; e3ekv\ MksHH 4J(JL6MIN\ MOUO THERMOPLASTI C RESI N COVPCSI TI ON FOR | C CARD
Techhi cal Field The present invention relates to an IC card thMMMmeHmNHmm
a base filmto which an I C nodul e has been fixed, a thernopl ast

| ayer, and a skin material, wherein the I C nodule is encapsul at.ed ismsotsfre
thernoplastic resin layer. In the invention, a hot-nelt resin conposition
conprising specific conponents is used as the thernoplastic resimmwumm“mmumm
card of the invention is especially suitable for use as a non-co

IC card, i.e., an IC card which hgageRipfdNy coils for data comuni cagobepn
and drive power supply, and perforns a desired function even w thout being

contacted with a . ta b card which
conbi nes the fun@?ﬁ%&ﬁgﬂﬁQAsgﬁ?géﬁﬁhyg@%gg§§%gﬁgﬁﬁﬁgﬁIgﬁﬂ%hﬁbn-contact type
card. Baﬁﬁ%%oung Att Recently, 1C cards having a built-in I C nodul e having
a large fea Eﬁ&iity are utilized as bank cards, credit cards, ID cards,
t el ephone cards, etc. ] n particular, ngn-contact type |IC cards, in which
data and powerlhgrRessshinvertion rglatesia an iC sardavhie F?‘Bg'\RWégﬁseaﬁ@" tbeBicmt i on
type 1 C cards, which function as both a contact type card and a non-cont act
type car cgn Ky modulgihag been fzed, acthenmpplasiif desin layshengra skphmatesial, onkerelBcause

of their conveni ence. The basic structure of an IC card is a sheet-form

st r uct ur ethe dpmpdulags gncapswiatetl ia the|thermoplastip spsietaxer.end thgpRYemios: &) |

pol yethyl ene terephthal ate), or the like, an I C nodule fixed to the film
and a r eshat-nelatesingowpobitinhicomptising si@cifodednapanenisdyesed ds the thermaplastici | m
made of polyvinyl chloride), a polyester, polyethylene, polypropylene, or a
pol ycar bamrsine ThsI@eand afjthé inventas @3 espécinllyestu@ablalforowsetds@ moms¢antacb tyipeng i f
necessary. IC cards having such a structure are produced generally by the
processesi@esd, i.bganbi€ oavd whichrias puiitas seilsaforl datareominminidatien ahd daivease
film(hereinafter, a base filmto which an I C nodul e has been fixed is
referred gowearSupply) bnds porgormat £ Hedied Fuaaie évenavithbut bemgl @ntasddnwithypar, and
this UV-curable resin i1s cured while keeping the surface of the UV-curable

resin | ayserislVpiotehswd, tdr & &dombiratiehila cdr@ WhieH wdenbives! the fanctidnse a for
exanpl e, JP-A-6-122297). However, this process, in which a UV-curable resin

is used, QasachtypeBidemdttiatorhiRncentet fypstdrdhas a gl ass transition
tenperature higher than ordinary tenperature and is too rigid and, hence,
enbossing the resulting I1C card results in cracking, etc. Furthernore,
there has been a problemthat the UV cure is acconpani ed by a vol une

decr ease ﬂkl‘g‘ SutPAy.feri zation and this is apt to result in a residual
strain, leadirng to card deformation, etc. Another process conprises formng

a recess in a ﬁé&htlg{@ &r%ﬂﬁ%%h&@-iﬁ Ibr}ﬁ&{l}?ﬁlhgﬁig%? ngigéinmm&g%‘abmgan IC

nodul e in the reces and ering a s this side of the

flat plat ke - S.Ef i i t hi h
nad pr opl g Ltifihdes Bpe UG CRER ety BAEE U horb RN e, | 1% 21 T he: sheet
adhered 1 s aptyl o Bfa OlbntBRAC RS IENGards, il iflicR! BHFS Snd PRI O&R

encapsul ati ng an Ssubstrate I'n ot -'neEl't resin layer an posi ng a
Ki terigl f d/ b i i e
3 A 11 rophfteesived fiey oR el Wiles i SoRieifaeBh s ARAT whBE o peRiRs or  ecy
t hat ethyl [ vi nyl t at I , I t . pal id .
pol yol ef 1 PN & GRBIAbIIPE SPiTcang) s Bebaiact e ar? ERBingE ey s dise Bl 3ddse

hot-nelt resin an? a.grgferre éesin iSs a reactive hot-nelt resin

conpri si n"n8H9f apPlications berapsmRteIncRPVENIENGE hane pol ymer havi ng i socyanat e
groups. According to the third process, the_|IC card produgtion_steps are
rel atively si nphebasiscsipstirgofgn F(F £ '%%ﬁllﬁet'f%mhﬂﬁ’é%gg‘?ﬂ?“%%a 1% 2npdul e
can be incorporated into a 2 resin |l ayer by a relatively easy operation.
However, polpimide paly(stwiens nsphthatate)s paly@shyignederephthalatgineistherliise aidEn t he
hot-nelt resin |ayer containing an | C nodul e encapsul ated therein and the

| C subst rmpdulefixeititmtheefiler, iand airesin neatingi witlke whichethel I€ meaduienis coperedt i 8n f or

| C nodul e encapsul ation requires too nuch tine. Furthernore, the IC card
obt ai ned piystichiilem made efpoly&rinyishioride), @ potyestds golyethybensi pejyprapyleh¢,axta of t he
invention is to elimnate those problens in I C cards produced by the third
process dpslgcarbsrdtetne\been apslied ak @ sk wlsterialngar the iresin eouting ifndesssant e,1Ca
hot-nelt resin layer, and a skin material. Disclosure of the Invention

I ntensi ve investigations were nmade in order to overcone the probl ens

descri bed above. As a result, it has been found that an I C card obtai ned by
| ami nating a substrate on which parts ilncluding an IC chip and a coil have
been nounted, i.e., an IC substrate, to a skin material through a hot-nelt
resin |layer can be nmade to have exceedi ngly hi gh adhesi on between the skin
material and the |IC substrate and to undergo neither cracking nor peeling

Y T g, o o .=




The invention further provides, in another aspect thereof, an IC card
conprising a base filmto which an | C nodul e has been fixed (IC substrate),
a thernoplastic resin layer, and a skin material, wherein the I1C nodule is
encapsul ated in the thernoplastic resin layer, the I C card being
characterized in that the thernoplastic resin is a thernoplastic resin
conposition conprising the saturated copol yester and the copol yam de resin.
The invention will be explained belowin nore detail. As described above, a
t her nopl I eS| 0, L L ISy SES resin
havi ng c?gﬁdg%g&g%g%h%et aﬁjcg% h%%r?@@ﬁg@%&%&?ﬂ%ﬁd&gﬁgsegﬁ avi n(g\{”uni ts

deri ved from g, cammound, 1epiesealrds @e6ha! uhPHEifuferly baleligd 10 the

i nvention as apsurati on resin r-an ernopl astic
resin congositi in,the invention.is hot - mel t .fesin, c osi Lion which
o o upOHie AR fhgmone dien deen moxeq i Rerpiref 1 AF ab (SRS RORsesd T ' Vi
be often _referred to as a hot- t resin canposition. Saturated.Copal yester
Resi n: Tﬂé‘@&’f“g efiedlg 1Ry otngdhs 'r‘-'é‘gq%?? wEnp ﬁbrerWlHﬂ'clfﬁerB‘Bﬁéﬁ‘? sysface ﬁ’g
hot-nmelt resin conposition of the jnvention is obtained b¥hcon?ens%ng one
or nore pbe PVaewallyresin layercoxsredwithe skin matesialig sreduceandCreard (see, for

cycl ohexanedi net hanol units as essential polyol 4 units, The proportion
of the cystwnlexHrédé182Hol Hawever, this preegssrigpyhjclopUdboymble e isiisedd on
all polyol units in the saturated copol yester resin. (Polycarboxylic Acids)
Pref err edapal pobldioxhiti theacurdd rasie hesommldss teinsisiopoteyipetaturei kigherathaphat i ¢
di carboxylic acids, and alicyclic dicarboxylic acids each having 6-16

car bon atovdiparyBempérgture sndissoo sgig.anddhenee, rephbossing the rasulting KT hard reslter s,  of
t hese carboxylic acids can be used as well| as pol ycarboxylic acids.

Pr ef er r edn ectrackihgsetof tHustharmora; ithereli leaar beeny i probhtend shatndieudsY t @replht hal i ¢
acid, isophthalic acid, phthalic anhydride, a-naphthal enedi carboxylic acid,
and ( 3- najpbétgdnisiesly &aohony léceaeidde tépelyarerieatiexamphissis apt theesalk iphat i ¢

di carboxylic acids include oxalic acid, succinic acid, glutaric acid,

mal oni ¢ aedidual agaliiﬁ,i@a(ﬂ,s:g'd,capd d&bimatidal étc. suberic acid, azelaic acid,
sebaci ¢ acid, undecyl enic acid, dodecanedioic acid, and di nmer acids.

Preferred examcﬁﬁerogro'&:&@,_ @nhpiiked itsrntihg o Peveyd it aaflatdplaienéloldtd from a
1, 4- cycl ohexanedi carboxylic acid, tetrahydrophthalic anhydride,

hexahydr qRE{apldshic e, Pldcits afltd ndMEleqd GR& FREssd b thed GidRéring™d SKTh ishéet

st andpoi nt of "adhesion’'strength, preferred pol ycarboxylic acids anong those

CO”poundStf)"’lﬁig sfcﬁmﬁé ?gil #lﬁteangtlﬁja??éisﬁ%h@ﬁﬁti@é"@tﬁﬁﬁ%. THEWEVER PRid proBesaf

terephthalic aci n the polyester resin is preferably 30% by nol e or
hi gher b LRI Estef dle HBLibISsorh PRt b SRt hitrdy RPOr ti on
of terepﬂ?‘ﬁgf?grc@iﬁ}nf@%@gp@ﬁl 5we?t haﬁ 30% %Oy rr%l e, the resin irs

i nsuffici j j e and hardness, resulting in a reduced
Blo i RGO BLORIR

adhesi on erred -exanpl es of other polycarboxylic acids include
pol ycar boxylic I i I.Cl : I fd . C frhe@l litic
acid and pyrorr‘AéI llhf rgggs\éicg%p&%ﬁfﬁ%%gﬂéFﬁtlﬁesgggt%%el sa @ggﬁbblgéa@égy@?n such
an anmount__gs,.not.to cause gel atio Nyl l yes S ' d not
to i rrpa: rangd‘glé%cgsw &’ E'E]G{aﬁg“a?ﬁé’ @‘F %g%dft%ﬁﬁoroz:%%ns}{ est:_gé?]ei géegﬁ‘hfa S’gﬁ}(%%eblor
nore po xﬁﬁé qx 4!gsa0| s having a SICIi% Of en d3LudlLgner ¢i.s ‘&Etﬁga y up
to 5% by Hhofd phdda5hn Here phrySaemety 1 this, patenf, dopument gg) ths) diech ter r ed
exanpl es o ol yol s ot her than cycl phexanedj nethanol, i hcl ude alipghatic
gl ycol s aeﬁéb’lg?e/‘é‘%]i feetayf FOBPI¥ME cr?oﬁ’g\s/tieﬁg pgl_yfgn@egr ROl QﬁBﬁs&‘eW%‘ﬁ ¥ed
exanples of the aliphatjc glycols jnclude ethyl ene col, 1, 2-propylene
gl ycol , 1ql@tw@5yﬁréﬁglegﬂl%gq@/ga used, i Qﬁg‘@ﬁtﬁpay fesip B'{CIH egfered redin 8%
1, 5-pent anedj ol , 1, 6-hexanedi o], 1, 8-oc¢tanediql, 1,9-nonanediol, neopentyl
gl ycol , 3Jepgsivayhqiemelt fesip slomppising3any; phdhess| ?fé)’\‘@‘&fﬁe%ndoﬁ,“raﬁ'é{‘%ﬂo Igl ycol ,
triethylene glycol, and dipropyl ene glycol.
having isocyanate groups.
According to the third process, the IC card production steps are relatively simple

because a UV illuminator is unnecessary and an IC module can be incorporated into a



Preferred exanples of the alicyclic glycols include hydrogenated bi sphenol
A. QO her preferred polyols include trihydric and hi gher al cohols such as

gl ycerol, trinethyl ol ethane, trinethyl ol propane, and pentaerythritol. The
proportion of units derived fromone or nore of these polyols is preferably
up to 5% by nol e based on all polyol units. An especially preferred polyol
ot her than cycl ohexanedi net hanol is ethylene glycol. The saturated

copol yester resin can be easily produced by an ordinary method. Exanpl es of

usabl e ”%gfr?]g C"lfért&"ii@latl@el hiy B | 285w QRr, REROthve bedhi frBblehar fdrnd

materi al s e I"nt uced into a reactor and heated at a

penper 8t UkimBf éhﬁ"‘&{hehﬂﬁ”‘o&@@en’*ﬁ{ L hAomB) r@%n %yérhé‘onhzﬁﬁnggt gl ‘fé‘%b{j’ﬁe]

product ; hase nerizati on ne rials
I t { t | th t | & nt t t
?L&P%%“e%?%éﬁ@f% WL a0 baﬁ“ﬁpmki‘rim%waﬂ& SR hnrbal 8, vent

is used. Althou t hese thods ma be

pol yner i z‘ﬁlefaé‘ﬁnggf ﬂ@dn‘?‘g’l‘b%qa@? Ty [5AUY t&’lon‘f’ﬂé‘ Hf“ﬁol s‘é@n&éfn%"ultb%&?e f or

t he object of the jnvention and m { he standp0| nt of profitability. In
this met Heed Ottth'ée‘ihygﬁprﬁé?%‘ﬁe‘%nswﬁﬁ% r JpRRieieRRssiBg ¢ r ansesterification or
direct esterification._ Copolyam de Resin; The copol yam de resin which,

toget her with Amebisst gﬂ@@é@v%%w&%lémnﬁfésthﬂse r&eh@mtllaﬂ%af%d)rﬁ%ceﬁm t
resin conposition in the invention is obtained by condensing one or nore
pol ycar bdwy Hiecthingi procosst deseribedopbawsy é.epolGy &aida ccomprigingaan JGi subsate ged from
a conpound represented by general fornmula ( 1) (hereinafter referred to as
a pi per aziotaneitoegio laye), and askimaemitérzdl. pol yani ne units. The proportion of the
pi perazi ne conmpound units in the polyamde resin is preferably 20-60% by
nol e based on all pol yam ne units. (Polycarboxylic Acids) Preferred

pol ycarboxylic acids are aromatic di carboxylic acids, aliphatic

di car boxybisclofifrie ®F théhiveatioaycl i c di carboxylic acids each having 6-16
carbon atons. Dial kyl esters, e.g., dinmethyl esters and diethyl esters, of
t hese car boxylInfensivt Gisvestightions Werdmade indrieras opelcymarttixoprpblemsalesdibed
Preferred exanples of the aromatic dicarboxylic acids include terephthalic
aci d, isopavhal Acaassull, it B Behifsurdnthatchini I¢ecardiobrainbd balamiaakingpa hubsithtec aci d,
and (3-napht hal enedi carboxylic acid. Preferred exanples of the aliphatic

di car boxydd GhRfipdits iddalditiLaPHRLhiS aR€ aQoil HAGE bBrCmagnted, i@!, WhaCi sibaifdtél,
mal oni ¢ aci d, adipic aci pi mrel1c acid, suberic acid, azel ai ¢ aci d,

sebaci ¢ at%'adssklﬂJ Hﬂ?e%él ﬁﬁb&g]ﬁ& hgthmﬁi@g&ﬁﬁﬁﬁgﬂ SinCbeAmbdb toéﬁh@e Sk ORM RS Hx%h

Preferred exanples of the alicyclic dicarboxylic acids include

1, 4-cycl Oﬂﬁéﬁ&‘? P%ﬁg%ﬁ ﬂﬁyélddgm%hgl ahntdghé a0 uesaRt Haleh ﬁn@é?gfy deitrie cracking

hexahydr rogenated dimer aci

f 1
preferr egxro?gJexlﬁ?gw rﬁﬁbs?iﬁéq%r ddingd £'ﬁ LAYR %M&b@ﬁsn&g Qﬁfé’iméﬂ;lh&'ﬂﬁteb f

di car box acid avin 16 car on atons specially preferred are

adi pi ¢ acj( gsp()?_ﬁl%h%ﬁlc §&b§§5eﬁlfﬁc&%hg@{%r ‘i’%?ﬁﬁd’ﬁ%g@élﬁc %Sb&(\éamlde

(Pol yam ne deredi T in nvent| on units rived from

a_pi perazjig coupaYn: n%gﬁge@p@qﬂ&m&@& Al frapka (1) as essential

units. Preferred exanples erazi ne conpound |ncI ude pi perazi ne,

2- met hyl pi peragi ne, and Q Rer azine. enke 0 nes
ot her than su?ﬁhepf’g'gpté% H%o(v ﬁ’ﬁ %?%i% a‘l“omaﬂos%'ﬁat c Igl“Salrrn&)snl%@ip
alicyclic diamnes, and arorIatl c di. a nes e CF hav {) rbon]atom;
Preferr edcoégpé}’?ﬁ? asayrateq, gopg YeﬁFﬁStrF%“ Yafﬁg r%g g’(“ﬁ? WHEHTS R,

1, 3-di am nqQ ane, i am nohut ang, examnet h d| am ne

decanet hy¥™ é‘& &rﬁoﬁ%lya%“ffg’ rS@FQH\QE&HB‘F%%réVﬁQ oI ﬁ@m réprreé?f’t%‘;(%ees of
the alicyclic diamnes include bis(p-am.nocyclohexyl)nethane,

bi s( 3- et iNlpwinggenerabipempliad k) as) nebERURUNIY; s( p- ani nocycl ohexyl ) pr opane,

1, 3- bi s(am nonet hyl ) cycl ohexane, 1, 4-bi s(am nonet hyl ) cycl ohexane, and

i sophor onedi am ne. Preferred exarrpl es of the aromatic diam nes include
m xyl yl enedi am ne and



p- xyl yl enedi am ne. Hot-Melt Resin Conposition: In the hot-nelt resin
conposition of the invention, the proportion of the saturated copol yester
resin to the copolyam de resin is preferably from90 parts/ 10 parts to 10
parts/ 90 parts by weight, nore preferably from90 parts/10 parts to 30
parts/ 70 parts by weight. Proportions of the copolyamde resin |less than 10
parts may result in reduced adhesiveness, while proportions thereof |arger
than 90 parts may result in a 8 decrease in processability such as

nol dabi lity andRsuitakaity for enmbossing. The saturated copol yester resin
or copolyam de resin ¥n the invention nmay be a pol yester-pol yam de

copol yner formed/by e polynerization of these. In this case, the kinds of
preferred non referred nononqg)proportions are the sane as shown
above. The hot™ regsin conposition of/the invention has adhesi veness and
nol dability. The osition gives a nolding which preferably has a storage
nodul us as neasyred at 25 Cof 5 x 1 OB Pa or higher and 5 x 109 Pa or

| ower. In case ere tﬁe storage nodul us of the nol ded object is outside
the range, .there is_a possjbility that the I C card, m ght have inpaired

Sui t abi | i(Pperg aahB s 4 BYArpERs; HemoPHah aﬂwérgweﬂawrgjgstpe‘} CHben iesms,

pol yam de resin descrjbed above, inorganic fillers, various stabilizers,
and ot herPreyidedthabtheforrRs may ibedhs srameeredifierant andd g hydspgenrasem pr an

conposi tion of the invention for various purposes, e.g., adhesion

i mpr oveneWdzR' gsouns mderein Rijp an alkplengaronp having dde 4reatbon@iRiny). t he perf or mances
of the invention. Preferred exanples of the resins other than the polyester
resin or pol yakhedavensionfurikss provides, dbancshdrrspastitheegedxan Kegird sompriging

bi sphenol A epoxy resins and cresol -novol ac epoxy resins),

ar omat i c-anterse flilmdotwhiple ae IC esdduds hgshmeen fixed B0 mahstrae)rathermoplasiieresinesi ns,
styrene resins (including styrene copolyner resins formed fromstyrene and
one or ndayernamioarskia matpadly wherenathle dCvindbduls iy eerapulated iretheythetnyopbadcr esi ns,
rosin resins, ABS, polycarbonates, polyethylene terephthal ate) (PET),

pol y( but yesinelayar ahéititalcaide beiagEcharacdtited oiny tHah the ahérdidptia)ic (feMa) is a
Preferred exanples of the inorganic fillers include powders of calcium

car bonat eherioplastixi £8in tdongokitioh Oxomprisihgl ¢he Ghayatedincbpolysstdr Shhd Ctheeach
havi ng an average particle dianeter of 10 pmor snaller. The anmount of such
an i nor gap6lyhiidegesii.0o be 9 incorporated is preferably up to 60 parts by
wei ght per 180 parts by weight of all the resins in the invention.

Preferred exantedaveéatioh hgll Bd abldihedefou BB edr ol ysi s i nhi bitors such as
pol ycar bodi i m des and anti oxi dants such as hi ndered phenols. The gl ass

transition tenperadcHbed Ghoved tﬂ&’rﬂdﬁlﬂ_siic rEsth @oﬁﬁm&i E&ﬂprism?iacﬁtdr&ed
constituted of the ingredients described above, is preferably -40C to 65C

The sof t eRpBeRe! AkinGlaviicyRRheRElelinidiftind| GRFPAR 4 kool 4midk ¢hah ARl

100- 200C. is preferre hat i n producing t _ t resin conp%sition,
the Saturﬁétﬁdde?igg@lfycﬁﬁtae'&oﬁx ound %sEﬁl@degpgéﬁé?dF f3fmli Sggiila%s%ﬁ'iheﬂea”d

m xed together at a tenperature not |ower "t han the soft ng tenperatures
of these; Lns. . M X p t inclu i Jrring
machi me. dnaialp S Skifulioff UROIGPARLTE UBARE (36 MndfloblRL Bh"
kneader typg 088k i thdThifhion | Shehidf LATLSHRSHISH BhRnTheiRcAYRMAST the
resulting resin conposition nmay Be pelTetize Or tormed T nto o Sheet. Wien
pell ets the,hot-nelt resin conpositi.on are.suhj ected a feed terial
Po. ext rudtestinanfiol il Bstmbsiaut SRR RaRpPHfe Silof 488 T48hedR & 4 REErSRan b
formed. I C.Substrate and Skin Material: In the invention, the I C nodule on
an | C sub&{R §PBPeMUhcapsul ated in a hot-nelt resin conposition |ayer and a
skin material i,s further_applied on the hot-nmelt resin conposition |ayer.
Thus, an a@%"&ﬂ@%@é’&?"&i%@“ﬁo the invention is produced. Preferred exanpl es
of the skin material include PET, PETG (copol yester obtained by i
condensat i on- poieysatirpted reppelypsiererasingseyeine asndl ceponsnb A ke hatemal esinwi t h
terephthalic acid), PVC, polycarbonates, AB S, and nylons. A sheet obtained
by | ami naompgsition gif| thefinventien a¢ oblautedhy edndehsingnone aa morsepolygadeoxsticany of
these resins may al so be used. The thickness of the skin material is

pr ef er ablagidiGath &ie gr, moreidlyol Eawnls @gclohestanedimethenolalnitsfas ebentidgolwheet in
the I C substrate include PET, polyethyl ene naphthal ate), polyi m des,

pol y(phenyl ene sulfide), PVC, glass-epoxy filnms, and BT resin filns. The

t hi ckness of the base sheet is preferably 50-100 p, m Process for Producing
| C Card: Typical enbodinents of the G card of the invention have a

mul tilayer structure such as one conprising, e.g., skin material/hot-nelt
resin layer/IC substrate/hot-nelt resin |ayer/skin material. However, the
structure of the IC card of the invention should not be construed as being

e M T o,




Applications: The IC card of the invention can be used as credit cards,
bank cards, |ID cards, 11 comut ation tickets, tel ephone cards, driving

| i cense cards, expressway tollage cards, passports, insurance cards, and
the like. Wth respect to contact type or non-contact type, the I C card of
the invention is suitable for use as non-contact type |IC cards, which
shoul d have a coiled antenna therein. Best Mdde for Carrying Qut the

I nvention The invention will be described bel ow by neans of Exanpl es and
Conpar at i Ex t- t Iesi 3 Lt [

cval uat By« 0¥ pEenf pEMe chd e falRE R Abhs 3 briserebl 25,84 B

eval uatiqn | ai ned bel ow.. Measur enent,s of Properties of Hot-Melt Resin
Conposi t?%ﬂgiégsﬁgﬁgaaﬂfﬁgy@?u%sslﬁgﬁe %e%%lgﬁﬁeﬂa?PP‘?)lxesﬁfélrfﬁl?lg poi nt: In accordance
with JIS F 6818 ) .est‘{#&g Met hods for Polyam de Resin Ml ding Materials"”,
the t enpdt SYEABOXHIEAGHSAi at e between the nelting initiation tenperature and
melting termnatjon tenperature for, a resin was peasured wi.th a, heating

bl ock type ni rclpfrﬁ%eFFEfit PAYCBBIFHICa 3EIWE atGs aélmaZdel*ﬁaﬁ?o"MgFt a¢idy e RliPhelig s ur ed
in accordance with JIS K-7210 "Fl ow Characteristics Testing Method for
Ther nopl sh¢arbaylicTasidse pnd ghieyclicedisarbaxyliceadids eaphshaving 6nkfs carbo atgras. t he

| oad was 10 kgf. Card Performance Exam nation Methods: Surface snoot hness:
A pol yi mmglkygbswsac-e-, [deméthy] estersankdiethy! estespofthasencasboxylicragisis edn et ween
two sheets (thickness, 100 p,m of PETG (copolyester forned from

t er epht haised asawellias polpsaranglighgidnl , and cycl ohexanedi net hanol ) as a skin
material. A hot-nelt resin forned into a 280 pmthick sheet was sandw ched
bet ween t he pdtrgferied examples pfithe aomatihdicanbpeylicsdcids imelude terkpahalictidyeen t he
pol yi m de substrate and the | ower skin material. Nanely, the constituent
mat er i al dsophtlealisupedi,os @hthalic t ehhgddés, o&-nkghthalekddwtdiboxyh®l t acid, and
resin/ polyimde substrate/ hot-nelt resin/PETG This assenbly was nol ded by

hot presgi-Agphidieiedich®og@iedicidi ons of a tenperature of 150C, pressure of
0.25 MPa, and nolding tinme of 5 mnutes. The resulting multilayer structure
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Preferred examples of other polycarboxylic acids include polycarboxylic acids
having a basicity of 3 or higher, such as trimellitic acid and pyromellitic acid. One or

more of these acids can be used in such an amount as not to cause gelation during

(&) ]



Subsequently, 6x 10'3 nol of phosphoric acid was added thereto. The
resulting mxture was heated to 220C, and pressure reduction was initiated
from5 mMmtHg. The m xture was heated to 240C over 3 hours to termi nate
pol ymeri zation. The final degree of vacuumwas 0.05 mrHg. The resin
obtained had a light-yell ow appearance, a nelting point of 115-125C, and a
melt index of 75 g/10 mn (210C). This resin is referred to as copol yam de
resin A. Hot-Melt Resin Conposition: Fifty parts by wei ght of copol yam de
resin A k 1 450P i |y i R 6763
megheg %ﬁfi’le% Jﬁg c;/t E);l ﬁsrtﬁ%zgﬁ a@ésgcm s %né?ﬁ’ ?ﬁé g)go to‘?ﬁérp 8@@&5
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nmeans of i E(V\,l g-screw extruder. The resulting extrudate was cooled with

wat er and BePiSéti zed. A 280 pmthick filmwas produced therefromwith a
150C hot press. This filmwas used to Produce PET- cover ed cards, by the
bondi ng net hod¥eleEsd r prseples Bf e Polyplss ather  than weiclohexanadiaethangl inghidgce
snoot hness, adhesi on performance, and suitability for enbossing. The

resul ts diiphaticegly@lscandpdigielic glyralsieachmhavingQvitd parbomatymsp| of pi perazine, 0.7
mol of hexanet hyl enedi am ne, 0.5 nol of sebacic acid, and 0.5 nol of
dodecanedi oi ¢ Rrefedrederesamples ogficthe, aiphaiopelypelsi daclndsi ethplenas ghisoki ned i n
the sane manner as in Exanple 1. The resin obtained had a light-yellow 14
appear anclg?-peopylsinei nglysol, nt 1,3tpropfledd5@lyahd d,3rbutanédialex bf-bhGingdid) mi n
(210C). A hot-nelt resin conposition was prepared in the same nmanner as in
Exanpl e 11,5-pentamedidlyat,6dexabiediol,e di8-batamddlicl] nE9-nananedivhwmebpentybigbycil,
EXAMPLE 3 The sane procedure as in Exanple 1 was conducted, except that the
addi ti on Binethylatupsdion 22 8anmethylpenmnedial, i dighylemotyisl, ttrietglene ghrpRsi tion
was om tted. Performances were evaluated in the sanme manner. The results
obt ai ned @H@iﬁbpﬂﬁhd%yc'ﬁabl e 2. COVPARATI VE EXAMPLE 1 A copolyanm de resin
was synthesized in the same manner as in Exanple 1, except that

hexanet hyl enedprefétrdg ex@fipleSetthé BlidycREgly&dls inbRd® hjrBbaérat. biddherol AesUl t,
copol yam de resin C was obtained. This resin had a i ght-yell ow appearance,
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hot-nmelt resin conposition was prepared and evaluated in the sane nanner as
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EXAMPLE 2 A hot-nelt resin conposition was prepared in'the sane manner as

in Ex | £ari ] ' ' dth
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parts byo%ﬁ);(gm- Performances were evaluated in the sane manner. The
results t-al nelas'are shown in Table 1. COVPARATI VE EXAMPLE 3 A hot-nelt
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t hat copol yam ncor por a parts-by weig

of AronmLaélic PES-111 (melting point, 125C; M, 50 g/10 mn at 1900,

manuf act é"by 15 Toagosei Chemi cal Industry Co., Ltd., was incorporated
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as the polyestgr resin., Performnces re eyal uat in the.sane nper. The
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Examples of usable methods include: a melt polymerization method in which starting
materials and a catalyst are introduced into a reactor and heated at a temperature not
lower than the melting point of the target reaction product; a solid-phase polymerization
method in which starting materials are polymerized at a temperature lower than the
melting point of the target reaction product; and a solution polymerization method in

which a solvent is used. Although any of these methods may be used, the melt



A hot-nelt resin conposition was prepared in the sanme manner as in Exanple
1, except that the copolyester resin was not incorporated and copol yani de
resin B was used. Performances were evaluated in the sanme manner. The
results obtained are shown in Table 1. Industrial Applicability The I1C card
of the invention is free fromdel am nati on even when an external force is
applied thereto in enbossing, etc., because the hot-nelt resin layer is
adherent at a high strength to the skin nmaterial and the IC substrate. The

| C car d&oﬁﬁ%ﬁ%ﬁé@?ﬁéﬁ@ﬂ sYrbfifed Woﬁéﬁﬁlg‘fﬁ{;lyﬁﬁ&f ?cﬁﬁbf%%?ttﬁﬁ‘gﬂéct of

Furt her resin conposit e 1 nvention, rchis for

: ;o : q q q :
'S ot conpifectfiol bk RCHE b RSt a3, B mehl, HOERES o
| C card production can, be uced

car do. wHICGHS BN b TA0EFeq by SHAEEtpcigee Rl i et T ol e, can
16 Tab] GOPONITIERATECOm aral | ve Exam | 61231234Copol yam de. resin
bi pei azi ne-uni T copyamide resin NolichpisByeR it B MRS IAONESN AN 15 - -
pi pei azi ne uni pEIgFaT o p¥IPERESIFHhECHhi t s
constitutes the hot-melt resin composition in the invention is obtained by condensing
one or more polycarboxylic acids with one or more polyamines and has units derived
from a compound represented by general formula (1) (hereinafier referred to as a
piperazine compound) as essential polyamine units. The proportion of the piperazine
compound units in the polyamide resin is preferably 20-60% by mole based on all
polyamine units.
(Polycarboxylic Acids)

Preferred polycarboxylic acids are aromatic dicarboxylic acids, aliphatic
dicarboxylic acids, and alicyclic dicarboxylic acids each having 6-16 carbon atoms.
Dialky! esters, e.g., dimethyl esters and diethyl esters, of these carboxylic acids can be
used as well as polycarboxylic acids.

Preferred examples of the aromatic dicarboxylic acids include terephthalic acid,
isophthalic acid, phthalic anhydride, o-naphthalenedicarboxylic acid, and
B-naphthalenedicarboxylic acid.

Preferred examples of the aliphatic dicarboxylic acids include oxalic acid,
succinic acid, glutaric acid, malonic acid, adipic acid, pimelic acid, suberic acid, azelaic
acid, sebacic acid, undecylenic acid, dodecanedioic acid, and dimer acids.

Preferred examples of the alicyclic dicarboxylic acids include

1,4-cyclohexanedicarboxylic acid, tetrahydrophthalic anhydride, hexahydrophthalic

anhydride, and hydrogenated dimer acids.
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cl ohexanedi net hanol units) 50 50 50 50 100 - -Aronnelt PES-111 (copol yester
resin) - - 100 _YS Pol ester T1151515-15151515Titani um oxi de
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general 8 ]gu 1 ) as pol yam ne unlts. RRZNNH ( 1) R R (wherein each
is a hyHPEEBMeN om or an al kyl group having 1-4 carbon at ons,

The copolyamide resin in the invention has units derived from a piperazine
compound represented by general formula (1) as essential units. Preferred examples of
the piperazine compound include piperazine, 2-methylpiperazine, and
1-(2-aminoethyl)piperazine.

Preferred polyamines other than such piperazine compounds are linear aliphatic
diamines, alicyclic diamines, and arométic diamines each having 2-20 carbon atoms.

Preferred examples of the aliphatic diamines include ethylenediamine,
1,3-diaminopropane, 1,4-diaminobutane, 1,6-hexamethylenediamine,

decamethylenediamine, and octadecamethylenediamine.

Preferred examples of the alicyclic diamines include
bis(p-aminocyclohexyl)methane, bis(p-aminocyclohexyl)propane,
bis(3-methyl-4-aminocyclohexyl)methane, 1,3-bis(aminomethyl)cyclohexane,

1,4-bis(aminomethyl)cyclohexane, and isophoronediamine.

Preferred examples of the aromatic diamines include m-xylylenediamine and
p-xylylenediamine.

Hot-Melt Resin Composition:

In the hot-melt resin composition of the invention, the proportion of the
saturated copolyester resin to the copolyamide resin is preferably from 90 parts/10 parts
to 10 parts/90 parts by weight, more preferably from 90 parts/10 parts to 30 parts/70
parts by weight. Proportions of the copolyamide resin less than 10 parts may result in

reduced adhesiveness, while proportions thereof larger than 90 parts may result in a



provided that the four Rs may be the sane or different; and Z is a hydrogen
atom or an NH2R group, wherein R is an al kylene group having 1-4 carbon
atons). 2. The thernoplastic resin conposition for I1C cards as clained in
claim1l1, wherein the proportion of the cycl ohexanedi net hanol units in
polyol units is 20-80% by nole and the proportion of the units derived from
the conmpound represented by general formula (1) in polyamne units is
20-60% by nmole. 3. The thernoplastic resin conposition for 1 C cards as
cl ai med | qecfdadd iplo@ssability RSk tholdabiligy Atesyiasit figof a nol ded
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Preferred examples of the resins other than the polyester resin or polyamide
resin described above include epoxy resins (e.g., bisphenol A epoxy resins and
cresol-novolac epoxy resins), aromatic-modified terpene resins, phenoxy resins,
coumarone-indene resins, styrene resins (including styrene copolymer resins formed
from styrene and one or more monomers copolymerizable with styrene),
o-methylstyrene resins, rosin resins, ABS, polycarbonates, poly(ethylene terephthalate)
(PET), poly(butylene terephthalate) (PBT), and poly(vinyl chloride) (PVC).

Preferred examples of the inorganic fillers include powders of calcium carbonate,

zinc oxide, titanium oxide, talc, clay, and fumed silica each having an average particle

diameter of 10 um or smaller. The amount of such an inorganic filler to be
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constituted of the ingredients described above, is preferably -40°C to 65°C. The

softening point of the hot-melt resin composition is preferably 100-200°C.

It is preferred that in producing the hot-melt resin composition, the saturated
copolyester resin and the copolyamide resin be melted and mixed together at a
temperature not lower than the softening temperatures of these resins. Examples of
mixing apparatus include a vertical stirring machine equipped with a heater, a single- or
twin-screw extruder, and a kneader type heating mixer.

After the ingredients are mixed together, the resulting resin composition may be
pelletized or formed into a sheet. When pellets of the hot-melt resin composition are
subjected as a feed material to extrusion molding by a melting extruder having a T-die,
a sheet can be formed.

IC Substrate and Skin Material;

In the invention, the IC module on an IC substrate is encapsulated in a hot-melt
resin composition layer and a skin material is further applied on the hot-melt resin
composition layer. Thus, an IC card according to the invention is produced.

Preferred examples of the skin material include PET, PETG (copolyester
obtained by condensation-polymerizing ethylene glycol and cyclohexanedimethanol
with terephthalic acid), PVC, polycarbonates, ABS, and nylons. A sheet obtained by
laminating a foil of a metal such as aluminum to a sheet made of any of these resins

may also be used. The thickness of the skin material is preferably 100-150 um.
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+M 10%2 & ()- )s1l0%& ()-':10%& ()- !'10%& ()- s1l0%& ()-&10%& ()-f"gtg}gag
g6hdE~_@ For producing an IC card, a method may be used in which a sheet of the

M 101 75! 10%& ()- f5s510%& ()-L3&10%& ()-F110%& ()- @ ' 10%& ()-& M 10% &
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and this assemblage is hot-pressed or hot-rolled. In this method, all constituent
materials may be superposed and hot-pressed en bloc, or the constituent materials may
be separately subjected to hot-pressing to accomplish molding through two or more
hot-pressing operations. Furthermore, constituent materials may be inserted into the
nip between rolls heated with a thermal laminator to laminate the materials. It is also
possible to conduct the hot-pressing only once or two or more times.

A molding temperature is preferably selected so that the hot-melt resin layer is
heated to a temperature of 100-200°C. A molding time preferably is suitably selected
while taking account of the materials and molding properties of the skin material and IC
substrate used and the temperature of the atmosphere.

The thickness of the hot-melt resin layer is preferably regulated to from 2 pum to
1 mm (more preferably 5-600 pum) while taking account of the height of the electronic
parts, including the IC, mounted on the IC substrate.

Applications;

The IC card of the invention can be used as credit cards, bank cards, ID cards,
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type, the IC card of the invention is suitable for use as non-contact type IC cards, which

should have a coiled antenna therein.

Best Mode for Carrying Out the Invention

The invention will be described below by means of Examples and Comparative
Examples. Hot-melt resin compositions and IC cards were evaluated by the methods
for property measurement and methods for evaluation explained below.

Measurements of Properties of Hot-Melt Resin Compositions:

Appearance: Visual examination

Melting point: In accordance with JIS K-6810 "Testing Methods for Polyamide
Resin Molding Materials", the temperature intermediate between the melting initiation
temperature and melting termination temperature for a resin was measured with a
heating block type micro melting-point apparatus at 2 °C/min,

Melt index: Measured in accordance with JIS K-7210 "Flow Characteristics
Testing Method for Thermoplastics". The cylinder temperature in this test was 210°C
and the load was 10 kgf.

Card Performance Examination Methods:

Surface smoothness: A polyimide substrate having a thickness of 50 um was
interposed between two sheets (thickness, 100 pm) of PETG (copolyester formed from
terephthalic acid, ethylene glycol, and cyclohexanedimethanol) as a skin material. A
hot-melt resin formed into a 280 pm-thick sheet was sandwiched between the polyimide
substrate and the upper skin material and between the polyimide substrate and the lower

skin material. Namely, the constituent materials were superposed in the order of
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410% () -pGMot-melt resin/polyimide substrate/hot-melt resin/PETG. This assembly was
molded by hot pressing under the conditions of a temperature of 150°C, pressure of 0.25
MPa, and molding time of 5 minutes. The resulting multilayer structure was cut into
85.5 mm x 54 mm to obtain an IC card (hereinafter referred to as a test IC card). After
the card was cooled, the surface state thereof was visually examined.

Suitability for embossing: The test IC card was embossed with an embosser to
impress thereon twenty characters of "8" in each of three rows. The embossed card
was examined for warpage in accordance with JIS X-6305. The height of the emboss
was also measured.

Peel Strength

(Method of bonding); A hot-melt resin sheet having a thickness of 280 um was
sandwiched between a polyimide film having a thickness of 25 um and a PETG sheet
having a thickness of 100 pm (EASTER 6763, manufactured by Eastman Chemical).
Using a hot press, the resultant assemblage was heat-bonded together under the
conditions of a temperature of 150°C, pressure of 0.25 MPa, and molding period of 5
minutes to thereby produce a test piece.

(Adhesion performance), The test piece was evaluated in accordance with JIS
K-6854, Peel/Adhesion Strength Test Methods for Adhesives. The measuring
temperature was 23°C and the pulling rate was 200 mm/min. Prior to the measurement,
the test piece to be examined was conditioned by being allowed to stand in an
atmosphere of 23°C and 50% RH for 1 day.

EXAMPLE 1
Synthesis of Copolyamide Resin:
0.3 mol of piperazine, 0.7 mol of ethylenediamine, and 1.0 mol of dodecanedioic

acid were introduced into a four-necked flask equipped with a stirrer, nitrogen
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introduction tube, distillation tube, and thermometer. The mixture was refluxed for 3
hours at a temperature of 120-150°C with stirring in a nitrogen gas stream. This
mixture was then gradually heated to 200°C while distilling off water over about 1 hour.

Subsequently, 6x10? mol of phosphoric acid was added thereto. The resulting
mixture was heated to 220°C, and pressure reduction was initiated from 5 mmHg. The
mixture was heated to 240°C over 3 hours to terminate polymerization. The final
degree of vacuum was 0.05 mmHg. The resin obtained had a light-yellow appearance,
a melting point of 115-125°C, and a melt index of 75 g/10 min (210°C). This resin is
referred to as copolyamide resin A.

Hot-Melt Resin Composition:

Fifty parts by weight of copolyamide resin A was blended with 50 parts by
weight of polyester resin EASTER 6763 (trade name; manufactured by Eastman
Chemical), which contained cyclohexanedimethanol units in an amount of 40% by mole
based on all polyol units. With this blend were mixed 15 parts by weight of
terpene-phenol YS Polyster T115 (manufactured by Yasuhara Chemical) as an adhesion
promoter and 5 parts of titanium oxide CR50 (manufactured by Ishihara Sangyo) by
means of a twin-screw extruder. The resulting extrudate was cooled with water and
pelletized. A 280 pm-thick film was produced therefrom with a 150°C hot press.
This film was used to produce PET-covered cards by the bonding methods described
above. These cards were examined for surface smoothness, adhesion performance,
and suitability for embossing. The results obtained are shown in Table 1.

EXAMPLE 2

0.3 mol of piperazine, 0.7 mol of hexamethylenediamine, 0.5 mol of sebacic

acid, and 0.5 mol of dodecanedioic acid were introduced, and copolyamide resin B was

obtained in the same manner as in Example 1. The resin obtained had a light-yellow
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appearance, a melting point of 100-105°C, and a melt index of 50 g/10 min (210°C).
A hot-melt resin composition was prepared in the same manner as in Example 1,
and evaluated. The results obtained are shown in Table 1.
EXAMPLE 3
The same procedure as in Example 1 was conducted, except that the addition of
an adhegion promoter in preparing a hot-melt resin composition was omitted.
Performances were evaluated in the same manner. The results obtained are shown in
Table 2.
COMPARATIVE EXAMPLE 1
A copolyamide resin was synthesized in the same manner as in Example 1,
except that hexamethylenediamine was used in place of the piperazine. As a result,
copolyamide resin C was obtained. This resin had a light-yellow appearance, a
melting point of 110-120°C, and a melt index of 60 g/10 min (210°C). A hot-melt
resin composition was prepared and evaluated in the same manner as in Example 1.
The results obtained are shown in Table 1.
COMPARATIVE EXAMPLE 2
A hot-melt resin composition was prepared in the same manner as in Example 1,
except that copolyamide resin A was not incorporated and the amount of EASTER 6763
(manufactured by Eastman Chemical) was changed to 100 parts by weight.
Performances were evaluated in the same manner. The results obtained are shown in
Table 1.
COMPARATIVE EXAMPLE 3
A hot-melt resin composition was prepared in the same manner as in Example 1,

except that copolyamide resin A was not incorporated and that 100 parts by weight of

Aronmelt PES-111 (melting point, 125°C; MI, 50 g/10 min at 190°C), manufactured by
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Performances were evaluated in the same manner. The results obtained are shown in
Table 1.
COMPARATIVE EXAMPLE 4
A hot-melt resin composition was prepared in the same manner as in Example 1,
except that the copolyester resin was not incorporated and copolyamide resin B was
used. Performances were evaluated in the same manner. The results obtained are

shown in Table 1.

Industrial Applicability

The IC card of the invention is free from delamination even when an external
force is applied thereto in embossing, etc., because the hot-melt resin layer is adherent
at a high strength to the skin material and the IC substrate. The IC card of the
invention further has excellent surface smoothness.

Furthermore, the hot-melt resin composition of the invention, which is for use in
producing multilayered IC cards, can be produced by a process which is not
complicated. Consequently, according to the invention, the cost of IC card production
can be reduced. In particular, non-contact type IC cards, which should have a
relatively complicated built-in IC module, can be easily produced according to the

invention while attaining high quality.
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CLAIMS

1. A thermoplastic resin composition for IC cards which comprises a saturated
copolyester resin having cyclohexanedimethanol units as polyol units and a
copolyamide resin having units derived from a compound represented by the following

general formula (1) as polyamine units:

R R
ZN NH (D
R R

(wherein each R is a hydrogen atom or an alkyl group having 1-4 carbon atoms,
provided that the four Rs may be the same or different; and Z is a hydrogen atom or an

NH,R' group, wherein R' is an alkylene group having 1-4 carbon atoms).

2. The thermoplastic resin composition for IC cards as claimed in claim 1, wherein
the proportion of the cyclohexanedimethanol units in polyol units is 20-80% by mole
and the proportion of the units derived from the compound represented by general

formula (1) in polyamine units is 20-60% by mole.

3. The thermoplastic resin composition for IC cards as claimed in claim 1 or 2,

wherein a storage modulus at 25°C of a molded object is 5x10® Pa or higher.

4, An IC card comprising a base film to which an IC module has been fixed, a
thermoplastic resin layer, and a skin material, the IC module been encapsulated in the

thermoplastic resin layer, wherein the thermoplastic resin layer comprises the
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