; €3e4f N54c001D2vR3r464TNsSH = 1 1 0 FEB 2003 FLAME- RETARDANT ADHESI VE FI LM
AND FLAT CABLE 5 The present invention®relates to a flane-retardant

adhesive filmthat can be used favorably in the production of a flatl &&bB )3
and to a flat cable produced fromthis film Description of the Related Art
There are known flat cables with a constrluction in which a plurality of

conductors in a line shape covered with two adhesive filns in
adhesive layer is forned on a substrate film These fl at cableMﬂmmmwwnyHmm
15 used for the wiring of the AV and conputer devices which have y
come to be mounted at such high densities. Fromthe standpoints of"
their electrical applications and fire prevention, the materi al that nakes
up a flat cable other than the conductors (that is, the 20 adhesive film
conposed of a substrate film and an adhesive | ayer) needs to exhibit good
el ectrical insul ati oALAME- REFARGFANINADHESRYHaNEIM AL dHATh§RBLEhal ogen- based
flame retardants (such as
BACKGROUND OF THE INVENTTON
] Field of the T .
5 The present invention relates to a flame-retardant
adhesive film that can be used favorably in the production

of a flat cable, and to a flat cable produced from this

film.

10 2. nDnescription of the Related Art
There are known flat cables with a construction in
which a plurality of conductors in a line shape covered
with two adhesive films in which an adhesive layer is
formed on a substrate film. These flat cables are widely
15 used for the wiring of the AV and computer devices which
have recently come to be mounted at such high densities.
From the standpoints of both their electrical
applications and fire prevention, the material that makes
up a flat cable other than the conductors (that is, the
20 adhesive film composed of a substrate film and an adhesive
layer) needs to exhibit good electrical insulation and good
flame retardance.
Accordingly, halogen-based flame retardants (such as
decabromodiphenyl ether or hexabromodiphenyl ether), as

25 flame retardance auxiliaries inorganic fillers such as

T
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decabr onodi phenyl ether or hexabronodi phenyl ether), as 25 flame retardance
auxiliaries inorganic fillers such as 1 0FEB 2003 2 silica, clﬁ% E@
the |i ke have been added to the adhesive | ayer of the adhesive filns £ 2003
in flat cables. However, non-hal ogen-based flane retardants have recently
cone to be used in place of hal ogen-based2flane retardants as the 5 flanme
retardants added to the adhesive layer in an effort to protect our gl obal
envi ronnment. For instance) Japanese Patent application Laid-Open

No. 06- 338225 di scl oses that a phosphoric ester or another such a

phosphor us-based fl ane retardant is added as a non- hal ogen-based fl anme
retardant 10 to the polyester flane-retardant |ayer of an adhesive tape
used for a flat cable. Al so, Japanese Patent application Laid-Open

No. 09- 221642 di scl oses that a thernoplastic polyester resin substrate that
makes up an adhéicae dliaymousele f brken Havat beabl edded b Hdhesihesilvayer
formed over 15 this substrate, is rendered flanme-retardant by a

phosphor us- basavef | aheheeedhdaive fAas fusgd éabfeést asablesed fHowewvke, wiri ng
of various products related to human safety (such as airbags in autonobiles
or nedi cal eq@Ppriemtegen-greednbl 3mairgtazdagtechryearessivatcioss ite Pequir ed
in order to ensure, a consistently high I evel of safety. A problemwth the
adhesi ve tape¥58¢ RMISicPe°fi PakOTRTs a§§§dfﬂﬁm?hée%&E§éﬁﬁﬁnﬂﬁ &R€i ons,

h is that ffici I ' i | ati - esi st f the _adhesi 25
novever) 15 ¢ Dilpul flskent Ly Blgh Loy ot enocest ptance ot g adhesive

based fl ane r%&?%fgﬂgcé %%%'%18&%% 1 %%ohRe%@? a99§siﬁg}£ AT A% ece
hygr oscopi ¢ or ioni c propéerties. e 'possibl'ée way to dal- Wi tRVCATE probl em

is to add a nplEo9enATtat DAL A PP ho2ds - 58E 2 slanis ikl LXRLPI LS

phosphoric ester or another such a phosphorus-based flame
retardant is added as a non-halogen-based flame retardant

10 to the polyester flame-retardant laver of an adhesive tape
used for a flat cable. Also, Japanese Patent application
Laid-Open No0.09-221642 discloses that a thermoplastic
polyester resin substrate that makes up an adhesive film
used for a flat cable, or an adhesive layer formed over

15 this substrate, is rendered flame-retardant by a
phosphorus-based flame retardant.

When flat cables are used for the wiring of various
products related to human safety (such as airbags in
automobiles or medical equipments), extremely high

20 electrical insulation is required in order to ensure a
consistently high level of safety.

A problem with the adhesive tapes or adhesive films
disclosed in the above publications, however, is that
sufficiently high insulation resistance of the adhesive

25 tape or film cannot be achieved because the phosphorus-



5 relatively high insulation performance (such as nelam ne) to the adhesive
| ayer of a flame-retardant adhesive film but because the flanme retardance
of a nitrogen-containing organic flanme retardant is insufficient, tHe) FEB 2003
resulting flame retardance is not on a par with that of a flanme 10
retardant adhesive filmcontaining a hal ogen-based flanme retardant.

Mor eover, the necessary adhesive strength cannot be ensured if a |large
anount of nitrogen-containing organic flame retardant is added to the
adhesive layer in order to increase flane retardance. Consequently, 15
nitrogen-containing organic flane retardant are not as yet being used with
flame-retardant adhesive filns for use in flat cables. 20 The present
invention is intended to solve these problens of prior art, and an object
thereof is to give good electrical insulation, adhesion and fl ane
retardance t obaséd affenectratdafen adhes Me contminRdt imaks afesdvea

nonhal ogen ty?e of flame retardant. =1 0 F E B 2003 4 The inventors
perfected thelpresdms iNYGEREFORL ©pth W COPEPPRFLEIRAL t he stated obj ect
could be achieved by dividing a flame-retardant | ayer provided on an

i nsul ati ng subst ra?’éefP‘P%ﬁHMteowéi’ Feadeal Wbl tayfdris, PESPHYM ol $i T Ggéh as
containing organic flane retardant with good el ectrical characgteristics

(i nsul ation) th%ﬁﬁﬂﬂqutéﬁﬁl?%t%ﬁQﬁﬂﬁF Fﬂ@mFlﬁﬁEar FoF BVt BXPEPIER the far
si de fron1§he s#bétr # St adhesg% OE% er, [ sucngpctéyiﬂ1t

conduct ors” of “Tha 1Y% 3'@38 Shrd 08t £F A CR0A- hal ogen” tApd of "f'ahe 10
retardant wi t b, behd elaifd.3u i§§9£doaf‘ 133 L0ea PALLOGRIKLARLAERLRY O gani ¢

flame retardan ren | aneret ar ant t ane-retardant |ayer on the

substrate filgygigeeaddd %Qeflm ds £ drid@anekl 6@ta01f11t§ﬂ§'gé?1r R¥RMLihA¥gNt i on
has been achi eved by usi ng non-hal ogen-based flane 15 retardants in the

adhesi ve | ayesradsli d e aideapBréd edaftdand inay@fianenby wd awsngtihg
flame-retardant |ayer to have higher flame retardance than the adhesive

| ayer. Speci f {tah¢ yrettah@iapcesientnanenta parpwdvhdesata I anglemar dant
adhesive film conprising an insulating substrate 20 film a

fl ane-r et H danetardant agbesprovi dad contefiaingsal balegersbiesedatéanel m and a

fl ame-retardant adhesive | ayer provided on the flane-retardant interl ayer,
wherei n the fFrapcdadttar d¥RrSPYiter I%Peﬁ§§sﬁwhéﬁih??ﬂa‘ﬁe SFé’F&HBBnce than the

fl ame-ret ar dant adh S|ve Ia¥§r Inlyhe presenE g thlo t
preferred t hat®PHe" ASfESHEEarthft 12780 2FCRRE Shdyt grogen-con aining

organic flame retardant is added to the adhesive layer in
order to increase flame retardance. Conseqgquently,

15 nitrogen-containing organic flame retardant are not as yet
being used with flame-retardant adhesive films for use in

flat cables.

SUMMARY QF THE TNVENTTON
20 The present invention is intended to solve these
problems of prior art, and an object thereof is to give
good electrical insulation, adhesion and flame retardance
to a flame-retardant adhesive film that makes use of a non-

halogen type of flame retardant.



adhesive | ayer contains a nitrogen-containing organic flanme retardant, and
the flame-retardant interlayer contains a non-hal ogen-based fl ane r?hmgﬂﬁ
with better flane retardance than the nitrogen-containing organic fl 3
retardant. The present invention further provides a flat cable wherein a
conductor is covered with this flane-retatdant adhesive film This and

ot her objects) features and advantages of the 10 present invention are
described in or will becone apparent fromthe follow ng detailed
description of the invention. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is
a cross section of the flanme-retardant 15 adhesive filmof the present

i nvention. DESCRI PTI ON OF THE PREFFERED EMBODI MENT The present invention is
descri bed hereinbelow in detail. 20 The fl ame-retardant adhesive fil m of
the present invention, as shown in Figure 1, has a construction in which at
| east a fl ame-ret ardaninverttenisaperfacisd prlovipdedean anvensubatiprgh substrat e
filml, and a flane-retardant adhesive layer 3 is provided on this

f 1 ame-r et ar dadt s@gvemnirar [thper tRe $atsd tdpd efltapeui étlbe degtii cathitediyve | ayer 3
1 0F ED2003 6 is rendered flanme-retardant by a nitrogen-containing
organi ¢ fl amedigidivmrm lang- retardant drggrspehvified ethean insulating

ni trogen-contai ning organic flame retardant is dispersed in the base resin
used for the SHREETIES L&y infRAWNIGESE ttHe Sayphfre- Vg Fait tYREERF ayer 2
is rendered flanme-retardant b non- hal ogen- based fl ane retardant that has
better flate FERERHRIR%E OFﬁaﬂliY hglém‘% rrc?gtéﬁ%eaﬁt 4t bR ngP St St cade

retardant, and,is_ structured such]rat{lat t he non- hal enbased flagetflgt ar dant
ult,

i s di spersed Fﬂaf?fét%re%ssetlfési( e PO APREF Ry RTINS G dpR t he
fllame-retardapg, ﬁlxeétj_a@q%‘hthf‘éy%%?rtﬁel 1% E???r%%ﬁéq??lb%h_? £

e . .
fl amer et ardant adhesive | ayer. erefore, the ane-r et ar dant. adhesi ve film

of the presenk;ifVveiid Qimebl /& NBay@30d i Rerkatt NG £ OpR! td L8 rk0o25 the
fl ame-retardant adhesive layer 3, and obtains a good flane retardance due

to the fl ame- eréaf ntcable®l | &ay®rusingAaCappoHatlodat tydRes MEL agent ai n any
hal ogen atons and that exhibits high insulation resistance when this
conpound 1@ coetardest iwith béurer ridteared aetaadhese vehagamte ind torsgdnas 20 t he
nitrogen-containing organic flane retardant added to
containing organic flame retardant to render flame-
retardant the flame-retardant layer on the substrate film
side. 1In other words, the object of the present invention
has been achieved by using non-halogen-based flame
15 retardants in the adhesive layer and the flame-retardant
layer and by allowing the flame-retardant layer to have
higher flame retardance than the adhesive layer.
Specifically, the present invention provides a flame-
retardant adhesive film, comprising an insulating substrate
20 film, a flame-retardant interlayer provided on the
insulating substrate film, and a flame-retardant adhesive
layer provided on the flame-retardant interlayer, wherein
the flame-retardant interlayer has higher flame retardance

than the flame-retardant adhesive layer. 1In the present

25 invention, it is preferred that the flame-retardant



the flame-retardant adhesive |ayer 3. Favorable exanples of this

ni trogen-contai ning organic flame retardant include nmelam ne (cyanurl@FEB 2003
triamde), ammeline (cyanuric diamde), anmelide (cyanuric nonoam de),

mel am (supposed to be 25 [3, 5- (NH2) C3N3]NH) , nelam ne cyanurate (a
condensat e of 1 0F EB Z003 nelamne snd cyanuric acid)) a nelam ne
resin, nelamne derivatives such as honoguanam ne) benzoguanam ne or

acect oguanam ne. O these, the use of nelam ne cyanurate is preferred
because of its dispersibility and mscibility 5in the resin) its adhesive
properties, and so on. Sufficient flame retardance will not be obtained if
the nitrogen-containing organic flane retardant is used in too snmall an
anount, but the adhesive strength will be insufficient if this amunt is
too large, so a preferable 10 anmount is 50 to 150 weight parts) and nore
preferably 50adipediDE: Waiyght cpatiiys pemit@dgeni gbhtphming afrdama cbasemeesi n
used for the adhesive layer. A variety of thernoplastic resins can be used
as the base restardised fod the flame-regteaddant intdéebawer |l@paaids 45 but the
use of a polyester resin is preferred. The reason why a polyester resin is
preferabl e i snemetalidgensbretdt fimily Hegsgdapgr Bsthphet tdarf isme pol yan de
resins and the like generally used as adhesive conponents, and furthernore
it poses no praeaidadiceptybhelie | h XaGes -6PnLRL R 2D %xg%ﬂkﬁlflaaﬁd its
electrical insulation properties are excellent. Exanples of this polyester
resin |ncﬂhder% Sﬂﬁﬂ r resins formed froman acid conponent (such as

t ht hal d ht hal d, di |_di baoxyl d, d 25
I e e R
h h I I
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et hyl ene gl ycohnhedivds Bytgnedi ol , 1, 4-di cycl ohexanedi net hanol ,
1, 4- cycl ohexanedi net hyl ol , di et hyl ene glycol, and an ethylene OX|de-added

trimethyl ol propanothpf hispheeel oectd, Hastres RRQSHERAMSddY I0Fduaead
pol yester resin having phosphoric acid residues in its nolecul es (Japanese

Pat ent ApHl i cpite snt dintre@Peon Nor ) 83ea21A8kdi snpoefefdablredoaeaappapénfl its
hi gher flame retardance. Fromthe standpoint of ensuring good film
formati on evefrawhethe Holhpwingeteteditedi dengropyben of |thee inveatdant i s
contained in a |large anmount, the nunber average nol ecul ar wei ght of the
pol yester resin is preferably 15 between 3,000 and 100, 000, and nore

pref erably between 10, 000 _and 50;990'

Figure 1 is a cross section of the flame-retardant

15 adhesive film of the present invention.

DESCRTPTION OF THE PREFERRED FMBODNTMENTS
The present invention is described hereinbelow in
detail.

20 The flame-retardant adhesive film of the present
invention, as shown in Figure 1, has a construction in
which at least a flame-retardant interlayer 2 is provided
on an insulating substrate film 1, and a flame-retardant
adhesive layer 3 is provided on this flame-retardant

25 interlayer 2. Here, the flame-retardant adhesive layer 3



The glass transition point of the polyester resinis preferably 0 to 100C,
and nore preferably from0O to 70C) so that good thernal adhesion to 10 FEB 2003
conductors such as copper 20 will be achi eved when the flane-retardanq
adhesive filmis applied to the production of a flat cable. A comon flane
retardance auxiliary (such as nmanganese bgrate, zinc borate, anmonium
borate, |ead borate, al um num hydroxi de, or magnesi um hydroxi de) can be
added to the 25 flane-retardant adhesive | ayer 3. 1 0F EB 2003 9 The
addition of this flane retardance auxiliary will have no effect if the
anount used in the flame-retardant adhesive layer 3 is too small, but
adhesion will decrease if the anobunt is too |large, so the anount is
preferably 5 5 to 150 wei ght parts, and nore preferably 10 to 100 wei ght
parts) per conbi ned 100 wei ght parts of the adhesive | ayer base resin and
t he nitrogen-dentandergl drigani-cetiadent eyardadtrodentdentexitramg t hat t he
effect of the present invention 10 is not |ost, the flane-retardant

adhesi ve | ayepr8anan fdlage centadanvardrgld saddirtcvesedssumdedddt sheh as
organi ¢ sol vents, antioxidants, netal corrosion inhibitors, colorants

(pi grent s andndyesyen\canitadsingpessaiic ddpmengehgedant figr dispeagsidngnt he
cohesive strength between the 15 adhesive conponent resin and the flanme
ret ar dant , crégglbﬁ%ﬁrﬁfﬁégeﬁﬁ§§ EPpshe RahRgiNaxIRYRF i edleamwhideg the

anti-static agents, and fl ane retardance,catalgsts. The thickness oL t he
fl ame-r et da gaaahﬁgﬁgﬂgap§yéptgrlayer 2 1s rendered flame-retardant by

a non-halogen-based flame retardant that has better flame
retardance than the nitrogen-containing organic flame
retardant, and is structured such that the non-halogen-
based flame retardant is dispersed in the base resin for

10 the interlayer. As the result, the flame-retardant
interlayer has higher flame retardance than the flame-
retardant adhesive layer.

Therefore, the flame-retardant adhesive film of the
present invention obtains good insulating properties due to

15 the flame-retardant adhesive layer 3, and obtains a good
flame retardance due to the flame-retardant interlayer 2.

A compound that does not contain any halogen atoms and
that exhibits high insulation resistance when this compound
is contained in a flame-retardant adhesive agent is used as

20  the nitrogen-containing organic flame retardant added to
the flame-retardant adhesive layer 3. Favorable examples
of this nitrogen-containing organic flame retardant include
melamine (cyanuric triamide), ammeline (cyanuric diamide),
ammelide (cyanuric monoamide), melam (supposed to be

25 [3,5-(NH,)C,N,]NH), melamine cyanurate (a condensate of



will vary with the intended use of the flane-retardant 20 adhesive film and
other factors) but is usually 10 to 100 Vim As nentioned above, the]( FEB 2003
non- hal ogen-based fl ame retardant added to the flame-retardant interlayer 2
is a conpound whose flane retardance is better than that of the 25

ni trogen-containing organic flane retardant added to the 1 0FEGd ?003
to flanme-retardant adhesive |ayer 3. An exanple of this nonhal ogen-based
flame retardant i s amoni um pol yphosphat e, which has good di spersibility
and miscibility in the base resin. 5 The non-hal ogen-based fl ane retardant
wi |l have no flanme retardance effect if the anpbunt used in the
flameretardant interlayer 2 is too small, but |ayer separation will tend to
occur if the anpbunt is too large) so the anmobunt is preferably 50 to 200

wei ght parts, and nore 10 preferably 50 to 150 wei ght parts, per 100 wei ght
parts of basemekEsnimeused tganthic fdang-r et aetlanine ntesimyerelaflieesane
resins that can be used as the base resin for the flane-retardant adhesive
| ayer 3 can afisoitatiyvesdsasht de hemrgueasimpngs et opgudranfingmerr et ar dant
interlayer 2. 15 O these, the use of the above-nentioned pol yester resins
i s preferred. aqpetagvagienéss - of Of N 'g9eantheebaf cahtmelaeim @R NRIRER| vary
with the intended use of the flame-retardant adhesive fil mand ot her
factors, but 1% REREANNPI18eFRUADPUMES2G1FBEF AP I Bht2th 1 SCARI L FBct of

t he prese i pvention i,s not Ig‘iltgé the flane-retardant interlayer 2 can

al so contai n VarHudsddi t F B> A HE8IPEUER Bs F1Af Brar dance
Ut aries, o0 e el 51 0L ERL SRR B SLoBOELOS I {01
i ncreasing th@he nitrogen-containing organic flame retardant is used in
too small an amount, but the adhesive strength will be
insufficient if this amount is too large, so a preferable

10 amount is 50 to 150 weight parts, and more preferably 50 to
100 weight parts, per 100 weight parts of the base resin
used for the adhesive layer.

A variety of thermoplastic resins can be used as the
base resin used for the flame-retardant adhesive layer 3,

15 but the use of a polyester resin 1s preferred. The reason
why a polyester resin is preferable is that it is
relatively less hygroscopic than the polyamide resins and
the like generally used as adhesive components, and
furthermore it poses no practical problems in terms of film

20 strength, and its electrical insulation properties are
excellent.

Examples of this polyester resin include polyester
resins formed from an acid component (such as terephthalic
acid, isophthalic acid, diphenyldicarboxylic acid, adipic

25 acid, sebacic acid, polyvalent carboxylic acids having



1 0 F EO 2DD3 11 cohesive strength between the adhesive conponent resin
and the flane retardant, crosslinking agents, crosslinking auxili ari1e6;FE 003
fillers) anti-static agents, and flanme retardance catal ysts. 5 Exanples %12
the insulating substrate film1 include a polyethylene terephthalate film
pol yet hyl ene naphthal ate film polyimde &ilm pol yphenylene sulfide film
pol ypropyl ene oxide film polyethylene film polypropylene film and

pol yam de film The thickness thereof can be 10 suitably sel ected accordi ng
to the intended use, but ranges froma few mcrons to a few hundred

m crons, for exanple. A prinmer |ayer can be provided between the insulating
substrate film1 and the flane-retardant interlayer 2 or between the
flame-retardant interlayer 2 and the flame 15 retardant adhesive |ayer 3.
Anot her flane-retardant interlayer can al so be fr ovi ded between the

f | ane- r et ar dapbosphanicapeid2regidiusase i shelrerateathtesadPdsitédirapeida. The
flame-retardant adhesive filmof the present invention can be manufactured
by a known nethbeellhgdcoecédanitd, sqdiveafupéohemeitthaliated BPddAssol ving the
interlayer base resin and the nop-hal ogen-based flane retardant in an

organi ¢ sol veRt2¥RRH £9mPEPERhe)SuGhsiafg SR FPanE ¥ ar dant i nterl ayer
conposition thus obtained.to copat, the insulating substrate film1, and
drying this 25 td4aRs 81fojrh4)’t yﬂ%§k¥?8fg?ﬁgmaqoﬁt’erl ayer 2, and then

1 0 FEB 1% di ssol vi th i,ve l.ayefr S] d

nitr ogencgsnt a;fh?h%ycg&%ghaeﬁgggg?rg%%hﬁgtlér géﬁ?ﬁﬁgeéﬁ frlbcgo%’ctaggl vent , using the

f1ame-retardapiy, aihies io&%dlaax&ae&oam%ithml%}gaaam amed LA enaat ALhe
2, and 5 e

flame-retardant 1 nterlayer 2, rying I's coating to formt

flame-retardapt eshasi wephayshors-Ehe rbkarear sboy s aehes wavihgm of the
present invention can be applied as a surface protecting filmfor a variety

of circuits, pubsHasyieeadsadrés passt iiaubasl yoyeod dd (@dypantagerabetbe
production of a flat cable. For exanple, a flat cable can be produced by
arrangi ng a phpphicatiocnf Lebdddomeron® .08 -paLAB) el s nrefreriadvlienbeicagse of
flame-retardant adhesive filns from above and bel ow t he conductors. This
flat cabl¥® prbesceiphesi fdarperetianddncetar dant adhesive film 15 of the
present invention is covered with flame-retardant adhesive filng having

good flame retardafE®® §hfs SEAPABM N GRE SRFELABA, IRRS By R AATdq i s a f1 at

cable with good flane retardance) electrical reliability, an el
trength | FurPrEl T “BenhLerte FrBrechiRe SEH RS REenPOaBHEE ¢ 20 i s

Free TH < 1

al so favorabl f?i&)x{ i%%'dogntgel&lﬁggnfﬁgﬁier?ﬁmmbérf ,agjegagge producti on of

a f! at cabl e, he adhesi ve stren ane-r et ardant "adhesi ve fil ns
i's insufficieftyaduingr %hﬁﬁ@r@@r@wb@wegt&p tbe: priesence0bpipe flame

retardant, it is preferable to enploy a hot
15 between 3,000 and 100,000, and more preferably between
10,000 and 50,000.

The glass transition point of the polyester resin is
preferably 0 to 100°C, and more preferably from 0 to 70°C,
so that good thermal adhesion to conductors such as copper

20 will be achieved when the flame-retardant adhesive film is
applied to the production of a flat cable.

A common flame retardance auxiliary (such as manganese
borate, zinc borate, ammonium borate, lead borate, aluminum

hydroxide, or magnesium hydroxide) can be added to the

25 flame-retardant adhesive layer 3.



1 0 FEO 2003 13 |lamination nethod featuring the use of a rol

bet ween 80 and 200C when the conductors are lamnated. 5 The present]qFf

i nvention wll

now be described in specific ternms through working exanp

F

heated to

B 2003

es.

Wor ki ng Exanples 1 and 2 and Conparative Exanples 1 to 4 (Preparation of a
conposition for formng a flane 10 retardant adhesive |ayer) 100 wei ght
parts of a polyester resin (trade nanme: Elitel Series, nmade by Unitika

Co, Ltd.) was dissolved in a m xed sol vent conposed of 75 wei ght parts of

met hyl ethyl ketone and 300 wei ght parts of tol uene.

wer e added 50 wei ght parts of nelam ne cyanurate and 50 wei ght parts of
zinc borate) and this systemwas m xed under agitation to prepare a liquid

conposition for formng a flane-retardant adhesive | ayer
conposition for formng a 20 flanme-retardant

To this solution 15

(Preparation of a
interlayer) 100 wei ght parts

of a pol yester resrTie (dddddéonase: tids tillarBerieeardande dbyxihiddkavida. Ltd.)
was dissolved in a
have no effect if the amount used in the flame-retardant

adhesive layer 3 is too small, but adhesion will decrease

if the amount is too large, so the amount is preferably 5

5 to 150 weight parts, and more preferably 10 to 100 weight

parts, per combined 100 weight parts of the adhesive layer

base resin and the nitrogen-containing organic flame

retardant.

To the extent that the effect of the present invention

10 is not lost, the flame-retardant adhesive layer 3 can also

contain various additives as needed, such as organic

solvents, antioxidants, metal corrosion inhibitors,

colorants (pigments and dyes), various types of coupling

agents for increasing the cohesive strength between the

15 adhesive component resin and the flame retardant,

crosslinking agents, crosslinking auxiliaries, fillers,

anti-static agents, and flame retardance catalysts.

The thickness of the flame-retardant adhesive layer 3

will vary with the intended use of the flame-retardant

20 adhesive film and other factors, but is usually 10 to 100

um.

As mentioned above, the non-halogen-based flame

retardant added to the flame-retardant interlayer 2 is a

compound whose flame retardance is better than that of the

25 nitrogen-containing organic flame retardant added to the



m xed sol vent conposed of 75 weight parts of nethyl ethyl ketone and 300
wei ght parts of toluene. To this solution 25 was added 50 wei ght part& E%
amoni um pol yphosphat e, and 1 0 F EB 2003 14 this system was m xeld0 &iRe s
agitation to prepare a liquid conposition for formng a flanme-retardant
interlayer. (Production of a flane-retardgnt adhesive film The conposition
for formng a flane-retardant 5 interlayer was coated using a bar coater on
a polyester filmwith a thickness of 25 um (rmade by Unitika Co.Ltd.)) such
that the dry thickness would be as shown in Table 1. This product was put
in a drying furnace to volatilize the nmethyl ethyl ketone and tol uene and
forma flame-retardant 10 interlayer. The conposition for formng a

fl ame-retardant adhesive | ayer was coated using a bar coater on the
flanme-retardant interlayer with such that the dry thickness would be as
shown in Tabl €lime Tie aydamduetiheabveUiayier 8 .dr ghngxamphacet Ehitsonvalatili ze
the nmethyl ethyl ketone and toluene and forma fl ane-retardant adhesive

| ayer. Thi s yheldegeh cbddegiréd emar daird r deotite disv emibh i Vido kipigpsiphanel, es 1 and
2). In Conparative Exanple 1, no flanme-retardant adhesive |ayer was

provi ded, andwhheh thdislgress dofpeheilfildiy 204dr st acdbbl i fintier [thpebawas
changed to 45 umIn this case, the flane-retardant interlayer also
functions as FR81Rdhesive |layer. In Conparative Exanple 2, no
flaneretaégant interlayer was provided, and the thickness of the

flame-ret atdant adhB8i ¥ 1haloreRabaepdngedra Fe48rdartnvdhl GRfar@ i ve
Exanpl e 3) 50 i ght parts of ni | 1 0 FEa 2003 15 pal yphosphate
was further aéﬁgﬁgt%F{%ﬁ§%58ﬁp8§g¥5bﬁﬁgkﬁefBPHFHQ %§?$aﬂk- gﬁégﬁf adhesi ve
| ayer, and a rs jve, film pr ced usi_ng,the

resul ting com%%gigﬁ%ltaflg&%#%rg%ﬁ? a ¥ Itgr?e-srwgﬁéf dgﬁg gadyheg%is\?gafg;t/é?? 5 not

providing a flapg-f&iandankchpt £f | @yeamoand RPEOVLLI Do f lsdmepket ar dant
adhesive layer in a thickness of 45 um

amount is preferably 50 to 200 weight parts, and more

10 preferably 50 to 150 weight parts, per 100 weight parts of
base resin used for the flame-retardant interlayer.

The same resins that can be used as the base resin for
the flame-retardant adhesive layer 3 can also be used as
the base resin used for the flame-retardant interlayer 2.

15 Of these, the use of the above-mentioned polyester resins
is preferred.

The thickness of the flame-retardant interlayer 2 will
vary with the intended use of the flame-retardant adhesive
film and other factors, but is usually 10 to 100 pm.

20 To the extent that the effect of the present invention
is not lost, the flame-retardant interlayer 2 can also
contain various additives as needed, such as flame
retardance auxiliaries, organic solvents, antioxidants,
metal corrosion inhibitors, colorants (pigments and dyes),

25 various types of coupling agents for increasing the



in Conparative Exanple 4, a flame-retardant adhesive fil mwas produced

usi ng a hal ogen-based flane retardant. (Production of a flat cable) fLB F-EB%M
fl ame-retardant adhesive filmthus obtained was cut to the specified

| ength, and two of these were readied. A plurality of flat-type conductors
(flat-type copper wires plated with tin) mith a wire thickness of 50 um
were laid out in parallel on one of the flanme-retardant adhesive 15 fil ns,
over which was placed the other flame-retardant adhesive film after which
this assenbly was passed between two rolls heated to 150C to bond the fil ns
t oget her and produce a flat cable. (Evaluation) 20 The fl ame-retardant
adhesi ve agents of Wrking Exanples 1 and 2 and Conparative Exanples 1 to 4
were evaluated for "insulation resistance,” "flame retardance,” and

"adhesi on" as described below. The results thus obtained are given in Table
1. 25 | nsul at icohekt8é Séarwrith beOwéelt the hekl viel Fombenéms wtetiirpmnd

resi stance (applied voltage: 0.5 kV) between adjacent conductors (conductor
| engt h: 100 mtheofléhe fdtardaabl ecyass edsinedgeAtsi nsubst 1 iorkimesi st ance of
1011 [err] or higher was indicated by the synbol "O " while 5 an insulation
resi stance of auxssiahbes.1FLill182swasn {iditedtiad alggnthe aydbblame. " (ii) As a
practical test, the flat cable was left for 168 hours in an environnent of
40C and 90% RMetandaner qatedvatFon resi stance (appl i ed voI tage: 0.5 kV)

bet ween 10_adj acent conductors _(conductor |ength: 100 of . the flat cable
was neasurdd. An i BXaPBLEDPL ddiesLAfEEa bFnd o3 Setrrra]teof HWgﬁe%n%\Ja‘édq fdi cat ed

by the synbol " nin ion S|sta | ess t 09 [err]
was indi cat ed®B y?ﬁlévaii}"rﬁ)&lerefgg#?a% é’?dé’ﬁg tRY1688 Snaphthatate

film, polyimide film, polyphenylene sulfide film,
polypropylene oxide film, polyethylene film, polypropylene
film, and polyamide film. The thickness thereof can be

10  suitably selected according to the intended use, but ranges
from a few microns to a few hundred microns, for example.

A primer layer can be provided between the insulating
substrate film 1 and the flame-retardant interlayer 2 or
between the flame-retardant interlayer 2 and the flame-

15 retardant adhesive layer 3. Another flame-retardant
interlayer can also be provided between the flame-retardant
interlayer 2 and the flame-retardant adhesive layer 3.

The flame-retardant adhesive film of the present
invention can be manufactured by a known method. For

20 example, it can be manufactured by dissolving the
interlayer base resin and the non-halogen-based flame
retardant in an organic solvent (such as toluene), using
the flame-retardant interlayer composition thus obtained to

coat the insulating substrate film 1, and drying this

25 coating to form the flame-retardant interlayer 2, and then



A flame retardance test was conducted by the nmethod set forth in
UL- SUH758-VW.. Here, the synbol "OO0' is used to indicate that flame | FEB 1063
ret ardance was the same as when a hal ogen-based fl ane retandant was used
(Conparative Exanple 20 4). The synbol "O' indicates that flanme retardance
was inferior to that when a hal ogen-based 2| anme retardant was used
(Conpar ative Exanple 4), but no practical problens were encountered. The
synbol "X" indicates that flame retardance was clearly inferior to that
when a hal ogen 1 0FED 203 17 based flane retardant was used
(Conparative Exanple 4)) to the extent that practical problens were
encountered. The portion where the two flanme-retardant adhesive 5 filns
wer e bonded together, and the portion where the conductors and the
fl ame-retardant adhesive filns were bonded together were cut out and |eft
for one week iddsaob0ihd hererashatice chaydehasaf resinhand the midhesjeve
strength of each was neasured by Tensilon (nade by Orientech). Here, 10 the
synbol "O' i ndooatesindiatrgame cadhase neetstrdamgt hnbehweegat he sdhvesitve fil s
and between the conductors and the adhesive filns was found to be high (0.5
kg/ cm or hi ghasingwhi¢ e tame -gptbofan k"adhetiiyat deyeessompesi i kidyhem TABLE
115
obtained to coat the flame-retardant interlayer 2, and
5 drying this coating to form the flame-retardant adhesive
layer 3.
The flame-retardant adhesive film of the present
invention can be applied as a surface protecting film for a
variety of circuits, but can be used to particularly good
10 advantage in the production of a flat cable. For example,
a flat cable can be produced by arranging a plurality of
conductors in parallel, then laminating flame-retardant
adhesive films from above and below the conductors. This
flat cable produced using the flame-retardant adhesive film
15 of the present invention is covered with flame-retardant
adhesive films having good flame retardance, insulation,
and adhesion, whereby obtained is a flat cable with good
flame retardance, electrical reliability, and peel strength.
Furthermore, since this flat cable contains no halogens, it
20 is also favorable in terms of the global environment.
If, in the production of a flat cable, the adhesive
strength of the flame-retardant adhesive films is

insufficient at normal temperature due to the presence of

the flame retardant, it is preferable to employ a hot



Wor ki ng Ex. Conpar ati ve Exanpl e121234Fl ane-r et ardant adhesi ve | ayer

t hi ckness ( m 30150454545F| anme-retardant interlayer thickness (

m 153045000FI arme r et ardance~0O~1~000 nsul ati on resi stance (i) /~2 10 FEB 2003
(i1)/Szd 101" O 1090'10" O 1090 101" x/1B~O'101 dlAzAlAz x/10B~A 10"
Q' | A zAdhesi onOOxO00 As is clear from Tabl3e 1, the flame-retardant adhesive
20 films of Working Exanples 1 and 2 exhibited better results 1 0 FED ~
18 for both flane retardance and adhesive strength, and had hi gher

insul ation resistance. On the other hand, in Conparative Exanple 1, since a
flame-retardant interlayer that had been rendered flanme 5 retardant by
anmoni um pol yphosphat e functi oned as an adhesive |ayer, the results for
insul ation resistance (ii) were unsatisfactory. In Conparative Exanple 2,
in which no flame-retardant interlayer was provided, the flane retardance
was inferior tlemihatiof reethwdodeatbaseal fHamsel®fr et aptianheated to

between 80 and 200°C when the conductors are laminated.

EXAMPLES
5 The present invention will now be described in
specific terms through working examples.

Working Examples 1 and 2 and Comparative Examples 1 to

(Preparation of a composition for forming a flame
10 retardant adhesive layer)
100 weight parts of a polyester resin (trade name:
Elitel Series, made by Unitika Co,Ltd.) was dissolved in a
mixed solvent composed of 75 weight parts of methyl ethyl
ketone and 300 weight parts of toluene. To this solution
15 were added 50 weight parts of melamine cyanurate and 50
weight parts of zinc borate, and this system was mixed
under agitation to prepare a liquid composition for forming
a flame-retardant adhesive layer.
{Preparation of a composition for forming a
20 flame-retardant interlayer)
100 weight parts of a polyester resin (trade name:
Elitel Series, made by Unitika Co.Ltd.) was dissolved in a
mixed solvent composed of 75 weight parts of methyl ethyl
ketone and 300 weight parts of toluene. To this solution

25 was added 50 weight parts of ammonium polyphosphate, and



I n Conparative Exanple 3, in which the flame-retardant |ayer was not
divided in tw, and a single adhesive |ayer was rendered flame-retard®ffp g3
mel am ne cyanurate and anmoni um pol yphosphate, the results for insulation
15 resistance (ii) were unsatisfactory. The present invention allows good
el ectrical insulation properties, adhesio®) and flame retardance to be
realized with a flane-retardant adhesive filmin which a non-hal ogen type
of flame retardant is used. 20 The entire disclosure of the specification,
claims, summary and drawi ngs of Japanese Patent Application No. 10 284533
filed on Cctober 6, 1998 is herein incorporated by reference. 10Fc8
i~~3 19 WHAT IS CLAIMED IS: 1. A flame-retardant adhesive film conprising
an insulating substrate film a flame-retardant interlayer containing an

i nsul ati ng non-hal ogen flame retardant, present in from50 to 200 wei ght
parts per 100tpastsysferhase mézed wideniabitstéchayerprepane ded iguithe

i nsul ating substrate film and a flame-retardant adhesive | ayer conprising
a ther mopl ast cembaset ¥asifiercéaraing ry &2l anen-riedkygdent nintegayesont ai ni ng
organic insulating flame retardant, present in from50 to 150 wei ght parts
per 100 parts of sdPECB#EE aresina Biawe deetwiiatie aphafbve ef hlmant
interlayer, wherein the flame-retardant interlayer has higher flane

ret ar dance than t h&he| SRSt drRahPr aBRERIRE & dyefe-FetaRdart ame- r et ar dant

adhesi ve ué n1ac00{d|n to Cla|n$1 wherein the flame-retardant interlayer
has a strutt urBEPRM ST T2EhECRAFET odE GhPatn ﬁatﬁfg%ml?:99¥¥ﬁ§H%§tardant is

di spersed in gfgglw#éﬁ §%kg?%§ oghﬁsf aq%aret d&y{tﬁPhQFI%% fllm

accordi ng to € nitrogen-contal |ng organlc

flane-r etar daghchschl I@,aeshrg;n@h%h?&gse%uﬁ%ghss 0L QM CONSI3hieg | Of

mel am ne, ammeline, amelide; nmelam nelam ne cyanurate, a nelamne resin

and mel am ne @gikVetdMRTt wis dhe {d aenhalkRr dabhasdhesiwa fdilinzaceqeding to
Claim 3, wherein the nitrogen-containing organic flanme retardant is

mel am ne cyanneahel &chylheetbagean@ttgidame adhesove 4 ifmamaceerdragnto G aim
1, wherein the flane-retardant adhesive |ayer further contains a flane
retardanct aukhtentayer.esent in from5 to 150 wei ght parts per combi ned 100
wei ght parts of said adhesive |ayer thernoplastic base resin and said

ni t r ogen- cont ai ni nghergerrasitigrefpet Beemiig a flame-retardant adhesive

layver was coated using a bar coater on the flame-retardant
interlayer with such that the dry thickness would be as
shown in Table 1. This product was put in a drying furnace

15 to volatilize the methyl ethyl ketone and toluene and form
a flame-retardant adhesive layer. This yielded a flame-
retardant adhesive film (Working Examples 1 and 2).

In Comparative Example 1, no flame-retardant adhesive
layer was provided, and the thickness of the flame-

20 retardant interlayer was changed to 45 um. In this case,
the flame-retardant interlayer also functions as the
adhesive layer. In Comparative Example 2, no flame-
retardant interlayer was provided, and the thickness of the
flame-retardant adhesive layer was changed to 45 pm. 1In

25 Ccomparative Example 3, 50 weight parts of ammonium



6. The flanme-retardant adhesive filmaccording to Caimb5, wherein the
flame retardance auxiliary is zinc borate, manganese borate, al um nqr) FER 2003
hydr oxi de or magnesi um hydr oxi de. 1 0FEO 2003 20 7. The

fl ame-retardant adhesive filmaccording to Claim1, wherein the
flame-retardant interlayer has a structurl® in which the non-hal ogen-based
flame retardant is dispersed in a polyester resin. The fl ame-retardant
adhesive filmaccording to Claim1, wherein the non-hal ogen-based fl ane
retardant in said interlayer is amoni um pol yphosphate. 9. A flat cable,
conprising a conductor and a flane-retardant adhesive filmaccording to
Caim1l with which the conductor is covered.
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(i) The insulation resistance (applied voltage: 0.5
kV) between adjacent conductors (conductor length: 100 mm)
of the flat cable was measured. An insulation resistance
of 10" Q or higher was indicated by the symbol "O," while
5 an insulation resistance of less than 10" Q was indicated
by the symbol "x."
(ii) As a practical test, the flat cable was left for
168 hours in an environment of 40°C and 90% RH, and the
insulation resistance (applied voltage: 0.5 kV) between
10 adjacent conductors {conductor length: 100 mm) of the flat
cable was measured. An insulation resistance of 10° Q or
higher was indicated by the symbol "O," while an insulation

resistance of less than 10° Q was indicated by the symbol

wx
15 Flame retardance
A flame retardance test was conducted by the method

set forth in UL-SUB758-VWl. Here, the symbol "O" is used
to indicate that flame retardance was the same as when a
halogen-based flame retardant was used (Comparative Example

20 4). The symbol "O" indicates that flame retardance was
inferior to that when a halogen-based flame retardant was
used (Comparative Example 4), but no practical problems
were encountered. The symbol "X" indicates that flame

retardance was clearly inferior to that when a halogen-
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the extent that practical problems were encountered.

Adhesion
The portion where the two flame-retardant adhesive
5 films were bonded together, and the portion where the
conductors and the flame-retardant adhesive films were
bonded together were cut out and left for one week in a 60°C
thermostatic chamber, after which the adhesive strength of
each was measured by Tensilon (made by Orientech). Here,
10 the symbol "O" indicates that the adhesive strength between
the adhesive films and between the conductors and the
adhesive films was found to be high (0.5 kg/cm or higher),

while the symbol "X" indicates less than 0.5 kg/cm.

TABLE 1
15
-Working Ex. Comparative Example

1 2 1 2 3 4
Flame-retardant adhesive 30 15 0 45 45 45
layer thickness (um)
Flame-retardant interlayer 15 30 45 0 0 0
thickness (um)
Flame retardance O @) (@) O O @)
Insulation resistance (i)/Q | ©/10** | Oy10* | O/10* | Oy/10™ | O/10** | O/10™

(i1)/Q | ©/10° | O/10° | x/10°> | O/10 | x/10%> | O/10%
Adhesion O O X O O O
Results

As 1s clear from Table 1, the flame-retardant adhesive

20 films of Working Examples 1 and 2 exhibited better results
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adhesive layer, the results for insulation resistance (ii)
were unsatisfactory. 1In Comparative Example 2, in which no
flame-retardant interlayer was provided, the flame
retardance was inferior to that of a halogen-based flame
10 retardant.

In Comparative Example 3, in which the flame-retardant
layer was not divided in two, and a single adhesive layer
was rendered flame-retardant by melamine cyanurate and
ammonium polyphosphate, the results for insulation

15 resistance (ii) were unsatisfactory.

The present invention allows good electrical
insulation properties, adhesion, and flame retardance to be
realized with a flame-retardant adhesive film in which a
non-halogen type of flame retardant is used.

20 The entire disclosure of the specification, claims,
summary and drawings of Japanese Patent Application No. 10-
284533 filed on October 6, 1998 is herein incorporated by

reference.
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5. The flame-retardant adhesive film according to Claim 1, wherein the flame-retardant
adhesive layer further contains a flame retardance auxiliary present in from 5 to 150 weight
parts per combined 100 weight parts of said adhesive layer thermoplastic base resin and said

nitrogen-containing organic flame retardant.

6. The flame-retardant adhesive film according to Claim 5, wherein the flame retardance

auxiliary is zinc borate, manganese borate, aluminum hydroxide or magnesium hydroxide.
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7. The flame-retardant adhesive film according to Claim 1, wherein the flame-retardant

interlayer has a structure in which the non-halogen-based flame retardant is dispersed in a

polyester resin.

8. The flame-retardant adhesive film according to Claim 1, wherein the non-halogen-based

flame retardant in said interlayer is ammonium polyphosphate.

9. A flat cable, comprising a conductor and a flame-retardant adhesive film according to Claim

1 with which the conductor is covered.



