scr(')' rge(%ilsitge%%% trademark) EH-3293S. EH-3615S and EH-4070S (all manufactured by
a Kogyo K.K:

Asahi Dennka Ko ), and "Fujicure" (registered trademark) EXE1000 and FXR-1020 (both

manufactured by Fuji.Kasei Kogyo Co.. Ltd.), while commerciall) ayailable micro capsule-type
atent curing Sote T e S e S S R s
manufgctufes B AR Gl NGHAI G o) (L INGSE [l -Amisure” PN-28 and other amine
adduct-type latent curing agents-are particularly advantageously Us6d ast ey exhibit excellent storage
stability at fgem,temperature and outstanding quick curing performance. 25[0062] Micro
capsule-ty[ge Iatl:‘nt curing agents are designed to reduce contact between the epoxy resin and curing
agent by, forin @ﬁ?s@&‘ﬁ%ﬂ %@g qui g.agent, as 1tlag cqrrgswi;h a Pol such.as an epoxy resin,
polyurethane ressltl?rn polystyre%% e’rilvati\rée or g@lyim%de,ecgco extri 5?%@%%?%%%0%&} [0063]
Combining 2 {aienlCuiing AARRt AL PECRMER ARG, AL A JSMBSIAHI BRRINGSN A0 1R 425 C with &
specific curing agent makes rapid curing at low temperatures possible. For instance, a family of curing
agents thaf(ﬁﬁrﬁ)ine a latent curing agent, such as the "Amicure" PN-23, and an organic acid
dihydrazid, and another that combines a latent iocuring agent and a curing accelerator, such as
DCMU, are advaniagegusiy Used 2% e kel Aauad-LAminuesHo herRme Aftve AL 3
temperature of 110 C. [0064] = Itis also possible to use a master batch-type curing agent based on a
curing agent compound obtained by having an amine compound, epoxy resin and urea undergo a 15
thermal reaction as described in patent document 8; a curing compound obtained by having N,
N-dialkyl aminoalkyl amine, nitrogen atom-containing cyclic amine having active hydrogen atoms and

isocyanate, as well as an epoxide, undergo a thermal reaction as described in patent document 9, or a
cnecific amine comnniind ac decerihed in nateant dAociiment 10 ac the core and on a2 reaction nrodi et



25[0070] A thermosetting resin or a resin composition containing a thermosetting resin may
penetrate into the interior of the fiber base, while, in the case of a sheet prepreg, it can be localized
near the surface. [0071] 5A prepreg may be prepared using the wet method, in which a thermosetting
resin or a resin composition containing a thermosetting resin is dissolved into a solvent, such as
methyl ethyl ketone or methanol, to reduce its viscosity and made to impregnate reinforcement fibers,
the hot-melt method (dry method), in which a thermosetting resin or a resin composition containing a
thermosettthg wessih isakrriaels foltdunearitseibenditp SaddoHdllitimpregrateineinforcésent fibers, or
some other method. [0072]  In the wet method, reinforcement fibers are first immersed in a solution
of a thermd8€ithig resin or a resin composition containing a thermosetting resin and retrieved, and
then the solvent is removed through evaporation using an oven, etc. to obtain a isprepreg. [0073]

The hot-melt mdthdtf ey beseaphshsapret! By dratsistpvatinbptdirfonoddimat fiberddirsoiyeritira
thermosetting resin or a resin composition containing a thermosetting resin, made fluid by heating in
advance, tfRPfiriet H¥htiagvhgisee mielsiaads pRretbasEhaBror 20 the like with a thermosetting resin
or a resin composition containing a thermosetting resin for use as resin film and then placing a film
over ofe ofKdth side(s) of the fiber base, followed by the application of heat and pressure to
impregnate the reinforcement fibers with resin. The hot-melt method is preferable as the prepreg has
virtually no residli $ikrasrAck. S 5fmo mgnulacipih rethepr&y imprd diseprsdisefhbh GEsRIt method,
it is preferable that the temperature of the thermosetting resin in the resin film coating step be 30 to 80
C, more pref&FaBI AD30drecEbedthddBmperature is less than 30 C, the coating density (weight per unit
surface area@of the resin film may become inconsistent due to too high a viscosity, 5while, if the
temperatu eds 80 C, curing may progress during coating, resulting in a sharp rise in viscosity.
[0075] Metal material: The metal material is heated to a temperature in excess of 180 C in a step
1 and/or a iostep* I B TeRGHEH it s AIOTHROE!R Wekeine b B'abaiipddl 1306 105 the
metal material part of a metal composite. [0076] . Generally speaking, it is difficult to mold a metal
materlAl inf8%‘é&ﬁ%@>@‘§ﬁﬁﬁ@lﬂﬁﬁﬁ?%?%é@ﬁf%é@%ﬁﬁ@%k{h& fa SRIFP'BTP80 C or less due to
low metal moldability. 15 However, the manufacturing method of the present embodiment makes it
possible to edstFhdid dthetsthat&risiitoSHRSHHpISRUALRE L it e L apPib N SPERILRA Ty b ftening
the metal m teri% ?y heating it to a temperature in excess of 180 C. [0077] It is preferable that
the metal ESH @mpﬁgeegaﬂ@ag?aﬂé%@ PROSRAIEREsEN A I & SRE TSN G SH ditithinum
alloy, magnesium all nd titanium alloy. .[0078# The metal may be selected according to the
desired apBﬂE%tfi‘B%eé%P SR W0 LBy B IS B A URER M alloy include A2017 and A2024
based on the Al-Cu ination, A3003 and A13004 hased on the Al-Mn combinatign A4032 based on
the 25A1-S1 cdmiiRationi AR AHREABEST S BESH e AN LR G AE G4 a B and
A6063-ba5?éjoo%t§'et Al-M -Sit%om&'ﬂrda,t' n, %nd A7075 based on the Al-Zn combination. It is also
possiBTe to use indtis r(féf’golff:e timinuntdiwhich all aluminum alloys are based, such as A1050,
A1100 or AIZOO.tJO(y? | Examples ?f % magne iurﬂlalloy i’nclucj§ Aztﬁl’ ﬁ\ZQ I %nd AZ91 based on
the Mg-AI-ZnaC(S) hation . gffﬁ&ugﬁ?%%ﬁa’%{s %ap?edo plftreomaaénr{’géllhn 18searee’ ﬁt‘lréi@esfff be used as
a metal mq}gsrial gfrthot?ﬁ géﬁg%%%névﬁntéﬁg. tggeo%o I %%Fglgg of.a hit%ni allo hncluge Giz?c?es 11 to 23,

which comprlslémtoe alladium ed alloys and coba an ’[%Wg ium-added & 82}1}3, ahd -%53&-4v,

which encqgmpasses Gracl 0 (a allay)..Grade 60 (a-f3 all d Grade 8 é‘[a% alloy). It is also
possible 10 LA R e B S e A B0 SR W S S8 on
which enc assas. Grades 1 to _4.(5000 1] [5Such metal materials are preferable to achieve
thin-walIe(;%ﬁg;}glg,f |§F1Eg/nven|l§%t%g§1§eé%l %ﬁg%(lr%?dity in the manufacturing method of the present

embo imew(ﬁ@Ihey can be molded into a complex shape with particular ease, while being highly rigid.
[0082 Thete are no particular restrictions on the shape of the metal material. It can be

2ounmolded as [ MatrraLIL P nR.ralder iniR.A deskerl18pq. PLRialaimen fiareddo a

desired shape. [0083] From the viewpoint of econontic efficiency, an unmo State as raw
material fog_r@glgiggf%ﬁrg{g&q s tbeuse of ﬁ&{@gﬁgp Y, giving a thickness of, for instance, 0.1
to 251 mm is more preferable, with 0.3 to 0.8 mm most preferable. The use of such metal materials
makes co ¥ishaping particularly easy. [0084]  The metal material may have physically,
chemically or electrically undergone surface roughening, and it is preferable the metal material have
been provided vyithisuiage, 9,EpINNRGARLRe SUTTRCS AL GOmE THE GeptRet yithdhe sheefsubstrate
from the viewpoint of obtaining a metal composite with excellent bonding between the metal material
and the cugggafﬁgin layer. [0085] As the method of such surface roughening, any generally known
method may be 10 used. Examples of physical surface roughening include sand blasting and
sand-papering. Chemical surface roughening methads include the immersion of the desired surface of
the metal material in a polishing solution capable of eroding the material. Electrical surface roughening
methods include electrochemical surface roughening through the immersion of the desired surface of

the metal material in an electrolytic solution. Those surface 15 roughening methods may be used
cinntilarlvy ar in combinatinn of fwo or more TONORAT It iec nrafarable that miiltinle naoracec O 01 to 100



20exhibits even more outstanding bonding performance between the metal material and the cured
resin layer. [0087] Preform: The preform features a sheet substrate as described above and a
metal material 25placed in contact with the sheet substrate or laminated with the sheet substrate. The
preform is heated in a step 1 to be described later and compression-molded in a step 2 to be
described later to become a metal composite. [0088] The preform can take a variety of structures
according to the metal composite to be 5 obtained. They include a two-layer structure obtained by
laminating B8hEkt substrate and metal material together, a sandwich structure obtained by laminating
a metal material onto both sides of the sheet substrate, and a side-by-side structure obtained by
pressing the metal iatbird sigadsitdsiteltagelothhb thhséersubbeadet o689 loFurthepmplecdther
preform structures can be derived from the above, including, for instance, an alternate lamination
structure ofepéentéilbsatisssamd Hiveal materials, a complex lamination structure obtained by
laminating a metal material onto a laminate of sheet substrates, and a sandwich structure obtained by
further incdf$8ating a generally known general-purpose core material into either of these structures.
Such lamination isstructures are preferable from the viewpoint that a symmetric layer configuration can
minimize the wakpiH Shisgisarrs ofitHe Hierbinipsiethraineebou) the Sregiesdpdiréepredorm
structures, a sandwich structure obtained by laminating a metal material onto both sides of the sheet
substrate dAf BsGthdrkaishivier sGeoro ooty be mginisamny s mEdhssitardal onto both sides
of a laminate of sheet substrates are preferable. Preforms with such structures make it possible to
produce mbifédImetal composites with a sandwich structure based on the lining with a metal material
of both sides of a cured resin layer. [0091[ 25Namely, implementing the manufacturing method of the
present embodirierbeidiie: stetrd srerdin msess ithbsHEBhF otat hn b B AP HR G
excellent dimensional precision and do so easily in a short time, compared to other methods, such as
one in whidVRifd Ritetdl Rateheds SHesuaparatehmaIdaer dntiaiotiddtdgaireatsing ath&mbletting
resin. [0092].  Although there are no particular restrictions on the thickness of the above preform, 0.5
to 5 mifh is Pr&FEFable, or more preferably | to 3 mm, from the viewpoint of molding a metal composite
with a comglﬁx shape. [0093] Manufacturing method for metal composites:  Various steps involved
in the mane 8fUring method for metal composites of the present embodiment are described below in
detail. [0094] First aspect: 15In a step 1, the metal materials that form part of a preform placed in a
mold are heated?f’o te ﬁ%rﬁ?ﬁ?@%n%x@% BResh ¢! %@W@%&) @ﬂﬁ%ﬁn%ﬁ@?sﬁg% ffié3heet
substrate to semi-cure the thermosetting resin. [0095] Here, to "semi-cure" means bringing a
thermosettfify FEBi RS RS -TH8H state, a 20 state that is halfway between the uncured state and
cured state. A semi-cured state is associated with a degree of fluidity. In concrete terms, for instance,
if a wscosﬁly%u e is plotted against time while a thermosetting resin is heated, -semi-cured” can be

defined as the state of a thermosetting resin in which it exhihits 10 to,90% of saturation viscosity as
eastted by expQLSIG e BT SR LR St AU LS SaR, R PR VISERS Toin

percentage feims. Thecured stale ls.a state In which 3 eymosetiing tasin daes ot low 25, or
deform, and’is defined as the State of a Imosettng resin wnen It exnibIts a VISCOSItY 1IN eXCess of

90% of satg{%tilca)bpnl }/igfeogp & corg)dsit?% éso the above measurement. [0096] There are also ways to
ascertain the tlred state from the glass transition temperature of the thermosetting resin (hereinafter
abbreviategoﬁﬁ *Tg"). For instance, "semi-cured" is defined as the state of a thermosetting resin in
which its Tg IS ? to 90% of the saturated Tg when the difference between the saturated Tg and the
minimum Tg is expiesaeq I perEeN'AYS s on e hasis ot measuiements el Ta.ohiangd over the
range from the saturated g tothe minimurh 'fgj In advance. he cureél}strgte is defined as a state in
WhiChz!PTgaj%&?eﬁ)é?%%Slﬂg%oso{& %%}%{?@5% t3ed Tg. In addition_, if the _rel_ationship betweer_l the heating
temperature and heating uraﬂ%n is plotted while a thermosetting resin is heated, approximate values
of Tg can @%tlfined from molding conditions through interpolation. By the way, Tg can be measured
as part of DSC using a generally known method. [0097] 15Furthermore, there are ways to ascertain
the cured state g fhermesetiparesinfiempescaleriicyauemensiied s pauoiRebo

instance, -semi-cured"” Is defined as a state in‘'which the residual reaction rat€ is 10 to 90%,
approxima[g]galggegfatﬂ%gﬁj%@ Eﬁﬂ?ﬁmg fale qan t&gtRuﬁ&,fﬁo&) ﬁl{@sgﬁlgvrific value after heating of
the thermosetting resin as a pércentage of the calorific value before heating of the. 20thermosetting
resin meas[lé,@j;é]n advance. The state in which the calorific value is less than 10% is the cured state.
[0098] For the purpose of the present invention, a thermosetting resin can be deemed to be in a
semi-gured statqif @ SERN-CUEEASIRIG %1 SRpEEMad wittraay e e mearuremRibesg hads described
above. [0099] By undergoing the step 1 and/or the step 1-1, a thermosetting resin reaches a
semi-cured state, and is then molded in the step 2 along with the metal materials without becoming
excessively fluid. Instead, it reaches a cured state after assuming a shape 5dictated by the metal
materials. [0100] There are no particular restrictions on the heating of the metal materials. For

instance, it can be carried out by bringing the metal materials into contact with a mold that has been
haated to 2 cartain tempnearatiire In thice reaard it mav he nreheated with a heaater ovven



iotorch, or the like to shorten the heating duration. [0101]  In the step 2, the preform, which has been
heated in the step 1, is molded into the desired shape by compression. W1021 15Second aspect:

In the step 1, the metal materials that form part of a preform placed in a mold are heated to a surface
temperature in excess of 180 C, while the sheet substrate is heated at the same time to get curing
underway and eventually semi-cure the thermosetting resin. This aspect also features a step 3, which
provides cooling under pressure until the surface 20temperature of the metal materials falls to 180 C
or less. [019/3pined pyHEBIEpaLiteafibga s mpBsitethernsHEsDEER molded in the step 2, is cooled
down until the surface temperature of the metal material falls to 180 C or less under pressure
(pressure Fﬁ@@?%e duration over which the metal composite is held at 25temperatures of 180C or less
in the step 3 is preferably up to 10 minutes, more preferably up to 5 minutes, and most preferably up
to 3 minutes. [0104]e fifYoieeRBABVIPEThEGTREhifgPisEmRIpiHE ke ausighmaiehchds s with
cooling under control, it is preferable that pressure P3, applied during cooling, be larger than or 5
equal to, nhﬂ@’&%%‘fé‘?&ﬁi%@é%@éﬂ@f&éé%tﬁ@ﬁz, applied in the step 2. In concrete terms, it is
preferable that pressure P3 be set above pressure P2 by 0 to 10 MPa, more preferably by 3 to 5 MPa.
Although tHE8H8 &re no particular restrictions on the upper limit, around 30 MPa is considered optimum
in consideration of the risk of overlpading the mold. [0105] ioln the step 1, it is preferable that the
surface temperatlrd'6f tHenistahatertBiBeRBptat'bod AR Shith Braniadidifig nféhod
makes the molding of the metal materials into a complex shape in the step 2 that follows easier by
softening i@ﬁbﬁéﬁﬁﬁé{taqhﬁ%ﬁ%mmﬁlﬁmgl% BBITEHBE SYTESE BRSNS MetabbiRs telerhture.
[0106] IsThere are nqg particular restrictions on the way to heat the metal materials. For instance, the
metal matenals s %W@éﬁ%ﬁ“ﬁg’ﬁ%éﬁ‘?ﬁt "o contact with a mold heated to a surface
temperaturrf @rﬂcess of 180 , preferably at 200 to 300 C, more preferably at 200 to 250 C. Here, the
surface te % ure of the mold means the temperature of the cavity in which the metal composite is
molded. There are no particular zo restrictions an the way to raise the surface temperature of the
mold. Examples o duThGLHAHG A LS ath e O BB Eh A R R an
direct heatipng from outside using an,electromagnetic,inductjon heater or halo heater. In this regard,
the mola S BrBHE AR iy 4 Heairbar OCH o Mot LA (L HEROAG Enation
25[0107] 9} he step 1, pressure may be applied to the preform as necessary. Examples include
pressurization to' hold the preform from above and below and preliminary compression to mold the
preform into the degsired shape. It is preferable that the pressure applied to the preform in such manner
e 010 3 MPa, ot L4t S0 S PR e ey IS, T et e Bl pur
it never reaghes: (e, same lemperatiie ashe metalmaterials dus.fo, he fact that i jow g thermal
conductivity comparédato R metal maeterlals, o?ﬁy eated Ehrougsn he metdl materlaﬂ, {Bcated far from
the helzglt sQure %Egli‘% ieﬁls e%i i% heialut aardfjoso on. Namely, to heat the whole sheet substrate to the
above 10 temperature, ad iﬁonaltzﬁlea ing s necessary, and this make it possible to control the curing
reaction of@*baagjermosetting resin. This is considered to be one of the reasons why the present
invention has an advantageous effect. [0109] Under the present invention, the metal materials
are heated {o a (GRERIRIO AGHSHAPAARN: O WBIRIBRIMEIRIA LRl IR AIER BelQAP] Third

aspect:  The third aspect features a step 1-1 desig eat the sheet substrate to semi-cure the
thermosetting resi). ﬁﬁ%‘?&ﬂéﬁaf’ﬁ%%‘?th?eBiﬁ‘?*?%?e‘rtﬂlezH%e}ﬂétmaé&ﬁ&g&?&fé %SHE,@?&%Q&?EQ Agyature of
more than 180C but not more than 400 C, and a Step 2 designed to mold the sheet substrate, whose
thermosettmégt%ﬁi%pé been semi-cured, and the metal materials, which have been preheated, into a
metal composite by compression. [0111] In the step 1-1, the sheet substrate is heated to
semi-gure i[((g,dmrmosetting resin. The 25temperature to which the sheet substrate is heated in the
step 1-1 is preferably 100 to -180 C. There are no particular restrictions on the method of heating, and
a heater or ovenpyheae @RILALIGMARTAIHEE SEHIRG i 36k R e APMRemPRIRyre or a torch, for
instance, may be used. Alternatively, the sheet substrate may be heated through contact with the mold
used in the[§@g@}2. 5[0112] Inthe step 1-2 of the manufacturing method of the present invention,
the metal materials are preheated to a surface temperature of more than 180 C but not more than 400

C, preferably 20Q {0-300&ninQf& RRiQr ey 2001480 - 193 d3king 1 RErQBEERGRRLLICUIRY is

restrictions on the method to preheat the metal materials in the step 1-2 and a range of methods are

available. plasHociferthe His.otireRametasnnioyes asihaRten dib Hesmiominiaiahot press,

and direct heating from outside using an electromagnetic induction heater or halogen heater. [0114]
15Thete arg,nq partiBUariRsIKiri PRSI ALE CAIRA Qut heating in the step 1-1 and the step 1-2, but
it is preferable to use different pieces of equipment from the viewpoint of selecting an optimum heating
method for each type of material, although this doesgnot exclude the use of the same equipment.
[0115] 20From the viewpoint of further improving productivity, it is preferable that the step 1-1 and the
step 1-2 be carried out in parallel, and it is also preferable that the step 1-1 and the step 1-2 be

completed virtually at the same time. This makes it possible to minimize time loss in production. [0116]
I€'5ln the cten 2 a laminate comnricinA 2 cheeat crithetrate nr crithetratee and metal matarial iec molded



Isdifferent mold from the step 1-1, it is preferable that these take place in the same mold. [0118] Itis
preferable that, in the step 2, the preform be molded by applying a pressure of, for instance, 3 to 30
MPa, more preferably 5 to 25 MPa. Such compression molding makes molding easy, even if a
complicated shape is involved. It is also preferable that the pressure 20be maintained until the preform
is molded into the desired shape, although it may be reduced after that. [0119] It is preferable that,
in the step 2 and/or the step 3, the thermosetting resin be cured until it reaches the cured state. For
instance, the thermosetting resin may be cured by 25holding the preform inside the mold even after
the preform has % ' # is regard are rticular restrictions
on the holding dl e e e B e,
preferably [ f Y. 3 Mipyt I | inute.
01201 51t 8 e h ey B e e R 50 o
less, more preferabi 169 G.9r less, in teiins of the temperature of the sheet substrate. The
advantageous effect may be obtained by allowing the curing reaction to progress sufficiently in the
step 1@ndfg@,rﬂby shortening the holding duration. [0121] it)The manufacturing method of the present
embodiment may also incorporate a step 4 designed to provide a post cure after demolding. The

benefits of incorpquating. e sigh 4 NN Ak RS NS Br Radeing Akihedurationoffalfig the

preform inside the mold. The post curing method can be any method capablé of curing a thermosetting
resin, so thaggenerallyknewn Mmetbndss suchasiddnga demaldedagial composite inside a drier or
isoven heated to a predetermined temperature, may be used. [0122 Furthermore, an edge of the
preform mayghg provided with a hemming or crimping treatment in the step 2 in the first, second or
third aspect or the step 3 in the second aspect. Such a treatment not only enhances the appearance of

the edgeg of thqm@"a}&@ﬁlﬂ@?@ﬁﬁtpﬁﬁ %Q&M@%&R@pﬁ%}ﬁ 9@5&%@%%@1&@ B@ﬁ%(@ﬁ'%l@@ the
cured resin layer stronger. This treatment may be provided after the step 2 as an additional step.

[0123]{)Fi9-t19a1i§iﬁ<§§tté}ﬁ1§8ﬁ%ﬂ@3@ gretippabfiawingssiiustiatinganemaedinemtahthe fikstaspect of a
manufacturing method for metal composites. As illustrated in Fig. 1 (a), the 25 mold has an upper mold
11 and a lgweyk mold 12. The preform 10 has a sandwich structure in which a plate-shaped metal
material 1 and metal material 3 are laminated onto either surface of the sheet substrate 2. [0124] In
the step 1, greform 10 is sandwiched between the upper mold 11 and the lower 5 mold 12 as
illustrated in Fig. 1 (b). Here, both the upper mold 11 and the lower mold 12 have been heated to a
temperature in gxgesgrefct¥)Ciandithenmnetadraaterialul anehmetatmnateriabsrarerhieatgdoio a
temperature in excess of 180 C through the upper mold 11 and lower mold 12, with which they are
respectivelynifhconinehe Thershestsihstrataidneanwhile:ds hiratgskthrough thednetahmatesial 1 and
metal material 3, and this sets off 1()the curing reaction of the thermosetting resin contained in the
sheet;subsiratg 2anithtialgess the thermaeseltip geesinhiaagamicusesh stated fQk2hjplasiNexkithe step 2 is
carried out using an identical set of the upper mold 11 and the lower mold 12. In the step 2, as
illustrated ip@4g] 1 (c), the preform 10 is compressed by 15the upper mold 11 and lower mold 12 and
goes on to be molded by deforming to the shape of the mold. [0126]  Fig. 2 is a graph illustrating an
example of the rielatiprdbiptie ttheerirdahtpeatusei{lefisidadongitudisatiaxisgislucatignherizdntal axis)
and pressure (right-side longitudinal 20 axis) under the first aspect of a manufacturing method for
metal compasiidsd lwiigatAethe molg pempehatiing Ti2dndicatedditedsiacerteprpesadtitapetine upper
mold 11 and the lower mold 12. In the step 1 (SI), the surface temperature Tm of the metal materials
1, 3 rise beyonddfhdadrileymatdmath jaistihgl with hisated &5 jainedult dicheing! icoegnisict with a
mold that has been heated to a temperature in excess of 180 C (T1), T2. This sets off the 25curing
reaction oftthé tinegmusébtihghgsin contained in the sheet substrate 2 and takes the thermosetting
resin to a semi-cured state (I1). [0127]  Next, the preform 10 is molded by compression at a
predetermiit¥®d dressure in the step 2 (S2). By this time, the metal materials 1, 3 have been heated to a
comparable 5temperature to the temperature of the mold. At the same time, the curing reaction of the
thermosetting rdsirs profredieshpraferabllaitionio thwipumenk statesid) )ths atatsll ceinpesitie Ahwinosetting
resin is in a semi-cured state, it does not flow excessively when compressed, and this allows a cured
resin layeriat tB fonn eighd hetweemthdereriftimampalsid /8 101 28]t enitat atepRdi8e )is
completed, the metal composite is demolded by releasing the lock on the upper mold 11 and the lower
mold 12. [@#29P intFig. 3 is a graph illustrating an example of the relationship between temperature
(left-side longitudinal axis), duration (horizontal axis) and pressure (right-side longitudinal 15 axis)
underthe SebitRaspeceidedsmatisaetanieimethod for metal composites. In Fig. 3, the mold
temperatures 12 and T3 are the surface temperatures of the upper mold 11 and the lower mold 12,
respectively. In the step 1 (S1), the surface temperature Tm of the metal materials 1, 3 rises to a
comparable level to the temperature of the mold as a result of being in contact with the mold, which
has been heated to a temperature in excess of 180 C (T1), 2012. This sets off the curing reaction of

the thermosetting resin contained in the sheet substrate 2 and takes the thermosetting resin to a
cami-criread ctate [O12201 Neavt the nreform 10 ic molded by comnraeccinn at 2 nredeterminad



right between the metal materials 1, 3. [0131]  Continuing from the step 2 (S2), the mold
temperature is reduced to a temperature of 180 C or less (13) while keeping the pressure up. In the
step 3 (S3), the thermosetting 5 resin reaches the cured state (ll) as the metal materials 1, 3 are kept
at a surface temperature of 13 for a certain period. It is preferable that the duration between the time
the surface temperature of the metal materials 1, 3 starts falling after reaching a point in excess of 180
Cin the st%)oai]SZ) and the time it falls below 180 C is not more than 3 minutes. [0132]  When the
step 3 (S3) is completed, the metal composite is demolded by releasing the lock on the upper mold 11

and the lower mojd 12. {04331 Elgof 154 Reahschemalinsecianal drawiegs Usiaing angiher

embodiment of the is present invention with regard to manufacturing methods for etal composites. In

the step 1-1y& sheeh SHPSiAle A isheate Sraah comtach wWitthelowermal 12.a5ililusiEated in Fig.
4 (a-1). In the step 1-2, which preferably takes place in parallel with the step 1-1, a plate-shaped metal

material 1 jspeeheated josideidneleciciunage £hias ustrated i Efecésﬁf&m [Q434hetal!n the
step 2, the preheated metal material 1 is laminated onto the sheet substrate 2, andthe laminate is held
between theuppet mAltY andtbelawenaeldil t%f@{m-@m{gr%&%@ﬁ&%{gﬁ{ﬁﬁ%damagm {b). Next,
the preform 10 is compressed by the upper mold 11 and the lower mold 12 as illustrated in Fig. 4 (c)
and moldegebre aMetal ZOeRMRAS BBt IIEAHUIRY aRINIAYHI12% that has farmed;framdhe sheet
substrate 2a by conforming to the shape of the mold. [0135]  Fig. 5 is a graph illustrating another
example Oﬁgﬁﬁxﬁ@@ti@jﬂwﬁé@%ﬂd&m%@wr&&&ﬁ'ﬁf@@d@@ﬁi@ﬂ&ﬁi@%ﬁ?@@egH@li@iye({&'lil%ﬁf‘ta' axis)
and pressure (right-side longitudinal 5 axis) under a manufacturing method for metal composites. In
Fig. 5, the paalddenpenatire.d 2vghassuréaaeirmagipidta ot Hesupper nold hdianddhpdewar mold
12. In the step 1-2 (S12), the metal material 1 is preheated to a surface temperature in excess of 180
C inside anigtastdc fiinage SichAhthesamadimectiedshaet gubstrataisdeatediin dheistami-1
(S11), held between the upper mold 11 and the lower mold 12 to semi-cure its iothermosetting resin.
[0136]c Neadsiinitberptemidgthe sheebsubstiaieBandmemivnaieia haremmaided by gRpyession at
a predetermined pressure inside a mold set to a surface temperature of 180 C, or less. Notably, since
the thermoseiting reiicisriona squipsadistatevithdorsanilbilionoexcessively when compressed, and
this allows a cured resin layer 2a to form right along the metal material 1. Over this process, the
surface terBpiefaleseipfitcofwtatiraatagal 1 falls to 180 C or less. This state is maintained for a certain
period and the thermosetting resin reaches the cured state. [0137] 20When the step 2 is completed,
the metal dofgdsite is demolded by releasing the lock on the upper mold 11 and the lower mold 12.
[0138] Such a manufacturing method makes it possible to shorten the length of time over which the
mold is taken upfgs. théayndldinpantial nietalcanpositechyradldcaticiipitng 25 piahedting aiaeghhanism and
molding mechanism to different pieces of equipment. For this 36 reason, it constitutes a high
productivityrmafadfacioging medhod Wwhem agppheditocoontinveu practiding ased onith pradudtion line,
etc. [0139]  Since the manufacturing method of the present embodiment semi-cures the
thermosettimgandsinimthestiepds amdiortshecstgpsits, it can prevent excessive material flow, such as the
resin flowing out of the mold during a hot processing of metal in the step 2, thanks to the pressure
applied as part &fghe psozasspvhilesttetieippingausirongly thendkdi stehgtubeteariptising atmresal
material 1 and cured resin layer 2a. [0140] oGenerally speaking, it is difficult to mold a metal material
into a complextishiapel durdsiyisotdetal provdssingrat mtdmpdratoretdf L8 Civedesstiduprsdow metal
motclability. However, the manufacturing method of the present embodiment makes it possible to
easily moldraemieeal material into a complex shape as it is capable of sufficiently softening the metal
material by heating it to a temperature in excess of 180 C. 15[0141] Fig. 6 is a schematic sectional
drawitfy of an efigotlimeataphtHiupretagtanvidationamipe regdelridatiensbifadteming methpdstfoe.metal
composites. As illustrated in Fig. 6 the step 2, "molding” does not necessarily involve a deformation of
a metal mataabranadcarsirdle dadie honaiHgooiwngl aetbhd per mesthcampetitsd andplmsatiaped
metal material 3 zovia a sheet substrate 2 by compression, while allowing them to maintain their plate
shapes thrigigheit-the process. [0142] Metal composite: The metal composite produced using
the manufacturing method of the present 25embodiment is based on metal materials and a cured resin
layer sandwichdd$etivéarl thé fAetal mareriad. Herk atReactre@slivrages iscetiayer éreatagsby curing
the thermosetting resin contained in the sheet substrate through heating. [0143]  An example of the
man ufactuﬁh@%%@ﬁd&%mmﬁlgeﬁﬁ%&%mfnﬁﬁk@ﬁt%&@%!@f& forthearstisng BOReeg structure
between the metal materials and the cured resin layer, and this is partially attributable to the presence
of finé’or cAFSEEHEhin Apad SHIRSDRROd DB e LaPEIRls designed to be filled by the
thermosetting resin and thus generate an extra grip upon curing of the resin and to an enhanced
chemical bond between the thermosetting resin andthe metal materials because of a curing reaction
taking place at ioa relatively high temperature. [0144] It is preferable that the bonding strength
between the metal materials and the cured resin layer be 10 MPa or more, more preferably 20 MPa or

more. These figures indicate that a metal composite that integrates metal materials together or etal
matariale and nthear 1G5<ctriictiiral narite via a2 criread recin Iavvear ar lavaere hace adeniiate hondina <ctrenath



20 bonding, and the metal composite has better durability than one that employs an adhesive. If
bonding strength is 20 MPa or more, there is adequate bonding strength in applications involving a
severe use environment, and the metal composite has better durability than one that employs a
structural adhesive. [0146] 25Bonding strength may be measured using generally known methods,
such as the JIS K 6849 adhesive tensile bonding strength test. However, if the metal composite has a

complex shaper| i%%9'3‘EEHBﬁﬁﬂiﬁi%‘ﬁ'ﬁté%&%QP8%%#‘?@9%%%%%%%}%%%%@%&%@%‘@%2 ding

standards. In such cases; it'is possible to obtain a rough In etal composite's

strength relafiye o fhe &%EQ!HQLﬁ{B%P%%8&&@&9@8@'%Feéf’(@?%&%@&ﬂf‘%@%%ﬁga GriReYRaNCUting 2
specimen out of the metal composite, bonding both“ends of it to a Jig and performing a bonding
strength tegfthreugh the jig. In concrete terms, if the jig is destroyed in the adhesive layer, the bonding
strength of the metal composite is, as a general rule, judged to be higher than that of the adhesive. If,

on the other hand, it i§ dssoyed:threush.a.neelingrat matalcumpesite dhe Reading sienoth.of the

metal iocomposite’is, as a general rule, judged to be lower than that of the adhesive. [0147[  Itis

also prefergble Rahihe GRMRASHE b e pIRYIded yith &l 82shoneie Al shapind fieaipentghosen
from tapering, grooving, hole-drilling and match jointing, with part B joined to the metal Composite A by
fitting into that sharembaRbiain a5 SlRelIepisrifQuUIPMent chassis with high rigidity, it is very
important that the metal composite A and the thermoplastic resin-based part B be strongly bonded,
and from this vigwpojnsitisserefeiable ekl maRl compRYe ARNd.RAHR R integraleshas a result

of part B flowing into the taper, grooves, holes, or joint pattern. [0148] 20Although there are no

particular regairistionsRasthe-shRPe-thakthe sagkH .composite A assumes from a tapering, grooving,
hole-drilling or match jointing treatment, it is preferable that, from the viewpoint of maintaining the

rigidity of the metakcempnosits)A (e arel usestdar yelh ahgatmesiRR A QIlesamesa fyeferably
30% or less, than the entire area of the composite A. If such a treatment involves too large an area, it
gives jse 2aiopiduiskonf srdieding the rigidityfdhe-mesdl gempesite AteHchti0348kd he
application areas of metal composites-include, for instance, aircraft body parts, motor vehicle body
parts, motelceyeigibogy: Rasis cnasine vessel parts, machine mechanical parts, civil engineering parts,
building materials, and electronic equipment parts. In view of their productivity enhancing effect, metal
composites are pigvantageocisiynuad prrpetaniveliisle detyinarks andaleaiicalequipnentmarts, and
because of their excellent effects in lightweighting, mechanical characteristics, heat radiation
performaneguigie: 60 Esthey hndLyekmoraadvnageousty used paelenirenih egquipmsngchassis.
[0150] ioElectronic equipment chassis:  An electronic equipment chassis is made of a structural part
that integraliemsopisdat eesirpiosite A, obtained using a manufacturing method of the present invention,
and part B constituted of a thermoplastic resin b. Part B constituted of a thermoplastic resin b may be
a complex-shapeg part compoisbiaat iéagibae:typetakfosenfian acoossaritahiings, iftameariip
keyboard base, vertical wall, and seat. Since part B, which is joined to a metal composite, is
constitutedtef grdheime plastidresini by which dstsuniteduophadldiny ttcha peseplexsinapea, it may be given
an even more complex shape than a metal composite. [0151] Fig. 7 is a schematic perspective-view
drawing of an eXagnple gf-dn, dléecaehicizabequiprient)chassis:vbthepneaantsaventdardnhigs 7, the
electronic equipment chassis 33 has been formed of part B. constituted of thermoplastic resin b, and a
metal comjbsiteBig (inetahoofagosite A)wckthecpiasenitimrentibodiy éntegi dte dhrexaiaingy{0d&2] Part B
constituted of thermoplastic resin b: 25Examples of a thermoplastic resin in part B constituted of a
thermoplastithregiarh tintludd geolyeth peHederepmiealbter(lPESi)cpolybutylene terephthalate (PBT),
polytrimethylene terephthalate (PTT), polyethylene naphthalate, polyester-based resin, such as a
liquidzerystal polyestéR, 1solyptinid e (EE)ipalypreplitene ¢RP)rpolyolefimpsecimadepolybutyiehe,
styrene-based resin, and urethane resin, as well as polyoxy methylene (POM), polyamide (PA),
polycarborrate(®ay, pulyrednytithethavripateo(PAnMARgboningl dhionigée (PVE), ogbolpimnsdene sulfide
(PPS), polyphenylene ether (PPE), modified PPE. polyimide (PI), polyamide-imide (PAl),
polyetherimiten{RE!), polysulfone (PSU), modified PSU, polyethersulfone (PES), polyacrylic butadiene
polyketone (PK), polyether ketone (PEK), polyether ether ketone (PEEK), polyether ketone ketone
(PEKK), io polyaligiaté3PaRypdIyeihe pisitpitsct FENplistenstiecragiis aehpHemnosipvasiss. dtlaer choices
of a thermoplastic resin include a copolymer or modified compound of any of the above resins and/or a
blend of W &SRR A0TBBTor i sraterapidding utse spbaiiapiarpdSes! Eirepmsend iy gHe0sf the above
is thermoplastic resins be contained in the thermoplastic resin b by 60 wt% or more. From he
viewpdint of theldrehytts arfghaipais RESIRHLE vitRedmoiEag ipoiramide IaNRg (pORRESEEE are
advantageously used. From the viewpoint of heat resistance and chemical resistance, a polyarylene
sulfide, particularly polyphenylene sulfide (PPS), islddvantageously used. From the viewpoint of the
appearance and dimensional stability of 20 the molding (e.qg., a part of an electronic equipment
chassis), polycarbonate (PC) and a styrene-based resin are particularly advantageously used. From

the viewpoint of moldability and lightweightness, a polyolefin-based resin, e.g., a polypropylene resin,
1ic nrefarahle Erom the viewnoint of the ctrenath nof the moldina a2 nolvvamide recin ie narticiilarivy



[0160] It is preferable that the melting point or glass transition temperature of the thermoplastic
resin ¢ be lower than that of the thermoplastic resin b. Although there are no zoparticular restrictions
on the difference between the melting points or glass transition temperatures of the thermoplastic resin
¢ and then toplastic resin b, it is preferable that it be 10 C or more, more preferably 30 C or more. '
Choosing thermoplastic resins with such a relationship allows the heat from part B constituted of a

thermoplastic Bgﬁm]% %@ﬂ%%qﬂ&gltg gg%qﬁj%%lr&%@t, 1Q.6alsE the thermoplastic resin ¢ to

soften and/or melt and 25become strongly bonded to the metal materials during cooling inside the

mold, 43 101681g. 9. & lusliaies e RIgausan procais A BRGHOI EaiAMEDS shasss. As

illustrated in Fig. 8 (a), the metal composite A is inserted in the'movable-side mold 41. Next, as
llustrated i35, & olel 6, UPRUIIARTOI el WISAOPSIRLEATROSHR A s been inserte
is moved towarc?s the fixed-side mold 42, and the mold is closed. Subsequently, the thermoplastic
resin b, whigh canstitwespastBidsiiniected from the injection molding machine 43, mounted on the
fixed-side mold 42, into the mold to form part B constituted of a thermoplastic resin b around the metal
compasite [’6(1@49” integrated manner. After molding is completed, the movable-side mold 41 is moved
as illustrated in ioFig. 8 (d), followed by the ejection of the molding EH from the opened mold, namely.

demolding. [016@]eferEhedmethingiaintegrale thesmetaheonmpasitef aeg.partB indetiimitag to the
injection molding method. Examples of an alternative method include press molding, in 15 which the

metal compRsiHedd 3 LB asmplaged iha rerisaRf iIntgaraira by ngsting.Aed campsgsaien, and
laser or ultrasonic heat welding, in which the metal composite A and part B, both shaped as desired,
are placeddeseantadaianth each other and welded. However, injection molding is preferable as it allows
parts with a complex shape, such as a boss, rib, hinge, frame, keyboard base, vertical wall and seat,
to be easilyoipesed and facilitates the 20thermoplastic resin b that constitutes part B to flow into the
patterned recesses created on the surface of the metal composite A through a tapering, grooving,
hole-dsilling or mateh jeinkng dressmerhias welhasopgrestinraduaadondhe suthacesof thapetal
materials. [0163] It is preferable that the pores introduced on the surfaces of the metal materials
used 25in anigleégieenicragdipmentichassisber flledhbiinat thashene typeraf resinehasantdomthe
thermosetting resin constituting the sheet substrate al, thermoplastic resin b, and thermoplastic resin c.
Resin inflopesfinta therperasdnirekiuced ionrthe surfiacdaoktha metiehmaterials resulting froen, for
instance, compression during the preparation of a metal composite and resin injection during
preparatiomefanelecinnitaeelipmenitchassis 8iepheyvesiherhendingusirengthvidiweanie imetal
materials and various resins. [0164]  Itis preferable that Part B constituted of thermoplastic resin b,
which formagpathofusineleethodiceqpipime nt ¢hpdsis ahap @ watiiore: speckin resisiantedtd 452 cm or
more from the viewpoint of providing antenna characteristics. Although there are no particular io
restrictiond @itétie material having this kind of volume specific resistance, it can be chosen by applying
the same kind of philosophy as that for the above thermoplastic resin b, and two or more thermoplastic
resins b may beSisetsirbsiahination. [0165] As illustrated in Fig. 9, for instance, it may be possible to
place a part 51 constituted 15 of a thermoplastic resin b with a volume specific resistance of 104Q cm
or more near thd antbesaspbstrd® thatiforms hartwhttiengetsincovhpdsiterss mndaretectranicreguipment
chassis 33, with a part 52 constituted of a different thermoplastic resin b used in other areas. No
particular nestrictionsapiply toathgcactutdairdngeheettsans dheter aiba fecvtvsapsttaplaceddtdrent
parts B with regard to the metal composite A, including the molding of different 20 parts B in multiple
rounds by ingkrintsdlmatgrizlate AsispAcudent aeiticttoraaiskiingsdr adrieh differentedlorsiare
allocated to different parts B. [0166] Although preferred embodiments of the present invention have
been Weschbyed iatbyeidtat qorapeniténvention is not limited to those embodiments. 25Examples [0167]
The present invention is described in more concrete terms below using examples. However, the
present ind@Afidh is not limited to those examples. Example 1-(1): SPreparation of thermosetting resin
composition:  Using the mixing ratio shown in Table 1, a resin composition was prepared from
"Epikote" 828, "EpikehecBphstEpikiaukBol (alrdispHEtbALypE tpoxyvesihdemanufasterel by
Japan Epoxy Resins Co., Ltd.) and "Epikote" 154 (a phenol novolac-type epoxy resin, manufactured
by Japan B3B8 Restheroasciitas) i psa/ resTeNmesirin (@eljanamiibemaneiirtursitiyalapan
Epoxy Resins Co., Ltd.) as a curing agent, and "Omicure” 24 (2,4-toluene bis(dimethylurea), -
manufactubdl BREPTIorEREe Coenpyde) iisssHitiliy decanradiise TosbsjtTheyIes raskivnltetnperature
(Tg) of the prepared resin composition was is measured. The measurement was conducted at a
heatidg rateat 1imiRlTeshiimsd deceranned wierhatheshsacraeiodthe Jisek 1y £21 #sth§Pdris 1DSC
(a differential scanning calorimeter, manufactured by Perk nelmer Instruments Inc.). The halfway point
of the section of the obtained DSC curve where it ekhibits a stepwise change was taken as the glass
transition temperature. In this measurement, the initial glass transition 20temperature (Tg) of the
obtained resin composition was 6 C, while the saturated glass transition temperature (Tg) was 138 C.

This resin composition was judged to be in a semi-cured state over the glass transition temperature
(To) rance nf 10t 125 C [N1R0]1 The relationechin between the heatina temneratiire heatina



[0172] 20Four rectangular prepreg sheets of a predeteiinined size were cut out of the prepared
prepreg. With the direction of the longer side of each cut-out rectangular prepreg sheet designated as
00, the four sheets were symmetrically laminated in such a manner that their continuous reinforcement
fibers were oriented in the 10/ 90/ 90/ 01 directions, thus producing a 0.5mme-thick sheet substrate.
During the lamination process, a thermocouple 25(K thermocouple) was inserted between the 90

layers of the freRredeuRirale- %ilggﬂatinyéiW%Qfeéés@%%‘%%@M?&Eﬂ%@@ﬁﬁe&ﬁ%%éﬂe was

mounted on a plate with a surface temperature of 130 C and simultaneously heated and compressed
at | MPa fog lQuminue soMihsi herplass Lransitiag temperature of the obtained molding (Tg) was
measured 5using a method similar to the one described above, it was found to be 137 C, thus
confirming [t(bmgpe resin was in the cured state. [0174] Preparation of preform: Next, 0.5mm-thick
aluminum alloy plates (A5052) on whose surfaces a sand blasting 10 treatment had been provided
were furnished Ty g€ R3AI REMAIRI RS MU BIONS RN BB AVEKROS! SIEBreLRRim mare
observed on the surfaces of the aluminum alloy plates. [0175]  The prepared sheet substrate and
metal mateyialyweke laniaigd imihesmeish Mmatatiadshesh sekstiate/paatal material aderdpproduce a
preform. During the lamination 15process, a thermocouple (K thermocouple) was attached to the
surface of gngifdinglneiahmaieiials UsinghigatsesistanbianRa: [83ide]Reogbigtivnotimaigheamposite:
As illustrated in Fig. 1 (b), the preform 10 was placed between the upper mold 11 20 and the lower
mold 12 angiditpslesatressyreialt idReeBaih: thenuanenmalch iyl angitheloves@elsd? had a
surface temperature of 220 'C. [0177] About 1 minute after placing the preform 10 inside a mold in
the step 1,#gi@as eanpreapesh adtd MRenbymeansaet thepugpen meldhidhand thglewenhmaldnl 2 in the
step 2. 25During this process, the temperature of the metal materials 1, 3 was 210 C and the 48
temperature ¢ffheitsheat substmie Zhwas ke Gydcautdingsorthe:darrelations between the heating
temperature, heating duration and glass transition temperature (Tg), the glass transition temperature
(Tg) was fgaagbto be 115 C, which was 82% of the saturated glass transition temperature (Tg), and
this indicated that the resin was in a semi-cured state. The 5 graph in Fig. 2 illustrates how the
temperature of theingeialsnatenalsy s 3fansicempresiian pressunaghagadapiintiradn[Qhégdl  After
about 2 minutes of compression, the mold was opened, and the metal composite A was taken out of it.
In the obtaingid, nbetedocamipositerA athie imetalrmadepialgedsen @sirere stuohgly thentded tiyyirtisenof the
cured resin layer 2a, so that it was difficult to manually peel them apart. Furthermore, there was no
misalignmemiiestivgensibé: twoolietal imatexiatehpdsiandvahl & eaheithiclodaetaligomposiménidth no
shrinkage or twisting was obtained. The metal composite A was subjected to a bonding strength
measuremeihictorue. desdrisedaatgroandesibon dinestbéndth bk 16 g Begnesodteiipedirédtent e
completion of is the bonding test, a specimen was shaved off the cured resin layer 2a, which had
formed betwes theondatgl tmaberizieding, sarnd gth gtass edhmsitioypte nfpereainme(dig) iwashikasured and
found to be 137 C, confirming that the resin was in the cured state. The manufacturing conditions and
evaluation fieglijrfbicEisarsgsle -(1) are shown in Table 1 and Table 2. Example 1-(2): Preparation of
preform:  For use as metal materials, 0.5mm-thick magnesium alloy plates (AZ31) on whose
surfaces a[88atIblasting treatment had been provided were furnished. Numerous pores with an
average size of 50 [tm were observed on the surfaces of the magnesium alloy plates. 25Using the
same sheet sub$ieirilys telExasplieylr¢sin & prefohw weripnsdusedrimtive spere gramidn as Example
1-(1). [0179] Production of composite material: As illustrated in Fig. 1 (b), the preform 10 was
inserted betwiEsH thé& opprercravienpleS aheantivedswersmotrl canie hedd indedatprpserbAdtms MPa.
Both the upper mold 11 and the lower mold 12 had a surface temperature of 210 C. [0180] About 1
minutd aft@Ppiaciigitheopidionm Tolmsidpecinsidin therbrpl. $rivee epmipressad saviSampyasvith the
upper mold 11 and the lower mold 12 in the step 2. During io this process, the temperature of the
metal matSRarRy 17e3 asapbiideadyipe toMperatite Brenashagaussapesy? B, 1900, Tistnglass
transition temperature (Tg) of the thermosetting resin was 108 C, which was 77% of the saturated
glass transth&rnehn perturePbrgyl aperirr bidate d ikl eneyadiany acoppy Bemiasurearedinelsio18 | |
15After about 2 minutes of compression, the mold was opened, and the metal composite A was taken
out of it. TIEYEINAS SBeH BT gRrASHL BSieeMRRSHIR meshnitetighy adsl daePE e migitekick metal
composite A with no surface defects, such as wrinkling, cracking or tearing, was obtained. In the
obtained nietsFdsmpesitbsRythathsgrmtisdglyaids] akichirealrar hatensor iddedvdacoiiReir
surfaces, were strongly bonded 20 bly virtue of the cures resin layer 2a, so that it was difficult to
manully pEERthefti3paci Boreiaglsfiehbfimmeasaehmank medieshatiteber idhasinehsighner as
Example 1-(1), and the bonding strength was found to be I8MPa. After the completion of the bonding
test, a specimen was shaved off the cured resin layet 2a, which had formed between the metal
materials 1, 3, and its glass transition temperature (Tg) was measured and found to be 25137 C,
confirming that the resin was in the cured state. The manufacturing conditions and evaluation results

for Example 1-(2) are shown in Table 1 and Table 2. Example 1-(3):  Using the same method as the
Evamnle 1-(1) averent that 0 B mm-thick aliirminiim allov nlatecec (ARBNOR?2Y nn whoce crirfaree an aliimite



15and evaluation results for Example 144) are shown in Table 3 and Table 4. Example 1-(5): Prepared
of preform:  Using the same method as the Example I-(1), except that the preform was prepared as
a two-layer laminate of a metal material/sheet substrate configuration using the sheet 20 substrate and
metal material prepared in Example 1-(1) and that the surface temperature of the lower mold was set
to 150 C, a metal composite was produced and evaluated. The manufacturing conditions and

evaluation g agﬁég;%mm@sar@a{&a@vxmm Tahle s andulablediExemple 1@@25{9&&99 the

same metho mple 1-(1), except that, about 0.5 minute aftér placing thie preform 10 inside a
mold in theglen. 1t WasiRRMBESseainrAROUI aMminke R thesigp 1-2, a metal composite was
produced. After this minute or so-long compression, the mold was opened, and the metal composite
was taken Emgqf] it, followed by 10 minutes of post curing performed by placing the metal composite
into a hot air furnace whose ambient 5 temperature had been adjusted to 150 C. The obtained metal
composite was eyalugteskin thesameiMRANRSASEXAMPRIS (- maAnyfAsHHIng £onitiogs and
evaluation results for Example 1-(6) are shown in Table 3'and Table 4. Example 1-(7): Employing an
F-a-type bepaAzinedaskh(Manu{Raiuber e S hikak Ghemicalkiion AR A8 &ibeazAxazine
resin and the DY9577 (a boron trichloride octyl amine complex, manufactured by Huntsman Advanced

Materials Geghf@s-amatithaatalysta SBFIMEOMROSHIAR WasPIspaiethatithe BASSMXIRgJLgtio shown
in Table 17. Except that this resin composition was adopted as the thermosetting resin to produce a

sheet substiatendhecsame MmeshethaadRxaie d Phias yised hegimi irentesiiis Qfods¢esityand
measurements 15 based on a viscometer, the degree of curing of the resin was calculated, and it was
found that theigesindad-Been: b2 sertiredrsd Sate i e stepdy Thamanutaginreeg gendiipns and
evaluation results for Example 1-(7) are shown in Table 5 and Table 6. Example 1-(8): The same
setup as Example gréfkmpis used, except that, as a phenol resin, the 20 PHENOLATE (registered
trademark) 5010 (a resol-type phenol resin, manufactured by DIC) was furnished and used as the
thermgsettjng3epin to prepare a sheet substrate. The manufacturing conditions and evaluation results
for Example 1-(8) are shown in Table 5 and Table 6. Example 1-(9): 25Using the same method as
Example 1-0 ), gx¢epidhadflemmdibidictitanisrmalleyinpatgs (FebAlbdvioncahese surkaces@ sand
blasting treatment had been provided were adopted as metal materials and that the surface
temperaturgn@éthe ®holc BEheh maleing miessidrewetesetioi4 SHeeasahibMPa cteipesiivelyr 8 metal
composite was produced and evaluated. Numerous pores with an average size of 15 um were
observed dn thelsdittatesiofrthesanetal raviatenalsinlheraancdagivsingrconditions and evaluation results
for Example 1-(9) are shown in Table 5 and Table 6. Example 1-00):  Using the same method as the
Example 1H0jHxcept that the temperature of the upper and lower molds was set to 190 C, a metal
composite was produced and evaluated. io The surface temperature of the metal materials in the step
| was &85 C. Thé&mappdadtuninoecarditiong bndhevghdatiomneresults focddampetie (hojracsestown in
Table 7 and Table 8. Example 1-(11): A U-shaped aluminum alloy metal material plate as illustrated in
Fig. 10 (a)yesipreparedsanbending eache gy paisiof opposing side dhntoasoemg900ih, shapehlevas
furnished. A preform was prepared by placing a sheet substrate that is identical to Example 1-(5) as
illustrated ch@rEg10 ¢(biingdpendinduie o edizalliegoof thévinshapein tExceptiorthesecorditions,
molding was performed in the same manner as Example 1-(5). The vertical leg of the L shape, which
has been empowatds;lis diadte pbdras, ivisrcaptipressew 1nn 20thednold famdithis provideditiawetal
composite with hemmed edges. The manufacturing conditions and evaluation results for Example
1-(11) are shewntirpThlerizaheh TabletignExpehptedz@n. suclTireasamersetopnes Exdmple 4:0) was
used, except that industrial pure aluminum plates (A1100) were adopted as metal materials. The
manufactufingsowditi SMstherd. 2Besaiing thiompsuits ifopaiertple pré¢fapblefshoenhigTdetecd ahd Table
10. Example 1-(13):  The same setup as Example 1-(9) was used, except that industrial pure
titanium plarssKSaiomcie Haopewrking éedhmaneliestioThe manufacturing conditions and evaluation
results for Example 1-(13) are shown in Table 9 and Table 10. 5Comparative example 1-(1):
PreparatiofP8Pptefoll:  Using the same method as Example 1-0), except that the thermosetting
resin was mixed at the composition mass ratio shown in Table 11, a metal composite was produced.
[0182] ioHere, uSiRgBiasdaRSlciHGERLpM: SHETE SHawing ApAtbayeRIBBM eI Blae With a
surface temperature of 130 C and simultaneously heated and compressed at 1 MPa for 10 minutes.
The glass ffamafleritentiyaraniee ¢ g emprupsshahat soandets mstapcaripssigewireidastred and
found to be 75 C. Since this glass transition temperature (Tg) was 52% of the saturated glass
transition tETAPSERUre’CRHTERE reSRTWAYKbNfiRdEEO 1866V a BEdLUTed 4ES; (0588} Pré8uction of
metal composite:  As illustrated in Fig. 1 (b), the preform 10 was inserted between the upper mold
11 and the lower mold 12 and held under a pressuréfof 0.5 MPa. 20[0184]  About 1 minute after
placing the preform 10 inside a mold in the step I. it was compressed at 10 MPa by means of the
upper mold Il and the lower mold 12 in the step 1-2. During this process, the resin composition oozed

out from the splitting line of the mold. 25[0185] After about 2 minutes of compression, the mold
waec nnenad and the metal comnncite A wace talkken niit of it There wacec a micalinnment hetweean the



20 Wrinkles were observed on the squeezed-side surface of the metal composite associated with its
wavy shape, with surface cracks appearing in deeply squeezed areas. Furthermore, it was possible to
manually peel the metal materials apart. The manufacturing conditions and evaluation results for
Comparative example | -(2) are shown in Table 11 and Table 12. Comparative example 1-(3):
25Heating and compression was performed by following the same procedure as Example 1-(3),

except thaha RIiAI MM Il AmM; thick al iRy poyyPlatesd A 052) opivhesaisHEAges an

alumite treatment had been provided as metal materials ‘and that the molding pressure was Set to 0.5

MPa. About,Buninwiesafier-Riagingdithe Rrefornein &moid shaibrold wasRRENEEHL Waspiphserved

that the preform had not formed into the desired shape. The manufacturing conditions and evaluation

results for GRIMPHALNE aXaRPIE ddSPRorhowindn Tabie dliand dabigd2rmmpladrttline, The
same sheet substrate and metal materials as Example I-(l) were furnished and a lo preform was
prepared frasprbem. [BL38hLIreRucHRSEMetR LRRPRsIE: Bignlafmilluipied N higmhib) dhe
preform 10 was inserted between the upper mold 11 is and the lower mold 12 and held under a

pressure ofigherMBa.Beivthsouppersreltrldcanddhriower malsh iz hadaswiass desmngratyre of 220

C. This state was maintained for about 1 minute, and the resin composition was semi-cured. During

this procesichessurfReeiempsialvieoidhemeiaiipalerialswasdldiratidedampermsiimof the
sheet substrate was 150 C. 20[0189] Based on the correlations between the heating temperature,
heating dusatiaesantigiassssansiiendamperaiisai(ia) measyahinoaAdmace as desadbrdakove, the
glass transition temperature (Tg) of the resin composition contained in the metal composite was
estimated thiberdal 54od Sinedithis glasstyansitionetemprratireélg) wasiB2% of thei2fsatdraied glass
transition temperature (lg), the resin composition was found to have been in a semi-cured state at the
end of the sigipcn{@hADpRiAE 2r monodinemitiinel prekarrold Cawab caprelssadiadhiOridiiR kyidheans of
the upper mold ii and 5the lower mold 12, and a metal composite was produced. [0191] Step 3:
Aboutid minuteliaitendiemidessiambrgan insthaisiep, 2,«ogiingasidtehwhrspdssed thrgiguthe:upper
mold 11 and the lower mold 12 to cool them to 180C or less, with their io temperature setting changed
to 150 C. Alrewba@xyliouies! dftelreddbingndegdr i siidfacertdoyp exaturs didhe neflabmaterialsg fell to
180 C or less, and compression was applied for about 1 minute thereafter. [0192] Demolding: 15The
mold was epenedompttthe metal composite was taken out of it. In the obtained metal composite A, the
metal materials 1, 3 were strongly bonded by virtue of the cured resin layer 2a, so that it was difficult to
manually péébtiem apart. There was no misalignment between the two metal materials, and the metal
composite had a thickness of 1.5mm free of warping and deformation throughout, with no shrinkage or
twisting 20 obsebieitic Hhe wsonding stsngihyahthaeomdt aincompositerinapaheasueechae fodndeto be 16
MPa. After the completion of the bonding test, a specimen was shaved off the resin composition,
whichiwassafidelicheddketiseemine metd| enategiagdnt3, aNtdts dlasstiansifiorotemperatupti< Tg) was
measured and found to be 137 C, confirming that the resin composition had been in the cured state at
the end of toévsteindcoBioL8E] is uschhe huadefadtovdtegicbhaliiimns high eletiatiornirdsuisddeB&xample
2-(1) are shown in Table 13 and Table 14. Example 2-(2): Preparation of preform:  For use as metal
materials, G:Satatekamdgrddiunedlioyplaies a3 tinprewhood sulfavesrewald diastidgmedtment had
been provided was furnished. Numerous pores with an average size of 50 m were observed on the
surfaces ofthediagnedinhsalopbtamesind petdimmvasiaraled livnhersarmdipndmheprstcRidnple
2-(1), except that the metal materials were changed to magnesium alloy plates. t0[0194] Production of
metal compusitEhSragons as AsalilgidecrrdyiRiga o), e psretsmvadwasclhwdriedt betis@ancthe upper
mold 11 and the lower mold 12 and held under a pressure of 0.5 MPa. Both the upper mold 11 and is
the loWer riggciR! nanassu s theapsrailiracst 200 SoTPER Yk Washemimearbdtor @bere minute,
and the resin composition was semi-cured. During this process, the surface temperature of the metal
materials WSRO A 196 @ serarerBromngis apret Siibstrate was 150 C. Based on the correlations
between the heating temperature, heating duration and glass transition temperature (Tg) measured in
advance, t[@éf&ss transition temperature 20 (Tg) of the resin composition contained in the metal
composite was estimated to be 180 C. Since this glass transition temperature (Tg) was 77% of the
saturated glass HParditieh RERSFSURSIPTEN MPRS HEQTHY b FBE D ASKAS TSunbPts HabE b atitina
semi-cured state at the end of the step 1. [0195] 25Step 2: Next, the preform 10 was compressed
at 15 MPaW%ﬁ@aﬁ@%‘ﬁtﬁ%"EBﬁ@PH@lnilﬂnéﬁcf’t‘ﬁ]él%%gmﬁ’olﬁoi2“&??6‘%&&%%‘6%6@&%\ﬁ)&él
produced. [0196] Step 3: 5About 1 minute after compression began in the step 2, cooling water was
passed thréugh iHEUpet SR arttidhe e iR oroRBeRgbr thsfitshgb @@?Ieé@,&%ﬂ)&heir
temperature setting changed to 150 'C. About 2 minutes after cooling began, the surface temperature
of the metal materials fell to 180 C or less, and comipression was applied for about 1 minute thereafter.
Ic)[0197] Demolding:  The mold was opened, and the metal composite was taken out of it. There
was no misalignment between the two metal materials, and the metal composite had a thickness of 1.5

mm with a wavy shape. The metal composite was free of warping and deformation 15 throughout, with
Nno clirface defarte <ci1ich ac wrinklina erackina and tearina oheervved The metal matariale weare



confirming that the resin composition had been in the cured state at the end of the step 3. [0198]

The manufacturing conditions and evaluation results for Example 2-(2) are shown in Table 13 and
Table 14. 25Example 2-(3): For use as metal materials. 0.5 mm-thick aluminum alloy plates
(A5052) on whose surfaces an alumite treatment had been provided were furnished. Numerous pores
with an average size of 0.05 um were observed on the surfaces of the aluminum alloy plates. Using

the same @Qﬁl%&%@&%@%ﬂ%ﬁ Sﬁ%i%?ﬁ-@ﬁﬁl@ﬁ}hﬁr@%%@'iﬁ%%rﬂ§1,'§-&?(ﬁ{&lﬁhq{}8ﬂ3¥t?oﬁﬂ@§& or

aluminum alloy plates, a metal composite was produced and evaluated. The manufacturing conditions

and evaluaippesilis IR-RXARAIE 2 USharg-RhRMAI) JaRiad3 andJ abladdidrxampinzdddn A

resin film was prepared using the same resin composition as Example 2-(1). The resin coating density

of the resinilmdaas RAMME. Ushaibesamaemetindiag e mampiel 2. sxeaal fhatie sheet

substrate was changed to this resin film, a metal composite was produced and evaluated. The

manufactuging,eRNAILPBS ARG LYAHAIOMERSUltS fOLERMRIE I#AkAIaShoh dpnl RIR(LR. PG Table
16. Example 2-(5): Using the sheet substrate and metal material produced in Example 2-(1), a
two-layer isRfefarm with-a metal matgsialighegt sybstratecpnfiguration was RreRatethen thg:step I. the
surface temperature of the lower mold was set to 150 C. Using the same method as Example 2-(1),
except thabifie ahanpMrafeEn as uaednd the Bislasenenipacatyie-of the lpuwasmeldyas.ghanged, a
metal composite was produced and evaluated. The manufacturing conditions and evaluation results

for Examplg Zrtehareshewrdnitanie:dandRanddahlantbsmxampie Rcifbns ad BR saerRRipEM as the

Example 2-(1) was used. About 30 seconds after heating in the step | began, compression in the step
2 was starteghpncthabes 30 speondsiates coalingiwaier yas passed through the upper mold and the
lower mold as the step 3 to cool them to 25180 C or less, with their temperature setting changed to
170 C. Abgaw27minutes after cooling began, the surface temperature of the metal material fell to 180
C or less, and compression was applied for about 1 minute thereafter. After this, the mold was opened,
and the metal cempgsite wasplakamaukobibdallewad had Caminutespasiclyinadenfanmestiay placing
the metal composite into a hot air furnace whose ambient temperature had been adjusted to 150 C.
The obtaingdyhetdheeampkite was evaluated in the same manner as Example 2-(1). The
manufacturing conditions and evaluation results for Example 2-(6) are shown in Table 15 and Table
16. Compdratbhd&d example 2-(1): Preparation of preform: loUsing the same method as Example 2-(1),
except that the composition of the thermosetting resin was changed to the mass ratio shown in Table
17, a metal compdsitawasi pgadizae dhdd Singprsss-thel ding regeipme nhdhessh &6t subzfrae owas
mounted on a plate with a surface temperature of 130 C and simultaneously heated and compressed
at 1 MPa falstObmimsdsss\hexrithe gtass tremsititretomeerative of thepbtatined hrotding (Dgjovas
ismeasured using a method similar to the one described above, it was found to be 75 C. Since this
glass transifiérf(€mperasutte( Tly) wastivd%4tofithe tsatprateeglassitransifidnotd Bfpecatared THhethe resin
composition was found to be in a semi-cured state. [0199] Production of metal composite: 20Step 1.:
As illustratezin Figitdrifby theyprefomn (borwastinsected dsbtwesri tos wapiper tanofetikfuaidl the kever mold
12 and held under a pressure of 0.5 MPa. Both the upper mold 11 and the lower mold 12 had a
surface terfipexhtimedlp 20 difFrieetienyeenrainge Gl thenshietasahstimtdweis A0 Ebihisatdteiwas
maintained for about 1 minute to have the resin 25composition undergo a reaction. Based on the
correlationsIBEtvken the heating temperature. heating duration and glass transition temperature (Tg)
obtained in advance as described above, the glass transition temperature (Tg) of the resin composition
contained [H4ARImetal composite was estimated to be 14 C. Since this glass transition temperature
(Tg) was 6% of the saturated glass transition temperature (Tg), the resin composition was found to
have Bnot beenlih gpgerpiccigrats stard aeghel dadofoprxstegsin. ORTOFSKap i whichNéxpattie Ipreform
was compressed at 10 MPa by means of the upper mold 11 and the lower mold 12. During this
process, a&igbt e dintwinesigcabnopusitiaiatsgel alderoin iSthoapliting siediod tebinphdnf0201]
Demolding:  After providing compression for about 3 minutes without also providing cooling as in the
step 3, the/mREWEROBheissth Moleder B asiraierit Comvpaditd&outd het-bers aeismied as the
metal materials were misaligned, while the metal composite was warped throughout, with part of the
sheet sub<ERRETHGHLH AU Bom s BrsrshciiondisNeEPeb st gje gtithy tivdl el BBiRpOsSite
from the mold, the metal materials were found to have stuck to the mold, making it difficult to demold it
as a comp8&itdinafstiaforeitie redssn obiwasdnigodiitle ExsUrsthahoHdig steigtinm0[0202]
The manufacturing conditions and evaluation results for Comparative example 2-(1) are shown in
Table?17 afBTEBRE¢ES Cothparatif dxattiiRe-Sepility isAomedtatedanadista. (Biieusaspiéftrm 10
was inserted between the upper mold 11 25and the lower mold 12 and held under a pressure of 0.5
MPa. Both the upper mold 11 and the lower mold 1®had a surface temperature of 130 C. Using the
same method as Example 2-(2) except for the above, a metal composite was produced and evaluated.
The manufacturing conditions and evaluation results for Comparative example 2-(2) are shown in

Table 17 and.Table 18. [0203] In the obtained metal composite, there was a misalignment between
tha two metal matariale and a emall nortinn of the thermocettina recin had leaked ot of the metal



In a parallel process to the step 1-1, the metal material 1 was placed inside an electric furnace Ell as
illustrated in Fig. 4 (a-2) and the preheating of the metal material 1 was started. The ambient
temperature inside the electric furnace EF was 250 C. Immediately before proceeding to a step 2 to be
described later, the surface temperature of the metal material 1 was 245 C. [0206] Step 2: 10About 1
minute after the heating of the sheet substrate 2 and preheating of the metal material 1 began, the
metal material J3dqken oUt af e SIRHHE 1Y tase AR ampinaied Aaiadhgsheet substrate 2 as
illustrated in Fig. 4 (b) to produce a preform 10. Next, as illustrated in Fig. 4 (c), the preform 10 was
compress 10 MPa for about 2 minutes by means of the upper mold 11 and lower mold 12 to mold
it into a metal composite A. while 15curing the resin composition contained in the sheet substrate 2.

[0207] Demolding: e Hhe Hrel-wes ARENeLnANHIB00R! £IPABHEHAATARKERALULLT i 1J he metal
i

material and sheet substrate that constitute the metal composite obtained were strongly 20 bonded to

the extent thatitwas siffieuiitoananKaly £ee) thephanathIhemetrlcampasishadafhiskness of 1

mm, and no shrinkage or twisting was observed. The bonding strength of the metal composite was

measwed psing-aMetheddoRedaaeribraldaispandifaund o e dhMBacditerhg.complpiian of the
bonding test, a specimen was shaved off the resin composition, which had bonded to the metal
material, apghits alassiransitionigmperaike dfaawas measugdand feunddenhaiddleCisince this
glass transition temperature (Tg) was 100% of the saturated glass transition temperature (Tg), the
resin compasiigRiWas ieRIfsMaddoRave heeridReisurcdastalgiatdhe end:ohiRgl el t10{R208]
The manufacturing conditions and evaluation results for Example 3-(1) are shown in Table 19 and
Table 20. Example S, Metdrmatesidlic akbEbeasithemetatunaierial: 30 mendhickonagnesium
alloy plate (AZ31) on whose surface a sand blasting treatment had been provided was furnished.
Numerousdga@res iowith an average size of 501.tm were observed on the surface of the magnesium
alloy plate. [0209] Production of metal composite: Step 1-1: As illustrated in Fig. 4 (a-1), the sheet
substrate Jouas]placed on the lower mold 12, i 5 and the heating of the sheet substrate 2 was started.
The surface temperature of the lower mold 12 was 150 C. Immediately before proceeding to a step 2
to be described jaigr, the suifacadenpeypiutarafithasheelsubstifie 2avascdapiunBaseden the
correlations between the heating temperature, heating duration and glass transition temperature (Tg)
obtained irpaiganceamdesctibedtabhovenithe glags dranghiamtemperatiphi(dghpbiing iesit.bimposition
20contained in the metal composite was estimated to be 80 C. Since this glass transition temperature
(Tg) was 5a%tofile watpeaiedglabsttianditionecte bpamainte (dig)e enrpsiRaempasiianoikasfaund to
have been in a semi-cured state at the end of the step 1-1. [0210] Step 1-2: 25In a parallel process to
the step 1-dipiliermetaponateralcl wid placedinsidednapladtriof furaace BR@siillUStratecktmHig. 4 (a-2)
and the preheating of the metal material | was started. The ambient temperature inside the electric
furnace ERawdlaisetami2bQdiuknmpeiately befneagrateedihg¢d’ Arsiepr? tOrdzasthesdribbadddatdr), the
surface temperature of the metal material 1 was 240 C. [0211] Step 2:  About 1 minute after the
heating of the-2heetds M3 ttate( Bodindrpretiecttingl dfthé jmetabmatenialltdhegatipthénmptalAdekerial 1,
taken out of the electric furnace ER was laminated onto the sheet substrate 2 as illustrated in Fig. 4 (b)
to producelapteforin(t@idext asdenibusiritédINTFgEA (3t pré ol lD0vdsiCompubsseddt 10 MN
for about 2 minutes by means of the upper mold 11 and the lower mold 12 to mold it into a metal
composite &, Wihilbi clxingktheresin dorkpositidn”toyiaired (regirestibdtasiebsrbie EX0200) ®dmolding:
15The mold was opened, and the metal composite A was taken out of it. There was no misalignment
between thie*tird daetdbrhterians [Fiteredetsl dompBsite Hadgxehicknekilof wirkhe withiaeveialishape.
The metal composite exhibited no surface defects, such as wrinkling, cracking and tearing. The metal
material ariy @kt substrateapsitl edrstitUtictie memRs cogpositobtEncd weaistrotigiberided to the
extent that it was difficult to 20 manually peel them apart. The bonding strength of the metal
composite WrasmrelsGrEd3usihgral rhigthot? fo(betl asaridaetiaee riand fehindhonbeal oy Afer the
completion of the bonding test, a specimen was shaved off the resin composition, which had bonded
to the metditthatetidheapdies ‘geriseranditoritenshemire Ry ddasirhaeskied st Togaes #E 137 C.
Since this glass transition temperature (Tg) was 100% of the saturated glass 25transition temperature
(Tg), the reXifieBIFTEO SRS CEATirved 18 ARy bedk i tsscelidd semeat teidHd af tostep 2.
[0213]  The manufacturing conditions and evaluation results for Example 3-(2) are shown in Table
19 and TabkperatEganthriBteyling qeek ceing prafmiBtdi¢aaterial, a 0.5 mm-thick aluminum alloy
plate (A5052) on whose surface an alumite treatment had been provided was adopted. Numerous
poresavith (?%]erage size of 0.05 [trn were observed on the surface of the metal plate. Using the
same method as Example 3-(1), except that the metal material was changed to this aluminum Ic)alloy
plate, a metal composite was produce and evaluateld. The anufacturing conditions and evaluation
results for Example 3-(3) are shown in Table 19 and Table 20. Example 3-(4):  Employing the
thermosetting resin composition prepared in Example 3-(1), a resin film was prepared. The resin film

had a resin coating density of 50g/m2. Using the same 15 method as Example 3-(1), except that this
raecin film wacec adonnted ac the cheat crithetrate a2 metal comnncite wae nrodiiced and eavaliiated The



25temperature had been adjusted to 150 C. The obtained metal composite was evaluated in the same
manner as Example 3-(1). The manufacturing conditions and evaluation results for Example 3-(5) are
shown in Table 21 and Table 22. Example 3-(6): A sheet substrate and two metal materials, the
same types as Example 3-(1), were 5furnished. [0214] Step 1-1:  The sheet substrate was placed in
a hot air furnace whose ambient temperature had been heated to 150 C and began to be heated.

Immediately befgie ragseding {8 RlgPokifalo 9 dRSCHGRAaIRS IR AUARSISSIRRBILIR Of the

sheet substrate was 130 C. Based on the correlations between the heating temperature, heating

duration arég&!?%ésﬁ%ﬁ&t&Hitﬁ%@@@ﬁ@_%ﬁ%;ﬁs%@ﬁﬁ%@?ﬁg@@EErﬁ?g%%%ﬁﬂ bediahave, he glass
transition temperature (Tg) of the resin'’composition contained in the metal composite was estimated to
be 80 C. Sipggiibis glasadransiion RuReRIMBLRMMAsiRT Rootthe salaieglassuignsiten
istemperature (Tg), the resin composition was found to have been in a semi-cured state at the end of
the step 1-d,JRALRI-RlePhAilR ad@rallgliprocess to the step 1-1, two metal materials were placed
inside an 20 electric furnace whose ambient temperature had been heated to 250 C. and preheating
was starteghdgynediately before proceeding to a step 2 to be described later, the surface temperature
of the metal materials was 245 C. [0216] Step 2: 25About 1 minute after the step 1-1 began, the metal
materials, takencuhpfnhgelastsia durnacesandinashast substale dakapomtef taahehaip igrnace,

were placed in a mold with a surface temperature of 150 C in a metal material/sheet substrate/metal

material copfigeradion to predtice ainteioem. rhhk-inelg Wastheatclosed Rl Priaimvasy
compressed at a pressure of 10 MPa for about 2 minutes to mold it, while curing the resin
Scompositiprtsertamedhiiiihe sheetsubstiate (g2 Léhbamoidingnt cABREt ZeaNURHhalierthe
compression began in the step 2, the mold was opened, and metal composite was taken out of it.
There was‘nariealigrMay, belivesntberivadeidhirmatetials ahbgsneatal compasite hadeathickness
of 1.5 mm with a wavy shape. The metal composite exhibited no surface defects, such as wrinkling,
cracking aggrig@ringnimbdesofiaineddndtaheomposbite, IENTelalriatetalsiaais stieny s hkasgded to the
extent that it was difficult to manually peel them apart. The bonding strength of the metal composite
was meastyke agingreumetitaditniee dessaribeddaiet ang fonpetdaheold MPa, After the 15 completion
of the bonding test, a specimen was shaved off the resin composition, which was sandwiched between
“the metal rftdtédipl, and its glass transition temperature (Tg) was measured and found to be 137 C.
Since this glass transition temperature (Tg) was 100% of the saturated glass transition temperature
(TQ), the resin canipabitiqgroswadecanfismeditashavebanpo theicyred stdissad the eodrivigthesiep 2.
20[0218]  The manufacturing conditions and evaluation results for Example 3-(6) are shown in Table
21 and Table@ukdachplm3d(By Prepagatioreofithecmopettidg cesity 2bJtheathbnmasettitgaesin was
prepared as a resin composition under the same conditions as Example 341), except that the
compasitiotrenaskreatidonas deamged (o theondsizovnt B Tabler230[0Rd@)d ofthptdparedmgsin
-~ composition was subjected to a glass transition temperature (Tg) measurement using the same
measurembint WrdthibsllasnEraatighe 3nincT hetyless wamsitiontsempeateie @gkof Hasinesiartoemposition
was 6 C, while the saturated glass transition temperature (Tg), which had been reached through
curing, wadydB6¢en latamsbendaishthananhers thelhlesstransitidn, temisegataréhTopisriznthen] 3sto 117 C
range, the resin composition is in a semi-cured state. i0[0220] The relationship between the heating
temperatudsststiidgidupalionh aeehyless Yrarsiicneeinpaminrectigpoithepréparda desinpatmposition
was examined in the same manner as Example 341). With the heating temperature fixed at 130 C and
150 C, thedsleseransitisrite gvpe raid ren(T gdasteneedinicll bscthrethe atirgaddratiepowaseshamged, and
is the glass transition temperature (Tg) became 14 C at a heating temperature of 130 C and a heating
duration ofthoshiHutesh imarlbtiidnsanthiasssihcddmpesioichad reached a semi-cured state. [0221]
Preparation of sheet substrate: 20A sheet substrate was prepared using the same method as Example
3-(1) excep@@at the resin composition was changed to the one described above. [0222] Using
press molding equipment, the sheet substrate was mounted on a plate with a surface temperature of
130 C and simuk&nasusifshedhadhay Bepressoget 1bonearfey 18sespribltaded e hssrasansition
temperature (Tg) of the molding obtained was measured using the same method as the above and
found to b&TBROSIEHEe MHlk gRass RSt etatilitarglais so98 opiedatiraegitiss
transition temperature (Tg), the resin was confirmed to be in a semi-cured state. The same setup as
Example 3Y{83arasfabdoesedpedat Widvadevensree: b statdaadtussdsspyssbeseplenda The
sheet substrate 2 was placed inside a hot air u ace HF with an ambient temperature of 150 C as
showAin Figlogenaer) CaRPIMBheRTgIorans shBerEifsitessikrsarsapatHitetiediy Hdfore
proceeding to a step 2 to be described later, the surface io temperature of the sheet substrate 2 was
150 C. Based on the correlations between the heatirfg temperature, heating duration and glass
transition temperature (Tg) obtained in advance as described above, the glass transition temperature
(Tg) of the resin composition contained in the metal composite was estimated to be 120 C. Since this

glass transition temperature (Tg) was 86% of the saturated glass transition temperature (Tg), the resin
15cnomnocitinn wae foirind to have heen in 2 cemi-cirired otate at the and nof the ctean | 21 02241 |tapn



later, the surface temperature of the metal materials 1 was 250 C. [0225] Step 2: About 20
minutes after the step 1-1 began, the two metal materials 1, taken out of the 25electric furnace EF,
and the sheet substrate 2, taken out of the hot air furnace HF, were placed in a mold with a surface
temperature of 150 C in a metal material/sheet substrate/metal material configuration as illustrated Fig.
11 (b) to produce a preform 10. The mold was then closed as illustrated in Fig. 11 (c), and the preform
was comprl%%ﬁqf&%a%%%% eolfi]ge(.) MPa for about 2 minutes to mold it, while curing the resin
composition contained in the sheet substrate. [0226] Demolding:  About 2 minutes after
compressi?@otgg?an in the step 2, the mold was opened, and metal composite A was taken out of it.
There was no misalignment between the two metal materials. The metal composite had a thickness of

1.5 mm with an grehecihargnthe.metalcamposite gxbibied ng surface detgcts, siehasyrnkling,

cracking and tearing. In the obtained metal composite, the metal materials were strongly bonded to the

extent that g difiuh i manyalivaee! ibRmaRatatisandiodiaizendlh ofthe metahomposite

was measured using a method to be described later and found to be 16 MPa. After the 15 completion
of the bonding;teglyia PRI MERWasSRBYRJ Akt theargsip composition, which was sandwiched between
the metal material, and its glass transition temperature (Tg) was measured and found to be 137 C.
Since this Firansition temperature (Tg) was 100% of the saturated glass transition temperature
(Tg), the resin composition was confirmed to have been in the cured state at the end of the step 1-2.

20[0227]  Theymanutactiying Iﬁ@gﬁigq@%&%@g@&@t{pusr&fsaét%%&@mglaifgﬁza are;Shoyyn in Table
|

23 and Table 24. Comparative eéxample 3-(1): Preparation of preform: 25The same sheet substrate as

Example 34(Rus, fusnishadn [AA2FIHRFodationafimetehonmRasie: SR dodin uifsiustiated in Fig.

4 (a-1), the sheet substrate 2 was placed on the lower mold 12, and the heating of the sheet substrate
2 was startegl The SHIRes tempsratureakiinRverdpritk 1 was o0 ke mmediatahefore:

proceeding to a step 1-2 to be described later, the surface temperature of the sheet substrate 2 was

130 Ci;BasesithgsroueatinRs batweenthe AeatingdemparatulBe heatin G HuRlIR @Ndsukags
transition temperature (Tg) obtained in advance as described above, the glass transition temperature
(Tg) of the yeshyOmMpPesiioiReanained ha thedRetalnampasite Was astimated je-pr d 4sCaigince this
glass transition temperature (Tg) was 6% of the saturated glass transition temperature (Tg), the resin
compositiopdwasdaund e havedeliseacheshaosamnintieadistala abiheeReefphastapioth [RRR9] Step
1-2: ISIn a parallel process to the step 1-1, the metal material 1 was placed inside an electric furnace
EF as illusthter imdighd. (B-R) gndithe ipreheating abthe ssetalingatetalrlnvas siakied: Hipesambient
temperature inside the electric furnace EF was 250 C. [0230] Step 2: 20About 1 minute after the
heating of fhepsbgetsubsiiai¢irodpraheaping ehdneonaidbraterighbegan, the metal material 1, taken
out of the electric furnace EF, was laminated onto the sheet substrate 2 as illustrated in Fig. 4 (b) to
produce a fir@éddim 10. Next, as illustrated in Fig. 4 (c), the preform 10 was compressed at 10 MPa for
about 2 minutes by means of the upper mold 11 and the lower mold 12 to mold it into a metal
composite A. 25Dthdngt hiepracess partirgaramaicticikresithcomposifibar aezé thatit fiibor Hagesplitting
line of the mold. [0231]  After about 2 minutes of compression, the mold was opened. However, the
desired metaketmiposindocotrictmofibersobdeinprt fesapart afitheshert Shbistrabéchratrudeciont. in
5Moreover, when ejecting the metal composite from the mold, the metal materials were found to have
stuck to thepewit; makigsitdifficpliciGdemolidtlt, as padmpaditepneéitentat. Forfipsceassnyiteras
impossible to measure the bonding strength as described later. [0232]  The manufacturing
conditions mattevklaationhiaswtsdegComparative éxdnplerdifhy and shgvwatrimgiable 23 and Table 24.
Comparative example 3-(2): A metal composite was produced and evaluated under the same
conditions B¥&Kample 3-(2), except that the ambient temperature inside the electric furnace in the
step 1-2 was changed to 130 C. 15[0233] In the obtained metal composite, wrinkles were observed
on the squeezedisitie strfaceasbohe il ebispdsie.assavidtediwith tsramviitshiapd}@ndibepieezing
did not go as deep as the troughs of the mold. As a result, the desired shape could not be obtained.
[0234] 20 Thighrrireutzibioebig tbytitidis antievah Ghonaet gltsfor @ompardiveaxdmplesgw ). are
shown in Table 23 and Table 24. Example 4-(I): Production of electronic equipment chassis: The
metal compesitePsbtaiiensmexaists. B48)iviapiadee ingitie v infenion Phiwile Abelfustrated in
Fig. 8 (a). The injection mold consisted of a fixed-side mold 42 and movable-side mold 41, and an
injection m@lemachine 43 was connected to the fixed-side mold 42. As the resin constituting part B,
polyamide resin pellets (CM1001 manufactured by Toray Industries, Inc.) were furnished, and an
electrgiic éeftiffinent chassis El-I with a shape as shown in Fig. 8(d) was prepared using those pellets.
Injection 5 molding was carried out using an J350ElIl injection molding machine 43 manufactured by
The Japan Steel Works, Ltd., and the cylinder that iffjects the resin b constituting part B had a
temperature of 260 C. [0235] The manufacturing conditions and evaluation results for Example
4-(1) are shown in o Table 25 and Table 26. Example 4-(2):



Production of electronic equipment chassis: The metal composite obtained in Example | -(3) was insert
injection-molded in the same manner as Example 441) to produce an electronic equipment chassis.
The Ismanufacturing conditions and evaluation results for Example 4-(2) are shown in Table 25 and
Table 26. Example 4-(3): Preparation of resin sheet: Using a melt-kneaded mixture of two types of
nylon resin pellets (CM4000 and 20 CM 1 001 manufactured by Toray Industries, Inc.), a resin film
was prepared. Thenesiydimnyasse smthisk MalpkaeadingmwasisarieR-ambysingthesihEXa30a
manufactured by The Japan Steel Works, Ltd., with the cylinder temperature set to 260 C. [0236]
Preparatiopckpegiamy akUsingoiherahovméesadiminadditiendadhg samespretsulstateand metal
material as Example 4-(1), a preform with a metal material/sheet substrate/resin film laminate
structure wasapregared.tiR23ffRsoduction of metal composite:  In the same manner as Example
4-(1), except that the surface temperature of the lower mold was 150 C, the preform was placed inside
a mold and@wgated and compressed simultaneously to produce a metal composite A. [0238]
Production of electronic equipment chassis: ioln the same manner as Example 4-(1), except that
carbon fiber-reinfosegaql asiic epeisa(dd B304 Ohmarutactboddibyvhariay iheustdesinyn e}iwere used as
part B. insert injection molding was carried out to produce an electronic equipment chassis. The
manufacturinthcondijiianisoanchawahing on tesultsdaiigxasipl@sddi3)cveshawninclable 2bcang Table
26. 15Example 4-(4): Preparation of preform:  Using the preform prepared in Example 4-(1) and the
same resimfithyasdixdnmipiode (3 amewprefaomradtha metalsmaierialisheatdebstratesrogtale
material/resin film Laminate structure was prepared. 20[0239] Production of metal composite:  In the
same manrenfascExemiidets(heexaeptihatdthe dbbyarpréfatin iwadhitded tberpreforn weis placed
inside a mold and heated and compressed simultaneously to produce a metal composite. 25[0240]
Productioraofesie ctramosétpipmenichassidiermdscthiesarsie mannerdas Fxdmplesdy{gositgepidthat
glass fiber-reinforced plastic pellets (041001G-20 manufactured by Toray Industries, Inc.) were used
as part B, imseritimeutgnatotdirgramscoafiisodsout toprostheemetleldctronic equipment chassis. The
S5manufacturing conditions and evaluation results for Example 4-(4) are shown in Table 27 and Table
28. Example®¥{5): Production of metal composite: A metal composite produced under the same
conditions as Example 4-0) was furnished. The edge of the prepared metal composite A was provided
with a match joitindp¢resgmenstiwidh screpeatedsigddesneoteh pattermas stdsirateddtuBimn 12. 402411
Production of electronic equipment chassis: In the same manner as Example 4-0), except that a metal
composite iatadtbee reismprovides withrepaséion jointiiginge atthemawithiserepéatedl squraredotch
pattern along its edge was used, insert injection molding was carried out to produce an electronic
equipmentaidadyis. hesalseuifastiringvedntlitiorghagidievalienionings ahs foeExetmple 44Binare shown
in Table 27 and Table 28. Example 4-(6): 20Production of electronic equipment chassis: A metal
compbsite RBEAYIon resin prepared in the same manner as Example 4-(1) were placed inside a press
mold and press-molded to prepare an electronic equipment. The surface temperature of the mold was
260 C botH ¥ #le upper and lower sides. The manufacturing conditions and evaluation results for
Example 4-(6) are shown in Table 27 25and Table 28. Example 4-(7): Preparation of thermosetting
resin compositioh¢ hotAngdsimedepaaiioRevismizeaied hytHB RN RIANARIQECEREMPIDAN1),
except that the Omicure 24 (2,4-toluene bis(dimethylurea), manufactured by PTI Japan Co., Ltd.), a
5curing acEERSAYOr s PRITHAREN I I (OP4Y] PiesHa RAOPOS TSRt stttetheruosHEiaE SabStrate was
prepared in the same manner as Example 4-((}112)1, except that a thermosetting resin composition not
containing Basring G oveleriiet Wl tdees. 9024815t cagting HREC AL RIFTE LTSRS PHRE SHeet
substrate was placed on a plate with a surface temperature of 130 C and simultaneously heated and
comptesseBeabHentd o EiaiRiitRE "THE SIS HETITRPIEIAPSARFEI B BRIROMEIahE AS
measured and found to be 75 'C. Since this_glass transition temperaturegg

) qgé was 52% of the saturated
glass istranSititiT hisaradiva @rg) e RIamng s EommREa6 BB MR SRSt tedhstiier b
Preparation of preform:

followed by the application of heat and pressure to impregnate the reinforcement fibers
with resin. The hot-melt method is preferable as the prepreg has virtually no residual
solvent in it.

s [0074]

20



A preform was prepared by carrying out lamination in the same manner as Example 4-(1), except that
the above sheet substrate was used. 20[0245] Production of metal composite: After being placed in a
150 C hot air furnace and preheated for 10 minutes, the prepared preform was placed in a mold set
under the same conditions as Example 4-(1).  About | minute later, it was compressed at 10 MPa by
means of an upper mold and lower 25mold. [0246] After about 5 minutes of compression, the
mold was openeghanchthecmetalcomaasie wasdakemouhaflitnfedhd Rradysianmielaeiranic
equipment chassis: In the same manner as Example 4-(1), insert injection molding was carried out
to producetaneiettienc eguipmeniatiagsisit he imarwfactming eongditiopsand evaoatiomeasults for
Example 4-(7) are shown in Table 29 and Table 30. Example 4-(8): toA metal composite produced in
the same mpafinabbsExanpled- (I )wasfuyraished ARl ustatee 90 Fige $3a()g theninsettplated inside
an injection mold 61 was swapped, and a metal composite was placed inside an injection mold 61
whose molienusisisufiaue chenndl thadbeeiii ¢losed it pwithiben fiowreharnel6a hgide thedsiald filled
with carbon fiber-reinforced plastic pellets used in Example 4-(3) to form rough three sides.. After this,
15 in additidnlto iptitingriiperintesiok afethelin faCliomimptdantoragstatel iminhichuting, flovs channel 62
along rough three sides had been filled with resin pellets as illustrated in Fig. 13 (b), the metal
composite svhgsestomghstiregysides had been lined with injection molding material was placed inside a
rectangular insert mold 63, along with a 1.5 mm-thick stainless steel plate,ow channel 64 filled with the
glass fiberi#infdrced plastic 20pellets used in Example 4-(4) to form the remaining side by insert
injection molding. In this manner, an electronic equipment chassis 33 as illustrated in Fig. 9 was
produced. The rvéeifactieiagy conditions and evaluation results for Example 4-(8) are shown in Table
29 and Table 30. Example 4-(9): 25The metal composite A obtained in Example 1-(12) was insert
injection-moldedlire thesdanuécrdnnbeasdBErantpiepdsgtreoprodesecin #eétronicseguipmeir ehassis.
The manufacturing conditions and evaluation results for Example 4-(9) are shown in Table 31 and
Table!82. Exanpledbd 0ysGThed ntstadedmpbkideinaoiitaidad e Bxsompid la@3pviesinkseretal
injection-molded in the same manner as Example 4-(1) to produce an electronic equipment chassis.
The manufasteritigpesridisonealmgeyakiigtion results for Example 4-00) are shown in Table 31 and
Table 32. Comparative example 4-(1): 10Production of metal composite: A preform prepared in the
same manti#¥’a$ Example 4-(1), except that the surface temperature of the mold was 130 C as placed
inside a mold and molded. [0248] In the obtained metal composite, there was a misalignment between
the metal 15 mAterrirslxvhmeakingnall Bndbilicust thennldsatiingalesinitra lsdked curpEthehanstal
materials. Wrinkles were observed on the squeezed-side surface of the metal composite associated
with its wadyrerapet wateluHerssiseatia lappeEring inf d8Bply shlrsesad wréus melphsdifitulito
manually peel the metal materials apart. The manufacturing conditions and evaluation results for
Compérati wEshpiec4araire sk aetodond B ardenasismdimoncBitkraritveseReniprasly2): A
prefoiin prepared in the same manner as Example 4-0), except that molding pressure was constantly
0.5 MPa, Wl $raceeith&deHan bty snermplas dhers ity ithis srrds ohnuthom dasabepbeore
completely closed. [0249] 25Ahout 3 minutes after the preform was placed, the mold was opened, but
the desired"St matariabRIpEStRS SR hSNHS BBEETB &8stk hgﬁlaé-impossible to produce an
electronic equipment chassis. The manufacturing conditions and evaluation results for Comparative
example 4l 3te shown in Table 33 and Table 34. Comparative example 4-(3): 5Preparation of
preform:  Twaq 1.5 mm-thick aluminum alloy plate (A5052) on whose surfaces an alumite treatment
had been providéd WEREaRIsHEY 1BF tReialsmAlsreb RNt IRToNBS WRR ah BFéHhgROsHe of 0.05
rim were observed on the surfaces of the aluminum alloy plates. [0250] ipProduction of metal
comp8site TO™M A IHECSHE RAARAFEE YR A5 ApEesken At RN HARSTials were used as the
preform and that the molding pressure was set to 0.5 MPa, the preform was simultaneously heated
and compr@gg . [0251] 15About 3 minutes after the preform was placed, the mold was opened, but

abtaimedt metal dOTPABEHE IRV 5 6SUCF At KNIt o oP i Ebironic
il SUTAES Ried S EHIEH A OB EP T ORI g G e GO

2t CompaTBINE-ASam L & Chow BB 035 2 B AT Ao LS e Bh
specimens, _; Malerals used apd moldigs obtained wate ipdesied sizes sipgaguier.
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diamohd cutter, an o use as observation specimens. WWhere necessary,
subjected to a chemical polishing treatment to facili&allte observation.



[0254] 5Evaluation method 1 - Measurement of average size of pores on metal material surface:
Surfaces of metals used as metal materials were photographed at a magnification of 100/ using the
color 3D profile measuring microscopes model VK-9500 (controller unit) / VK-9510 (measurement unit)
(manufactured by Keyence Corporation). From a to photographed image, the average pore size was
obtained by measuring diameters of a set of pores randomly selected from those that had formed on
the metal suidaces130)Hmsed tonlQRY, udingdime analysisseiwarg VACGbiAYaERd55h Exaluation method
2 - Measurement of bonding strength of metal composite: 15 A 40 mm-square test piece 70 was cut
from a smeothisastion. af & predusedipietal campasieid, nd sandiblastingwaspsovidedtareughen
both surfaces, followed by a wiping off of oil content with acetone. A 40 mm-square aluminum alloy
block 71 fedturingra kQatnsadian . Ahcaoghhole svasl bomded onto one face of the test piece 70 using a
structural epoxy resin (adhesive) 72 (TE-2220 manufactured by Toray Fine Chemicals Co., 20 Ltd.).
Another alpiiriim alloy block 71 was bonded onto the other face of the test piece 70 in the same
manner to produce a bonding strength measurement specimen as illustrated in Fig. 14. [0256]

Using a tensile tEstenpan loStromagegistereditradectadl) niotiel 3568 umiversad 2Siestingmdeahine
(supplied by Instron Japan Co., Ltd.), a total of five evaluation specimens were tested at a tension
speed of 1M gnil/£ainonybaanivectiighthe alpimenshatia) iplocknZgrestne iopcand bottem stippert jigs of
the tester with pins, passed through the through-holes provided in the blocks. From the readings, the
bonding strendtis 8 nEthienmetakicoiipositsavascaltisated using formula (1) below. If the calculated
bonding strength is 10 MPa or 5more, manual peeling is very difficult. [0257] S = P/A(1) S: Bonding
strength [MP@§R: Maximum load [N] ioA: Cross-sectional area of specimen [mm2]  Evaluation
method 3 - Measurement of weight of electric/electronic equipment chassis:  The weight of an
electric/electronicxequipment chassisiointainBdyin el Edaniptedss Coimparalie estachpleongsismeasured
using an electronic balance. Reference weight M was is also calculated by assuming that the cavity of
the mold ugeldadiExadpie ol Qompalratbelexahpiellvasifileddey alogidingdditaihlrgveontibous
reinforcement fibers and a thermosetting resin. From these values, the lightweighting rate was
calculated ¢rsingposrealSi@ie [0038] BbELaliratiorbfeufisallere gnddedhds $61Idval@0vdOIsmbe
excellent, 10% or more and less than 20% good, 5% or more and less than 10% poor, and less than
5% unsatigfasiong. [0 2sejiftusiriyiMitan1o0 ejanrum onvaickatBriitaetiiocdoyV emsbassdesttads rigidity
of electric/electronic equipment 25chassis: As illustrated in Fig. 15, an indenter 81, made of an
R20 circulds dyfintidil.prbedsseeptonsesr180dtohé&oehd, was attached to the top of an "Instron”
(registered trademark) model 5565 universal testing machine (supplied by Instron Japan Co., Ltd.) and
moved to d¥8dition where its center coincided with the center of the top panel of the electric/electronic
5 equipment chassis 33, placed on the top face of a support jig 82. The indenter 81 was then lowered
at a d&scending&pdeRsph waipin e EppRb e Ibad b ke éﬂ@cwﬁlémd@mwnﬁmémmsis 33
by pressing down on it, and, as the load increased, its travel distance was measured. When the load
measured PizitHEHEH (MY, Hife RIBHISRET vascEep prld i arsrdistaRedimemvatehBoweD [N to 20
[N] was defined as deflection [mm] for use in iorigidity evaluation. [0260]  Evaluation results were
graded as foNbIRS 168 foarPEES SHIRT %’%@éffé’ﬁﬁ‘g%‘s AR dilp BregiagRlysiigh 0.5 [mm] good, 0.5
[mm] or more and less than 0.7 [mm] poor, and 0.7 [mm] or more unsatisfactory. [0261] Table 1 Unit
Example 1[@9)gﬁ]><ample 1-(2) Example 1-(3) Laminate structure (top/bottom) a2/al/a2 a2/al/a2 a2/al/a2

Metal composite A Sheet substrate al | _
There are no particular restrictions on the shape of the metal material. It can be

20 unmolded as raw material for molding, molded into a desired shape, or preformed closed to
a desired shape.
[0083]
From the viewpoint of economic efficiency, an unmolded state as raw material for
molding is preferable, and the use of a plate body having a thickness of, for instance, 0.1 to

23 1 mm is more preferable, with 0.3 to 0.8 mm most preferable. The use of such metal

22



Composition of thermosetting resin

"Epikote 828 Parts by mass 20 20 20 "Epikote" 834 Parts by

mass 20 20 20 "Epikote” 1001 Parts by mass 25 25 25 "Epikote" 154 Parts by mass 35 35 35 F-a-type
benzoxazine resin Parts by mass Resol-type phenol resin/ PHENOLITE 5010 Parts by mass
(curing agent) Parts by mass 4 4 4 DY9577 Parts by mass "Omicure" 24 (curing accelerator)

20
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materials makes complex shaping particularly easy.
[0084]

The metal material may have physically, chemically or eiéctricaﬂy undergone surface
roughening, and it is preferable the metal material have been provided with surface
roughening on the surface that comes in contact with the sheet substrate from the
viewpoint of obtaining a metal composite with excellent bonding between the metal
material and the cured resin layer.

[0085]

As the method of such surface roughening, any generally known method may be
used. Examples of physical surface roughening include sand blasting and sand-papering.
Chemical surface roughening methods include the immersion of the desired surface of the
metal material in a polishing solution capable of eroding the material. Electrical surface
roughening methods inchide electrochemical surface roughening through the immersion of
the desired surface of the metal material in an electrolytic solution. Those surface
roughening methods may be used singularly or in combination of two or more.

[0086]

It is preferable that multiple pores 0.01 to 100 pm in size, more preferably 0.1 to 10
um in size, have formed on the surface of the metal material that comes in contact with the
sheet substrate. Such a metal material makes it possible to produce a metal composite that
exhibits even more outstanding bonding performance between the metal material and the
cured resin layer.

[0087]
Preform:
The preform features a sheet éubstrate as described above and a metal material

placed in contact with the sheet substrate or laminated with the sheet substrate. The

23

Dicy7



Parts by mass 555 Reinforcement fiber bundle - Carbon fiber Carbon fiber Carbon fiber Degree of
curing after 130C x10 minutes - Cured state Cured state Cured state Metal material a2 Metal -
Aluminum alloy Magnesium alloy Aluminum alloy Thickness mm 0.5 0.5 0.5 Surface treatment - Sand
blasting Sand blasting Alumite treatment Pore size jim 30 50 0.05 - Resin layer C  Thermoplastic
resin c - - Melting point or glass transition temperature

preform is heated in a step 1 to be described later and compression-molded in a step 2 to be
described later to become a metal composite.
[0088]

The preform can take a variety of structures according to the metal composite to be

5 obtained. They include a two-layer structure obtained by laminating a sheet substrate and
metal material together, a sandwich structure obtained by laminating a metal material onto
both sides of the sheet substrate, and a side-by-side structure obtained by pressing the
metal material against a side face of the sheet substrate.

[0089]

10 Furthermore, other preform structures can be derived from the above, including, for
instance, an alternate lamination structure of sheet substrates and metal materials, a
complex lamination structure obtained by laminating a metal material onto a laminate of
sheet substrates, and a sandwich structure obtained by further incorporating a generally
known general-purpose core material into either of these structures. Such lamination

15 structures are preferable from the viewpoint that a symmetric layer configuration can
minimize the warping or twisting of the metal composite obtained.

[0090]
Of the above preform structures, a sandwich structure obtained by laminating a metal
material onto both sides of the sheet substrate and another sandwich structure obtained by

20 laminating a metal material onto both sides of a laminate of sheet substrates are preferable.
Preforms with such structures make it possible to produce molded metal composites with a
sandwich structure based on the lining with a metal material of both sides of a cured resin
layer.

[0091]
23 Namely, implementing the manufacturing method of the present embodiment using

24



C --PartB Thermoplastic resin b - Reinforcement fiber - Melting point or glass transition
temperature 'V Qcm - Volume specific resistance  [0262] Table 2 Example -0) Example -(2)
Example(3) Molding -Step1l Pressure Mpa 0.5 0.5 0.5 Duration mm

such a preform makes it possible to produce metal composite with excellent dimensional
precision and do so easily in a short time, compared to other methods, such as one in which
two metal materials are separately molded and bonded together using a thermosetting
resin.

s [0092]

Although there are no particular restrictions on the thickness of the above preform,
0.5 to 5 mm is preferable, or more preferably 1 to 3 mm, from the viewpoint of molding a
metal composite with a complex shape.
[0093]

10 Manufacturing method for metal composites:

Various steps involved in the manufacturing method for metal composites of the
presentlembodiment are described below in detail.
[0094]

First aspect:

s In a step 1, the metal materials that form part of a preform placed in a mold are
heated to a temperature in excess of 180 °C, and this also simultaneously heats the sheet
substrate to semi-cure the thermosetting resin.

[0095]
Here, to “semi-~cure” means bringing a thermosetting resin into a semi-cured state, a

20 state that is halfway between the uncured state and cured state. A semi-cured state is
associated with a degree of fluidity. In concrete terms, for instance, if a viscosity curve is
plotted against time while a thermosetting resin 1s heated, “semi-cured” can be defined as
the state of a thermosetting resin in which 1t exhibits 10 to 90% of saturation viscosity as
measured by expressing the difference between saturation viscosity and minimum viscosity

25 in percentage terms. The cured state is a state in which a thermosetting resin does not flow

25



| 1 Mold temperature: Upper mold C 220 210 220 Mold temperature: Lower mold C 220 210 220
'reheating temperature: Ste.1 C - - Preheating temperature: Ste. 1-2 C - - Surface temperature of
metal material C 215 200 215 Degree of curing ot thermosettinresin % 82 77 82 Step 2  Pressure
MPa 10 15 10 Duration min 2 2 2 Degree of curing of thermosetting resin % 100 100 100 Demolding -

or deform, and is defined as the state of a thermosetting resin when it exhibits a viscosity in
excess of 90% of saturation viscosity according to the above measurement.
[0096]

There are also ways to ascertain the cured state from the glass transition temperature

s of the thermosetting resin (hereinafter abbreviated as “Tg™). For instance, “semi-cured” is
defined as the state of a thermosetiing resin in which its Tg is 10 to 90% of the saturated
Tg when the difference between the saturated Tg and the minimum Tg is expressed in
percentage terms on the basis of measurements of Tg obtained over the range from the
saturated Tg to the minimum Tg in advance. The cured state is defined as a state in which

10 Tg is in excess of 90% of the saturated Tg. In addition, if the relationship between the
heating temperature and heating duration is plotted while a thermosetting resin is heated,
approximate values of Tg can be obtained from molding conditions through interpolation.
By the way, Tg can be measured as part of DSC using a generally known method.

[0097]

15 Furthermore, there are ways to ascertain the cured state of a thermosetting resin from
the calorific value measured as part of DSC. For instance, “semi-cured” is defined as a
state in which the residual reaction rate is 10 to 90%, where an approximate value of the
residual reaction rate can be found from the calorific value after heating of the
thermosetting resin as a percentage of the calorific value before heating of the

20 thermosetting resin measured in advance. The state in which the calorific value is less than
10% is the cured state.

[0098]
For the purpose of the present invention, a thermosetting resin can be deemed to be
in a semi-cured state if a semi-cured state is confirmed with any of the measurement

25 methods described above.
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Problem free Problem free Problem free Step 3 Pressure MPa - Duration min

Mold temperature:

Upper mold C - Mold temperature: Lower mold C - - Surface temperature of metal material C - -

Time taken to fall to I80C or less min - Degree of curing of thermosetting resin %

__Demolding - -

Mold take-up time mmn  After molding

20

25

[6099]

By undergoing the step 1 and/or the step 1-1, a thermosetting resin reaches a
semi-cured state, and is then molded in the step 2 along with the metal materials without
becoming excessively fluid. Instead, it reaches a cured state after assuming a shape
dictated by the metal materials.

[0100]

There are no particular restrictions on the heating of the metal materials. For instance,
it can be carried out by bringing the metal materials into contact with a mold that has been
heated to a certain temperature. In this regard, it may be preheated with a heater, oven,
torch, or the like to shorten the heating duration.

[0101]

In the step 2, the preform, which has been heated in the step 1, is molded into the
desired shape by compression.
[0102]

Second aspect:

In the step 1, the metal materials that form part of a preform placed in a mold are
heated to a surface temperature in excess of 180 °C, while the sheet substrate is heated at
the same time to get curing underway and eventually semi-cure the thermosetting resin.
This aspect also features a step 3, which provides cooling under pressure until the surface
temperature of the metal materials faﬂé to 180 °C or less.

[0103]

In the step 3. the metal composite, which has been molded in the step 2, is cooled
down until the surface temperature of the metal material falls to 180 °C or less under
pressure (pressure P3). The duration over which the metal composite is held at

temperatures of 180 °C or less in the step 3 is preferably up to 10 minutes, more preferably
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Processing of metal composite A - - Post cure None None None 'technique to integrate Aand B _
_ Complex shaping of part B - Evaluation Bonding strength of metal composite MPa 16 18 20
Weight of metal composite A - Rigidity - - - [0263] Table 3 Unit Example 1-(4) Example-(5)
Example 1-(6) Laminate structure (top/bottom) a2/a /a2 2/a a2/al/a2

up to 5 minutes, and most preferably up to 3 minutes.
[0104]

From the viewpoint of keeping the warping and deformation associated with cooling
under control, it is preferable that pressure P3, applied during cooling, be larger than or

s equal to, more preferably exceeds, pressure P2, applied in the step 2. In concrete terms, it
is preferable that pressure P3 be set above pressure P2 by 0 to 10 MPa, more preferably by
3 to 5 MPa. Although there are no particular restrictions on the upper limit, around 30 MPa
is considered optimum in consideration of the risk of overloading the mold.

[0105]

10 In the step 1, it is preferable that the surface temperature of the metal material be
kept at 200 to 300 °C. Such a manufacturing method makes the molding of the metal
materials into a complex shape in the step 2 that follows easier by softening it. The metal
material only needs to be heated at least partially té the above temperature.

[0106]

15 There are no particular restrictions on the way to heat the metal materials. For
instance, the metal materials may be heated by bringing them into contact with a mold
heated to a surface temperature in excess of 180 °, preferably at 200 to 300 °C, more
preferably at 200 to 250 °C. Here, the surface temperature of the mold means the
temperature of the cavity in which the metal composite is molded. There are no particular

% restrictions on the way to raise the surface temperature of the mold. Examples include
mounting the mold on a hot press, embedding a heater into the mold, and direct heating
from outside using an electromagnetic induction heater or halogen heater. In this regard,
the mold may be preheated with a heater, oven, torch, or the like to shorten the heating
duration.

25 [0107]
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Metal composite A Sheet substrate al Composition of thermosetting resin  "Epikote" 828 Parts
by mass 20 20 20 "Epikote" 834 Parts by mass 20 20 20 Epikote" 1001 Parts by mass 25 25 25
"Epikote" 154 Parts by mass 35 35 35 Fa-type benzoxazine resin Parts by mass Resol-type phenol
resin/ PHENOLITE 5010 Parts by mass Dicy7 (curing agent) Parts by

In the step 1, pressure may be applied to the preform as necessary. Examples include
pressurization to hold the preform from above and below and preliminary compression to
mold the preform into the desired shape. It is preferable that the pressure applied to the
preform in such manner be 0 to 3 MPa, more preferably 0.2 to 2 MPa.

s [0108]

Here, the sheet substrate is also heated, but it never reaches the same temperature as
the metal materials due to the fact that it is low in thermal conductivity compared to the
metal materials, only heated through the metal material, located far from the heat source,
high in specific heat, and so on. Namely, to heat the whole sheet substrate to the above

10 temperature, additional heating is necessary, and this make it possible to control the curing
reaction of the thermosetting resin. This is considered to be one of the reasons why the
present invention has an advantageous effect.

[0109]

Under the present invention, the metal materials are heated to a temperature in excess

15 of 180 °C, preferably 200 to 250 °C, in the step 2.

[0110]

Third aspect:

The third aspect features a step 1-1 designed to heat the sheet substrate to semi-cure
the thermosetting resin, a step 1-2 designed to preheat the metal materials to a surface

20 temperature of more than 180 °C but not more than 400 °C, and a step 2 designed to mold
the sheet substrate, whose thermosetting resin has been semi-cured, and the metal materials,
which have been preheated, into a metal composite by compression.

[0111]
In the step 1-1, the sheet substrate is heated to semi-cure its thermosetting resin. The

25 temperature to which the sheet substrate is heated in the step 1-1 is preferably 100 to
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mass 4 4 4 DY9577 Parts by mass "Omicure" 24 (curing accelerator) Parts by mass 55 5
Reinforcement fiber bundle - None Carbon fiber Carbon fiber Degree of curing after 130CX10 minutes
- Cured state Cured state Cured state Metal material a2  Metal - Aluminum alloy Aluminum alloy
Aluminum alloy Thickness mm 0.5 0.5 0.5 Surface treatment Sand blasting Sand blasting 30 Sand
blasting 30 Pore size im 30 Resin layer C

180 °C. There are no particular restrictions on the method of heating, and a heater or oven
whose ambient temperature setting is set to the above temperature or a torch, for instance,
may be used. Alternatively, the sheet substrate may be heated through contact with the
mold used in the step 2.

s 0112

In the step 1-2 of the manufacturing method of the present invention, the metal

materials are preheated to a surface temperature of more than 180 °C but not more than
400 °C, preferably 200 to 300 °C, more preferably 200 to 250 °C.
[0113]

10 There are no particular restrictions on the method to preheat the metal materials in
the step 1-2 and a range of methods are available. Examples include, the use of the same
techniques as the step 1-1, insertion into a hot press, and direct heating from outside using

an electromagnetic induction heater or halogen heater.

[0114]

15 There are no particular restrictions on how to carry out heating in the step 1-1 and the
step 1-2, but it is preferable to use different pieces of equipment from the viewpoint of
selecting an optimum heating method for each type of material, although this does not
exclude the use of the same equipment.

[0115]

20 From the viewpoint of further improving productivity, it is preferable that the step
1-1 and the step 1-2 be carried out in parallel, and it is also preferable that the step 1-1 and
the step 1-2 be completed virtually at the same time. This makes it possible to minimize
time loss in production,

[0116]

25 In the step 2, a laminate comprising a sheet substrate or substrates and metal material
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Thermoplastic resin ¢ - - Melting point or glass transition temperature C Part B Thermoplastic
resin b - - - Reinforcement fiber - Melting point or glass transition temperature C - Volume specific
resistance Qcm - - - [0264] Table 4 Example 1-(4) Example 1-(5) Example 1-(6) Molding  Step 1

is molded into the desired shape by compression inside a mold having a surface
température of 180 °C or less. Although there are no particular restrictions on the surface
temperature of the mold in the step 2, it is preferably 100 °C or more, more preferably
130 °C or more. If the surface temperature of the mold is too low, the surface temperature

5 of the preform and/or metal materials do not rise sufficiently when coming into contact
with the mold, making it difficult to mold the preform into the desired shape. If, on the
other hand, it is foo high, energy consumption becomes excessive, thus pushing up the
cost.

[0117]

10 It is preferable that the metal materials having been heated in the step 1-2 be
forwarded to the step 2 while its surface temperature is above 180 °C, more preferably
from 200 to 300 °C. Before being molded into a metal composite, the preform that
comprises and integrates a sheet substrate or substrates and metal material may be formed,
for instance, in a manner shown below. Although the step 2 may be carried out in a

15 different mold from the step 1-1, it is preferable that these take place in the same mold.
[0118]

It is preferable that, in the step 2, the preform be molded by applying a pressure of,
for instance, 3 to 30 MPa, more preferably 5 to 25 MPa. Such compression molding makes
molding easy, even if a complicated shape is involved. It is also preferable that the pressure

20 be maintained until the preform is molded into the desired shape, although it may be
reduced after that.

[0119]

It is preferable that, in the step 2 and/or the step 3, the thermosetting resin be cured

unti] it reaches the cured state. For instance, the thermosetting resin may be cured by

25 holding the preform inside the mold even after the preform has been molded into the
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Pressure Mpa 0.5 0.5 0.5 Duration mm i 1 0.5 Mold temperature: Upper mold C 220 220 220 Mold
temperature: Lower mold C 220 150 220 Preheatingtemperature: Step 1-1 C - -
Preheatingtemperature: Step 1-2 C - Surfacetemperatureof metal material C 215 200 215
Degreeofcuringof thermosetting resin % 82 85 53 Step 2 Pressure MPa 10

desired shape. In this regard, there are no particular restrictions on the holding duration,
but the shorter it is the better from the viewpoint of productivity, for instance, preferably
up to 10 minutes, more preferably up to 3 minutes, and most preferably up to 1 minute.
(01207

5 It is preferable that, from the viewpoint of curing reaction, the holding temperature

“be 180 °C or less, more preferably 160 °C or less, in terms of the temperature of the sheet

substrate. The advantageous effect may be obtained by allowing the curing reaction to
progress sufficiently in the step 1 and thereby shortening the holding duration.
[0121]

10 The manufacturing method of the present embodiment may also incorporate a step 4
designed to provide a post cure after demolding. The benefits of incorporating the step 4
include, for instance, a shortening of the duration of holding the preform inside the mold.
The post curing method can be any method capable of curing a thermosetting resin, so that
generally known methods, such as holding a demolded metal composite inside a drier or

15 oven heated to a predetermined temperature, may be used.

[6122]

Furthermore, an edge of the preform may be provided with a hemming or crimping
treatment in the step 2 in the first, second or third aspect or the step 3 in the second aspect.
Such a treatment not only enhances the appearance of the edges of the metal composite but

20 also makes the bond between the metal materials and the cured resin layer stronger. This
treatment may be provided after the step 2 as an additional step.

[0123]

Fig. 1 is a set of schematic sectional drawings illustrating an embodiment of the first

aspect of a manufacturing method for metal composites. As illustrated in Fig. 1 (a), the

25 mold has an upper mold 11 and a lower mold 12. The preform 10 has a sandwich structure
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5 10 Duration min 2 2 1 Degreeofcuringof thermosetting resin % 100 100 100 Demolding - Problem
free Problem free Problem free Step 3  Pressure MPa - - Duration min - Mold temperature:Upper
mold C - - Mold temperature: Lower mold - Surfacetemperatureof metal material C - Time taken to
fall to 180Cor less mm - -

in which a plate-shaped metal material 1 and metal material 3 are laminated onto either
surface of the sheet substrate 2.
[0124]
In the step 1, the preform 10 is sandwiched between the upper mold 11 and the lower
s mold 12 as illustrated in Fig. 1 (b). Here, both the upper mold 11 and the lower mold 12
have been heated to a temperature in excess of 180 °C, and the metal material 1 and metal
material 3 are heated to a temperature in excess of 180 °C through the upper mold 11 and
lower mold 12, with which they are respectively in contact. The sheet substrate 2,
meanwhile, is heated through the metal material 1 and metal material 3, and this sets off
10 the curing reaction of the thermosetting resin contained in the sheet substrate 2 and takes

the thermosetting resin to a semi-cured state.

[0125]
N;::xt, the step 2 is carried out using an identical set of the upper mold 11 and the
lower mold 12. In the step 2, as illustrated in Fig. 1 (c), the preform 10 is compressed by
15 the upper mold 11 and lower mold 12 and goes on to be molded by deforming to the shape
of the mold.
[0126]
Fig. 2 is a graph illustrating an example of the relationship between temperature
(left-side longitudinal axis), duration (horizontal axis) and pressure (right-side longitudinal
20 axis) under the first aspect of a manufacturing method for metal composites. In Fig. 2, the
mold temperature T2 indicates the surface temperature of the upper mold 11 and the lower
mold 12. In the step 1 (S1), the surface temperature Tm of the metal materials 1, 3 rise
beyond 180 °C as the metal materials 1, 3 are heated as a result of b_eing in contact with a

mold that has been heated to a temperature in excess of 180 °C (T1), T2. This sets off the

25 curing reaction of the thermosetting resin contained in the sheet substrate 2 and takes the
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Degreeofcuringof thermosetting resin 0/0 _ - Demolding - - - Mold take-up time min 3 3 1.5 After

molding  Processingofmetal composite A - Post cure None None None Technique to integrate A

and B - Complex shaping of part B - Evaluation Bondingstrengthof metal composite MPa 15 13
17 Weight of metal composite A -

thermosetting resin to a semi-cured state (II).
[0127]
Next, the preform 10 is molded by compression at a predetermined pressure in the
step 2 (S2). By this time, the metal materials 1, 3 have been heated to a comparable
s temperature to the temperature of the mold. At the same time, the curing reaction of the
thermosetting resin progresses, preferably right to the cured state (II). Notably, since the
thermosetting resin is in a semi-cured state, 1t does not flow excessively when compressed,
and this allows a cured resin layer 2a to form right between the metal materials 1, 3.
[0128]
10 When the step 2 (52) is completed, the metal composite is demolded by releasing the
lock on the upper mold 11 and the lower mold 12.
[0129]
Fig. 3 is a graph illustrating an example of the relationship between temperature
(left-side longitudinal axis), duration (horizontal axis) and pressure (right-side longitudinal
15 axis) under the second aspect of a manufacturing method for metal composites. In Fig. 3,
the mold temperatures T2 and T3 are the surface temperatures of the upper mold 11 and the
lower mold 12, respectively. In the step 1 (81), the surface temperature Tm of the metal
materials 1, 3 rises to a comparable level to the. temperature of the mold as a result of being
in contact with the mold, which has been heated to a temperature in excess of 180 °C (T1),
20 T2. This sets off the curing reaction of the thermosetting resin contained in the sheet
substrate 2 and takes the thermosetting resin to a semi-cured state.
[0130}
Next, the preform 10 is molded by compression at a predetermined pressure in the

step 2 (S2). During this process, since the thermosetting resin is in a semi-cured state (1), it

25 does not flow excessively when compressed, and this allows a cured resin layer 2a to form
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- Rigidity -- [0265] Table 5 Unit Examplel-raxam a2/al/a2 le 1 -(8.n)_kizEcam a2/al/a2 le 1-(9)
a2/al/la2 Laminate structure (top/bottom) Metal composite A Sheet substrate al  Compositionof
thermosetting resin  "Epikote" 828 Parts by mass 20 "Epikote" 834 Parts by mass 20 "Epikote"
1001 Parts by mass 25 "Epikote" 154 Parts by

right between the metal materials 1, 3.
[0131]
Continuing from the step 2 (82), the mold temperature is reduced to a temperature of
180 °C or less (T3) while keeping the pressure up. In the step 3 (53), the thermosetting
5 resin reaches the cured state (I} as the metal materials 1, 3 are kept at a surface
temperature of T3 for a certain period. It is preferable that the duration between the time
the surface temperature of the metal materials 1, 3 starts falling after reaching a point in
excess of 180 °C in the step 2 (S2) and the time it falls below 180 °C is not more than 3
minutes.
e [0132]
When the step 3 (S3) 1s completed, the metal composite is demolded by releasing the
lock on the upper mold 11 and the lower mold 12.
[0133]
Fig. 4 is a set of schematic sectional drawings illustrating another embodiment of the
15 present invention with regard to manufacturing methods for metal composites. In the step
1-1, a sheet substrate 2 is heated through contact with the lower mold 12 as illustrated in
Fig. 4 (a-1). In the step 1-2, which preferably takes place in parallel with the step 1-1, a_
plate-shaped metal material 1 is preheated inside an electric furnace EF as illustrated in Fig.
4 (a-2).
20 [0134]
In the step 2, the preheated metal material 1 is laminated onto the sheet substrate 2,
and the laminate is held between the upper mold Il and the lower mold 12 to form a
preform 10 as illustrated in Fig. 4 (b). Next, the preform 10 is compressed by the upper
mold 11 and the lower mold 12 as illustrated in Fig. 4 (¢) and molded into a metal

25 composite, featuring a cured resin layer 2a that has formed from the sheet substrate 2a by
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mass 35 F-a-typebenzoxazine resin Parts by mass 100 Resol-typephenolresin/ PHENOLITE 5010
Parts by mass 100 Dicy7 (curing agent) Parts by mass DY9577 Parts by mass 5 "Omicure24(curing
accelerator) Parts by mass 5 Reinforcement fiber bundle - Carbon fiber Carbon fiberCarbon fiber
Degreeofcuringafter 130CXI 0 minutes - Semi-cured state Cured stateCured state Metal material a2
Metal - Aluminum alloy Aluminum alloy_ Titanium alloy_ 0.50.5 Thickness mm 0.5 Surface treatment

conforming to the shape of the mold.
[0135]
Fig. 5 is a graph illustrating another example of the relationship between temperature
(left-side longitudinal axis), duration (horizontal axis) and pressure (right-side longitudinal
s axis) under a manufacturing method for metal composites. In Fig. 5, the mold temperature
T2 is the surface temperature of the upper mold 11 and the lower mold 12. In the step 1-2
(S12), the metal material | is preheated to a surface temperature in excess of 180 °C inside
an electric furnace EF. At the same time, the sheet substrate 2 is heated in the step 1-1
(S11), held between the upper mold 11 and the lower mold 12 to semi-cure its
10 thermosetting resin.
[0136]
Next, in the step 2, the sheet substrate 2 and metal material 1 are molded by
compression at a predetermined pressure inside a mold set to a surface temperature of
180 °C or less. Notably, since the thermosetting resin is in a semi-cured state, it does not
15 flow excessively when compressed, and this allows a cured resin layer 2a to form right
along the metal material 1. Over this process, the surface temperature of the metal material
1 falls to 180 °C or less. This state is maintained for a certain period and the thermosetting
resin reaches the cured state.
[0137]
20 When the step 2 is completed, the metal composite is demolded by releasing the lock
on the upper mold 11 and the lower mold 12.
[0138]
Such a manufacturing method makes it possible to shorten the length of time over
which the mold is taken up for the molding of a metal composite by allocating the

25 preheating mechanism and molding mechanism to different pieces of equipment. For this
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Sand blasting Sand blastingSand blasting Pore size pm 30 3015 Resin layer C Thermoplastic resin
c - - Meltingpointorglass transition temperature C - Part B Thermoplastic resin b - - --
Reinforcement fiber - Meltingpointorglass transition temperature C - - Volume specific resistance
Qcm - [0266] Table 6 Example(7) Example -(8) Example 1-(9) Molding  Step

reason, it constitutes a high productivity manufacturing method when applied to
continuous molding based on a production line, etc.
[0139]

Since the manufacturing method of the present embodiment semi-cures the

5 thermosetting resin in the step 1 and/or the step [-1, it can prevent excessive material flow,
such as the resin flowing out of the mold during a hot processing of metal in the step 2,
thanks to the pressure applied as part of the process, while developing a strongly bonded
structure comprising a metal material 1 and cured resin layer 2a.

[0140]

10 Generally speaking, it is difficult to mold a metal material into a complex shape
during hot metal processing at a temperature of 180 °C or less due to low metal moldability.
However, the manufacturing method of the present embodiment makes it possible to ecasily
mold a metal material into a complex shape as it is capable of sufficiently softening the
metal material by heating it to a temperature in excess of 180 °C.

15 [0141]

Fig. 6 is a schematic sectional drawing of an embodiment of the present invention
with regard to manufacturing methods for metal composites. As illustrated in Fig. 6 the
step 2, “molding” does not necessarily involve a deformation of a metal material, and can
include the bonding of a plate-shaped metal material 1 and plate-shaped metal material 3

20 via a sheet substrate 2 by compression, while allowing them to maintain their plate shapes
throughout the process.

[0142]
Metal composite:
The metal composite produced using the manufacturing method of the present

25 embodiment is based on metal materials and a cured resin layer sandwiched between the
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Pressure Mpa 0.5 0.5 0.5 Duration mm 1 1 1 Moldtemperature:Upper mold C 220 220 240 Mold
temperature:Lower mold C 220 220 240 Preheatingtemperature: Step 1-1 C  Preheatingtemperature:
Step 1-2 C - Surfacetemperatureof metal material C 215 215 238 Degreeocuringof thermosetting
resin 307288 Step2 Pressure MPa 10

metal materials. Here, the cured resin layer is a layer created by curing the thermosetting

resin contained in the sheet substrate through heating.

[0143]

An example of the manufacturing method of the present embodiment makes it

.5 possible to form a strong bonding structure between the metal materials and the cured resin

layer, and this is partially atiributable to the presence of fine or coarse irregularities on the

surface of the metal materials designed to be filled by the thermosetting resin and thus

generate an extra grip upon curing of the resin and to an enhanced chemical bond between

the thermosetting resin and the metal materials because of a curing reaction taking place at
10 arelatively high temperature.

[0144]

It is preferable that the bonding strength between the metal materials and the cured
resin layer be 10 MPa or more, more preferably 20 MPa or more. These figures indicate
that a metal composite that integrates metal materials together or metal materials and other

15 structural parts via a cured resin layer or layers has adequate bonding strength according to
the use environments or application.
[0145]

If bonding strength is 10 MPa or more, there is adequate bonding strength in

applications where a general adhesive would be used as an alternative means to provide
20 bonding, and the metal composite has better durability than one that employs an adhesive.

If bonding strength is 20 MPa or more, there is adequate bonding strength in applications

involving a severe use environment, and the metal composite has better durability than one

that employs a structural adhesive.

10146]

25 Bonding strength may be measured using generally known methods, such as the JIS
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10 15 Duration min 2 2 2 Degreeofcuringof thermosetting resin % 100 100 100 Demolding Problem
free Problem free Problem free Step 3  Pressure MPa - Duration mml1l Moldtemperature:Upper
mold C - Mold temperature:Lower mold C Surfacetemperatureof metal material C lime taken to
fall to 180C. or less min -

K 6849 adhesive tensile bonding strength test. However, if the metal composite has a
complex shape, it is sometimes difficult to conduct a bonding strength test based on
reputable standards. In such cases, it is possible to obtain a rough indication of a metal
composite’s bonding strength relative to the bonding strength of an adhesive whose

5 bonding strength is known by cutting a specimen out of the metal composite, bonding both
ends of it to a jig and performing a bonding strength test through the jig. In concrete terms,
if the jig is destroyed in the adhesive layer, the bonding strength of the metal composite is,
as a general rule, judged to be higher than that of the adhesive. If, on the other hand, 1t is
destroyed through a peeling of metal composite, the bonding strength of the metal

10 composite is, as a general rule, judged to be lower than that of the adhesive.

[0147] |

It is also preferable that the composite A be provided with at least one type of
shaping treatment chosen from tapering, grooving, hole-drilling and match jointing, with
part B joined to the metal composite A by fitting into that shape. To obtain an electronic

15 equipment chassis with high rigidity, it is very important that the metal composite A and
‘the thermoplastic resin-based part B be strongly bonded, and from this viewpoint, it is
preferable that the metal composite A and part B be integrated as a result of part B flowing
into the taper, grooves, holes, or joint pattern.

[0148]

20 Although there are no particular restrictions on the shape that the metal composite A
assumes from a tapering, grooving, hole-drilling or match jointing treatment, it is
preferable that, from the viewpoint of maintaining the rigidity of the metal composite A,
the area used for such a treatments be 50% or less, more preferably 30% or less, than the
entire area of the composite A. If such a treatment involves too large an area, it gives rise

35 tothe risk of reducing the rigidity of the metal composite A too much.
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- Degreeofcuringof thermosetting resin Vis - Demoldilig - min ~ Mold take-up time After molding
Processingofmetal composite A Post cure None None None Technique to integrate Aand B - -
- Complex shan_of sart B- Evaluation Bondingstrengthof metal composite MPa 15 14 13

[0149]

The application areas of metal composites include, for instance, aircraft body parts,
motor vehicle body parts, motor cycle body parts, marine vessel parts, machine mechanical
parts, civil engineering parts, butlding materials, and electronic equipment parts. In view of

their productivity enhancing effect, metal composites are advantageously used in motor

in

vehicle body parts and electrical equipment parts, and because of their excellent effects in
lightweighting, mechanical characteristics, heat radiation performance, and so on, they are
even more advantageously used in electronic equipment chassis.
[0150]
10 Electronic equipment chassis:
An electronic equipment chassis is made of a structural part that integrates a metal
composite A, obtained using a manufacturing method of the present invention, and part B
constituted of a thermoplastic resin b. Part B constituted of a thermoplastic resin b may be
a complex-shaped part comprising at least one type chosen froni a boss, rib, hinge, frame,
15 keyboard base, vertical wall, and seat. Since part B, which is joined to a metal composite,
1s constituted of a thermoplastic resin b, which is suited to molding into a complex shape, it
may be given an even more complex shape than a metal composite.
10151]
Fig. 7 is a schematic perspective-view drawing of an example of an electronic
20 equipment chassis of the present invention. In Fig. 7, the electronic equipment chassis 33
has been formed of part B, constituted of thermoplastic resin b, and a metal composite 31
(metal composite A} of the present invention by integrated molding.l
[0152]
Part B constituted of thermoplastic resin b:

25 Examples of a thermoplastic resin in part B constituted of a thermoplastic resin b
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Weight of metal composite A - - - - Rigidity - - [0267] Table 7 Unit Example 1410) a2/al/a2 Example
1411) a2/a | Laminate structure (top/bottom) Metal composite A Sheet substrate al Composition
of thermosetting resin  "Epikote" 828 Parts by mass 20 20 "Epikote" 834 Parts by mass 20 20
"Epikote" 1001 Parts by mass 25 25 "Epikote" 154 Parts by mass 35 35 F-a-type benzoxazine resin

include polyethylene terephthalate (PET), polybutylene terephthalate (PBT),
polytrimethylene terephthalate (PTT), polyethylene naphthalate, polyester-based resin,
such as a liquid crystal polyester, polyethylene (PE), polypropylene (PP), polyolefin, such
as polybutylene, styrene-based resin, and urethane resin, as well as polyoxy methylene
s (POM), polyamide (PA), polycarbonate (PC), polymethyl methacrylate (PMMA),
polyvinyl chloride (PVC), polyphenylene sulfide (PPS), polyphenylene ether (PPE),
modified PPE, polyimide (PI), polyamide-imide (PAI), polyetherimide (PEI), polysulfone
(PSL), modified PSU, polyethersulfone (PES), polyacrylic butadiene polyketone (PK),
polyether ketone (PEK), polyether ether ketone (PEEK), polyether ketone ketone (PEKK),
io  polyallylate (PAR), polyether nitrile (PEN), phenolic resin and phenoxy resin. Other
choices of a thermoplastic resin include a copolymer or modified compound of any of the
above resins and/or a blend of two or more.
[0153]
It is preferable that, for specific purposes, one, two or more of the above
15 thermoplastic resins be contained in the thermoplastic resin b by 60 wt% or more. From the
viewpoint of the strength and impact resistance of the molding, polyamide (PA) and
polyester are advantageously used. From the viewpoint of heat resistance and chemical
resistance, a polyarylene sulfide, particularly polyphenylene sulfide (PPS), is
advantageously used. From the viewpoint of the appearance and dimensional stability of
20  the molding (e.g., a part of an electronic equipment chassis), polycarbonate (PC) and a
styrene-based resin are particularly advantageously used. From the viewpoint of
moldability and lightweightness, a polyolefin-based resin, e.g., a polypropylene résin, Is
preferable. From the viewpoint of the strength of the molding, a polyamide resin is
particularly advantageously used.

25 [0154)
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Parts by mass Resol-typephenolresin/ PHENOLITE 5010 Parts by mass' Dicy7 (curing agent) Parts
by mass 4 4 DY9577 Parts by mass "Omicure"24(curing accelerator) Parts by mass 5
Reinforcement fiber bundle - Carbon fiber Carbon fiber Degree of curing after 130C N10 minutes
Cured state Cured state Metal material a2 Metal - mm Aluminum alloy 0.5 Aluminum alloy 0.5
Thickness Surface treatment Sand blasting 30 Sand blasting 30

To improve impact resistance of the thermoplastic resin, an elastomer or rubber
component may be added. This provides a protective effect for internal electronic parts,
liquid crystal parts, etc. against an impact associated with a fall of the electronic equipment
chassis.

s [0155]}

To improve the strength and rigidity of the molding, reinforcement fibers may be
added. Examples include fiber-reinforced thermoplastic resin pellets, such as short
fiber-reinforced pellets and long fiber-reinforced pellets, a thermoplastic sheet molding
compound (TH-SMC), glass fiber mat-reinforced thermoplastic (GMT), and carbon fiber

10 mat containing a thermoplastic resin.
[0156]

Adding reinforcement fibers to a thermoplastic resin makes it possible to obtain not
only an electrical/electronic equipment chassis with high rigidity but also part B that is low
in shrinkage and high in dimensional precision, and this, in turn, supports precision design.

15 Reinforcement fibers to be added to a thermoplastic resin may be chosen by applying the
same kind of philosophy as that for fibers added to a sheet substrate.
[0157]
Apart from reinforcement fibers, the thermoplastic resin may also contain fillers and
additives as necessary according to the application, etc., as fong as it does not undermine
20 the objectives of the present invention. Examples of a filler or additive include an inorganic
filler, flame retardant, electrical conductivity enhancer, crystal nucleating agent, ultraviolet
absorber, antioxidant, dampener, antibacterial agent, insect repellant, deodorant, color
protection agent, thermal stabilizer, mold releasing agent, antistatic agent, plasticizer,
lubricant, coloring agent, pigments, dye, foaming agent, foaming control agent, and

25 coupling agent.



Pore size  Resin layer C - - Thermoplastic resin ¢ Meltingpointorglass transition temperature C -
Part B Thermoplastic resin b - - Reinforcement fiber - - Meltingpointorglass transition temperature
C Volume specific resistance nem) - [0268] Table 8 Exam.le 10) Exam.le 1-(11) Molding MIlllIIIII
Ste. 1 Pressure M a 0.5

[0158]
Resin layer C constituted of therm.opiastic resin c:
Under the present invention, it is preferable that, to strongly join the metal composite
A and part B together, a resin layer C constituted of a thermoplastic resin ¢ have formed
s over at least part of the surface of the metal composite A. This makes it possible to obtain a
chemical bond in addition fo a mechanical joint. Although there are no particular
restrictions on the thermoplastic resin ¢ contained, at least partially, in the skin of the metal
composiie A, it is preferable to select a thermoplastic resin that is compatible with part B,
which is constituted of a thermoplastic resin b.
10 [0159]
From a productivity viewpoint, it is preferable to form a resin layer C simultaneously
with the curing of the thermosetting resin by further placing a sheet substrate that contains
a thermoplastic resin ¢ between a pair of molds. Although there are n;) particular
restrictions on the technique to form the resin layer C, it may be done, for instance, as a
15 side by side or laminated preform in the same manner as the metal material al and sheet
substrate a2, or through the use of metal materials coated with a resin layer C.
[0160]
It is preferable that the melting point or glass transition temperature of the
thermoplastic resin ¢ be lower than that of the thermoplastic resin b. Although there are no
20 particular restrictions on the difference between the melting points or glass transition
temperatures of the thermoplastic resin ¢ and thermoplastic resin b, it is preferable that it
be 10 °C or more, more preferably 30 °C or more. Choosing thermoplastic resins with such
a relationship allows the heat from part B constituted of a thermoplastic resin b, which is in
a meited state inside a mold, to cause thé thermoplastic resin ¢ to soften and/or melt and

25 become strongly bonded to the metal materials during cooling inside the mold.
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0.5 Duration 1 Moldtemperature:Upper mold 190 220 Moldtemperature:Lower mold C 190 150
Preheating temperature: Step 1-1 C - - Preheating temperature: Step 1-2 C - - Surface temperature of
metal material Degreeofcuringof thermosettin_ resin C % fl 59 215 85 Ste2 Pressure MPa 12
Duration iin 2 2 Degreeofcuringof thermosettin_ resin % 100 100 Demoldin_ Problem free

[0161]
Fig. 8 illustrates the production procedure for an electronic equipment chassis. As
illustrated in Fig. 8 (a), the metal composite A is inserted in the movable-side mold 41.
Next, as illustrated in Fig. 8 (b), the movable-side mold 41, in which the metal composite A
s has been inserted, is moved towards the fixed-side mold 42, and the mold 1s closed.
Subsequently, the thermoplastic resin b, which constitutes part B, is injected from the
injection molding machine 43, mounted on the fixed-side mold 42, into the mold to form
part B constituted of a thermoplastic resin b around the metal composite A in an integrated
manner. After molding is completed, the movable-side mold 41 is moved as illustrated in
w0 Fig. 8 (d), followed by the ejection of the molding EH from the opened mold, namely,
demolding.
[0162]
The method to integrate the metal composite A and part B is not limited to the
injection molding method. Examples of an alternative method include press molding, in
15 which the metal composite A and part B are placed in a mold and integrated by heating and
compression, and laser or ultrasonic heat welding, in which the metal composite A and part
B, both shaped as desired, are placed in contact with each other and welded. However,
injection molding is preferable as it allows parts with a complex shape, such as a boss, rib,
hinge, frame, keyboard base, vertical wall and seat, to be easily formed and facilitates the
20 thermoplastic resin b that constitutes part B to flow into the patterned recesses created on
the surface of the metal composite A through a tapering, grooving, hole-drilling or match
jointing treatment, as well as pores introduced on the surfaces of the metal materials.
[0163]
It is preferable that the pores introduced on the surfaces of the metal materials used

25 in an electronic equipment chassis be filled by at least one type of resin chosen from the
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Problem free CEnIHIMITTIITTITTIMUTTTIMI - Pressure Pa - Duration Moldtemperature:Upper
mold Moldtemperature:Lower mold C - Surface temperature of metal material C Time taken to fall
to 180C or less min - - Degreeofcuringof themosetting resin % _ Demolding - - Mold take-utime min
After moldint Processing ofe al composite A Post cure

thermosetting resin constituting the sheet substrate al, thermoplastic resin b, and

thermoplastic resin ¢. Resin inflows into the pores introduced on the surfaces of the metal

materials resulting from, for instance, compression during the preparation of a metal

composite and resin injection during preparation of an electronic equipment chassis
5 improves the bonding strength between the metal materials and various resins.

[0164]

It is preferable that Part B constituted of thermoplastic resin b, which forms part of
an electronic equipment chassis, has a volume specific resistance of 10'Q-em or more
from the viewpoint of providing antenna characteristics. Although there are no particular.

10 restrictions on the material having this kind of volume specific resistance, it can be chosen
by applying the same kind of philosophy as that for the above thermoplastic resin b, and
two or more thermoplastic resins b may be used in combination.,

[0165]

As illustrated in Fig. 9, for instance, it may be possible to place a part 51 constituted

15 of a thermoplastic resin b with a volume specific resistance of 10°Q+ cm or more near the
antenna part 33 that forms part of the metal composite A in an electronic equipment chassis
33, with a part 52 constituted of a different thermoplastic resin b used in other areas. No
particular restrictions apply to the actual arrangement, and there are a few ways to place
different parts B with regard to the metal composite A, including the molding of different

26 parts B in multiple rounds by inserting dummy materials and use of multicolor molding, in
which different colors are allocated to different parts B.

[0166]

Although preferred embodiments of the present invention have been described above,

the present invention is not limited to those embodiments.

25 Examples
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None None Technique to inte_ ate Aand B - - - Com& \ sha s 111 | of aB - Evaluation
Bondingstrengthofmetal composite MPa 15 13 Wei ithtof metal composite A - - R.:A - - [0269] Table
9 Unit Example 1412) Example 1-03) Laminate structure (top/bottom) a2/al/a2 a2/al/a2 Metal
composite A Sheet substrate al Composition of thermosetting resin  "Epikote" 828 Parts by
mass 20 20 "Epikote" 834 -

[0167]
The present invention is described in more concrete terms below using examples.
However, the present invention is not limited to those examples.
Example 1-(1):
5 Preparation of thermosetting resin composition:
Using the mixing ratio shown in Table 1, a resin composition was prepared from
“Epikote” 828, “Epikote” 834, “Epikote™ 1001 (all bisphenol A-type epoxy resins,
manufactured by Japan Epoxy Resins Co., Ltd.) and “Epikote™ 154 (a phenol novolac-type
epoxy resin, mamufactured by Japan Epoxy Resins Co., Ltd.) as epoxy resins, Dicy7
10 (dicyanamide, manufactured by Japan Epoxy Resins Co., Ltd.) as a curing agent, and
“Omicure” 24 (2,4-toluene bis(dimethylurea), manufactured by PTI Japan Co., Ltd.) as a
curing accelerator.
{0168]
The glass transition temperature (Tg) of the prepared resin composition was
15 measured. The measurement was conducted at a heating rate of 10 minutes/min in
accordance with a method described in JIS K 7121 using Pyris 1DSC (a differential
scanning calorimeter, manufactured by Perkinelmer Instruments Inc.). The halfway point
of the section of the obtained DSC curve where it exhibits a stepwise change was taken as
the glass transition temperature. In this measurement, the initial glass transition
20 temperature (Tg) of the obtained resin composition was 6 °C, while the saturated glass
transition temperature {Tg) was 138 °C. This resin composition was judged to be in a
sem.iwcur{::d. state over the glass transition temperature (Tg) range of 19 to 125 °C.
[0169]
The relationship between the heating temperature, heating duration and glass

25 transition temperature (Tg) of the prepared resin composition was then examined. With the
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Parts by mass 20 20 "Epikote" 1001 Parts by mass 25 25 "Epikote" 154 Parts by mass 35 35 F-a-type
benzoxazine resin Parts by mass Resol-typephenolresin/ PHENOLITE 5010 Parts by mass Dicy7
(curing agent) Parts by mass 4 4 DY9577 Parts by mass "Omicure"24(curing accelerator) Parts by
mass 5 5 Reinforcement fiber bundle - Carbon fiber Carbon fiber Degree of curing after 130C X10
minutes - Cured state Cured state Metal material a2 Metal

heating temperature fixed at 130 °C and 150 °C, the glass transition temperature (Tg) was
measured as the heating duration was changed, and the glass transition temperature (Tg)
became 138 °C under heating conditions of 130 °C x 10 minutes, indicating that the resin
composition had reached the cured state. Here, heating temperature means the surface
5 temperature of the plates of the press between which the specimen was sandwiched for

heating.
[0170]

Preparation of sheet substrate:

The prepared resin composition was applied over a piece of release paper using a

i reverse roll coater to prepare a resin film. The resin film had a resin coating density of
25g/m’.

[0171]
A unidirectional prepreg continuous fiber-reinforced prepreg (CF-PPg) containing
125¢ of fibers per m* was prepared by placing filaments of the carbon fiber Torayca

15 (registered trademark)} T700SC-12K-50C (manufactured by Toray Industries, Inc, tensile
strength 4900MPa and tensile modulus 230GPa) in one direction to form a sheet shape,
laminating a resin film onto the carbon fiber sheet from both sides, and impregnating it
with the resin composition by heating and compression.

[0172]

20 Four rectangular prepreg sheets of a predetermined size were cut out of the prepared
prepreg. With the direction of the longer side of each cut-out rectangular prepreg sheet
designated as 0°, the four sheets were symmetrically laminated in such a manner that their
continuous reinforcement fibers were oriented in the [0°/ 90°/ 90°/ 0°] directions, thus
producing a (.5mm-thick sheet substrate. During the lamination process, a thermocouple

25 (K thermocouple) was inserted between the 90° layers of the prepreg substrate.
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- Aluminum Titanium Thickness mm 0.5 0.2 Surface treatment - Sand blasting Sand blasting 15 Pore
size gm 30 Resin layer C Thermoplastic resin c - Meltingpointorglass transition temperature C -
Part B Thermoplastic resin b - - Reinforcement fiber - - Meltingpointorglass transition temperature C
- - Volume specific resistance 1-2c - [0270] Table 10 Example 1-(12)

[0173]
Using press molding equipment, the sheet substrate was mounted on a plate with a
surface temperature of 130 °C and simultaneously heated and compressed at 1 MPa for 10
minutes. When the glass transition temperature of the obtained molding (Tg) was measured
5 using a method similar to the one described above, it was found to be 137 °C, thus
confirming that the resin was in the cured state.
[0174]
Preparation of preform:
Next, 0.5mm-thick aluminum alloy plates (A5052) on whose surfaces a sand blasting
10 treatment had been provided were furnished for use as metal materials. Numerous pores
with an average size of 30 um were observed on the surfaces of the aluminum alloy plates.
[0175])
The prepared sheet substrate and metal materials were laminated in the metal
material/sheet substrate/metal material order to produce a preform. During the lamination
15 process, a thermocouple (K thermocouple) was attached to the surface of one of the metal
materials using heat-resistant tape.
[0176]
Production of metal composite:
As illustrated in Fig. 1 (b), the preform 10 was placed between the upper mold 11
20 and the lower mold 12 and held under a pressure of 0.5 MPa. Both the upper mold 11 and
the lower mold 12 had a surface temperature of 220 °C.
[0177}
About | minute after plécing the preform 10 inside a mold in the step 1, it was
compressed at 10 MPa by means of the upper mold 11 and the lower mold 12 in the step 2.

25 During this process, the temperature of the metal materials 1, 3 was 210 °C and the
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Example 1413) Molding Step1 Pressure Mpa 0.5 0.5 Duration mm | 1 Moldtemperature:Upper
mold 'V 220 240 Moldtemperature:Lower mold C 220 240 Preheating temperature: Step 1-1 C -
Preheating temperature: Step 1-2 C - Surface temperature of metal material C 215 238
Degreeofcuringof thermosetting resin oA 82 88 Step 2 Pressure MPa 10 15 Duration min 2

temperature of the sheet substrate 2 was 150 °C. According to the correlations between the
heating temperature, heating duration and glass transition temperature (Tg), the glass
transition temperature (Tg) was found to be 115 °C, which was 82% of the saturated glass
transition temperature (Tg), and this indicated that the resin was in a semi-cured state. The
5 gréph in Fig. 2 illustrates how the temperature of the metal materials 1, 3 and compression
pressure changed with time.
[0178]
After about 2 minutes of compressioﬁ, the mold was opened, and the metal
composite A was taken out of it. In the obtained metal composite A, the metal materials 1,
o 3 were strongly bonded by virtue of the cured resin layer 2a, so that it was difficult to
manually peel them apart. Furthermore, there was no misalignment between the two metal
materials 1, 3, and a 1.5 mm-thick metal composite A with no shrinkage or twisting was
obtained. The metal composite A was subjected to a bonding strength measurement to be
described later, and a bonding strength of 16 MPa was obtained. After the completion of
15 the bonding test, a specimen was shaved off the cured resin laver 2a, which had formed
between the metal materials 1, 3, and its glass transition temperature (Tg) was measured
and found to be 137 °C, confirming that the resin was in the cured state. The
manufacturing conditions and evaluation results for Example 1-(1) are shown in Table |
and Table 2.
20 Example 1-(2):
Preparation of preform:
For use as metal materials, 0.5mm-thick magnesium alloy plates (AZ31) on whose
surfaces a sand blasting treatment had been provided were fumished.r Numerous pores with
an average size of 50 pm were observed on the surfaces of the magnesium alloy plates.

25 Using the same sheet substrate as the Example 1-(1), a preform was produced in the same
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2 Degreeofcuringof thermosetting resin % 100 100 Demolding Problem free Problem free Step 3
Pressure MPa Duration min - Moldtemperature:Upper mold C Moldtemperature:Lower mold C
Surface temperature of metal material C Time taken to fall to | 80C or less min Degreeofcuringof
thermosetting resin % - Demolding - Mold take-up time min 3 3 After molding

manner as Example 1-(1).
[0179]
Production of composite material:
As illustrated in Fig. 1 (b), the preform 10 was inserted between the upper mold 11

s and the lower mold 12 and held under a pressure of 0.5 MPa. Both the upper mold 11 and

the lower mold 12 had a surface temperature of 210 °C.
[0180]
About 1 minute after placing the preform 10 inside a mold in the step 1, it was
compressed at 15 MPa with the upper mold 11 and the lower mold 12 in the step 2. During

1o this process, the temperature of the metal materials 1, 3 was 200 °C and the .temperature of
the sheet substrate 2 was 140 °C. The glass transition temperature (1g) of the
thermosetting resin was 108 °C, which was 77% of the saturated glass transition
temperature (Tg), and this indicated that the resin was in a semi-cured state.

[0181]

15 After about 2 minutes of compression, the mold was opened, and the metal
composite A was taken out of it. There was no misalignment between the two metal
materials 1, 3, and a 1.5 mm-thick metal composite A with no surface defects, such as
wrinkling, cracking or tearing, was obtained. In the obtained metal composite A, the metal
materials 1, 3, which featured patterned recesses on their surfaces, were strongly bonded

20 by virtue of the cures resin layer 2a, so that it was difficult to manually peel them apart. A
bonding strength measurement was conducted in the same manner as Example 1-(1), and
the bonding strength was found to be 18MPa. After the completion of the bonding test, a
specimen was shaved off the cured resin layer 2a, which had formed between the metal
materials 1, 3, and its glass transition temperature (Tg) was measured and found to be

25 137 °C, confirming that the resin was in the cured state. The manufacturing conditions and
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Processing of metal composite A _ _ Post cure None None lechnigtie to inte rate A and B - Complex
shaping of part B - Evaluation Bondingstrengthofmetal composite MPa 16 13 Vveight of metal
composite A - - - 1Rigidity - [0271] Table 11 Unit Comparative example 1-(1) a2/al/a2 Comparative
example 1-(2) a2/al/a2 Comparative example 1-(3) a2 Laminate structure (top/bottom)  Metal
composite A :

evaluation results for Example 1-(2) are shown in Table 1 and Table 2.
Example 1-(3):
Using the same method as the Example 1-(1), except that 0.5 mm-thick aluminum
alloy plates (A5052) on whose surfaces an alumite treatment had been provided were
5 adopted as metal materials, a metal composite was produced and evaluated. Numerous
pores with an average size of 0.05 um were observed on the surfaces of the metal plates.
The manufacturing conditions and evaluation results for Example 1-(3) are shown in Table
1 and Table 2.
Example 1-(4):
10 Preparation of sheet substrate:

Employing the thermosetting resin composition prepared in Example 1-(1), a resin
film was prepared. The resin film had a resin coating density of 50g/m®. Using the same
method as the Example 1-(1), except that the above resin film was adopted as the sheet
substrate, a metal composite was produced and evaluated. The manufacturing conditions

15 and evaluation results for Example 1-(4) are shown in Table 3 and Table 4.
Example 1-(5):

Prepared of preform:

Using the same method as the Example 1-(1), except that the preform was prepared
as a two-layer laminate of a metal material/sheet substrate configuration using the sheet

20 substrate and metal material prepared in Example 1-(1) and that the surface temperature of
the lower mold was set to 150 °C, a metal composite was produced and evaluated. The
manufacturing conditions and evaluation results for Example 1-(5) are shown in Table 3
and Table 4.

Example 1-(6):
25 Using the same method as Example 1-(1), except that, about 0.5 minute after placing
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Sheet substrate al  Composition of thermosetting_resin  "Epikote" 828 Parts by mass 20 20
Epikote" 834 Parts by mass 20 20 "Epikote001 Parts by mass 25 25 " pikote" 154 Parts by mass 35
35 F-a-type benzoxazine resin Parts by mass Resol-type phenol resin/ PHENOLITE 5010 Parts by
mass Dicy7 (curing agent) Parts by mass 4 4

the preform 10 inside a mold in the step I, it was compressed for about a minute in the step
1-2, a metal composite Was.produced. After this minute or so-long compression, the mold
was opened, and the metal composite was taken out of it, followed by 10 minutes of post
curing performed by placing the metal composite into a hot air furnace whose ambient
s temperature had been adjusted to 150 °C. The obtained metal composite was evaluated in
the same manner as Example 1-(1). The manufacturing conditions and evaluation results
for Example 1-(6) are shown in Table 3 and Table 4.
Example 1-(7);
Employing an F-a-type benzoxazine resin (manufactured by Shikoku Chemicals
10 Corporation) as a benzoxazine resin and the DY9577 (a boron trichloride octyl amine
complex, manufactured by Huntsman Advanced Materials Gmbh) as an acid catalyst, a
resin composition was prepared at the mass mixing ratio shown in Table 17. Except that
this resin composition was adopted as the thermosetting resin to produce a sheet substrate,
the same method as Example 1-(1) was used. From the results of viscosity measurements
15 based on a viscometer, the degree of curing of the resin was calculated, and it was found
that the resin had been in a semi-cured state in the step 1. The manufacturing conditions
and evaluation results for Example 1-(7) are shown in Table 5 and Table 6.
Example 1-(8):
The same setup as Example 1-(1) was used, except that, as a phenol resin, the
20  PHENOLITE (registered trademark) 5010 (a resol-type phenol resin, manufactured by
DIC) was furnished and used as the thermosetting resin to prepare a sheet substrate. The
manufacturing conditions and evaluation results for Example 1-(8) are shown in Table 3
and Table 6.
Example 1-(9):
25 Using the same method as Example 1-(1), except that 0.2mm-thick titanium alloy
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DY9577 Parts by mass "Omicure" 24 (curing accelerator) Parts by mass 55 Reinforcement fiber
bundle - Carbon fiber Carbon fiber None Degree of curing after 130C X10 minutes - Semi-cured state
Cured state - Metal material a2  Metal - Aluminum alloy Magnesium alloy Aluminum alloy Thickness
mm 0.5 0.5 1.5 Surface treatment - Sand blasting Sand blasting Alumite treatment Pore size jim 30 50
0.05 Resin layer C

plates (Ti-6Al-4V) on whose surfaces a sand blasting treatment had been provided were
adopted as metal materials and that the surface temperature of the mold and molding
pressure were set to 240 °C and 15 MPa, respectively, a metal composite was produced and
evaluated. Numerous pores with an average size of 15 pm were observed on the surfaces of
"5 the metal materials. The manufacturing conditions and evaluation results for Example 1-(9)
are shown in Table 5 and Table 6.
Example 1-(10):
Using the same method as the Example 1-(1), except that the temperature of the
upper and lower molds was set to 190 °C, a metal composite was produced and evaluated.
10 The surface temperature of the metal materials in the step 1 was 185 °C. The
manufacturing conditions and evaluation results for Example 1-(10) are shown in Table 7
and Table 8.
Example 1-(11):
A U-shaped aluminum alloy metal material plate as illustrated in Fig. 10 (a),
15 prepared by bending each of a pair of opposing sides into a near 90° L shape, was
furnished. A preform was prepared by placing a sheet substrate that is identical to Example
1-(5) as illustrated 1-(5) Fig. 10 (b) and bending the vertical leg of the L shape in. Except
for these conditions, molding was performed in the same manner as Example 1-(5). The
vertical leg of the L shape, which has been bent inwards, is flattened as it is compressed by
20 the mold, and this provided a metal composite with hemmed edges. The manufacturing
conditions and evaluation results for Example 1-(11) are shown in Table 7 and Table 8.
Example 1-(12): |
The same setup as Example 1-(1) was used, except that industrial pure aluminum
plates (A1100) were adopted as metal materials. The manufacturing conditions and

25 evaluation results for Example 1-(12) are shown in Table 9 and Table 10.
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Thermoplastic resin ¢ -  Melting point or glass transition temperature C Part B Thermoplastic
resinb  Reinforcement fiber - - Melting point or glass transition temperature C - - - Volume s ecific
resistance Qcm  [0272] Table 12 Comparative example 1-(1) Comparative example 1-(2)
Comparative example 1-(3) Molding  Step 1

Example 1-(13):

The same setup as Example 1-(9) was used, except that industrial pure titanium
plates (KS40) were adopted as metal materials. The manufacturing conditions and
evaluation results for Example 1-(13) are shown in Table 9 and Table 10.

5 Comparative example 1-(1):

Preparation of preform:

Using the same method as Example 1-(1), except that the thermosetting resin was
mixed at the composition mass ratio shown in Table 11, a metal composite was produced.
[0182]

10 Here; using press molding equipment, the sheet substrate was mounted on a plate
with a surface temperature of 130 °C and simultaneously Heated and compressed at | MPa
for 10 minutes. The glass transition temperature (Tg) of the resin in the obtained metal
composite was measured and found to be 75 °C. Since this glass transition temperature
(Tg) was 52% of the saturated glass transition temperature (Tg), the resin was confirmed to

15 be in a semi-cured state.

[G183]

Production of metal composite:

As illustrated in Fig. 1 (b), the preform 10 was inserted between the upper mold 11
and the lower mold 12 and held under a pressure of 0.5 MPa.

26 [0184]

About 1 minute afler placing the preform 10 inside a mold in the step 1, it was
compressed at 10 MPa by means of the upper mold {1 and the lower mold [2 in the step
1-2. During this process, the resin composition oozed out from the splitting line of the
mold. |

25 [0185]
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Pressure Mpa 0.5 0.5 0.5 Duration mm | 1 Mold temperature: Upper mold C 220 130 220 Mold
temperatureowe mold C 220 130 220 Preheating temperature: Step | -1 C - - Preheating temperature:
Step 1-2 C - Surface temperature of metal material C 215 120 215 Degree of curing of thermosetting
resin % 6 12 Step2 Pressure MPa 10 15 0.5 Duration

After about 2 minutes of compression, the mold was opened, and the metal
composite A was taken out of it. There was a misalignment between the metal materials,
while part of the sheet substrate protruded out of the metal materials. The desired metal
composite could not therefore be obtained. Moreover, when ejecting the metal composite

s from the mold, the metal materials were found to have stuck to the mold, making .it
difficult to demold it as a composite material. For this reason, it was impossible to measure
the bonding strength. The manufacturing conditions and evaluation results for Comparative
example 1-(1) are shown in Table 11 and Table 12.

Comparative example 1-(2):
10 Using the preform of Example 1-(2), a metal composite was produced.
[0186]

Production of metal composite:

As illustrated in Fig. 1 (b), the preform [0 was inserted between the upper mold 11
and the lower mold 12 and held under a pressure of 0.5 MPa, Using the same method as

15 the Example 1-(2), except that the surface temperature of both the upper mold 11 and the
lower mold 12 was set to 130 °C, a metal composite was produced and evaluated.

[0187]
In the obtained metal composite, there was a misalignment between the two metal
materials, while a small part of the sheet substrate had leaked out of the metal materials.
20 Wrinkles were observed on the squeezed-side surface of the metal composite associated
with its wavy shape, with surface cracks appearing in deeply squeezed areas. Furthermore,
it was possible to manually peel the metal materials apart. The manufacturing conditions
and evaluation results for Comparative example 1-(2) are shown in Table 11 and Table 12.
Comparative example 1-(3):
25 Heating and compression was performed by following the same procedure as
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min 2 2 2 Degree of curing of thermosetting resin % 52 22 - Demolding - Problematic Problem free
Problem free Step 3 Pressure MPa - Duration min - - - Mold temperature: Upper mold C - - Mold
temperature: Lower mold C - - Surface temperature of metal material C - Time taken to fall to | 80C
or less min - Degree of curing of thermosetting resin % Demolding

Example 1-(3), except that a preform containing 1.Smm-thick aluminum alloy plates
(A5052) on whose surfaces an alumite treatment had been provided as metal materials and
that the molding pressure was set to 0.5 MPa.

About 3 minutes after placing the preform in a mold, the mold was opened. It was

s observed that the preform had not formed into the desired shape. The manufacturing
conditions and eva.luation results for Comparative example 1-(3) are shown in Table !1 and
Table 12.

Example 2-(1):

The same sheet substrate and metal materials as Example [-(1) were furnished and a

1t preform was prepared from them.
[0188]

Production of metal composite:

Step 1:

As illustrated in I'ig. 1 (b), the preform 10 was inserted between the upper mold 11

15 and the lower .mo}d 12 and held under a pressure of 0.5 MPa. Both the upper mold 11 and
the lower mold 12 had a surface temperature of 220 °C. This state was maintained for
about 1 minute, and the resin composition was semi-cured. During this process, the surface
temperature of the metal materials was 215 °C and the temperature of the s.heét substrate
was 150 °C.

20 [0189]

Based on the correlations between the heating temperature, heating duration and
glass transition temperature (Tg) measured in advance as described above, the glass
transition temperature (Tg) of the resin composition contained in the metal composite was
estimated fo be 115 °C. Since this glass transition temperature (Tg) was 82% of the

25 saturated glass transition temperature (Tg), the resin composition was found to have been
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-mmn - Mold take-up time After molding  Processing of metal composite A _ __ Post cure

None None None 'technique to integrate A and B - - Complex shaping of part B - -

E'aluation _

Bonding strength of metal composite MPa Measurement not possible 5 Measurement not possible

Weight of metal composite A - - Rigidity -

20

25

in a semi-cured state at the end of the step 1.
[0190]

Step 2:

Then, the preform 10 was compressed at 10 MPa by means of the upper mold 11 and
the lower mold 12, and a meEEaI composite was produced.

{0191]

Step 3:

About 1 minute after compression began in the step 2, cooling water was passed
through the upper mold 11 and the lower mold 12 to cool them to 180 °C or less, with their
temperature setting changed to 150 °C. About 2 minutes after cooling Began, the surface
temperature of the metal materials fell to 180 °C or less, and compression was applied for
about 1 minute tbéreafter.

{0192]

Demolding:

The mold was opened, and the metal composite was taken out of it. In the obtained
metal composite A, the metal materials 1, 3 were strongly bonded by virtue of the cured
resin layer 2a, so that it was difficult to manually peel them apart. There was no
misalignment between the two metal materials, and the metal composite had a thickness of
[.5mm free of warping and deformation throughout, with no shrinkage or twisting
observed. The bonding strength of the metal composite was measured and found to be 16
MPa. After the completion of the bonding test, a specimen was shaved off the resin
composition, which was sandwiched between the metal matenials 1, 3, and its glass
transition temperature (Tg) was measured and found to be 137 °C, confirming that the |
resin composition had been in the cured state at the end of the step 3.

[0193]
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-- [0273] Table 13 Unit Exa. le 2-0) Exaale 2-(2) a2/al/a2 Example 2-(3) a2/al/a2 Laminate
structure()t/bottom a2/al/a2 Metal composite A Sheet substrate al  Composition of
thermosetting resin  "Epikote" 828 Parts by ass 20 20 20 "Epikote" 834 Parts by mass 20 20 20
"Epikote" 1001 Parts by mass 25 25 25 "Epikote" 154 Parts by mass 35 35 35

The manufacturing conditions and evaluation results for Example 2-(1) are shown in
Table 13 and Table 14.
Example 2-(2):
Preparation of preform:
5 For use as metal materials, 0.5mm-thick magnesium alloy plates (AZ31) on whose
surfaces a sand blasting treatment had been provided was furnished. Numerous pores with
an average size of 50 um were observed on the surfaces of the magnesium alloy plates. A
preform was prepared in the same manner as Example 2-(1), except that the metal
materials were changed to magnesium alloy plates.
o [0194]
Production of metal composite:
Step 1:
As illustrated in Fig. 1 (b), the preform 10 was inserted between the upper mold 11
and the lower mold 12 and held under a pressure of 0.5 MPa. Both the upper mold 11 and
5 the lower mold 12 had a surface temperature of 210 °C. This state was maintained for
about I minute, and the resin composition was semi-cured. During this process, the surface
temperature of the metal materials was 210 °C and the temperature of the sheet substrate
was 150 °C. Based on the correlations between the heating temperature, heating duration
and glass transition temperature (Tg) measured in advance, the glass transition temperature
20 (Tg) of the resin composition contained in the metal composite was estimated to be 180 °C.
Since this glass transition temperature (Tg) was 77% of the saturated glass transition
temperature (Tg), the resin composition was found to have been in a semi-cured state at the
end of the step 1.
[0195]
25 Step 2:
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F-a-type benzoxazine resin Parts by mass Resol-type phenol resin/ PHENOLITE 5010 Parts by
mass Dicy7 (curing agent) Parts by mass 4 4 4 DY9577 Parts by mass "Omicure" 24 (curing
accelerator) Parts by mass 55 5 Rein orcemenfiber bundle - Carbon fiber Carbon fiber Carbon fiber
Degree of curing after 130C x10 minutes - Cured state Cured state Cured state Metal material a2
Metal - Aluminum alloy Magnesium alloy Aluminum alloy Thickness mm

Next, the preform 10 was compressed at 15 MPa by means of the upper mold 11 and
the lower mold 12 and a metal composite was produced.
[0196]

Step 3:

5 About | minute after compression began in the step 2, cooling water was passed
through the upper mold 11 and the lower mold 12 to cool them to 180 °C or less, with their
temperature setting changed to 150 °C. About 2 minutes after cooling began, the surface
temperature of the metal materials fell to 180 °C or less, and compression was applied for
about 1 rhinute thereafter.

10 [0197]

Demoiding:

The mold was opened, and the metal composite was taken out of it. There was no
misalignment between the two metal materials, and the metal composite had a thickness of
1.5 mm with a wavy shape. The metal composite was free of warping and deformation

15 throughout, with no surface defects, such as wrinkling, cracking and tearing, observed. The
metal materials were strongly bonded so that it was difficult to manually peel them apart.
Using a method to be described later, the bonding strength of the metal composite was
measured and found to be 18 MPa. After the completion of the bonding test, a specimen
was shaved off the resin composition, which was sandwiched between the metal materials

20 1, 3, and its glass transition temperature (Tg) was measured and found to be i37 °C,
confirming that the resin composition had been in the cured state at the end of the step 3.
[0198]

The manufacturing conditions and evaluation results for Example 2-(2) are shown in
Table 13 and Table 14,
25 Example 2-(3):
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0.5 0.5 0.5 Surface treatment - Sand blasting Sand blasting Alumite treatment Pore size pm 30 50
0.05 Resinlayer C  Thermoplastic resin c - - Melting point or glass transition temperature
hermoplastic resin b - Reinforcement fiber -  Melting point or glass transition temperature C -
Volume s ecific resistance 12.c -

20

25

For use as metal materials, 0.5 mm-thick aluminum alloy plates (A5052) on whose
surfaces an alumite treatment had been provided were furnished. Numerous pores with an
average size of 0.05 um were observed on the surfaces of the aluminum alloy plates. Using
the same method as Example 2-(1), except that the metal materials were changed to these
aluminum alloy plates, a metal composite was produced and evaluated. The manufacturing
conditions and evaluation results for Example 2-(3) are shown in Table 13 and Table 14,
Example 2-(4):

A resin film was prepared using the same resin composition as Example 2-(1). The
resin coating density of the resin film was 50g/m”. Using the same method as the Example
2-(1), except that the sheet substrate was changed to this resin film, a metal composite was
produced and evaluated. The manufacturing conditions and evaluation results for Example
2-(4) are shown in Table 15 and Table 16.

Example 2-(5):

Using the sheet substrate and metal material produced in Example 2-(1), a two-layer
preform with a metal material/sheet substrate configuration was prepared. In the step 1, the
surface temperature of the lower mold was set to 150 °C. Using the same method as
Example 2-(1), except that the above preform was used and the surface temperature of the
lower mold was changed, a metal composite was produced and evaluated. The
manufacturing conditions and evaluation resuits for Example 2-(5) are shown in Table 15
and Table 16.

Example 2-(6):

The same preform as the Example 2-(1) was used. About 30 seconds after heating in
the step 1 began, compression in the step 2 was started, and about 30 seconds later, cooling
water was passed through the upper mold and the lower mold as the step 3 to cool them to

180 °C or less, with their temperature setting changed to 170 °C. About 2 minutes after
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[0274] Table 14 Example 2-(1) Example 2-(2) Example 2-(3) Molding  Step1 Pressure Mpa 0.5
0.5 0.5 Duration min 1 1 1 Mold temperature: Upper mold C 220 210 220 Mold temperature: Lower
mold C 220 210 220 Preheating temperature: Step 1-1 C - Preheating temperature: Ste.2 C -
Surface temperature of metal material C 215 200 215 Degree of curing of thermosettingresin %

cooling began, the surface temperature of the metal material fell to 180 °C or less, and |
compression was applied for about 1 minute thereafter. After this, the mold was opened,
and the metal composite was taken out of it, followed by 10 minutes post curing performed
by placing the metal composite into a hot air furnace whose ambient temperature had been

s adjusted to 150 °C. The obtained metal composite was evaluated in the same manner as
Example 2-(1). The manufacturing conditions and evaluation results for Example 2-(6) are
shown in Table 15 and Table 16.

Comparative example 2-(1):

Preparation of preform:

10 Using the same method as Example 2-(1), except that the composition of the
thermosetting resin was changed to the mass ratio shown n Table 17, a metal composite
was produced. Using press molding equipment, the sheet substrate was mounted on a plate
with a surface temperature of 130 °C and simultaneously heated and compressed at 1 MPa
for 10 minutes. When the glass transition temperature of the obtained molding (Tg) was

15 measured using a method similar to the one described above, it was found to be 75 °C.
Since this glass transition temperature (Tg) was 52% of the saturated glass transition
temperature (Tg), the resin composition was found to be in a semi-cured state.

[0199]

Production of metal composite:

20 Step I:

As illustrated in Fig. 1 (b), the preform 10 was inserted between the upper mold 11
and the lower mold 12 and held under a pressure of 0.5 MPa. Both the upper mold 11 and
the lower mold 12 had a surface temperature of 220 °C. The temperature of the sheet
substrate was 150 °C. This state was maintained for about 1 minute to have the resin

25 composition undergo a reaction. Based on the correlations between the heating temperature,
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8277 82 Step 2
% _ Demolding - -

Pressure MPa 10 15 10 Duration mm 1 1 | Degree of curing of thermosetting resin
Step 3 Pressure Pa 15 20 15 Duration mmi | 1 Mold temperature: Upper

mold C 150 150 150 Mold temperature: Lower mold C 150 150 150 Surface temperature of metal

material C

20

25

heating duration and glass transition temperature (Tg) obtained in advance as described
above, the glass transition temperature (Tg) of the resin composition contained in the metal
composite was estimated to be 14 °C. Since this glass transition temperature {Tg) was 6%
of the saturated glass transition temperature (Tg), the resin composition was found to have
not been in a semi-cured state at the end of the step 1.

({0200}

Step 2:

Next, the preform was compressed at 10 MPa by means of the upper mold 11 and the
lower mold 12. During this process, a large amount of resin composition oozed out from
the splitting line of the mold.

[0201]

Demolding:

After providing compression for about 3 minutes without also providing cooling as
in the step 3, the mold was opened. However, the desired metal composite could not be
obtained as the metal materials were misaligned, while the metal composite was warped
throughout, with part of the sheet substrate protruding out of the metal materials. Moreover,
when ejecting the metal composite from the mold, the metal materials were found to have
stuck to the mold, making it difficult to demold it as a composite material. For this reason,
it was impossible to measure the bonding strength.

[0202]

The manufacturing conditions and evaluation results for Comparative example 2-(1)

are shown in Table 17 and Table 18.
Comparative example 2-(2):
As illustrated in Fig. 1 (b), the preform 10 was inserted between the upper mold 11

and the lower mold 12 and held under a pressure of 0.5 MPa. Both the upper mold 11 and
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160 165 160 Time taken to fall to 180C or less min 2 2 2 Degree of curing of thermosetting resin %
100 100 100 Demolding - Problem free Problem free Problem free Mold take-up time 'n 55 5 After
molding  Processing of metal composite A - - Post cure None None None Technique to integrate A
and B - - Complex shaping of part B - - - Evaluation = Bonding strength of metal composite MPa

the lower mold 12 had a surface temperature of 130 °C. Using the same method as
Example 2-(2) except for the above, a metal composite was produced and evaluated. The
manufacturing conditions and evaluation résults for Comparative example 2-(2) are shown
in Table 17 and Table 18.

s [0203]

In the obtained metal composite, there was a misalignment between the two metal
materials, and a small portion of the thermosetting resin had leaked out of the metal
materials. Wrinkles were observed on the squeezed-side surface of the metal composite
associated with its wavy shape, with surface cracks appearing in deeply squeezed areas. It

10 was also possible to manually peel the metal materials apart. The manufacturing conditions
and evaluation results for Comparative exampie 2-(2) are shown in Table 17 and Table 18.
Example 3-(1):

The same sheet substrate and metal materials as Example 1-(1) were furnished.
[0204]

15 Production of metal composite:

Step 1-1:

As illustrated in Fig. 4 (a-1), the sheet substrate 2 was placed on the lower mold 12,
and the heating of the sheet substrate 2 was started. The surface temperature of the lower
mold 12 was 150 °C. Immediately before proceeding to a step 1-2 to be described later, the

20 surface temperature of the sheet substrate 2 was 130 °C. Based on the correlations between
the heating temperature, heating duration and glass transition temperature (Tg) obtained in
advance as described above, the glass transition temperature (Tg) of the resin composition
contained in the metal composite was estimated to be 80 °C. Since this glass transition
temperature (Tg) was 57% of the saturated glass transition temperature (Tg), the resin

25 composition was found to have been in a semi-cured state at the end of the step 1-1.
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16 18 20 Weight of metal composite A - - - - Rigidity [0275] Table 15 Unit Example 2-(4) Example
2-(5) Example 2-(6) Laminate structure ( op/bo om) a2/al/a2 a2/al a2/al/a2 Metal composite A

Sheet substrate al  Composition of thermosetting resin  "Epikote" 828 Parts by mass 20 20 20
"Epikote" 834 Parts by mass 20 20 20 Epikote" 1001 Parts by

[0205]

Step 1-2:

In a parallel process to the step 1-1, the metal material 1 was placed inside an electric
furnace EF as illustrated in Fig. 4 (a-2) and the preheating of the metal material 1 was

s started. The ambient temperature inside the electric furnace EF was 250 °C. Immediately
before proceeding to a step 2 to be described later, the surface temperature of the metal
material I was 245 °C.

[0206]
Step 2:

10 About 1 minute after the heating of the sheet substrate 2 and preheating of the metal
material 1 began, the metal material 1, taken out of the electric furnace EF, was laminated
onto the sheet substrate 2 as illustrated in Fig. 4 (b) to produce a preform 10. Next, as
illustrated in Fig. 4 (c), the preform 10 was compressed at 10 MPa for about 2 minutes by
means of the upper mold 11 and lower mold 12 to mold it into a metal composite A, while

(5 curing the resin composition contained in the sheet substrate 2.

0207}

Demolding:

The mold was opened, and the metal composite A was taken out of it. The metal
material and sheet substrate that constitute the metal composite obtained were strongly

2 bonded to the extent that it was difficult to manually peel them apart. The metal composite
had a thickness of 1 mm, and no shrinkage or twisting was observed. The bonding strength
of the metal coﬁposite was measured using a method to be described later and found to be
14 MPa. After the completion of the bonding test, a specimen was shaved off the resin
composition, which had bonded to the metal material, and its glass transition temperature

25 (Tg) was measured and found to be 137 °C. Since this glass transition temperature (Tg)
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mass 25 25 25 "Epikote” 154 Parts by mass 35 35 35 F-a-type benzoxazine resin Parts by mass
Resol-type phenol resin/ PHENOL1TE 5010 Parts by mass Dicy7 (curing agent) Parts by mass 4 4 4
DY9577 Parts by mass "Omicurc" 24 (curing accelerator) Parts by mass 55 5 Reinforcement fiber
bundle - None Carbon fiber Carbon fiber Degree of curing after 130CX10 minutes Cured state Cured
state Cured state -Metal material a2

20

25

was 100% of the saturated glass transition temperature {1g), the resin composition was
confirmed to have been in the cured state at the end of the step 1-2.
[0208]

The manufacturing conditions and evaluation results for Example 3-(1) are shown in
Table 19 and Table 20.

Example 3-(2):

Metal material:

For use as the metal material, a 0.5 mm-thick magnesium alloy plate (AZ31) on
whose surface a sand blasting treatment had been provided was furnished. Numerous pores
with an average size of 50 um were observed on the surface of the magnesium alloy plate.
[0209]

Production of metal composite:

Step 1-1:

As illustrated in Fig. 4 (a-1), the sheet substrate 2 was placed on the lower mold 12,
and the heating of the sheet substrate 2 was started. The surface temperature of the lower
mold 12 was 1_50 °C. Immediately before proceeding to a step 2 to be described later, the
surface temperature of the sheet substrate 2 was 130 °C. Based on the correlations between
the heating temperature, heating duration and glass transition temperature (Tg) obtained in
advance as described above, the glass transition temperature (Tg) of the resin composition
contained in the metal composite was estimated to be 80 °C. Since this glass transition
temperature (Tg) was 57% of the saturated glass transition temperature (Tg), the resin
composition was found to have been in a semi-cured state at the end of the step 1-1.

[6210]
Step 1-2:
In a parallel process to the step 1-1, the metal material 1 was placed inside an electric
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Metal - Aluminum alloy Aluminum alloy Aluminum alloy Thickness mm 0.5 0.5 0.5 Surface treatment -
jim Sand blasting 30 Sand blasting 30 Sand blasting 30 Pore size  Resin layer C  Thermoplastic
resin c  Melting point or glass transition temperature  Part B Thermoplastic resin b
Reinforcement fiber -

furnace EF as illustrated in Fig. 4 (a-2) and the preheating of the metal material 1 was
started. The ambient temperature inside the electric furnace EF was set to 250 °C,
Immediately before proceeding to a step 2 to be described later, the surface temperature of
the metal material 1 was 240 °C.

5 [0211]

Step 2:

About 1 minute after the heating of the sheet substrate 2 and preheating of the metal
material 1 began, the metal material 1, taken out of the electric furnace EF, was laminated
onto the sheet substrate 2 as illustrated in Fig. 4 (b) to produce a preform 10. Next, as

10 illustrated in Fig. 4 (c¢), the preform 10 was compressed at 10 MPa for about 2 minutes by
means of the upper mold 11 and the lower mold 12 to mold it into a metal composite A,
while curing the resin composition contained in the sheet substrate 2.

[0212]

Demolding:

15 The mold was opened, and the metal composite A was taken out of it. There was no
misalignment between the two metal materials. The metal composite had a thickness of 1
mm with a wavy shape. The metal composite exhibited no surface defects, such as
wrinkling, cracking and tearing. The metal material and sheet substrate that constitute the
metal composite obtained were strongly bonded to the extent that it was difficult to

20  manually peel them apart. The bonding strength of the metal composite was measured
using a method to be described later and found to be 16 MPa. After the completion of the
bonding test, a specimen was shaved off the resin composition, which had bonded to the
metal material, and its glass transition temperature (Tg) was measured and found to be
137 °C. Since this glass transition temperature (Tg) was 100% of the saturated glass

25 transition temperature (Tg), the resin composition was confirmed to have been in the cured
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Melting point or glass transition temperature  Volume specific resistance Ottm  [0276] Table 16
Example 2-(4) Example 245) Example 2-(6) Molding  Step  Pressure Mpa mm0.51051051
Duration  Mold temperature: Upper mold C 220 220 220 Mold temperature: Lower mold C 220 150
220 Preheating temperature: Step 1-1 C

state at the end of the step 2.
[0213]

The manufacturing conditions and evaluation results for Example 3-(2) are shown in

Table 19 and Table 20.
5 Example 3-(3):

For use as the metal material, a 0.5 mm-thick aluminum alloy plate (A5052) on
whose surface an alumite treatment had been provided was adopted. Numerous pores with
an average size of 0.05 pm were observed on the surface of the metal plate. Using the same
method as Example 3-(1), except that the metal material was changed to this aluminum

10 alloy plate, a metal composite was produce and evaluated. The manufacturing conditions
and evaluation results for Example 3-(3) are shown in Table 19 and Table 20.
Example 3-(4):
Employing the thermosetting resin composttion prepared in Example 3-(1), a resin
film was prepared. The resin film had a resin coating density of 50g/m*. Using the same
15 method as Example 3-(1), except that this resin film was adopted as the sheet substrate, a
metal composite was produced and evai.uated. The manufacturing conditions and
evaluation results for Example 3-(4) are shown in Table 21 and Table 22.
Example 3-(5):
Using the same method as Example 3-(1), except that about 0.5 minutes after the
20 heating of the sheet substrate in the step 1-1 and preheating of the metal material 1 in the
step 1-2 were started, a preform was prepared, and that the duration of compression in the
step 2 was set to about I minute, a metal composite was produced. The mold was opened,
and the metal composite was taken out of it, followed by 10 minutes of post curing
performed by placing the metal composite into a hot air furnace whose ambient

25 temperature had been adjusted to 150 °C. The obtained metal composite was evaluated in
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- - Preheating temperature: Step 1-2 C - Surface temperature of metal material C 215 215 215
Degree of curing of thermosetting resin % 82 8553 Step 2 Pressure MPa | 05 10 Duration mm 11
0.5 Degree of curing of thermosetting resin % - Demolding -- Step3 Pressure MPa 15 10 15
Duration min 1

the same manner as Example 3-(1). The manufacturing conditions and evaluation results
for Example 3-(5) are shown in Table 21 and Table 22.
Example 3-(6):
A sheet substrate and two metal materials, the same types as Example 3-(1), were
5 furnished.
[0214]
Step 1-1:
The sheet substrate was placed in a hot air furnace whose ambient temperature had
been heated to 150 °C and began to be heated. Immediately before proceeding to a step 1-2
10 to be described later, the surface temperature of the sheet substrate was 130 °C. Based on
the correlations between the heating temperature, heating duration and glass transition
temperature {Tg) obtained in advance as described above, the glass transition temperature
(Tg) of the resin composition contained in the metal composite was estimated to be 80 °C.
Since this glass transition temperature (Tg) was 57% of the saturated glass transition
15 temperature (Tg), the resin composition was found to have been in a semi-cured state at the
end of the step 1-1.
[0215]
Step 1-2:
In a parallel process to the step 1-1, two metal materials were placed inside an
20 electric furnace whose ambient temperature had been heated to 250 °C. and preheating was
started. Immediately before proceeding to a step 2 to be described later, the surface
temperature of the metal materials was 245 °C.
[0216]
Step 2:
25 About I minute after the step 1-1 began, the metal materials, taken out of the electric
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1 1 Mold temperature: Upper mold C 150 150 170 Mold temperature: Lower mold C L50 150 170
Surface temperature of metal material C 160 165 175 Time taken to fall to 180C orlessmin22 1
Degree of curing of thermosetting resin % 100 100 95 Demolding - Problem free Problem free Problem
free Mold take-up time min 55 3 After molt:AL-1g _ _ Processing of meta composite A Post cure
None None 150C>( 100 min Technique to integrate A and B -

furnace, and the sheet substrate, taken out of the hot air furnace, were placed in a mold
with a surface temperature of 150 °C in a metal material/sheet substrate/metal material
configuration to produce a preform. The mold was then closed, and the preform was
compressed at a pressure of 10 MPa for about 2 minutes to mold it, while curing the resin
s composition contained in the sheet substrate.
[0217]
Demolding:
About 2 minutes after compression began in the step 2, the mold was opened, and
metal composite was taken out of it. There was no misalignment between the two metal
10 materials. The metal composite had a thickness of 1.5 mm with a wavy shape. The metal
composite exhibited no surface defects, such as wrinkling, cracking and tearing. In the
obtained metal composite, the metal materials were strongly bonded to the extent that it
was difficult to manually peel them apart. The bonding strength of the metal composite
was measured using a method to be described later and found to be 16 MPa. After the
i5  completion of the bonding test, a specimen was shaved off the resin composition, which
was sandwiched between the metal material, and its glass transition temperature (Tg) was
measured and found to be 137 °C. Since this glass transition temperature (Tg) was 100%
of the saturated glass transition temperature (1g), the resin composition was confirmed to
have been in the cured state at the end of the step 2.
20 [0218]
The manufacturing conditions and evaluation results for Example 3-(6) are shown in
Table 21 and Table 22.
Exampie 3-(7):
Preparation of thermosetting resin:

25 The thermosetting resin was prepared as a resin composition under the same
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Complex shaping of part B - - Evaluation  Bonding strength of metal composite MPa 15 13 17
Weight of metal composite A - - Rigidity - [0277] Table 17 Unit Comparative example 2-(1)
IComparative example 2-(2) Laminate structure (top/bottom) a2/al/a2 a2/al Metal composite A
Sheet substrate al Composition of thermosetting resin  "Epikote” 828 Parts by mass 20

conditions as Example 3-(1), except that the composition mass ratio was changed to the
one shown in Table 23.
[0219]
The prepared resin composition was subjected to a glass transition temperature {Tg)
s measurement using the same measurement method as Example 3-(1). The glass transition
temperature (Tg) of the resin composition was 6 °C, while the saturated glass transition
temperature (Tg), which had been reached through curing, was 136 °C. It can be said that,
when the glass transition temperature (Tg) ts in the 13 to 117 °C range, the resin
composition is in a semi-cured state.
w  [0220]

The relationship between the heating temperature, heating duration and glass
transition temperature (Tg) of the prepared resin composition was examined in the same
mannet as Example 3-(1). With the heating temperature fixed at 130 °C and 150 °C, the
glass transition temperature (Tg) was measured as the heating duration was changed, and

15 the glass transition temperature (Tg) became 14 °C at a heating temperature of 130 °C and
a heating duration of 10 minutes, indicating that the resin composition had reached a
semi-cured state.

[0221]

Preparation of sheet substrate:

20 A sheet substrate was prepared using the same method as Example 3-(1) except that
the resin composition was changed to the one described above.

[0222]

Using press molding equipment, the sheet substrate was mounted on a plate with a

surface temperature of 130 °C and simultaneously heated and compressed at I MPa for 10

25 minutes. The glass transition temperature (Tg) of the molding obtained was measured

70



20 "Epikote" 834 Parts by mass 20 20 "Epikote" 1001 Parts by mass 25 25 "Epikote" 154 Parts by
mass 35 35 F-a-type benzoxazine resin Parts by mass Resol-type phenol resin/ PHENOLITE 5010
Parts by mass Dicy7 (curing agent) Parts by mass 4 4 DY9577 Parts by mass "Omicure" 24 (curing
accelerator Parts by ass Reinforcement fiber bundle Carbon fiber Carbon fiber Degree of curing
after 130C )<10 minutes Semi-cured state Cured state Metal material a2 Metal

using the same method as the above and found to be 75 °C. Since this glass transition
temperature (Tg) was 52% of the saturated glass transition temperature (Tg), the resin was
confirmed to be in a semi-cured state. The same setup as Example 3-(6) was used, except
that the above sheet substrate was used.

s [0223]

Step 1-1:

The sheet substrate 2 was placed inside a hot air furnace HF with an ambient
temperature of 150 °C as shown in Fig. 11 (a-1), and the heating of the sheet substrate 2
was started. Immediately before proceeding to a step 2 to be described later, the surface

10 temperature of the sheet substrate 2 was 150 °C. Based on the correlations between the
heating temperature, heating duration and glass transition temperature (Tg) obtained in
advance as described above, the glass transition temperature (Tg) of the resin composition
contained in the metal composite was estimated to be 120 °C. Since this glass transition
temperature {Tg) was 86% of the saturated glass transition temperature (Tg), the resin

5 composition was found to have been in a semi-cured state at the end of the step 1-1.

[0224]

Step 1-2:

In a parallel process to the step 1-1, the two metal materials 1 were placed inside an
electric furnace EF with an ambient temperature of 250 "C‘as illustrated in Fig. 11 (a-2),

20 and preheating was started. Immediately before proceeding to a step 1-2 to be described
later, the surface temperature of the metal materials 1 was 250 °C.

[0225]
Step 2:
About 20 minutes after the step 1-1 began, the two metal materials 1, taken out of the

25 electric furnace EF, and the sheet substrate 2, taken out of the hot air furnace HF, were
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Aluminum alloy Magnesium alloy Thickness n111 0.5 0.5 Surface treatment Sand blastin: Sand blasti
- Pore size 3050 Resin laier C Thermo e lastic resin ¢ Melting point or glass transition tern .
erature C Part B Thermoplastic resin b  Reinforcement fiber - Melting point or glass transition
temperature C Volume specific resistance Ocm [0278] Table 18 Comparativel example 2-0)

placed in a mold with a surface temperature of 150 °C in a metal material/sheet
substrate/metal material configuration as illustrated Fig. 11 (b) to produce a preform 10.
The mold was then closed as iltustrated in Fig. 11 (c), and the preform was compressed at a
pressure of 10 MPa for about 2 minutes to mold it, while curing the resin composition
s contained in the sheet substrate.
[0226]
Demolding:
About 2 minutes after 60mpression began in the step 2, the mold was opened, and
metal composite A was taken out of it. There was no misalignment between the two metal
1o materials. The metal composite had a thickness of 1.5 mm with an arched shape. The metal
composite exhibited no surface defects, such as wrinkling, cracking and tearing. In the
obtained metal composite, the metal materials were strongly bonded to the extent that it
was difficult to manually peel them apart. The bonding strength of the metal composite
was measured using a method to be described later and found to be 16 MPa. After the
15 completion of the bonding test, a specimen was shaved off the resin composition, which
was sandwiched between the metal material, and its glass transition temperature (Tg) was
measured and found to be 137 °C. Since this glass transition temperature (Tg) was 100%
of the saturated glass transition temperature (Tg), the resin composition was confirmed to
have been in the cured state at the end of the step 1-2.
20 [0227]
The manufacturing conditions and evaluation results for Example 3-(7) are shown in
Table 23 and Table 24.
Comparative example 3-(1):
Preparation of prefo‘rm:
25 The same sheet substrate as Example 3-«(7) was furnished.
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Comparative example 2(2) Molding Step 1 Pressure Mpa 0.5 0.5 Duration min | Mold
temperature: Upper mold C 220 130 Mold temperature: Lower mold C 220 130 Preheating
temperature: Step 1-1 C Preheating temperature: Step 1-2 C Surface temperature of metal material
C 215 125 Degree of curing of thermosetting resin % 6 12 Step 2 Pressure MPa 10 15 Duration min
3 3 Degree of curing of thermosetting resin

[0228]
Production of metal composite:
Step 1-1:
As illustrated in Fig. 4 (a-1), the sheet substrate 2 was placed on the lower mold 12,

5 and the heating of the sheet substrate 2 was started. The surface temperature of the lower
mold 12 was 150 °C. Immediately before proceeding to a step 1-2 to be described later, the
surface temperature of the sheet substrate 2 was 130 °C. Based on the correlations between
the heating temperature, heating duration and glass transition temperature (Tg) obtained in
advance as described above, the glass transition temperature {Tg) of the resin composition

10 contained in the metal composite was estimated to be 14 °C. Since this glass transition
temperature (Tg) was 6% of the saturated glass transition temperature (Tg), the resin
composition was found to have not reached a semi-cured state at the end of the step 1-1.
[0229]

Step 1-2:

15 In a parallel process to the step 1-1, the metal material 1 was placed inside an electric
furnace EF as illustrated in Fig. 4 (a-2) and the preheating of the metal material 1 was
started. The ambient temperature inside the electric furnace EF was 250 °C.

[0230]
Step 2.

20 About 1 minute after the heating of the sheet substrate and preheating of the metal
material began, the metal material 1, taken out of the electric furnace EF, was laminated
onto the sheet substrate 2 as illustrated in Fig. 4 (b) to produce a preform 10. Next, as
illustrated in Fig. 4 (c¢), the preform 10 was compressed at 10 MPa for about 2 minutes by
means of the upper mold 11 and the lower mold 12 to mold it into a metal composite A.

25 During this process, a large amount of resin composition ocozed out from the splitting line
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0/0 56 22 Demolding Problematic Problematic Step 3 Pressure MPa Duration min - Mold
temperature: Upper mold C - Mold temperature: Lower mold C - - Surface temperature of metal
material Time taken to fall to 180C or less min Degree of curing of thermosetting resin 0/0 _
Demolding - Mold take-up time min 4 4 After molding Processing of metal composite A

of the mold.
[0231]

After about 2 minutes of compression, the mold was opened. However, the desired

metal composite could not be obtained as part of the sheet substrate protruded out.
5 Moreover, when ejecﬁng the metal composite from the mold, the metal materials were

found to have stuck to the mold, making it difficult to demold it as a composite material.

For this reason, it was impossible to measure the bonding strength as described later.

[0232]

The manufacturing conditions and evaluation results for Comparative example 3-(1)

10 are shown in Table 23 and Table 24.

Comparative example 3-(2):

A metal composite was produced and evaluated under the same conditions as
Example 3-(2), except that the ambient temperature inside the electric furnace in the step
1-2 was changed to 130 °C.

5 [0233]

In the obtained metal composite, wrinkles were observed on the squeezed-side
surface of the metal composite associated with its wavy shape, and squeezing did not go as
deep as the troughs of the mold. As a result, the desired shape could not be obtained.

[0234]
20 The manufacturing conditions and evaluation results for Comparative example 3-(2)
are shown in Table 23 and Table 24.
Example 4-(1}:
Prodﬁction of electronic equipment chassis:
The metal composite A obtained in Example 1-(3} was placed inside an injection

25 mold as illustrated in Fig. 8 (a). The injection mold consisted of a fixed-side mold 42 and
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Post cure None None Technique to integrate A and B - Complex shaping of part B - - Evaluation
Bonding strength of metal composite MPa Measurement not possible Measurement not possible
Weight of metal composite A - - Rigidity - [0279] Table 19 Unit Exam. le 31 Exam le 3-(2) Examele
3-(3) Laminate structure (top/bottom) a2/al a2/al a2/al Metal coin iosite A Sheet substrate al
Composition of

movable-side mold 41, and an injection molding machine 43 was connected to the
fixed-side mold 42. As the resin constituting part B, polyamide resin pellets (CM1001
manufactured by Toray Industries, Inc.) were furnished, and an electronic equipment
chassis EH with a shape as shown in Fig. 8(d) was prepared using those pellets. Injection
s molding was carried out using an J350EIL injection molding machine 43 manufactured by
The Japan Steel Works, Ltd., and the cylinder that injects the resin b constituting part B
had a temperature of 260 °C.
[0235]}
The manufacturing conditions and evaluation results for Example 4-(1) are shown in
10 Table 25 and Table 26.
Example 4-(2):
Production of electronic equipment chassis:
The metal composite obtained in Example 1-(3) was insert injection-molded in the
same manner as Example 4-(1) to produce an electronic equipment chassis. The
15 manufacturing conditions and evaluation results for Example 4-(2) are shown in Table 25
and Table 26.
Example 4-(3):
Preparation of resin sheet:
Using a melt-kneaded mixture of two types of nylon resin pellets (CM4000 and
20 CM1001 manufactured by Toray Industries, Inc.), a resin film was prepared. The resin film
was 50 pm thick. Melt-kneading was carried out using the TEX-30a manufactured by The
Japan Steel Works, Ltd., with the cylinder temperature set to 260 °C,
[0236]
Preparation of preform:

25 Using the above resin film in addition to the same sheet substrate and metal material
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theosettinresin  Epikote" 828 Parts by mass 20 20 20 Epikote834 Parts by mass 20 20 20
Epikote001 Parts by mass 25 25 25 Epikote" 154 Parts by mass 35 35 35 F-a-type benzo azine resin
Parts by mass Resol-type phenol resin/ PHENOLITE 5010 Parts by mass Dicy7 (curing agent)
Parts by mass 4 4 4 DY9577 Parts by mass

as Example 4-(1); a preform with a metal material/sheet substrate/resin film laminate
structure was prepared.
[0237]

Production of metal composite:

5 In the same manner as Example 4-(1), except that the surface temperature of the
lower mold was 150 °C, the preform was placed inside a mold and heated and compressed
simultaneously to produce a metal composite A.

[0238]
Production of electronic equipment chassis:

10 In the same manner as Example 4-(1), except that carbon fiber-reinforced plastic
pellets (TLP1040 manufactured by Toray Industries, Inc.) were used as part B, insert
injection molding was carried out to produce an electronic equipment chassis. The
manufacturing conditions and evaluation results for Example 4-(3) are shown in Table 25
and Table 26.

15 Example 4-(4):

Preparation of preform:

Using the preform prepared in Example 4-(1) and the same resin film as Example
4-(3), a new preform with a metal material/sheet substrate/metal material/resin film
laminate structure was prepared.

20 [0239]

Production of metal composite:

In the same manner as Example 4-(1), except that the above preform was used, the
preform was placed inside a mold and heated and compressed simultaneously to produce a
metal composite.

25 [0240]
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"Omicure" 24 (curing accelerator Parts by mass 55 5 Reinforcement fiber bundle - Carbon fiber
Carbon fiber Carbon fiber Degree of curing after 130CX10 minutes - Cured state Cured state Cured
state Metal material a2 Metal Aluminum alloy Magnesium allo Aluminum alloy Thickness mm 0.5
0.5 0.5 Surface treatment Sand blasting Sand blasting Alumite treatment Pore size 30 50 0.05 Resin
la er C  Thermoplastic resin ¢ - HHHIIIIIIIII

Production of electronic equipment chassis:

In the same manner as Example 4-(1), except that glass fiber-reinforced plastic
pellets (CM10601G-20 manufactured by Toray Industries, Inc.) were used as part B, insert
injection molding was carried out to produce an electronic equipment chassis. The

s manufacturing conditions and evaluation results for Example 4-(4) are shown in Table 27
and Table 28.
Example 4-(5):
Production of metal composite:
A metal composite produced under the same conditions as Example 4-(1) was
o furnished. The edge of the prepared metal composite A was provided with a match jointing
treatment with a repeated square notch pattern as illustrated in Fig. 12.
[0241]
Production of elecironic equipment chassis:
In the same manner as Example 4-(1), except that a metal composite that had been
15 provided with a match jointing treatment with a .repeatea square notch pattern along its
edge was used, insert injection molding was carried out to produce an electronic equipment
chassis. The manufacturing conditions and evaluation results for Example 4-(5) are shown
in Table 27 and Table 28.
Example 4-(6):
20 Production of electronic equipment chassis:

A metal composite and nylon resin prepared in the same manner as Example 4-(1)
were placed inside a press mold and press-molded to prepare an electronic equipment. The
surface temperature of the mold was 260 °C both on the upper and lower sides. The
manufacturing conditions and evaluation results for Example 4-(6) are shown in Table 27

25 and Table 28.
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Melting point or glass transition tem | erature C - Part B Thermoplastic resin b - Reinforcement
fiber - Melting point or glass transition temperature Volume ssecific resistance C2-cm  [0280]

Table 20 Example 3-(1) Example 3-(2) Example 3-(3) Molding  Step 1 Pressure Mpa 0.5 0.5 0.5
Duration

Example 4-(7):
Preparation of thermosetting resin composition:
A resin composition was prepared in the same manner as Example 4-(1), except that
the Omicure 24 (2,4-toluene bis(dimethylurea), manufactured by PTI Japan Co., Ltd.), a
5 curing accelerator, was not mixed in.
[0242]
Preparation of sheet substrate:
A sheet substrate was prepared in the same manner as Example 4-(1), except that a
thermosetting resin composition not containing a curing accelerator was used.
w0 [0243]
Using press molding equipment, the sheet substrate was placed on a plate with a
surface temperature of 130 °C and simultaneously heated and compressed at 1 MPa for 10
minutes. The glass transition temperature (Tg) of the molding was measured and found to
be 75 °C. Since this glass transition temperature (Tg) was 52% of the saturated glass
(5 transition temperature (Tg), the resin was confirmed to be in a semi-cured state.
[0244]
Preparation of preform:
A preform was prepared by carrying out Iaminati.on in the same manner as Example
4-(1), except that the above sheet substrate was used.
20 [0245]
Production of metal composite:
After being placed in a 150 °C hot air furnace and preheated for 10 minutes, the
prepared preform was placed in a mold set under the same conditions as Example 4-(1).
About 1 minute later, it was compressed at 10 MPa by means of an upper mold and lower

25 mold.
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min 1 1 1 Mold temperature: Upper mold C 150 150 150 Mold temperature: Lower mold 'V 150 150 150
Preheating temperature: Ste. C 150 150 150 Preheating temperature: Ste. 1-2 C 250 250 250 Surface
temperature of metal material C 245 240 245 Degree of curing of thermosetting resin % 57 57 57 Step
2 MPa --, 10 20 10 Pressure Duration min 2 2 2 Degree of curing of thermosetting resin % 100 100
100

[0246]

After about 5 minutes of compression, the mold was opened, and the metal
composite was taken out of it.
[0247]

5 Production of electronic equipment chassis:

In the same manner as Example 4-(1), insert injection molding was carried out to
produce an electronic equipment chassis. The manufacturing conditions and evaluation
results for Example 4-(7) are shown in Table 29 and Table 30.

Example 4-(8):

10 A metal composite produced in the same manner as Example 4-(1) was furnished. As
llustrated in Fig. 13 (a), the insert placed inside an injection mold 61 was swapped, and a
metal composite was placed inside an injection mold 61 whose molten resin flow channel
had been closed off, with the flow channel 62 inside the mold filled with carbon
fiber-reinforced plastic pellets used in Example 4-(3) to form rough three sides.. After this,

15 in addition to putting the interior of the injection mold into a state in which the flow
channel 62 along rough three sides had been filled with resin pellets as illustrated in Fig.
13 (b), the metal composite whose rough three sides had been lined with injection molding
material was placed inside a rectangular insert mold 63, along with a 1.5 mm-thick
stainless steel plate, with flow channel 64 filled with the glass fiber-reinforced plastic

20 pellets used in Example 4-(4) to form the remaining side by insert injection molding. In
this manner, an electronic equipment chassis 33 as illustrated in Fig. 9 was produced. The
manufacturing conditions and evaluation results for Example 4-(8) are shown in Table 29
and Table 30.

Example 4-(9):
25 The metal composite A obtained in Example 1-(12) was insert injection-molded in,
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Demolding Problem free Problem free Problem free Step 3  Pressure MPa - Duration min - - Mold
temperature: Upper mold C - - Mold temperature: Lower mold C - Surface temperature of metal
material C - Time taken to fall to 180C or less min Degree of curing of thermosetting resin iy0 - -
Demolding - - - Mold take-cm time min 3

the same manner as Example 4-(1) to produce an electronic equipment chassis. The
manufacturing conditions and evaluation results for Example 4-(9) are shown in Table 31
and Table 32.

Example 4-(10):

5 The metal composite A obtained in Example 1-(13) was insert injection-molded in
the same manner as Example 4-(1) to produce an electronic equipment chassis. The
manufacturing conditions and evaluation results for Example 4-(10) are shown in Table 31
and Table 32.

Comparative example 4-(1):

10 Production of metal compostite:

- A preform prepared in the same manner as Example 4-(1), except that the surface
temperature of the mold was 130 °C, was placed inside a mold and molded.
[0248]

[n the obtained metal composite, there was a misalignment between the metal

15 materials, while a small amount of thermosetting resin had leaked out of the metal
materials. Wrinkles were observed on the squeezed-side surface of the metal composite
associated with its wavy shape, with surface cracks appearing in deeply squeezed areas. It
was difficult to manually peel the metal materials apart. The manufacturing conditions and
evaluation results for Comparative example 4-(1) are shown in Table 33 and Table 34.

20 Comparative example 4-(2):

A preform prepared in the same manner as Example 4-(1), except that molding
pressure was constantly 0.5 MPa, was placed inside a mold and molded. During this
process, the mold did not become completely closed.

[0249] |

25 About 3 minutes atier the preform was placed, the mold was opened, but the desired
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After molding

Processing of metal composite A _ Post cure None None None Technique to

integrate A and B - - Complex shaping of part B - Evaluation Bonding strength of metal
composite MPa 14 16 18 Weight of metal composite A - - Rigidity - - [0281] Table 21 Unit
Example 344) Example 345) Example 3-(6) Laminate structure (top/bottom) a2/al

20

25

metal composite could not be obtained, so that it was impossible to produce an electronic
equipment chassis. The manufacturing conditions and evaluation results for Comparative
example 4-(2) are shown in Table 33 and Table 34.

Comparative example 4-(3):

Preparation of preform:

Two 1.5 mm-thick aluminum alloy plate (A5052) on whose surfaces an alumite
treatment had been provided were furnished for use as a preform. Numerous pores with an
average size of 0.05 pm were observed on the surfaces of the aluminum alloy plates.
[0250}

Production of metal composite:

In the same manner as Example 4-(1), except that the metal materials were used as
the preform and that the molding pressure was set to 0.5 MPa, the preform was
simultaneously heated and compressed.

[0251]

About 3 minutes after the preform was placed, the mold was opened, but the,
preform was found not to have taken the desired shape. When placed in an injection mold,
the obtained metal composite did not allow it to close, so that it was impossible to produce
an electronic equipment chassis.

[0252]

The measurement method for the average size of pores on a metal material surface,
measurement method for the bonding strength of a metal composite, and measurement
methods for the weight and rigidity of an electronic equipment chassis used in Examples
and Comparative examples are shown below:

[0253]
Preparation procedures for observation specimens:
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a2/al a2/a | /la2 Metal composite A Sheet substrate al  Composition of thermosetting resin
"Epikote" 828 Parts by mass 20 20 20 "Epikote" 834 Parts by mass 20 20 20 "Epikote" 1001 Parts by
mass 25 25 25 "Epikote” 154 Parts by mass 35 35 35 Fa-type benzoxazine resin Parts by mass
Resol-type phenol resin/ PHENOLITE 5010 Parts by mass Dicy7 (curing agent)

Materials used and moldings obtained were cut to desired sizes using a cutter,
diamond cutter, and the like for use as observation specimens. Where necessary, cross
sections were subjected to a chemical polishing treatment to facilitate observation.

[0254]

5 Evaluation method 1 - Measurement of average size of pores on metal material
surface:

Surfaces of metals used as metal materiais were photographed at a magnification of
100> using the color 3D profile measuring microscopes model VK-9500 (controller unit) /
VK-9510 (measurement unit) (manufactured by Keyence Corporation). [rom a

16 photographed image, the average pore size was obtained by measuring diameters of a set
of pores randomly selected from those that had formed on the metal surface, D{n) (n=1 to
100), using the analysis software VK-H1AS9.

[0255]

Evaluation method 2 - Measurement of bonding strength of metal cbm_posite:

15 A 40 mm-square test piece 70 was cut from a smooth section of a produced metal
composite A, and sand blasting was provided to roughen both surfaces, followed by a
wiping off of oil content with acetone. A 40 mm-square aluminum alloy block 71 featuring
a 10 mm-diam. through-hole was bonded onto one face of the test piece 70 using a
structural epoxy resin (adhesive) 72 (TE-2220 manufactured by Toray Fine Chemicals Co.,

20 Ltd.). Another aluminum alloy block 71 was bonded onto the other face of the test piece 70
in the same manner to produce a bonding strength measurement specimen as iliustrated in
Fig. 14,

[0256]
Using a tensile tester, an “Instron”™ (registered trademark) model 5565 universal

25 testing machine (supplied by Instron Japan Co., Ltd.), a total of five evaluation specimens
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Parts by mass 4 4 4 DY9577 Parts by mass "Omicure" 24 (curing accelerator) Parts by mass 55 5
Reinforcement fiber bundle - None Carbon fiber Carbon fiber Degree of curing after 130CX10 minutes
- Cured state Cured state Cured state Metal material a2  Metal Aluminum alloy Magnesium alloy
Aluminum alloy Thickness mm 0.5 0.5 0.5 Surface treatment - Sand blasting Sand blasting Alumite
treatment Pore size pm - 30 30

were tested at a tension speed of 1.6 mm/ min by connecting the aluminum alloy block 71
to the top and bottom support jigs of the tester with pins, passed through the through-holes
provided in the blocks. From the readings, the bonding strength S of the metal composite
was calculated using formula (1) below. If the calculated bonding strength is 10 MPa or
5 more, manual peeling is very difficult.

[0257]

S=P/A (1)

S: Bonding strength [MPa]

P: Maximum load [N]

10 A: Cross-sectional area of specimen [mmz]

Evaluation method 3 - Measurement of weight of electric/electronic equipment
chassis:

The weight of an electric/electronic equipment chassis obtained in an Example or
Comparative example was measured using an electronic balance. Reference weight M was

15 also calculated by assuming that the cavity of the mold used in Example or Comparative
example was filled by a molding containing continuous reinforcement fibers and a
thermosetting resin. From these values, the lightweighting rate was calculated using
formula (2).

[0258]

20 Evaluation results were graded as follows: 20% or more excellent, 10% or more and
less than 20% good, 5% or more and less than 10% poor, and less than 5% unsatisfactory.
[0259]

L(M-m)/M] x 100 [%] (2)
Evaluation method 4 - Measurement of rigidity of electric/electronic equipment

25 chassis:
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30 - Resin layer C Thermoplastic resin ¢ Melting point or glass transition temperature C - Part
B fhermo&stic resin b - Reinforcement fiber - - - Melting point or glass transition temperature C. -
Volume specific resistance Qcm - [0282] Table 22 Example 344) Example 345) Example 3-(6)
Molding

As illustrated in Fig. 15, an indenter 81, made of an R20 circular cylinder processed
to be R100 at one end, was attached to the top of an “Instron” (registered trademark) model
5565 universal testing machine (supplied by Instron Japan Co., Ltd.) and moved to a
position where its center coincided with the center of the top panel of the electric/electronic

s equipment chassis 33, placed on the top face of a support jig 82. The indenter 81 was then
lowered at a descending speed of 1.6 mm/min to apply a load to the electric/electronic
equipment chassis 33 by pressing down on it, and, as the load increased, its travel distance
was measured. When the load measured reached 50 [N], the indenter 81 was stopped, and
the distance it traveled from 0 [N] to 20 [N] was defined as deflection [mm] for use in

10 rigidity evaluation.

[0260]

Evaluation results were graded as follows: less than 0.3 {[mm] excellent, 0.3 [mm] or

more and less than 0.5 [mm} good, 0.5 [mm] or more and less than 0.7 [mm] poor, and 0.7

[mm] or more unsatisfactory.
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Step1l Pressure Mpa 0.5 0.5 0.5 Duration mm 1 0.5 1 Mold temperature: Upper mold C 150 150
150 Mold temperature: Lower mold C 150 150 150 Preheating temperature: Step 1-1 C 150 150 150
Preheating temperature: Step 1-2 C 250 250 250 Surface temperature of metal material 245 245
Degree of curing of thermosetting resin 53 57 - Step 2  Pressure MPa 10 10

[0261]
Table 1
Unit Example 1-(1) | Example 1-(2) | Example 1-{3)
Laminate structure (top/bottom) a2/al/aZ a2/al/al a2/al/a2
Metal composiie A
* Sheet substrate al
» Composition of
thermosetting resin
“Epikote™ 828 Parts by
P s 20 20 20
“Epikote™ 834 Parts by 20 20 20
mass
“Epikote” 1001 Parts by 25 15 25
mass
“Epikote”™ 154 Parts by
mass 35 35 35
F-a-type benzoxazine Parts by
resin mass
Resol-type phenol resin/ Parts by
PHENOLITE 5010 mass
Dicy7 (curing agent) Parts by 4 4 4
mass
DYa9s77 Parts by
mass
“Omicure” 24 (curing Parts by 5 5 5
accelerator) mass
= Reinforcement fiber bundle - Carbon fiber Carbon fiber Carbon fiber
;%i‘(g ei()fl%u;?fuigser - Cured state Cured state Cured state
* Metal material a2
Metal - Aluminum alloy Mag;z}z;;um Aluminum alloy
Thickness mim 0.5 0.5 0.5
Surface treatment - Sand blasting Sand blasting Alumite
treatment
Pore size um 30 30 0.05
= Resin layer C
Thermoplastic resin ¢ - - - —
Melting point or glass o
transition temperature
Part B
Thermoplastic resin b - - - -
Remforcement fiber - - — -
Melting point or glass oC
transition temperature
Volume specific resistance {d=cm - - —
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10 Duration mm 2 1 2 Degree of curing of thermosetting resin 95 100 Demolding - Problem free
Problem free Problem free Step 3 Pressure MPa - - Duration  Mold temperature: Upper mold C -
Mold temperature: Lower mold _ Surface temperature of metal material C  Time taken to fall to
180C or less min - Degree of curing of thermosetting resin % _

[0262]
Table 2
Example 1-(1) | Example 1-(2) | Example 1-(3)
Molding
= Step |
Pressure Mpa 0.5 0.5 0.5
Duration min 1 1 i
Mold temperature: Upper o 270 210 220
mold
Mold temperature: Lower o0 290 210 220
mold
Preheating temperature: oC ﬁ B 3
Step 1-1
Preheating temperature: oC B B B
Step 1-2
Surface temperature of o0 515 200 215
metal material
Degree of curing of
the%mosetting regsin % 82 77 82
« Step 2
Pressure MPa 10 15 10
Duration min 2 2 2
Degree of S:uri.ng _of o 100 100 100
thermosetting resin
Demolding — Problem fiee Problem free Problem free
= Step 3 .
Pressure MPa — - —
Duration min — — T =
Mold temperature: Upper oC B 3 B
mold
Mold temperature: Lower o - _ B
mold
Surface temperature of oc 3 N
metal material
Time taken to fall to 180°C .
or less i B - -
Degree of curing of % _ R N

thermosetting resin i
Demolding - - - -
= Mold take-up time min 3 3 3
After molding
Processing of metal
composite A
Post cure None None None
Technigque to integrate A and
B
Complex shaping of part B - — - -
Evaluation
Bonding strength of metal
composite
Weight of metal composite A - - - -
Rigidity — - - -
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Processing of metal composite A -
- - Complex shaping of part B -

Dem& ding - Mold take-up time mm 3 1.5 After molding
Post cure None 150C X 10 min None Technique to integrate A and B

- - Evaluation  Bonding strength of metal composite MPa 14 17 16 Weiaht of metal composite A -
Rigidity
[0263]
Table 3
Unit Example 1-(4) | Example 1-(5) | Example 146)
Laminate structure (top/bottom) aZ/al/a2 a2/al a2lal/al
Metal composite A
» Sheet substrate al
* Compaosition of
thermosetting resin
Epikote™ 828 Parts by 20 20 20
mass
Epikote™ 834 Parts by 20 20 20
mass
Epikote” 1001 Parts by 25 95 75
mass
Epikote™ 154 Parts by 35 35 15
mass
F-a-type benzoxazine Parts by
resin mass
Resol-type phenol resin/ Parts by
PHENOLITE 5010 mass
Dicy7 (curing agent) Parts by 4 4 4
mass
Y9577 Parts by
mass
“Omicure” 24 (curing Parts by 5 5 5
accelerator) mass
= Reinforcement fiber bundle — None Carbon fiber Carbon fiber
}%ﬁ%eiﬁl%‘;ﬁ%ﬁiﬂ - Cured state Cured state Cured state
» Metal material a2
Metal - Aluminum alloy | Aluminum alloy | Aluminum alloy
Thickness mm 0.5 0.5 0.5
Surface treatment — Sand blasting Sand blasting Sand blasting
Pore size pm 30 30 30
» Resin layer C
Thermoplastic resin ¢ — — - —
Melting point or glass oC
transition temperature h
Part B
Thermoplastic resin b — — - —
Reinforcement fiber ~ - — -
Melting point or glass o
transition temperature B - -
Valume specific resistance Qecm - - —
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- [0283] Table 23 Unit Example 3-(7) Comparative example 3-(1) a2/al Comparative example 3-(2)
a2/al Laminate structure (top/bottom) a2/al/a2 Metal composite A Sheet substrate al
Composition of thermosetting resin  "Epikote" 828 Parts by mass 20 20 20 "Epikote" 834 Parts by
mass 20 20 20 "Epikote” 1001 Parts by mass 25 25 25 Epikote54 Parts by mass 35 35

[0264]

Table 4

Example 1-(4) | Example 1{(5) | Example 1-(6)

Molding
» Step |
Pressure Mpa 0.5 0.5 0.5
Duration min i 1 0.5
Mold temperature: Upper o 220 220 220
mold
Mold temperature: Lower o 220 150
mold
Preheating  temperature: -
Step 1-1
Preheating  temperature: oC: - B -
Step 1-2
Surface temperature of
metal material
Degree of curing of
thermosetting resin
» Step 2
Pressure MPa 10 5 10
Puration min 2 2 1
Degree pf curing of v 100 100 100
thermosetting resin
Demolding - Problem free Problem free Problem free
* Step 3
Pressure MPa — - -
Duration min - - —
Mold temperature: Upper o B 3 -
mold
Mold temperature: Lower o0 -
mold
Surtace temperature of -
metal material
Time taken to fall to 180°C . —
min - -
or less
Degree of curing of -
thermosetting resin
Demolding - - - -
» Mold take-up time min 3 3 1.5
After molding
Processing of metal -
composite A
Post cure None None None
Technique to integrate A and
B
Complex shaping of part B - - -
Evaluation
Bonding strength of metal
composite
Weight of metal composite A - - - =
Rigidity — — — —

220

°C 215 200 215

% 82 85 53
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35 F-a-type benzoxazine resin Parts by mass Resol-type phenol resin/ PHENOLLTE 5010 Parts by
mass Dicy7 (curing agent) Parts by mass 4 4 4 DY9577 Parts by mass "Omicure" 24 (curing
accelerator) Parts by mass 5 Reinforcement fiber bundle - Carbon fiber Carbon fiber Carbon fiber
Degree of curing after 130CX10 minutes - Semi-cured state Semi-cured state Cured state Metal

material a2  Metal Aluminum alloy Aluminum alloy Magnesium alloy Thickness
10265}
Table 5
Unit Example 1-(7) | Example 1-(8) | Example 1-(9)
Laminate structure (top/bottom) al/al/a2 a2/al/al aZ/al/a?
Metal composite A '
= Sheet substrate al
. Composition of
thermosetting resin
“Epikote” 828 Parts by 20
mass
“Epikote” 834 Parts by 20
mass
“Epikote™ 1001 Parts by 25
mass
“Epikote™ 154 Parts by 35
mass
F-a.—type benzoxazine| Parts by 100
resin mass
Resol-type phenol resin/| Parts by 100
PHENOLITE 5010 mass
Picy7 (curing agent) Parts by 4
mass
DY9577 Parts by 5
mass
“Omicure” 24 (curing| Parts by 5
accelerator) mass
» Reinforcement fiber bundle - Carbon fiber Carbon fiber Carbon fiber
; 3 Olo)égr;e | 8 fni;l:::;g after - Semi-cured state |  Cured state Cured state
* Metal material a2
Metal - Aluminum alloy | Aluminum alloy | Titanium alloy
Thickness mm 0.5 0.5 0.5
Surface treatment — Sand blasting Sand blasting Sand blasting
Pore size pm 30 30 15
« Resin layer C
Thermoplastic resin ¢ — - - -
Melting point or glass o¢
transition temperature B B B
Part B
Thermoplastic resin b - - - —
Reinforcement fiber - - - -
Melting point or glass o
transition temperature B B B
Volume specific resistance Oecm — - -
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mm 0.5 0.5 0.5 Surface treatment - Sand blasting 30 Sand blasting 30 Sand blasting Pore size um
50 Resinlaver C  Thermoplastic resin c - Melting point or glass transition temperature C - Part B
Thermoplastic resin b - - Reinforcement fiber -  Melting point or glass transition temperature C Qcm
- Volume specific resistance

[0266]

Table 6

Example 1-(7) | Exampie 1-(8) | Example 1-(9)

Molding
= Step |
Pressure Mpa 0.5 0.5 0.5
Duyration min 1 i 1
Mold temperature: Upper oC 290 220 240
meld
Mold temperature: Lower o0 220 220 240
mold
Preheating temperature:
Step 1-1
Preheating temperature:
Step 1-2
Surface temperature of °C 215 215 138
metal material
Degree pf c.uring of % 30 7 28
thermosetting resin
» Step 2
Pressure MPa 10 10 15
Duration min 2 2 2
Degree  of ~curing  of| 100 100 100
thermosetting resin
Demolding - Problem free Problem free Problem free
* Step 3
Pressure MPa - - -
Duration min — - -
Mold temperature: Upper °C
mold
Mold temperature: Lower
mold
Surface  temperature of
metal material
Time taken to fall to 180°C
or less
Degree of curing of
thermosetting resin
Demolding - -
» Mold take-up time min 3 3 3
After molding
Processing of metal
composite A
Post cure None None None
Technique to integrate A and
B
Complex shaping of part B - - — -
Evaluation
Bonding strength of metal
composite
Weight of metal composite A — - - —
Rigidity . - - - -

OC — o .

OC — . -

DC o -

Yo - - _
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[0284] Table 24 Example 3-(7) Comparative example 3-{I) Comparative example 342) Molding
Stepl Pressure Mpa 0.5 0.5 0.5 Duration min 20 1 1 Mold temperature: Upper mold C 150 150 130
Mold temperature: Lower mold C 150 150 130 Preheating temperature: Step 1-1 C 150 150 130
Preheating temperature: Step 1-2 C 250 250 250 Surface temperature of metal material C 250

[0267]
Table 7
Unit Example 1<(10) | Example 1-(11)
Laminate structure {top/boitom) a2/al/al a2/al
Metal composite A
* Sheet substrate al
» Composition of thermosetting
resin
Epikote” 828 Parts by 20 20
mass
Epikote” 834 Parts by 20 20
1mass
Epikote™ 1001 Parts by 75 25
mass
Epikote” 154 Parts by 35 35
mass
F-a-type benzoxazine resin | Parts by
mass
Resol-type phenol resin/| Parts by
PHENOLITE 5010 mass
Dicy7 (curing agent) Parts by 4 4
mass
DY9577 Parts by
mass
“Omicure™ 24 (curing| Partsby 5 5
accelerator) mass :
» Reinforcement fiber bundle ~ Carbon fiber Carbon fiber
» Degree of curing after 130°C B Cured state Cured state
X 10 minutes
« Metal material a2
Metal - Aluminum alloy | Aluminum alloy
Thickness mm 0.5 0.5
Surface freatment - Sand blasting Sand blasting
Pore size pm 30 30
+ Resin layer C
Thermoplastic resin ¢ - ~ —
Melting point  or glass s
pos C - -
{ransition temperature
Part B
Thermoplastic resin b - - -
Reinforcement fiber = - -
Melting point or glass oC
transition temperature
Volume specific resistance (lecm - -
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245 120 Degree of curing of thermosetting resin % 86 6 12 Step 2 Pressure MPa 10 10 10 Duration
min 2 2 2 Degree of curing of thermosetting resin % 100 48 22 Demolding - Problem free Problematic
Problematic Step 3 Pressure MPa - - Duration min - Mold temperature: Upper mold C - Mold
temperature Lower mold C

[0268]

Table 8

Example 1-(10) | Example 1-(11)

Molding
= Step |
Pressure Mpa 0.5 0.5
Duration min 1 1
Mold temperature: Upper °C 190 220
mold
Mold temperature: Lower
mold
Preheating temperature: Step
i-1
Preheating temperature: Step
1-2
Surface temperature of metal
material
Degree  of curing of
thermosetting resin
* Step 2
Pressure MPa ‘ 12 5
Duration min 2 2
Degree .of curing of % 100 100
thermosetting resin
Demolding - Problem free Problem free
= Step 3
Pressure MPa - —
Duration min - ' -
Mold temperature: Upper oC
mold
Moild temperature: Lower oC
mold
Surface temperature of metal
material
Time taken to fall to 180°C or
less
Degree  of  curing  of
thermosetting resin
Demolding - -
» Mold take-up time min 3 3
After molding
Processing of metal composite
A
Post cure None None
Technique fo integrate A and B - - -
Complex shaping of part B - - -
Evaluation '
Bonding strength of metal
composite
Weight of metal composite A - — -
Rigidity ! - - ; -

°C 190 150

UC o .

OC o o

°C 185 215

% 59 85

min - -

o — —
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- Surface temperature of metal material C - lime taken to fall to | 80C or less mm - Degree of curing
of thermosetting resin 0/0 _ __ Demolding - - Mold take-up time min 22 3 3 After molding
Processing of metal composite A _ _ Post cure None None None Technigue to integrate Aand B - -
- Complex shaping of part B - - Evaluation

[0269]
Table 9
Unit Example 1-(12) | Example 1-(13)
Laminate structure {top/bottom) aZ/al/a2 a2/al/a2
Metal composite A
* Sheet substrate al
» Composition of thermosetting
resin
“Epikote” 828 Parts by 20 20
mass
“Epikote” 834 Parts by 20 20
mass
Epikote” 1001 Parts by 25 25
mass
Epikote™ 154 Parts by 35 35
mass
F-a-type benzoxazine resin | Parts by
mass
Resol-type phenol resin/, Parts by
PHENOLITE 5010 mass
Dicy7 (curing agent) Parts by 4 4
mass
DY9577 Parts by
mass
“Omicure” 24 (curingi Paris by 5 5
accelerator) mass
» Reinforcement fiber bundle — Carbon fiber Carbon fiber
* Degree of curing after 130°C . "
% 10 minutes - Cured state Cured state
e Metal material a2
Metal - Aluminum Titanium
Thickness mm 0.5 0.2
Surface treatment ~ Sand blasting Sand blasting
Pore size I 30 15
= Resin layer C
Thermoplastic resin ¢ — — -
Melting point  or glass o
transition temperature B B
Part B
Thermoplastic resin b - - -
Reinforcement fiber — - -
Melting point  or  glass oC
transition temperature B
Volume specific resistance {l=cm - -
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Bonding strength of metal composite MPa 16 Measurement not possible 4 Wei 'ht of metal composite
A -Rigidity  [0285] Table 25 Unit Example 4-(1) a2/al/a2 Example 4-(2) a2/al/a2 Example 4-(3)
a2/al/lc Laminate structure (top/bottom) Metal composite A Sheet substrate al  Composition of
thermosetting resin  "Epikote" 828 Parts by mass 2020 20 "Epikote" 834 Parts by

[0270]

Table 10

Example 1-(12) | Example 1-(13)

Molding
e Step 1
Pressure Mpa 0.5 0.5
Duration min 1 1
Mold temperature: Upper o0 290 240
mold
Mold temperature: Lower
mold
Preheating temperature: Step
1-1
Preheating temperature: Step
1-2
Surface temperature of metal
material
Degree  of  curing of
thermosetting resin
» Step 2
Pressure MPa 10 15
Duration min 2 2
Degree 'of _curing of " 100 100
thermosetting resin
Demolding - Problem free Problem free
» Step 3
Pressure MPa - —
Duration min - —
Mold temperature: Upper
mold
Mold temperature: Lower
mold
Surface temperature of metal
material
Time taken to fall to 180°C or
less
Degree  of  curing  of
thermosetting resin
Pemolding - - -
» Mold take-up time min 3 3
After molding
Processing of metal composite
A
Post cure None None
Technique to integrate A and B - - -
Complex shaping of part B - - -
Evaluation )
Bonding strength of metal
composite
Weight of metal composite A - - —
Rigidity - - -

°C 220 240

(’JC - _

OC . _

°C 215 238

Yo 82 38

Oc _ —

OC .

min — -

% . -
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mass 20 20 20 "Epikote” 100 Parts by mass 25 25 25 "Epikote"” 154 Parts by mass 35 35 35 -a-type
benzoxazine resin Parts by mass Resol-type phenol resin/ PHENOLITE 5010 Parts by mass Dicy7
(curing agent) Parts by ma. 4 4 4 DY9577 Parts by mass "Omicure” 24 (curing accelerator) Parts by
mass 55 5 Reinforcement fiber bundle - Carbon fiberCarbon fiber Carbon fiber Degree of curing after
130C X10 minutes Cured state Cured state Cured state

(0271}
Table 11
Unit Comparative Comparative Comparative
example I-(1) | example 1-(2) | example 1-(3)
ég‘;ﬁiﬁi g“"“‘“" a2/al/a2 a2ialia2 a2
Metal composite A
» Sheet substrate al
= Composition of
thermosetting resin
“Epikote” 828 Parts by 20 20
mass
“Epikote” 834 Parts by 20 20
mass
“Epikote” 1001 Parts by 25 25
nass
“Epikote” 154 Parts by 35 35
mass
F-a-type benzoxazine Parts by
resin mass
Resol-type phenol resin/ Parts by
PHENOLITE 5010 mass
Dicy7 (curing agent) Parts by 4 4
mass
DY9577 : Parts by
11ass
“Omicure” 24 {curing Parts by 5 5
accelerator) mass
» Reinforcement fiber bundle - Carbon fiber Carbon fiber None

» Degree of curing after
130°C - X 10 minutes
* Metal material a2

Metal B Aluminum alloy Magnesium

- Semi-cured state Cured state -

Aluminum alloy

alloy
Thickness mm 0.5 0.5 1.5
Surface treatment N Sand blasting Sand blasting AlumiteA
k treatment
Pore size pum 30 50 0.05

= Resin layer C
Thermoplastic resin ¢ - - - -
Melting point or glass
transition temperatiire

Part B
Thermoplastic resin b — - - —
Reinforcement fiber — — - -
Meiting point or glass o B B B
transition temperature
Volume specific resistance Qecm - — -
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Metal material a2 Metal - Aluminum alloy Magnesium alloy Aluminum alloy Thickness mm 0.5 0.5
0.5 Surface treatment - Alumite treatment Sand blasting Alumite treatment Pore size inn 0.05 50 0.05
Resin layer C ~ Thermoplastic resin ¢ - NoneNone Polyamide Melting point or glass transition
temperature C None FNone 155 Part B i Thermoplastic resin b - Polyamide None Polyamide None
Polyamide Carbon fiber Reinforcement fiber

[0272]

Table 12

Comparative
example 1-(1)

Comparative
example 1-(2)

Comparative
example 1-(3)

Molding

« Step |

Pressure

Mpa

0.5

0.5

0.5

Duration

min

1

1

i

Mold temperature: Upper
mold

°C

229

130

220

Mold temperature: Lower
mold

°C

220

130

220

Preheating temperature:
Step 1-1

°C

Preheating temperature:
Step 1-2

°C

Surface temperature of
metal material

°C

215

120

215

Degree of curing of
thermosetting resin

%

12

e Step 2

Pressure

MPa

16

135

0.5

Duration

2

2

2

Degree of curing of
thermosetting resin

52

22

Demeolding

Problematic

Problem free

Problem free

= Step 3

Pressure

MPa

Duration

min

Mold temperature: Upper
mold

°C

Mold temperature: Lower
mold

°C

Surface temperature of
metal material

°C

Time taken to fall to 180°C
or less

min

Degree of curing of
thermosetting resin

%

Demaolding

« Mold take-up time

After molding

Processing of metal
composite A

Post cure

Technique to integrate A and
B

Compiex shaping of part B

Evaluation

Bonding strength of metal
composite

Measurement
not possible

Measurement
not possible

Weight of metal composite A

Rigidity
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Melting point or glass transition temperature C 225 225 225 Volume specific resistance 12cm Out of

scale Out of scale 101 [0286] Table 26 Example 4-(1) Example 442) Example 4-(3) Molding

1

temperature: Lower mold C 220 210 150 Preheating temperature: Step 1-1 C

[0273]
Table 13
Unit Example 2-(1) | Example 2-(2) | Example 2-(3)
Laminate structure {top/bottom) a2/al/a2 a2/al/a2 al/al/a2
Metal composite A
» Sheet substrate al
* Composition of
thermosetting resin
“Epikote” 8§28 Parts by
mass 20 20 20
“Epikote” 8§34 Parts by
M1ass 20 20 20
“Epikote™ 1001 Parts by
: M 25 25 25
“Epikote™ 154 Parts by
Mass 35 35 35
F-a-type benzoxazine Parts by
resin mass
- Resol-type phenol resin/ Parts by
PHENOLITE 5010 mass
Dicy7 (curing agent) Parts by 4 4 4
mass
DY9577 Parts by
mass
“Omicure™ 24 {curing Parts by 5 5 5
accelerator) mass
» Reinforcement fiber bundle - Carbon fiber Carbon fiber Carbon fiber
* Degree of curing after . , .
130°C % 10 minutes - Cured state Cured state Cured state
» Metal material a2
Metal - Aluminum alloy Maggg;xum Aluminum alloy
Thickness mm 0.5 0.5 0.5
Surface treatment _ Sand blasting Sand blasting Alumite
freatment
Pore size pin 30 50 (.05
= Resin layer C
Thermoplastic resin ¢ - - - -
Melting point or glass oC _ _ B
transition temperature
Part B
Thermoplastic resin b - - - -
Reinforcement fiber - — - -
Meiting point or glass °C B B
transition temperature B
Volume specific resistance ecm - — -
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Step

Pressure Mpa 0.5 0.5 0.5 Duration min I I Mold temperature: Upper mold C. 220 210 220 Mold



Preheating temperature: Step 1-2 C - Surface temperature of metal material C 215 200 215 Degree
of curing of thermosetting resin % 82 77 85 Step 2 Pressure MPa 10 10 Duration min 2 2 2 Degree
of curing of thermosetting resin % 100 100 100 Demolding - Problem free Problem free Problem free
Step 3 Pressure MPa - - Duration min

[0274]

Table 14

Example 2-(1} | Example 2-(2) | Example 2-(3)

Molding
» Step |
Pressure Mpa .5 0.5 0.5
Duration min i 1 i
Mold temperature: Upper oC 20 210 : 220
mold
Mold temperature: Lower oC 220 210 270
mold
Preheating temperature: °C
Step 1-1
Preheating temperature: o
Step 1-2
Surface temperature of o 215 200 215
metal material
Degree of curing pf % 2 77 82
thermosetting resin
= Step 2
Pressure MPa 10 i5 10
Duration min 1 1 f
Degree of curing of o
thermosetting resin ¢
Demolding - — — -
» Step 3
Pressure MPa 15 20 15
Duration min i 1 i
Mold temperature: Upper o 150 150 150
mold
Mold temperature: Lower oc 150 150 150
mold
Surface temperature of oc 160 165 160
metal material
Time taken to fall to 180°C
or less
Degree of curing of % 100 100 100
thermosetting resin
Demolding - Problem free Problem free Problem free
* Mold take-up time min 5 5 5
After molding
Processing of metal
composite A
Post cure None Nene Norne
Technique to integrate A and
B
Complex shaping of part B - - - -
Evaluation
B_ondi.n“g strength of metal MPa 16 18 20
composite
Weight of metal composite A - - - -
Rigidity - - - -

min 2 2 2
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Mold temperature: Upper mold C - Mold temperature: Lower mold 'V Surface temperature of metal
material C - Time taken to fall to 180C or less min - Degree of curing of thermosetting resin %

Demolding - Mold take-up time min  After molding  Processing of metal composite A None None
None Post cure - - - Technique to integrate A and B
[0275]
Table 15
Unit Example 2~(4) | Example 2-(5) | Example 2-(6)
Laminate structure (top/bottom) a2/al/a2 a2/al aZ/al/a2
Metal composite A
* Sheet substrate al
» Composition of
thermosetting resin
Epikote” 828 Parts by 20 20 20
mass
Epikote” 834 Parts by 20 20 20
mass
Epikote” 1001 Parts by 25 25 25
mass
Epikote™ 154 Parts by 15 35 15
mass
F-a-type benzoxazine Parts by
resin mass
Resol-type phenot resin/ Parts by
PHENOLITE 5010 mass
Dicy7 (curing agent) Parts by 4 4 4
nass
DYS577 Parts by
mMass
“Omicure” 24 (curing Parts by 5
5 5
accelerator) mass
» Reinforcement fiber bundle — None Carbon fiber Carbon fiber
;BDO?%reiOf]%u;?fuig:r - Cured state Cured state Cured state
= Metal material a2
Metal - Aluminum atloy | Alumimum alloy | Aluminum alloy
Thickness mm 0.5 0.5 0.5
Surface treatment — Sand blasting Sand blasting Sand blasting
Pore size i 30 30 30
= Resin layer C
Thermoplastic resin ¢ — - - -
Melting point or glass o
H, C - - -
fransiion temperature
Part B
Thermoplastic resin b - - - -
Reinforcement fiber - - — -
Melting point or glass o
transition temperature
Volume specific resistance Qecm — - -
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Injection molding Injection molding Injection molding Frame, rib Complex shaping of part B - Frame, rib
Frame, rib Evaluation Bonding strength of metal composite MPa 16 18 16 Weight of metal
composite A - Good Excellent Good Rigidity - Excellent Excellent Good [02871 Table 27 Unit
Example 4-(4) Example 4-(5) Example 4-(6) Laminate structure (top/bottom) /al /c a2/al/a2 a2/al/a2
Metal composite A Sheet substrate al  Composition of thermosetting resin

[0276]
Table 16
Example 2-(4) | Example 2-(5) | Example 2-(6)
Molding
¢ Step |
Pressure Mpa 0.5 0.5 0.5
Duration min i 1 1
Moid temperature: Upper o
mold C 220 220 220
Mold temperature: Lower o
mold C 220 150 220
Preheating temperature: oC B 3
Step 1-1 -
Preheating temperature: o B R
Step 1-2 B
Surface temperature of o 215 215 215
metal material
Degree of curing of 0
thermosetting resin % 82 85 >3
= Step 2
Pressure MPa 10 5 10
Duration min I i 0.5
Degree of curing of o B
thermosetting resin ’ - h
Demolding - - - —
s Step 3
Pressure MPa i5 10 5
Duration min 1 1 1
Mold temperature: Upper o
mold C 156 150 170
Mold temperature: Lower o
mold C 150 150 170
Surface temperature of 0
metal material ¢ 160 165 175
Time taken to fall to 180°C .
min 2 2 1
or less
Degree of curing of 0
thermosetting resin /0 100 100 9
Demolding - Problem free Problem free Problem free
* Mold take-up time min 3 5 3
After molding
Processing of metal B B
composite A N
Post cure None None 150°C > 100 min
‘Technique to integrate A and B
B B - B
Complex shaping of part B - - - -
Evaluation
Bondnng strength of metal MPa 15 13 17
compostte
Weight of metal composite A ~ - - =
Rigidity - - - -
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Epikote" 828 Parts by mass 20 20 20 "Epikote" 834 Parts by mass 20 20 20 "Epikote" 1001 Parts by
mass 25 25 25 "Epikote” 154 Parts by mass 35 35 35 F-a-type benzoxazine resin Parts by mass
Resol-type phenol resin/ PHENOLITE 5010 Parts by mass Dicy7 (curing agent) Parts by mass 4 4 4
DY9577 Parts by mass "Omicure" 24 (curing accelerator) Parts by

[0277]
Table 17
Unit Comparative Comparative
example 2-(1) example 2-(2)
Laminate structure (top/bottom) a2/at/a2 a2/al
Metal composite A
e Sheet substrate al
« Composition of thermosetting
resin
“Epikote™ 8§28 Parts by
mass 20 20
“Epikote™ 834 Parts by 20 20
mass
“Epikote” 100] Parts by 5 5
mass
“Epikote” 154 Parts by
mass 35 35
F-a-type benzoxazine resin | Parts by
mass
Resol-type phenol resin/ Parts by
PHENOLITE 5010 mass
Dicy7 (curing agent) Parts by 4 4
mass
Y9577 Parts by
mass
“Omicure” 24 {curing Parts by
accelerator) mass
» Reinforcement fiber bundle - Carbon fiber Carbon fiber
. Degree.of curing after 130°C - Semi-cured state Cured state
X 10 minutes
* Metal material a2
Metal — Aluminum alloy | Magnestum alloy
Thickness mm 0.5 0.5
Surface treatment - Sand blasting Sand blasting
Pore size Lm 30 30
* Resin layer C
Thermoplastic resin ¢ ~ - -
Melting point or glass o
transition temperature
Part B
Thermoplastic resin b - - -
Reinforcement fiber — — —
Meiting point or glass o
transition temperature B B
Volume specific resistance Qe=cm — -
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mass 5 5 5 Reinforcement fiber bundle Carbon fiber Carbon fiber Carbon fiber Degree of curing after
130CX10 ininutes - Cured state Cured state Cured state Metal material a2  Metal - Aluminum alloy
Aluminum alloy Aluminum alloy Thickness mm 0.5 0.5 0.5 Surface treatment - Alumite treatment
Alumite treatment Alumite treatment Pore size urn 0.05 0.05 0.05 Resinlayer C _ Thermoplastic
resin ¢ Polyam de None None Melting point or glass transition temperature '

10278}
Table 18
Comparative Comparative
example 2-(1) example 2-(2)
Molding
> Step |
Pressure Mpa 0.5 0.5
Duration min | |
Mold temperature: Upper o 230 130
mold
Maold temperature: Lower o 250 130
mold
" Preheating temperature: Step o B B
-1
Preheating temperature: Step o B B
1-2
Surfat;e temperature of metal oC 215 125
material
Degree of curing of
the%mosetting reg;in % 6 12
» Step 2
Pressure MPa 10 5
Duration min 3 3
Degree of curing of o 56 99
thermosetting resin
Demolding - Problematic Problematic
» Step 3
Pressure MPa - -
Duration min — -
Mold temperature: Upper o B 3
mold
Mold temperature: Lower o B B
mold ’
Surface temperature of metal oC N
material
Time taken to fall to 180°C or .
less mn B B
Degree of curing of Y B
thermosetiing resin ’ B
Demolding - - -
» Mold take-up time min 4 4
After molding
Processing of metal composite B 3
A
Post cure None None
Technigue to integrate A and B - -~ -
Complex shaping of part B — - -
Evaluation
Bonding strength of metal MP Measurement not | Measurement not
composite 4 possible possible
Weight of metal composite A - - —
Rigidity - - -
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C 198 None None Part 13  Thermoplastic resin b - Polyamide Polyamide Polyamide None
Reinforcement fiber - Glass fiber None Melting point or glass transition temperature C 225 225 225
Volume specific resistance S.2cm Out of scale Out of scale Out of scale [0288] Table 28 i ?Example
4-(4) Example 445) Example 4-(6) Molding  Step | Pressure Mpa 0.5 0.5 0.5 Duration min

[0279]

Table 19

Unit Example 3-(1} | Example 3-(2) | Example 3-(3)
Laminate structure (top/bottom) aZ/al al/al a2/al
Metal composite A
= Sheet substrate al
= Composition of
thermosetting resin

“Epikote™ 828 Parts by
mass 20 20 20

“Epikote” §34 Parts by 20 20 20
mass

“Epikote” 1001 Parts by 95 75 25
mass

“Epikote™ 134 Parts by
mass 35 35 35

F-a-type benzoxazine Parts by

resin mass

Resol-type phenol resin/ Parts by

PHENOLITE 5010 mass

Dicy7 (curing agent) Parts by 4 4 4
mass

DY9577 Parts by
mass

“Omicure” 24 {curing Parts by 5 5 5

accelerator) mass :

» Reinforcement fiber bundle - Carbon fiber Carbon fiber Carbon fiber
* Degree of curing after - Cured state Cured state Cured state

130°C > 10 minutes
+ Metal material a2

Metal B Aluminum altoy Magnesium

Aluminum alloy

alloy
Thickness mm 0.5 0.5 (.5
Surface treatment B Sand blasting Sand blasting Alumite
freatment
Pore size pm 30 50 0.05

» Resin layer C
Thermoplastic resin¢ - - — —
Melting point or glass
fransition temperature

Part B
Thermoplastic resin b - - - -
Reinforcement fiber - - — -
Melting point or glass '
transition temperature
Volume specific resistance Qecm - - —

103



11 1 Mold temperature: Upper mold C 220 220 220 Mold temperature: Lower mold C 220 220 150
Preheating temperature: Step 1-1 C - Preheating temperature: Step 1-2 C - Surface temperature of
metal material 215 215 Degree of curing of thermosetting resin 82 82 - Step 2  Pressure MPa 10
10 10 Duration mm 2 2 2 Degree of curing of thermosetting resin 100 100 Demolding

[0280]

Table 20

Example 3-(1) | Example 3-(2) | Example 3-(3)

Molding
» Step |
Pressure Mpa 0.5 0.5 0.5
Duration min { i ]
Mold temperature: Upper oC 150 150 150
mold _
Mold temperature: Lower o
mold
greheatm g temperature: o 150 150 150
tep i-1
Preheating temperature: 0
Step 1-2 ¢ 250
Suﬁhcetmnpma&weof oC 245
metal material
Degree of curing of
thermosetting resin
s Step 2
Pressure MPa 16 20 10
Duration min 2 2 2
Degree of curing of % 100 100 100
thermosetting resin
Demolding - Problem free Problem free Problem free
= Step 3
Pressure MPa - - -
Duration min — - -
Mold temperature: Upper o
mold :
Mold temperature: Lower o
mold
Surface temperature of oC
metal material
Time taken to fall to 180°C
or less
Degree of curing of
thermosetting resin
Demolding -
» Mold take-up time min
After molding
Processing of metal
composite A
Post cure None None None
Technique to integrate A and
B
Complex shaping of part B - - - -
Evaluation
Bonding strength of metal
composite
Weight of metal composite A - — - -
Rigidity - - - -

150 150 150

250 250

240 245

% 57 57 57

i — - —

% — - -

V)
Lt |
"
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180C or less min
mmn  After molding

Problem free Problem free Step 3 _
Mold temperature: Lower mold C - Surface temperature of metal material _ Time taken to fall to
Degree of curing of thermosetting resin 0/0 _ Dernoldino -

Pressure

- Duration min -

Mold temperature: Upper mold

Mold take-up time

[0281]
Table 21
Unit Example 3-(4) | Example 3-(5) | Example 3-(6)
Laminate structure (top/bottom) al/al a2/al a2/al/a2
Metal composite A
¢ Sheet substrate al
« Composition of
thermosetting resin
“Epikote™ 828 Parts by
mass 20 20 20
“Epikote™ 834 Parts by
mass 20 20 20
“Epikote” 1001 Parts by
mass 25 25 25
“Epikote™ 154 Parts by
mass 35 35 35
F-a-type benzoxazine Parts by
resin mass
Resol-type phenol resin/ Parts by
PHENOLITE 5010 mass
ey 7 (curing agent) Parts by
mass 4 4 4
DY9577 Parts by
mass
“Omicure” 24 (curing Parts by 5 5 5
accelerator) mass
* Reinforcement fiber bundle - None Carbon fiber Carbon fiber
-]3[2)?%1'&;02%{121?5;55& - Cured state Cured state Cured state
» Metal material a2
Metal - Aluminum alloy Maggis;um Aluminum alloy
Thickness mim (.5 0.5 0.5
Surface treatment B Sand blastin Sand blastin Alumite
g g treatment
Pore size wm 30 30 30
* Resin layer C
Thermoplastic resin ¢ - — - —
Melting point or glass °C B _
transition temperature -
Part B
Thermoplastic resin b - - - -
Reinforcement fiber - - - -
Melting point or glass o
" C - - -
fransition temperature
Volume specific resistance Qecm — - —

105



Processing of metal composite A None Match jointing treatment None Post cure - - - Fechnique to
integrate A and B Injection molding Injection molding Press molding Complex shaping of part B
Frame, rib Frame, rib Frame, rib Evaluation = Bonding strength of metal composite MPa 16 16 17
Weiht of metal composite A Good Good Good Rigidity Excellent Excellent Excellent [0289] Table 29
Unit Example 447) Example 4-(8) Laminate structure (top/bottom) a2/a 1 /a2

[0282]
Table 22
Example 3-(4) | Example 3-(5) | Exampie 3-(6)
Molding
» Step |
Pressure Mpa 0.5 0.5 0.5
Duration min 1 0.5 1
Mold temperature: Upper o 150 150 150
mold
Mold temperature: Lower oC 150 150 150
mold
Preheating temperature: o :
Step 1-1 C 150 150 150
l;reheatmg temperature: o 250 250 250
tep 1-2
Surface temperature of o 245 245 245
metal material
Degree of curing pf % 57 53 57
thermosetting resin
« Step 2
Pressure MPa 10 i0 10
Duration min 2 1 2
t?]egree of?urmg o f % 100 95 100
ermosetiing resin
Demolding — Problem free Problem free Problem free
= Step 3
Pressure MPa - - -
Duration min — — —
Mold temperature: Upper oC B N 3
mold
Mold temperature: Lower o B _ B
mold i
Surtace temperature of oC 3 3
metal material
Time taken to fall to 180°C .
min - - -
or less
Degree of curing of Y B B 3

thermosetting resin
Demoiding - - - -
« Mold take-up time min
After molding
Processing of metal
composite A
Past cure None 150°C X 10 min None
Technique to integrate A and
B
Complex shaping of part B — — - —
Evaluation
Bondm_g strength of metal MPa 14 17 16
composite
Weight of metal composite A - — - -
Rigidity —- - - -

"
Ln
2
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a2/alla2 Metal composite A Sheet substrate al Composition of thermosetting resin  "Epikote"
828 Parts by mass 20 20 Epikote834 Parts by mass 20 20 "Epikote" 1001 Parts by mass 25 25
"Epikote" 154 Parts by mass 35 35 F-a-type benzoxazine resin Parts by mass Resol-type phenol
resin/ PHENOLITE 5010 Parts by mass Dicy7 (curing agent) Parts by mass 4 4 DY9577 Parts by
mass "Omicure" 24 (curing accelerator) Parts by

[0283]
Table 23
. . Comparative Comparative
Unit Example 3-(7) example 3-(1) | example 3-(2)
Laminate structure
(top/bottom) aZ/al/a2 az/al alZ/al
Metal composite A
» Sheet substrate al
= Composition of
thermosetting resin
“Epikote” 828 Parts by
mass 20 20 20
“Epikote” 834 Parts by
mass 20 20 20
“Epikote™ 1001 Parts by
mass 25 25 25
“Epikote” 154 Parts by
Tass 35 35 35
F-a-type benzoxazine Parts by
resin mass
Resol-type phenol resin/ Parts by
PHENOLITE 5010 mass
Dicy7 (curing agent) Parts by 4 4 4
mass
DY9577 Parts by
mass
“Omicure” 24 (curing Parts by 5
accelerator) mass
= Reinforcement fiber bundle - Carbon fiber Carbon fiber Carbon fiber
* Degree of curing after . . .
130°C X 10 minutes - Semi-cured state | Semi-cured state |  Cured state
* Metal material a2
Metal - Aluminum alloy | Aluminum alloy Maggz&;um
Thickness mm 0.5 0.5 0.5
Surtace treatment - Sand blasting Sand blasting Sand blasting
Pore size [wm 30 30 50
 Resin laver C
Thermoplastic resin ¢ - - - —
Melting point or glass oC B B B
transition femperature
PartbB
Thermoplastic resin b — — - e
Reinforcement fiber - - — -
Melting point or glass oC _ _ B
transition temperature
Volume specific resistance Qecm - - —
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mass 1 5 1 Reinforcement fiber bundle Carbon fiber Carbon fiber , Degree of curing after 130C |
1X10 minutes - Semi-cured state Cured state Metal material a2 Metal - Aluminum alloy Aluminum
alloy Thickness mm 0.5 0.5 1Surface treatment - Alumite treatment Alumite treatment Pore size
1.1111 0.05 0.05 Resin layer C Thermoplastic resin ¢ None None Melting point or glass transition
teerature C None None Part B Thermoplastic resin b

[0284]

Table 24

Example 3-(7)

Comparative
example 3-(1)

Comparative
example 3-(2)

Molding

o Step 1

Pressure

Mpa

0.5

0.5

0.5

Duration

min

20

1

i

Mold temperature: Upper
mold

°C

150

150

130

Mold temperature; Lower
mold

°C

150

150

130

Preheating temperature:
Step 1-1

°C

150

150

130

Preheating temperature:
Step 1-2

°C

250

250

250

Surface temperature of
metal material

°C

250

245

120

Degree of curing of
thermosetting resin

%

86

12

« Step 2

Pressure

MPa

16

10

10

Duration

min

2

2

2

Degree of curing of
thermosetting resin

%

160

48

22

Demolding

Problem free

Problematic

Problematic

» Step 3

Pressure

MPa

Duration

min

Mold temperature: Upper
mold

°C

Mold temperature: Lower
mold

°C

Surface temperature of
metal material

°C

Time taken to fall to 180°C
or less

min

Degree of curing of
thermosetting resin

%

Demolding

* Mold take-up time

min

22

After molding

Processing of metal

Post cure

None

Technigue to integrate A and
B

Complex shaping of part B

Evaluation

Bounding strength of metal
composite

Measurement
not possible

Wetght of metal composite A

Rigidity
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Polyamide Polyamide Reinforcement fiber Glass fiber Carbon fiber/Glass fiber Melting point or glass
transition temperature C 225 225 Volume specific resistance Qcm Out of scale Out of scale [0290]
Table 30 Exale 4-(7) Example 4-(8) Molding Ste_ p1 Pressure Mpa 0.5 0.5 Duration mm | 1 Mold
temperature: Upper mold C 220 220 Mold temperature: Lower mold C 220 220 Preheating
temperature: Stepl-1 C 50C X 10 min (Hot air furnace) 150C X 10 min (Hot air furnace Preheating
temperature: Stepl-2 'V

[0285[]3

Table 25
Unit Example 4-(1) | Example 4-(2) | Example 4-(3)
Laminate structure (top/bottom) al/al/a2 aZ/alia2 a2/al/c
Metal composite A
» Sheet substrate al
« Composition of
thermosetting resin
“Epikote” 828 Paris by 20 20 20
mass
“Epikote” 834 Parts by 20 20 20
mass
Epikote™ 1001 Parts by 25 25 15
mass
Epikote” 154 Parts by 35 35 35
mass
F-a-type benzoxazine Parts by
resin ' mass
Resol-type phenol resin/ Parts by
PHENOLITE 5010 mass
Dicy7 (curing agent) Parts by 4 4 4
mass
DY9577 Parts by
mass
“Omicure” 24 {curing Parts by 5 5 5
accelerator) mass
» Reinforcement fiber bundle — Carbon fiber Carbon fiber Carbon fiber
];){)i%f ezoflc;)uallril]iitser - Cured state Cured state Cured state
* Metal material a2
Metal - Aluminum alloy Maiﬁn;;tum Aleminum alloy
Thickness mim 0.5 0.5 0.5
Surface treatment B Alumite Sand blasting Ahumite
treatment ) ) treatment
Pore size wm 0.05 50 0.05
s Resin layer C
Thermoplastic resin ¢ = None None Polyamide
Melti'n'g point or glass o None Noge 155
transition temperature
Part B
Thermoplastic resin b - Polyamide Polyamide Polyamide
Reinforcement fiber — None None Carbon fiber
Melting point or glass °C 225 225 225
transition femperaure
Volume specific resistance Qecm Qut of scale Out of scale 101
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Surface temperature of metal material C 215 215 Degree of curing of thermosetting resin % 85 82
Step 2 Pressure MPa 10 10 Duration min 2 2 Degree of curing of thermosetting resin % 100 100
Demolding - Problem free Problem free Step 3 Pressure MPa Duration min - Mold temperature:
Upper mold C Mold temperature: Lowe mold C Surface temperature of metal material C Time
taken to fall to 180C or less min

[0286]

Table 26

Example 4-(1) | Example 4-(2) | Example 4-(3)

Molding
= Step |
Pressure Mpa 0.5 0.5 0.5
Duration min I 1 |
Mold temperature: Upper o
mold C 220 210 220
Mold temperature: Lower
mold
Preheating temperature:
Step 1-1
Preheating temperature:
Step 1-2
Surface temperature of
metal material
Degree of curing of
thermosetting resin
° Step 2
Pressure MPa 10 10 3
Duration min 2 2 2
Degree of curing of
the%mosetting rfsin % 100 100 100
Demolding _ - Problem free Problem free Problem free
» Step 3
Pressure MPa - - ‘ -
Duration min . - -
Mold temperature: Upper
mold
Mold temperature: Lower
mold
Surface temperature of
metal material
Time taken to fail to 180°C
or less
Degree of curing of
thermosetting resin
Pemolding - - - -
* Mold take-up time min 3 3 3
After molding
Processing of metal
composite A
Post cure - - -
Technique to integrate A and Injection Injection Injection
B molding molding molding
Complex shaping of part B - Frame, rib Frame, rib Frame, rib
Evaluation
E‘Sonding strength of metal MPa 16 13 16
compostte
Weight of metal composite A - Good Excellent Good
Rigidity - Excellent Excellent Good

°C 220 210 150

o _ —- _

°C - _ _

°C 215 200 215

% 82 77 85

OC — . —

DC — i

% - _ -

None None None
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Degree of curing of thermosetting resin 0/0 Demolding - - Mold take-up time mm After molding
Processing of metal composite A None None Post cure - --- Technique to integrate A and B -
Injection molding Injection molding Complex shaping of part B Frame, rib Frame, rib Evaluation fl
Bonding strength of metal composite MPa 16 16 Weight of metal composite A - Good Good Rigidbi
Excellent Excellent [0291] Table 31 Unit

[0287]
Table 27
Unit Example 4-(4) | Example 4-(5) | Example 4-(6)
Laminate structure {top/bottom) aZ/al/c aZ/al/a2 a2/al/a2
Metal composite A
= Sheet substrate al
« Composition of
thermoselting resin
Epikote” 828 Parts by 20 20 20
mass
Epikote” 834 . Parts by 20 20 20
mass
Epikote” 1001 Parts by 25 25 25
mass
Epikote™ 154 Parts by 35 35 35
mass
F-a-type benzoxazine Parts by
resin mass
Resol-type phenol resin/ Parts by
PHENOLITE 5010 mass
Dicy7 (curing agent) Parts by 4 4 4
mass
DY9577 Parts by
mass
“Omicure” 24 (curing Parts by 5 5 5
accelerator) mass
* Reinforcement fiber bundle — Carbon fiber Carbon fiber Carbon fiber
;%ﬁ&geioicgﬁ?fﬁier - Cured state Cured state Cured state
» Metal material a2
Metal — Aluminum alloy | Aluminum alloy | Aluminum alloy
Thickness mm 0.5 0.5 0.5
Surface treatment Alumite Alumite Alumite
- treatment treatment treatment
Pore size L 0.05 0.05 0.05
e Resin layer C
Thermoplastic resin ¢ - Polyamide None None
Meitl.ng point or glass °C 198 None None
transition temperature
Part B
Thermoplastic resin b — Polyamide Polvamide Polyamide
Remforcement fiber - Glass fiber None None
Meitiln‘g point or glass o 295 275 195
transition temperature
Volume specific resistance Qscm Qut of scale QOut of scale Out of scale
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Example 4-(9) Example 4-(10) , Laminate structure (top/bottom) a2/al/a2 a2/al/a2 Metal composite A
Sheet substrate al Composition of thermosetting resin  Epikote" 828 Parts by mass 20 20
"Epikote834 Parts by mass 20 20 Epikote" 1001 Parts by mass 25 25 "Epikote" 154 Parts by mass 35
35 F-a-type benzoxazine resin Parts by mass Resol-type phenol resin/ PHENOLITE 5010 Parts by
mass Dicy7 (curing agent) Parts by mass 4 4 DY9577

[0288]

Table 28

Example 4-(4)

Example 4-(5)

Example 4-(6)

Molding

* Step |

Pressure

Mpa

0.5

0.5

0.5

Duration

min

1 -

1

i

Mold temperature: Upper
mold

°C

220

220

220

Mold temperature: Lower
mold

°C

220

220

i50

Preheating temperature:
Step 1-1

°C

Preheating temperature;
Step 1-2

°C

Surface temperature of
metal material

°C

215

215

215

Degree of curing of
thermosetting resin

%

82

g2

82

= Step 2

Pressure

MPa

10

10

[0

Duration

min

2

2

2

Degree of curing of
thermosetting resin

%

100

100

100

Demolding

Problem free

Problem free

Problem free

= Step 3

Pressure

MPa

Duration

min

Mold temperature: Upper
mold

°C

Mold temperature: Lower
mold

°C

Surface temperature of
metal material

°C

Time taken to fall to 180°C
or less

min

Degree of curing of
thermosefting resin

Ya

Demolding

= Mold take-up time

min

3

After molding

Processing of metal
composite A

None

Match jointing
tfreatment

None

|__Post cure

Technique to integrate A and
B '

Injection
molding

Injection
molding

Press molding

Complex shaping of part B

Frame, rib

Frame, rib

Frame, rib

Evaluation

Bonding strength of metal
composiie

16

16

17

Weight of metal composite A

Good

Cood

Good

Rigidity

Excellent

Excelient

Excellent
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Parts by mass "Omicure" 24 (curing accelerator) Parts by mass 55 Reinforcement fiber bundle -
Carbon fiber Carbon fiber Degree of curing after 130C X10 minutes Cured state Cured state Metal
material a2 Metal Aluminum Titanium Thickness mm 0.5 0.2 Surface treatment - Sand blasting
Sand blasting 15 Pore size gm 30 Resin layer C Thermoplastic resin e - None None Melting point
or glass transition temperature C None None Part B

[0289}
Table 29
Unit Example 4-(7) Example 4-(8)
Laminate structure (top/bottom) a2/al/a2 a2/al/a2
Metal composite A
 Sheet substrate al
« Composition of thermosetting
resin
Epikote” 828 Parts by 20 20
mass
Epikote™ 834 Parts by 20 20
Mass
Epikote™ 1001 Parts by 5 5
mass
Epikote™ 154 Parts by 35 35
mass
F-a-type benzoxazine resin | Parts by
mass
Resol-type phenol resin/ Parts by
PHENOLITE 5010 mass
Dicy7 (curing agent) Parts by 4 4
mass
DY9377 Parts by
. mass
“Omnicure” 24 (curing Parts by 5
accelerator) mass
» Reinforcement fiber bundie - Carbon fiber Carbon fiber
» Degree of curing after 130°C Semi
% 10 minutes - emi-cured state Cured state
« Metal material a2
Metal - Aluminum alloy | Aluminum alloy
Thickness mm 0.5 0.5
Surface treatment Alumite Alumite
B treatment treatment
Pore size L 0.05 0.05
* Resin layer C
Thermoplastic resin ¢ — None None
Meitx'n'g point or glass oc None None
fransition temperature
Part B
Thermoplastic resin b - Polyamide Polyamide
Reinforcement fiber - Glass fiber Carbon
fiber/Glass fiber
Meltlln-g point or glass oc 295 225
transition temperature
Volume specific resistance Geom Out of scale QOut of scale
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Thermoplastic resin b Po yaide Polyamide Reinforcement fiber - None None Melting point or glass
transition temperature C 225 225 Volume specific resistance 112cm Out of scale Out of scale [02921
Table 32 Example 4-(9) Example 4-00) Molding Step 1 Pressure Mpa 0.5 0.5 Duration mm | |
Mold temperature Upper mold C 220 240 Mold temperature: Lower mold C 220 240 Preheating
temperature: Step I-1 C - - Preheating temperature: Step 2 C -

[0290]
Table 30
Example 4<(7) Example 4-(8)
Molding
« Step |
Pressure Mpa 0.5 0.5
Duration min 1 ]
Mold temperature: Upper oC 220 290
mold
Mold temperature: Lower oC 270 20
mold
Preheating temperature: Step o 150°C X 10 min B
1-1 {Hot air furnace)
Preheating temperature: Step o 150°C X< 10 min B
1-2 (Hot air furnace)
Surfac;e temperature of metal o 215 215
material
Degree of curing of 9% 85 22
thermosetting resin
= Step 2
Pressure MPa 10 10
Duration min 2 2
Degree of curing _of o, 100 100
thermosetting resin
Demolding - Problem free Problem free
= Step 3
Pressure MPa - -
Duration min - -
Mold temperature: Upper o N B
mold
Mold temperature: Lower o0 3 3
mold
Surface temperature of metal oC B
material
Time taken to fall to 180°C or .
min - -
less
Degree of curing of o ~ B
thermosetting resin ’
Demolding - - -
= Mold take-up time min 3 3
After molding
irocessmg of metal composite None None
Post cure - -
Technique to integrate A and B Injection Injection
B molding molding
Complex shaping of part B - Frame, rib Frame, rib
Evaluation
Bonding strength of metal MPa 16 16
compaosite
Weight of metal composite A - Giood Good
| Rigidity - Excelient Excellent
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- Surface temperature ofeta material C 215 238 Degree of curing of thermosetting resin % 82 88 Step
2 Pressure MPa 10 15 Duration mmn 2 2 Degree of curing of thermosetting resin % 100 100 Demo d
ng Problem free Problem fee Step3 Pressure MPa - Duration min Mold temperature: Upper
mold C - - Mold temperature: Lower mold C - Surface temperature of metal material C - Time taken to
fall to 180C or less

[0291]
Table 31
Unit Example 4-(9) | Example 4-(10)
Laminate structure (top/bottom) al/al/a2 a2/al/a2
Metal composite A
s Sheet substrate al
= Composition of thermosetting
resin
Epikote™ 828 Parts by 20 20
mass
Epikote™ 834 Parts by 20 20
mass
Epikote™ 1001 Parts by 25 25
mass
Epikote™ 154 Parts by 35 35
mass
F-a-type benzoxazine resin | Parts by
mass
Resol-type phenol resin/ Parts by
PHENOLITE 5010 nass
Dicy7 (curing agent) Parts by 4 4
mass
DY9577 Parts by
mass
“Omicure” 24 (curing Parts by 5 5
accelerator) mass
* Reinforcement fiber bundle - Carbon fiber Carbon fiber
=><Delg(;" ee .Of curing after 130°C — Cured state Cured state
minutes
e Metal material a2
Metal — Aluminum Titanium
Thickness mm 0.5 0.2
Surface treatment — Sand blasting Sand blasting
Pore size pm 30 15
» Resin layer C
Thermoplastic resin ¢ - None None
Meltt'n'g point or glass oC None None
transition temperature
Part B
Thermoplastic resin b - Polyamide Polyamide
Reinforcement fiber - None None
Melu'n'g point or glass °C 295 295
transition femperature
Volume specific resistance Qscm QOut of scale Out of scale
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mm - Degree of curing of thermosetting resin 0/0 - Demolding - Mold take-up time min After
molding Processing of metal composite A None None Post cure -- - lechnique to integrate A and B -
Injection molding Injection molding Complex shaping of part B - Frame, rib Frame, rib Evaluation
Bonding strength of metal composite MPa 16 16 Weight of metal composite A Good Excellent Rigidity
Excellent Excellent [0293] Table 33

[0292]

Table 32

Example 4-(9) | Example 4-(10)

Molding
e Step | .
Pressure Mpa 0.5 0.5
Duration min l 1
Mold temperature: Upper o 220 240
mold
Mold temperature: Lower
mold
Preheating temperature: Step
-1
Preheating temperature: Step
-2
Surface temperature of metal
material
Degree of curing of
thermosetting resin
* Step 2
Pressure MPa 10 15
Duration min 2 2
Degree of curing _01" % 100 100
thermosetting resin
Demolding — Problem free Problem free
= Step 3
Pressure MPa - -
Duration ntin — -
Mold temperature: Upper
mold
Mold temperature: Lower
mold
Surface temperature of metal
material
Time taken to fall to 180°C or
less
Degree of curing of
thermosetting resin
Demolding — - ~
« Mold take-up time min 3 3
After molding

Processing of metal composit
A( g of metal composite None None

°C 220 240

OC " .

OC . .

°C 215 238

% 32 88

OC o o

DC -

min — -

9% — —_—

Post cure -
Technique to integrate A and B Injection Injection
molding molding
Complex shaping of part B - Frame, rib Frame, rib
Evaluation
Bond.mg strength of metal MPa 16 (6
composite
Weight of metal composite A - Good Excellent
Rigidity - Excellent Excellent
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Unit Comparative example 4-(1) Comparative example 4-(2) Comparative example 4-(3) Laminate
structure (top/bottom) a2/al/a2 a2/al/a2 a2 Metal composite A Sheet substrate al  Composition
of thermosetting resin  "Epikote" 828 Parts by mass 20 20 "Epikote" 834 Parts by mass 20 20
"Epikote" 1001 Parts by mass 25 25 "Epikote" 154 Parts by mass 35 35 F-a-type benzoxazine resin

Parts by mass

[0293]
Table 33
Unit Comparative Comparative Comparative
example 4-(1) | example 4-(2) | example 4-(3)
Lamnat siructure 2l | a2ava 2
Metal composite A
» Sheet substrate al
* Composition of
thermosetting resin
“Epikote” 828 Parts by 20 20
mass
“Epikote” 8§34 Parts by 0 20
mass
Epikote” 1001 Parts by 5 25
mass
“Epikote™ 154 Parts by 35 35
nass
F-a-type benzoxazine Parts by
resin mass
Resol-type phenol resiny/ Parts by
PHENOLITE 5010 mass
Dicy7 (curing agent) Parts by 4 4
mass
DY9577 Parts by
mass
“Omicure”™ 24 (curing Parts by 5 s
accelerator) mass
» Reinforcement fiber bundle - Carbon fiber Carboen fiber None
’15;3,%; eﬁ;ffl%“gfuagfr = Cured state Cured state -
« Metal material a2
Metal - Aluminum alloy | Aluminum alloy | Aluminum alloy
Thickness mim 0.5 0.5 0.5
Surface treatment Alumite Alumite Alumite
B treatment treatment treatment
Pore size nm 0.05 0.05 0.05
» Resin layer C
Thermoplastic resin ¢ — None None None
Meitl'n’g point or glass °C None None None
transition temperature
Part B
Thermoplastic resin b - Polvamide Polyamide Polyamide
Reinforcement fiber - None None None
Me[ti.n'g_ p(ﬁnt or glass o 295 195 275
transition temperature
Volume specific resistance Qscm Qut of scale Out of scale Out of scale
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Resol-type phenol resin/ PHENOLITE 5010 Parts by mass Dicy7 (curing agent) Parts by mass 4 4
DY9577 Parts by mass "Omicure" 24 (curing accelerator)._ Parts by mass 55 Reinforcement fiber
bundle -- Carbon fiber Carbon fiber None Degree of curing after 130CX10 minutes - Cured state
Cured state - Metal material a2 Metal - Aluminum alloy_ Aluminum alloy 0.50.5 Aluminum alloy 0.5
Thickness mm Surface treatment -

[0294]

Table 34

Comparative
example 4-(1)

Comparative
example 4-(2)

Comparative
example 4-(3)

Molding

« Step 1

Pressure

Mpa

0.5

0.5

0.5

Duration

min

i

i

1

Mold temperature: Upper
mold

°C

130

220

220

Mold temperature: Lower
mold

°C

130

220

220

Preheating temperature:
Step I-1

°C

Preheating temperature:
Step 1-2

°C

Surface temperature of
metal material

°C

125

215

215

Degree of curing of
thermosetting resin

%

12

82

* Step 2

Pressure

MPa

10

0.5

0.5

Duration

min

2

2

2

Degree of curing of
thermosetting resin

Y

22

100

Demolding

Problem free

Problem free

Problem free

» Step 3

Pressure

MPa

Duration

min

Mold temperature: Upper
mold

°C

Mold temperature: Lower
mold

°C

Surface temperature of
metal material

°C

Time taken to fall to 180°C
or less

- min

Degree of curing of
thermosetting resin

Y

Demolding

» Mold rake-up time

min

After molding

Processing of metal
composite A

None

None

None

Post cure

Technique to integrate A and
B

Molding not
possible

Molding not
possible

Molding not
possible

Complex shaping of part B

Evaluation

Bonding strength of metal
composite

Measurement
not possible

Measurement
not possible

Measurement
not possible

Weight of metal composite A

Good

Good

Unsatistactory

Rigidity

Unsatisfactory

Poor

Excellent
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AlumiteAlumite treatmenttreatment Alumite treatment Pore size p.m 0.050.05 0.05 Resin layer C
Thermoplastic resin ¢ - NoneNone None Melting point or glass transition temperature C NoneNone
None Part B Thermoplastic resin b Polyamide Polyamide None Polyamide None Reinforcement
fiber - None Melting point or glass transition temperature C 225225 225 Volume specific resistance
Qcm Out of scaleOut of scale Out of scale [0294] Table 34 Comparative example 4-(1) Comparative

example 4-(2) Comparative
P I(n ustrialgdpplicabiiity

[0295]
The present invention provides manufacturing methods for metal composites which
integrate metal materials together or metal materials and other structural materials via a
s cured resin layer or layers and which eastly achieve an ability to process high-rigidity
metal materials with an excelient amenai)ility to thin-walling and lightweighting and a high
degree of design freedom into complex shapes and an ability for fast compositing as
demanded by the market. Such manufacturing methods make it possible to produce metal
composites with excellent bonding strength. Metal composites produced using such
10 manufacturing methods are advantageously used as electronic equipment chassis parts,
including parts for electronic equipment chassis incorporating an ¢clectromagnetic shielding
capability and antenna characteristics as required of eclectronic equipment fitted with
telecommunications features.
Explanation of symbols
15 [0296]
1 Metal material
2 Sheet substrate
2a  Cured resin layer
3 Metal material
20 8 U-shaped metal material
10 Preform
Il Upper mold
12 Lower mold
21 Upper mold

25 22 Lower mold
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example 4-(3) Molding  Step1 Pressure Mpa 0.5 0.5 0.5 Duration min 1 1 | Mold temperature:
Upper mold C 130 220 220 Mold temperature: Lower mold C 130 220 220 Preheating temperature:
Step 1-1 C - Preheating temperature: Step 1-2 DC - Surface temperature of metal material C 125
215 215 Degree of curing of thermosetting resin % 12 82 Step 2 |

31

32

33

41

5 42

43

51

Metal composite (A)

Part (B) composed of thermoplastic resin (b)
Electronic equipment chassis

Movable-side mold

Fixed-side mold

Injection molding machine

Part (B) composed of thermoplastic resin (b) (volume specific resistance 10°Q-

CI OF more)

52

=

53

61

62

63

i5 64

70

71

72

81

20 82

EF

EH

HF

Part (B) composed of thermoplastic resin (b) (volume specific resistance 10'Q-

cm or less)

Antenna part

Injection mold (one half)
Flow channel

Injection mold (one half)
Flow channel

Test piece

Aluminum alloy block
Adhesive

Indenter

Support jig

Electric furnace
Electronic equipment chassis

Hot air furnace

P Pressure

25 Pm

Molding pressure
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Pressure MPa 10 0.5 0.5 Duration min 2 2 2 Degree of curing of thermosetting resin % 22 100 -
Demolding - Problem free Problem free Problem free Step 3

Pressure MPa Duration min

Mold

temperature: Upper mold C - - Mold temperature: Lower mold DC - Surface temperature of metal
material C - Time taken to fall to 180C or less min -

ST Step 1

S2 Step 2

53 Step3

T Temperature

T1 180°C

T2 Metal mold temperature 1

T3 Metal mold temperature 2

Tm Surface temperature of metal material
(I) Semi-cured state

(II) Cured state
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Degree of curing of thermosetting resin 0/0 - Deinolding  Mold take-up time mi After molding
None None None Processing of metal composite A Post cure - - Technique to integrate A and 13
Molding not ssible Molding not possible Molding not possible Complex shaping of part B - -
Evaluation  Bonding strength of metal composite MPa Measurement not possible Measurement not
possible

CLAIMS
1. A method for producing a metal composite which is molded by heating and
pressurizing a preform including a sheet substrate containing a thermosetting resin and a
metal material disposed in contact with the sheet substrate or laminated therewith to form

5 the metal composite comprising the metal material and a cured resin layer formed by
curing the thermosetting resin provided along the metal material, wherein the method
comprises:

a step 1 for placing the preform in a mold and heating the metal material to a
temperature in excess of 180°C while heating the sheet substrate to semi-cure the

10 thermosetting resin, and

a step 2 for applying a pressure to the preform being heated in the step 1 to form a
composite material; and
wherein the thermosetting resin 1s at least one selected from the group consisting of epoxy
resin, phenol resin, beﬁzoxazine resin and unsaturated polyester resin.

5 2. A method for producing a metal composite which is molded by heating and
pressurizing a preform including a sheet substrate containing at least one thermosetting
resin selected from the group consisting of epoxy resin, phenol resin, benzoxazine resin
and unsaturated polyester resin, and a metal material disposed in contact with the sheet
substrate or laminated therewith to form the metal composite comprising the metal material

20 and a cured resin layer formed by curing the thermosetting resin provided along the metal
material, wherein the method comprises:

a step 1 for placing the preform in a mold and heating the metal material so as to raise
its surface temperature in excess of 180°C while semi-curing the thermosetting resin,
a step 2 for applying a pressure to the preform being heated in the step 1 to form the

25 metal composite, and
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Good Measurement not possible Unsatisfactory Excellent Vv'etitht of metal composite A Good
Riaidity - Unsatisfactory Poor Industrial applicability [0295]  The present invention provides
manufacturing methods for metal composites which integrate metal materials together or metal
materials and other structural materials via a 5 cured resin layer or layers and which easily achieve an
ability to process high-rigidity metal materials with an excellent amenability to thin-walling and
lightweighting and a high degree of design freedom into complex shapes and an ability for fast
compositing asstamiaitdedBingiomaiketrsudisompestitcidgdnie tho demakedepprssibie t produce
metal composites with excellent bonding strength. Metal composites produced using such 10
manufactutinpatHsos e eaignagas withaseda salettrbiic 89 lfprrdasthassis parts, including
parts for electronic equipment chassis incorporating an electromagnetic shielding capability and
antenna characteridties mstheduiagroiedetarofiequiprheiifittbel wishsskecomiminiedions¢tdtures.
Explanation of symbols 15[0296] | Metal material 2 Sheet substrate 2a Cured resin layer 3 Metal
material 209 0PskHped thiotiimiatefiata 0Peeferastithangbe prsstre 2nBige rendbll efUppar hwld 2522
Lower mold 31 Metal composite (A) 32 Part (B) composed of thermoplastic resin (b) 33 Electronic
equipnient¥ARassis 41 Movable-side mold 542 Fixed-side mold 43 Injection molding machine 51
Part (B) composed of thermoplastic resin (b) (volume specific resistance 104Q. cm or ore) 52
Part (B) cofnposed Branesiisgiadtrorddis (9) @aitime sphsmareditdee 1040 benthsr rREE)S3
Antenna part 61 Injection mold (one halt) 62 Flow channel 63 Injection mold (one half) 1564 Flow
channel 70 rBREEER 91 thgumsiinairsipbieciel? Jtaemmesie B idéntér w0d80stpsBrighs BPElectric

furnace EH Electronic equipment chassis HF Hot air furnace P Pressure 25Pm Molding pressure
minutes or less.

5. The method according to claim 1 or 2, wherein the mold has a surface temperature
1w of 200 to 300 °C when the preform is placed in the step 1.
6. A method for producing a metal composite including a metal material and a cured
resin layer provided along the metal material, wherein the method comprises:
a step 1-1 for heating a sheet substrate containing at least one thermosetting resin
selected from the group consisting of epoxy resin, phenol resin, benzoxazine resin and
15 unsaturated polyester resin, to semi-cure the thermosetting resin,
a step 1-2 for preheating the metal material to its surface temperature of more than
180 °C but not more than 400 °C, and
a step 2 for placing in contact with each other or laminating the sheet substrate, which
has undergone the step 1-1, and the metal material, which has been preheated in the step
20 1-2, inside a mold having a surface temperature of 180 °C or less and applying a pressure
to mold them into the metal composite.
7. The method according to claim 6, wherein heating in the step 1-1 and heating in
the step 1-2 are performed in apparatuses different from each other.
8. The method according to claim 6, wherein the step 1-1 and the step 1-2 are

25 performed in parallel.
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Sl Step | S2 Step 2 53 Step 3 T Temperature 5Ti 180C 12 Metal mold temperature 1 T3 Metal mold
temperature 2 Tm Surface temperature of metal material (I) Semi-cured state (II) Cured state CLAIMS
1.A method for producing a metal composite which is molded by heating and pressurizing a preform
including a sheet substrate containing a thermosetting resin and a metal material disposed in contact
with the sheet substrate or laminated therewith to form 5 the metal composite comprising the metal
material and a cured resin layer formed by curing the thermosetting resin provided along the metal
material, wherein tHéenegibadcepsprifas: to elatept fohpiasingatscpréfdrmnih thenslepahd Hsating the
metal material to a temperature in excess of 180C while heating the sheet substrate to semi-cure the
|()thermosé&@ingletsisubsantid lstapbefseppiing a pressure to the preform being heated in e step | to
form a composite material; and wherein the thermosetting resin is at least one selected from he group
consisting b%-epoxy! REsIACBRGAEFELRE KeblabRAZI N PEsh apig uFStorzhEr b Stgabrat mdFirars2 A
method for producing a metal composite which is molded by heating and pressurizing a preform
including a"dHeBicstsiat aatetpkainipaebpdrbleredd ns thems SamarstR il My ERgroup
consisting of epoxy resin, phenol resin, benzoxazine resin and unsaturated polyester resin, and a
metal fatéeral dispbde BBt aEEWAM EndosiEBTs Ubstatd & IahfRgiR dhRcHesiAme 1o F8E 8BS metal
composite comprising the metal material 20and a cured resin layer formed by curing the thermosetting
resin provi@@ ARy théthetish Ardnanicy ARt FHEMR ot MpREcReaicdels 11# PfaciAt iRe
preform in a mold and heating the metal material so as to raise its surface temperature in excess of
180C whild"8Bi*turing the thermosetting resin, a step 2 for applying a pressure to the preform
being heated in the step 1 to form the 25metal composite, and. a step 3 for cooling down the metal
composite Molded tEHERH sGRtirpIashime L%l & IBRRF IS IheertsHBE SR B @B metal
material to 180.C or less. 3. The method according to claim 2, wherein the pressure applied to the
metal comP&YHEHH7E' SRS is equal to or larger than the pressure applied to the preform in the Sstep
2. 4. The method according to claim .2, wherejn the time taken by the surface temperature of the metal
materi&l to ‘fal fron% FESHHA ISCE RS 18 BB I]esi @émﬁ#ﬁféglotp?eEE?fo@? T fsthddicecording
to claim 1 or 2, wherein the mold has a surface temperature ioof 200 to 300C when the preform is
placed in (e G o8 TP OB oG S AP LG8 25 iy S kel and a
cured resin I%y r provided alang the metal material, wherein the method comprises: a step 1-1 for
heating a s%eefasdB%ﬁat E'E6 taining at least one thermosetting resin selected from the group

consisting pf epoxy.tesin, phenol resin, benzoxazine resin and | Sunsaturated, polyester resin, to
corm-cure e thert ORI om0 P BTG DSEPHRSALl TR ArSH S R eh e
temperaturs%a?f more gl{lear%l(g % é)lélt ot more than 400 C, and a step 2 for placing in contact with
each other or amlnatlné) €es ee% Su )strate, which has undergone the step 1-1, and the metal
materjal, wpich hagiheen prehealedin e siep 201:2 inside.a mold having a surface. lemperature of
180 C or less and applying a pressure%o mo em into the meta compoSS| a8 PihEhathéd
according to cl i%t%,iwﬂ%rg{'g ating in the step 1-1 and heating in the step 1-2 are perfolled in

apparatusé;grgl fefent from e4ach other. 8. The method according to claim 6, wherein the step 1-1 and

the step 1-g.are 25perfonled in barallel. 9. The methad according to claim 6, wherein the step 1-1 and
the step 1. 5are oo S RERRe & FRal e LA R BT e
wherein a Héﬁ[ﬂ{m C yﬂ fh h§3 ggg AR r it ietal material is prepared prior to molding
the metal composﬁe%;gﬂﬂegstép > S%f.lﬂr%% ?h%?\rl\%é} é?:%gp%?njg to claim 1, 2 or 6, wherein the
thermosettjng resinrﬁg %' gg g&g shegt gﬁtria(g? reaghe ured state when heated at 130 C for
10 minutes. 12.The mt?&é% accorg(ﬁfg%o c%?m 1,2 or G%é%g?% tf%ggt é?n%s}é{ﬁ%ﬁe%ﬁg Cohtains a

curingoacciq@ﬁ%%g ig}&%r{gmg‘gﬁqgrmggt%% g_l_aim 1, 2 or 6, wherein the preform has a sandwich

structure configured by laminating the metal material onto both sides of the sheet substrate or a

aminate thereot 14 {0e methol asaridincdgiam 2, Whareintheibermesstitig e igaches a cured

state in the step 2 or the step 3. Is15.The method according to claim 1 or 6, wherein the thermosetting

resin reaclg%%ﬁiggqg}diﬁ{&tggiﬁa{{}% %tﬁﬂ&-bés@-\;itﬂﬁJ‘?ﬁéﬂﬂ%@ﬁﬁ%ﬂ@&?o claim 2, wherein an edge of

the preform undergo a hemming or crimping treatment in the stép 2 or the step 17. The method
according ti@.da'mfﬂhgrrﬁe%ﬂ!?@rgd@o%ﬁédg@ Qhihe Preform URHSIER e metal material is a plate

body having a thickness of 0.1 to I mm.

25 20, The method according to claim 1, 2 or 6, wherein a surface of the metal material
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20hemming or crimping treatment in the step 2. 18. The method according to claim 1, 2 or 6, wherein
the sheet substrate is a prepreg obtained by impregnating a fiber base with a thermosetting resin. 19.
The method according to claim 1, 2 or 6, wherein the metal material is a plate body having a thickness
of 0.1 to 1 mm. 2520.The method according to claim 1, 2 or 6, wherein a surface of the metal material
that comes in contact with the sheet substrate has undergone a physical, chemical or electrical
roughening treatment. 21.The method according to claim 2 or 6, wherein a surface of the metal
material th&taosnetssniooeratolith thahsheleges uvdiranschhasmultipieoperesph Giced. 10 mipaingize. 5
22. The method according to claim 1, 2 or 6, wherein a metal constituting the metal material is at least
one selectélftonitheughsamadristieng-of an aluminum alloy, magnesium alloy and titanium alloy.

23. The method according to claims 1 2 or 6, wherein the bonding strength between the metal material
and the curdd resinl /8t sretdineoinsisie kodergronlieedns sorierry Brenestial patenal
electronic equipment chassis obtained by integrating a metal composite A produced by the method
according {6#K9BATIBIORIRS b he sherd wpHreB benmpelidegiormihépHilieresisise: 25. The
electronic equipment chassis according to claim 24, wherein the part B is at 15least one type of
shaped pa%lelectg@ffr&ﬁﬂ@ﬁé greeisBensisiigol-a2odse; beriya, metrsoreybba hadackbrtical
wall, and seat. 26. The electronic equipment chassis according to claim 24, wherein a resin layer C
composed BFETRErRoplalifelredif SRt dEPah Heurieew ofthe shetaréontpabimipum xtloyhe
electronic equipment chassis according to claim 26, wherein the melting point zoor glass transition
temperatur@FFR RS Raddtaeism ellefower than that of the thermoplastic resin b. 28. The
electronic equipment chassis according to claim 26, wherein the pores fonned on a surface of the
metal matetial are fFRSYHRPEACRXE Bive' Y paI B dsih Yele HEITRBNTR L BREUNS SHR BRI bY ¢FR
thermosetting resin, thermaoplastic resin b, and thermoplastic resin 25C.  29.The electronic equipment
chassis acE8TdE DA IS S ESHBLINES P B4k (HoRRits WithaPraduteshs e of
shaping treatment selected from the group of tapering, grooving, hole-drilling and match jointing, with
the paft B fHhRG8HE metal composite A by fitting into that shape. 530.The electronic equipment

chassis acgqrding to claim 24, wherein the metal composite A and the_part B are joined by placing the
metal comégsite A‘Wa&ﬁ%ﬁ@ﬁo@ﬁﬂ%ﬂ%t-rﬁ}iﬁﬁ?ﬁg%@ﬁﬁ By integrating a metal” composite A

produced by the method according to any one of claims 1 to 23, and a part B composed of

a thermoplastic resin b.

25. The electronic equipment chassis according to claim 24, wherein the part B is at
15 least one type of shaped part selected from the group consisting of a boss, rib, hinge, frame,

keyboard base, vertical wall, and seat.

26. The electronic equipment chassis according to claim 24, wherein a resin layer C

composed of a thermoplastic resin ¢ is formed on a surface of the metal composite A.

27. The electronic equipment chassis according to claim 26, wherein the melting point
20 or glass transition temperature of the thermoplastic resin c¢ is lower than that of the

thermoplastic resin b.

28. The electronic equipment chassis according to claim 26, wherein the pores formed

on a surface of the metal material are filled with at least one type of resin selected from the

group consisting of the thermosetting resin, thermoplastic resin b, and thermoplastic resin

25 c.
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29. The electronic equipment chassis according to claim 24, wherein the metal
composite A is provided with at least one type of shaping treatment selected from the
group of tapering, grooving, hole-drilling and match jointing, with the part B jeined to the
metaﬁ composite A by fitting into that shape.

30. The electronic equipment chassis according to claim 24, wherein the metal
composite A and the part B are joined by placing the metal composite A in a mold and

injection-molding the part B.
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