; e3eLX[ LUWWIXLY>V[ 6] T @Q_ ~ FlI RE- RETARDANT ADHESI VE, F| RE- RETARDANT

ADHESI VE FI LM USW NMWWHWNMi AND FLAT.CABLE 5 BACKGROUND OF THE | NVENTI ON
1. Field of the I present invention relates to a fire-&etETdamt
adhesi ve cont ai ni ng as«fian- hal ogen fl anme-retardant with excellent insulating

properties, a fi adhesive 19 filmand a flat cable that use the
fire-retardant ﬂwmmmﬂwmmmﬂm Description of the Related Art Known are Fl at

cables with a structygs.Wwhere several conductors in lines are covered with
2 pieces of adhesive filmwhere an adhesive | ayer has been fornmed on a base
15 film In recent years this type of flat cable has cone to be wi dely used

in AV equi prents and conput efrOEHRARDARTPABKAGEFRI N @ high density.
However, the structural naterials other than the conductors of flat cabl es

(that is, the adpeREVRETARDANS XDHBETVECEIOM 8SPRGeriE |spMnd aup adhesive

| ayer) nmust show good insulating properties and good fire-retardant
properties in ternms of their el ectpraal caggrand fire prevention. Therefore,
for years hal ogen flane-retardants such as 25 decabronodi phenyl ether and
hexabr onodi phenyl et her and 2 2 OCT 2002 2 auxiliary flane-retardants
such as inorganic fillers (for exanple, silica, clay and antinony
conpounsis) have been addedBAGKGROUNIDIIGE ITHE |[IAWENTEDONan adhesi ve fil m used
in flat cables. However, non-hal ogen flane-retardants have S recently cone
to be usedli-n gliedd of hbé¢olmveritlome retardants as the flanme-retardant
added to adhesive layers in view of the global environnmental protection.
For instance, Jd&n®Iespatehbvepblon fialdtesaite- epEarRoretan®It di scl oses

the addition, of .a non-halogen flanme_ 1Q retardant such as red phosphorus,
bhosphor | ¢ SABRGLEe: GPnBALA Had b JI R PRARER, Buate- T4 S
fire-retardant .Layer.of adhgesiv ape.for tl cabl reqver,. Japanese
pat ent - Appresr Bl afoe BERR S 16Y, & ELré 20 tiadtt EmE har o
POl YeSIEr G83iNaRAsE BEallANSinat LELMEhar eire ookl ehdiedihe, adhesi ve
| ayer fornmed on the base is nmade fire-retardant by using a phosphorus

fl ame-ret apdanpegEpe¥E6n W ehd IRl a¢all ggtare used as the wiring for
various products related to human safety such as the air bags in

aut onobi | es and Kmee@nc akreePluapneatilss when Bustrhaverd Owitedts esmterdli gh

insul ating properties (in concrete terns, at least 101 S2) in order to

guar ant ee sahdugtorpwinckineshane govepedbWihs iriecem aftlpstiesdveape and
the adhesive_filmdisclosed in the above-nentioned patent docunents in that

the el ectrfddlM VReFeamAAAskieke 13YRTshaE beeR ARG (M B FES ve film

t ' d h . 22.0.CT 7002_3 f._the h icit
o PRSHEE SO i e Pafe e e cr o€ R S b gy 0P 1
di spl ays. Mir&oyeiy Wss qRaQEEF geﬁggvggalh,m,%Q%%S%ﬁﬁg%%gﬁFretardants,

t he above-nentioned non-hal ogen nme s retardan y do not
have suffigheRhgblr enr £l glaMeni®gerti es and the non-hal ogen

fl ame-retardant content of the adhesive |layer nust be increased in order to
realize the desHoedvensutié i sigryutnpent maserhks ebttier tHat eches a problemin
that the adhesive strength of the 10 adhesive |ayer |owers and hence the
adhesi ve | agprduahors ool utkadr cabdedi $hatelis apthe adhesinvee ffillat cable is
produced, or the bonding force of the adhesive |ayer | owers. 15 A object of
t he prdsencompydsed off i& hasesdiilm aRd ppopikesivy lavesy) sust shawal so to
give fire-retardant_properties rivaling that of hal ogen flane-retardants to
fire-retardant havetatAng frpnentdescphfdgped dbeinptamdant 20 that use a

non- hal ogen _fl ane-retardant an e.useful for the production of fire
r et ar dant PFaPeng%?%leWfqﬁyﬁwﬁgaghFﬁﬁ ﬁéﬁﬂtﬁ&%ﬂﬁlﬂ Ian%n%&Fﬁting properties
and good ang@éRPithe i nventors successfully conpleted the present

Therefore, for years halogen flame-retardants such as

25 decabromodiphenyl ether and hexabromodiphenyl ether and



25 invention upon discovering that the above-nentioned object zZ~o0¢CTr
zoo2 9 can be acconplished by using a polyester resin with relatively |ow
hygroscopicity as the base resin for the fire-retardant adhesive p@nggmz
using a nitrogen-containing organic flame-retardant (e. g. nmelamne) as the
flame 5 retardant together with a boron,conpound as the auxiliary
flame-retardant. That is, the present invention provides a fire retardant
adhesive, conprising the follow ng conmponents (A), (H), and (C: 10 (A a
pol yester resin; (B) a nitrogen-containing organic flanme-retardant; and (O
a boron conpound. Nbreover) the present invention provides a fire 15

her con @ (TP TiARN dIAReaaREE ?%%ér{:‘?a“ﬁ'o?ﬁr'go” B faliBrga e ° O

fire-retardant %Qheséé%FlFurihg %t%?éﬂ%% res %Fﬁ bﬁ égwldes a flat

cable in whi SRS el Peaf2 ove

fire-retar dape aqheshye bhb0h v dNEaPLESEN L] IR @ts'l wihty B (sle%gri bed bel ow

in detail. Z Z O r zoo |re r esive O pr esent

| venti on GorY icgthe OLLeNENGGRARERES alé}ne-&@taeagnégham a

pol yester resin; a nitrogen-contal ni rganic flanme-retardant; 5 and

(O a bsrorfé‘éamwneomzheopeéyﬁé@ur{ qﬁlaeeotafcame@eﬁt £idheServes as an
adhesi ve conmponent and as a filmformng conponent in the fire-retardant

adhesi ve ofrdtirqanegeat th¥epiamdl refti-dbdit’ eagiea Way atihes Peé YESf&Ys I esin
was chosen is that it has relatively | ow hygroscopicity when conpared to
resins suchimsripsd pEntde gEsbak eiidondeatgdngtaltieytisad amot he adhesive
conponent, and that it has no problens with filmstrength in terns of
actual use imstasicect Japahesastiatantndrpd igatgent Leddt-Aperdio arée- excel | ent .
Exanpl es of the pol yester resin include those nade by reacting an acid
component (A7 5adicelepns htlre caddlitd.on e8pRt RaPrbBadegan Elaprmy|

dlcarb? ylic acid, adi |c aci d, sebacic acid b val ent arbo I|c acid
havi ngld. 26 §HEEARG: Futhcrd FediRRSHAGTIFs RBPEBAPELC gRotd st

component (e auR ORI N aRY PoaEkBreE Fape b th Al E RAT
di met hanol ,,¢1 he, thyl i et |y yl ene
oxi de- addegfégﬂP§¥%g§hfﬁﬁ?gg%%ggﬁgyc%%lggsphgﬁgeagfg ¥ an§§éu:hese a 2

2 0 C T 20@2tenkhapphocat:soniaidriopenpNbyest ep1623i alwwébéﬂa:haat phosphori c
acid residue in its nolecul e (Japanese Patent Application Laid-Open No.
8-60108) i £herebplastidepalypestdHr ieghnf baser asaadaadhgs bperfiiles £ The
nunber - aver age nol ecul ar wei ght of the polyester resin of conponent (A) is
wi t hi 1 r §Ag& erbpeefer dphy Bleedveo lageroformeadr en pkks drasist \is10, 000 to
50,000 fromthe V|e oint_that sufficient filmform.n ropertles are

guaranteed“mgﬁeﬁ ﬁﬁ eY?E????e?ﬁw&ﬁipgaﬁtpﬁaﬁEg?Vﬂsc adtye amounts
of the nltrogen ni r o flaneretard t _of nent B) and the
boron conpound o Ong% R %fﬁ; aFeengﬁ??oﬁ tﬁ%?%érln ébﬁ

various products related to human safety such as the air
bags in automobiles and medical equipments, they must have
20 extremely high insulating properties (in concrete terms, at
least 10'° Q) in order to guarantee safety.
However, there are problems with the adhesive tape and
the adhesive film disclosed in the above-mentioned patent
documents in that the electrical resistance of the adhesive

25 tape or the adhesive film cannot be increased enough



Mor eover, the glass transition point of the polyester resin of conponent
(A) is preferably 0 to 100C, nore 15 preferably 0 to 70C, so that there is
good thermal adhesion with the conductors arranged in |ines when the
fireretardant adhesive is used to make flat cables. The nitrogen-LbAEhilE ng
organic flame-retardant of conponent (B} is one of non-hal ogen
flame-retardants and 20 increases electrical resistance when it is
contained in the fire-retardant adhesive. Ml am ne (cyanurtriam de),
mel am ne derivatives including ameline (cyanurdi am de), ammelide

(cyanur nonoam de), nelam (estimated as [3, 5(NH2) CBN3] NH), nel am ne
cyanurate (condensate of nelam ne 25 and cyanuric acid), nelamne resin,
homoguanani PRcause of ghe LyggepcoBiaibyhafiteitac dbdduihgnAR; etc., can
be given as preferred exanpl es of thish%gpe of ,nitra en-%intaining organi c

flame-retar Ik TREFETARRT Brat ph d1sathihfeld, dSPAAYRe cyanurate
and benzogyanami ne are 5 preferred_in_ter of dispersibiltt

conpat i bi | ﬂ?‘iﬁec’é’cﬂﬁsiv’ n g?@??ﬁﬁt?t%‘é‘“{ﬁri}sﬁi‘é’é\agw%ra 9eR FLafdn |ie) e
ni t rogen- cant.ai ni_ng organi ¢, fl [ [ t of .c ne B) is used,
suffigient §q€§ﬁ§%§£§ﬂdi§§ éP?gggﬁééﬁﬁhﬁgghnéégqggg%%ﬁeg?a&ﬁ%Ie if too much
adnesi va st R RrgLORRLCa LI o (R REcSETRAT Lo R, 'S oot

ni trogen- codal HAE PrIpRLE1EL 288d SR - Hah oeRRP$AGRE - CBLatdidit i S used is
preferably 50 to 150 parts by weight, nore preferably 50 to 100 part by 15

wei ght per ddited bF RypeWBaHBEi®é 1hRahisasther inegeAsel tRNPENttd A). The
boron conmpound of conponent (C) is used as an auxiliary flame-retardant

t hat gi ves meajded ktalkadesibed whesuladting greopéatticand FHeesfeareto the
fire-retardant adhesive, 20 upon being used together with the

ni t r ogen- c diteaienilisg 2o pyahiemf imnthatetthed adhesfiveospranath (&) . theanganese
borate, zinc borate, ammonium borate, |ead borate) etc., can be nentioned
as t hi $0t yFehnsEiner dAYEENPOUREE ¥4 thence thenadhgpive daveFedRfhnese borate
are preferred in terns of 25 fire retardant. 2 C T.2002 s If too
little bor &?“S&%BaﬁdrSng:ﬁ%p%%%%taRae’) iwi‘leasaae Fi@ge?ﬂ%?:?si"bf addi ng t he
boron conp il t i Cl el €,.Lf h, | sed, there
will be a &%@%@tfgﬁ ?% 5 é%%%%bﬁ#ﬁ%%é g?g,%Pheaéﬁgﬁ%?go%Ai%#on 5 conpound
used is prafgealaly 5 to 150 parts by weight, nore preferably 10 to 100
parts by weight, per total 100 parts by wei ght the polyester resin of
conponent (A) and nitrogen-containing organic flame-retardant of conponent
(B). 10 Furthernore, various additives, such as organic sol vents,

anti oxl@ants, netal corrosi GUMMARYLOFOS ENBIQNMN agents (pignents,
dyes), various cou Lin% agents for inprovin bonding force between the
adhesi ve conponéntbdestnofinthe heresente Rt 1sc£essPLVki e agents, 15
crosslinkin g xiliary agents, fillers, antisiatic_a ents, fire-retardant
catalysts,p%ﬁ gﬁﬂﬁrag P?gﬂﬁ-¢%&efH§%F§F°eF8.9 ¥ent e RierFdad theeded to the
fire-retar nesi th r.es Lnvent | s.long.as the effects of
t he pr eseng§?h\?ggp%n¥§¥§iﬁﬁ e‘ir%stt .O%ggmfl"ﬁgg?i ‘F%@P%fg%%%rﬂt}ana&ga ve of the

present inyqRLionaRRaREe migﬁaei%fd%%&mw&aﬁ@%% &%nghrough

(© and when necessary, other ditive conmponents. The fire-retardant
adhesi¥® OfthklkeuBkesChbn i HWRIYdO T 1638 - Pt HBQ4nt NahdeatOryBHu1a 8R! Ut i on,
paste, pellets, etc. 2 20CT 2002 9 The fire retardant adhesive fil m of
t he presenthenpetiuotivh |df e aedasdanbedlatiheablée-wietiar dant adhesi ve
filmof the present invention has the structure of a fire-retardant
adhesi ve Sreagéningnpoodieipdtre cllovasntatingeprdépertied anrdagboddhesi ve
provi ded on an insulating base film Consequently) this fire-retardant
adhesi ve f eldhebaenfireretardant properties rivaling that of a hal ogen
fireretardant can be realized while still maintaining good 10 el ectrical

i nsul ating prop&hei épvantoy®ocaansfiiddy Thaplatednthe presdant
fire-retardant adhesive |ayer varies with the purpose for which the
fire-ret ar daNenidersppen fdisaqveriagd that cthe pove-neitEianed obgectoo um
Exanpl es of the insulating base filminclude a 15 pol yet hyl ene
terephthalate filn) a polyethylene naphthalate film a polyimde filn a
pol yphenyl ene sulfide film a polypropyl ene oxide film a pol yethyl ene
film a polypropylene film a polyamde film etc. Mreover, the thickness
t hereof can be sel ected as needed in accordance 20 with the purpose of use,
and is in common several umto several hundreds um The fire-retardant
adhesive filmof the present invention can be produced by applying a
solution of the above-nentioned fire-retardant adhesive of the present




25 invention containing an organic solvent (such as tol uene) 220CT
2002 10 to the insulating base filmof, e.g., polyethylene terephthal ate
and drying, or by nmelt-extrusion of the fireretardant adhesive on BPOCT 2007
insulating base filmto a fireretardant adhesive layer to forma
fire-retardant adhesive 5 |ayer. The fige-retardant adhesive filmof the
present invention can be used as a filmfor protecting the surface of
various circuits. It is particularly preferred used for producing flat
cables. For exanple) a flat cable can be 10 produced by placing several
conductors parallel to one another and then | am nating the fire-retardant
adhesive filnms _over and_under the conductors so as to. sandw ch the

conduct or s GAt fPer RECPMPLLFReS RIa MS1D$h & iRPAYESERE. T&RER 14 ¥2 r et ar dant
adhesive fil qQes .not show sufficient 15 hesion at norpal tenperature
because of qeﬁ]@%&ygggnégwglﬁygwqq%rﬁyetaﬁ gg‘ﬁt ,%aﬁﬁdr?ﬂjel?e#%:e?het he fl at
cabl e can roduced_by the thermal-lam natin h e ..a roll that
has been h%edtr%drf%afggf#% FH0EN% b?snél :Légrlgnrgf %ﬁg%%??%ﬁ?y]fgnphe
present iny ' i n | .ai ned [ t yal apples. Exanples 1

t hrough 7 éﬁggég%pgga PV é%p eé%T2§5“#§F%%8§?4g§ Eﬁ% oc~€%D02 11
(Preparati L.ee ; esl r i 'tgﬁmSeries
(satura?edqgg%%g%?grt§§é?% ,q%?%ggkg%&%¢ %%h?ﬁ?tg %%??ﬁ{hé. i%ﬁw di ssol ved
in a mxedS[apwerb+aedhatni ng nethyl ethyl ketone (75 parts by S weight)
and toluene (300 parts by weight) in the amounts shown in Table 1 and Tabl e
2, and a flane- rmelaar dant tA8dppesaitiinvint fidnaeoveaasdantiner e added to
this solution and m xed and agitated to prepare the fire-retardant adhesive
i n sol uti orefrardantOadRestiret icompafi sfinge thet fotdowing hempandntst) The
fire-retardant adhesive in solution formwas applied with a bar coater to a
pol yester fA)m @Bl an@h{Ckness of 25 dun (avail able from Uni chi ka Co.)
Ltd.) and introduced to a drying oven to evaporate the nethyl ethyl 15

ket onel@nd t ol udAe t & POLHPERET (T8 M et ar dant adhesive |ayer (40 um t hi ck)

. As a result, f.ire-retardant adhesive film was_obtained. (Production of
12t cable) TwolPle P PEFRISR (ot ST AT s £ LALE - BEF 8736 Bt ai ned
were cut tg g designated | ength and used. On the one fire-retardant

adhesi ve f|Pn1 several flat wire conductors with a wire thickness of 50 dam
(flat copper w re)pl at edrvht Bohpdundgere pl aced parallel to one another, and
the other fire-retardant adhesive filmwas placed thereon 25 to give a

| am nate. Thi s Mafmreonaste, welse tgr=sents davendtinpeprovides (a Eire 002 12 two
rolls that had been heated to 150C to produce a flat cable. (Evaluation)
Eval ual3 onrehardantt afhesive fiidmancemprising- avt ikt imo faseofdd®t i on
gas", and "adhesion" was perforned as described bhelow on the fire-retaxdant

adhesi ves PROERBABEEEd 1thefepngR #Flagrarebapdrat i ¥SIHFHIIEY ST t hrough 4. The
results that were 8bt$i edag)re listed i Tablgs Cﬂ]}a de2. (Electrical

resi st ancef T8 EF8Et Pt cHl® r OVE: SAEE fﬁgﬁf B VS of 0.5 kV) between
adj acent conduc%.BE,%Pglc_ﬂgggcttq{e 'p\%%%telﬂto‘lnj\vggtm Hot{ifed |fleGqPl € was

measured. El ectrical resistance
cable in which an electrical conductor is covered with the

20 fire-retardant adhesive film.

The present invention will be described below in

detail.



eval uated as "O' when it was nore than 1011 SZ, as "D' when it was from 101
S2 to 1011 S2 and as " X " when it was under 15 10l1o SZ . Here, electrjcal
resi stance of 101 SZ or higher is necessary if the flat cable is to BHhUé@@
i n autonobil es, nedical equipnent, etc., that nmust be very safe.
(Fire-retardant and conbustion gas) 20 fire-retardant tests were perforned
in accordance with UL-SUB758-VW\. Here, fire-retardant was eval uated as
"~0' when the fire-retardant adhesive shows the sane fireretardant as the
hal ogen fl ane-retardant (Conparative Exanple 4), was evaluated as "O' when
there are no 25 problens in ternms of practical use, although fire-retardant
220 C1 2002 Ifhd sirefeetardant hadingave logneheepassaimt Sinwait WS

eval uated as "X' when there were problens in terms of practical use.

Mor eover, tdwengasegenreafellsuindgdrpenknts- (&) ar (Bntarte iy :was col | ect ed
and gas chromat ography analysis of this 5 gas was perforned. Here, the case
where no hal ogen(Xas avalyesfternedsias eval uated as "O' and the case where
hal ogen gas was confirned was evaluated as "X." ( Adhesion ) A part where
the fire-retardalf) adhéditreoen-agnb@heindl omgand cofdamporabardart a part
where the conductor and the fire retardant adhesive fil madhered to one
anot her >were cut@ht and pl aced for 1 week in a thernostatic chanber at

60C. Then adhesiyve strength was neasured with a Tensilon (avail able from
Oientech Co., L{9. ).2 Ragten Ff‘?@p&’dﬂési ve 15 strength between the filns that

adhered to one ot her,_ and between the conductor,,and the adhesjve filmwas
eval uated as " ?ﬁbﬁ]é’ﬁlgﬁﬁ SFVESEY e#;ﬁ?m&onég&:e(%\ﬁaﬁeﬁy%s l?g%carﬂwas

measur ed, %@QN@%@Q{?@&%@@tarseragffmf.58@@%@%&1&}55%3& @ and as

"X" when a sive stre ess than_ 2 _ T 2002 14
TABLE 1 (Pafirs ewarahhi Eé&?@éﬁ?él%%ft@@:bﬁ:_éséﬁ% af fhadrt + :Rhes iryR

car ~ponent Pol yester resin N trogen-containincr oral00

ani c100000 kXN @BF00hd Opbl pedter resin was chosen is that it has

cyanur at e100100100100- - 100Mel am ne- - - - 100- - Henzoguanani ne noron cu~ona
1~. 1~~-L- -relafhivel¥ dow-Hpdroddonidiltiyamheageomparzed ctdarestimsMsioch 10 50
100 150 50 50 -anganese ora e (Evaluations)50Fire

r et ar dant ~G@EEOgemMIdst reonigaswhigdp @Eecgenprally used as the

resi stance~~~~~~ OAdhesi on~0~D . .
adhesive component, and that it has no problems with £ilm

strength in terms of actual use and electrical insulating
15 properties thereof are excellent.

Examples of the polyester resin include those made by
reacting an acid component (such as terephthalic acid,
isophthalic acid, diphenyl dicarboxylic acld, adipic acid,
sebacic acid, polyvalent carboxylic acid having a

20 phosphoric acid residue in its molecule, glutaric acid,
trimellitic acid, sodium sulfoisophthalate, etc.) with a
dialcohol component (such as ethylene glycol, 1,4-
butanediol, 1,4-dicyclohexane dimethanol, 1,4-cyclohexane
dimethylol, diethylene glycol, ethylene oxide-added

25 trimethylol propanol of bisphenol A, etc.). Of these, a



2 20 CT 2002 15 TABLE 2 Partsneiahtl dive Exa~~l e5 Fire-retardan_t

adhes, jve canrc~onent 1234Pol xester resinl100l 00100100t Mel am ne cydhpﬂ@1qm2
100 100 - - Amoni um pol yl ahosphat e--100- 10 Decabr ~adi phenyl oxide i 1 i

fl " tt' ~--60tnr ark zn ane-z e a_ t Zinc borate--50-A um nu<n

hydr oxi de i-50-_Anti rr_r~n~~ _nxi de20d5 (Evaluations)Fire

r et ar dant XX~1- Canbusti on gasOOXEl eCtri Cal ZeSi St al | Ce~~XA~esi onOOXO 2 2
0 C1 2002 16 (Results) As is clear fromTable 1, fire-retardant adhesives

in Exanples 1 through 7 showed a high electrical resistance and al so a high
fire-retardant and adhesive strength. 5 Especially the fire-retardant

adhesi ve of pkyapmbau.containihf perysstur weisght waicEi hgshorate were added
to 100 parts by weight of the polyester resin, showed even better

fireretardaphopplomeid iaeddMpebbdaai 1 ad trs mglgeudeekeapaméxé Pttt ance and
adhesion. 10 Furthernore, the fire-retardant adhesive of Exanple 4 where
150 wei ght ppplicafial daikdeOper Ner e8-ealldd )pés poOeferrghtbegmause off t he

pol yester resin showed a tendency toward a reduction in adhesive strength.
It is clearhighhnfire-sreatisgdanbepnopemties. zi nc borate that is added shoul d
15 not exceed 150 wei ght parts per 100 wei ght parts of the folyester resin.
Mor eover’, the f|TBGr%Hmhﬁﬁm%VeﬁéﬁésWQéGC%ﬁaHS%%ﬁghés°§ 5he BYLlY®S %8 cont ai ned
ni trogen-contajnin ani c fIa retardants other than nel anine cyanurate

showed t he E%ﬂ%n tﬁ OBEBL f 9 S ek ﬁcéangﬁoﬁffPY%fQEQQ%ﬁkwn aﬂd good
dh t h f t

?heez;xgrs ég9$§) 88|L$8%$ ﬁ% Eﬁﬁ;yéﬁéaggﬁeg |§§qggié$ﬁ§ht ﬁdhe5|ve
of Conpar at{r %ﬁg t%ajc s%%fgiéiﬁg(%zﬁrﬂf%ﬁﬂbep%péﬂié@é}% an auxiliary

fl ame- retardant
guaranteed, even when the fire-retardant adhesive contains

10 large amounts of the nitrogen-containing organic flame-
retardant of component (B) and the boron compound of
component (C), which are mentioned later.

Moreover, the glass transition point of the polyester
resin of component (A) is preferably 0 to 100°C, more

15 preferably 0 to 70°C, so that there is good thermal adhesion
with the conductors arranged in lines when the fire-
retardant adhesive is used to make flat cables.

The nitrogen-containing organic flame-retardant of
component (B) is one of non-halogen flame-retardants and

20 increases electrical resistance when it is contained in the
fire-retardant adhesive. Melamine (cyanurtriamide),
melamine derivatives including ammeline (cyanurdiamide),
ammelide (cyanurmonoamide), melam (estimated as [3,5-
(NH,)C3;N;]NH), melamine cyanurate (condensate of melamine

25 and cyanuric acid), melamine resin, homoguanamine,



m not have sufficient fire-retardant properties. Mreover) it is clear that
there are problens with fire-retardant properties of the fire-retardant
adhesi ve of Conparative Exanple 2, where al um num hydroxi de was useﬁegﬁ f%?
S auxiliary flame-retardant. It is shown that the fire retardant ad Q/e
of Conparative Exanple 3, which is an exanpl e where water-proofing treated
anmoni um pol yphosphate was used as the flanme-retardant, does not have a
sufficient electrical resistance. Mreover, adhesion was insufficient 10 as
well. Furthernore, it is obvious that the problem of conbustion gas cannot
be solved by the fire-retardant adhesive of Conparative Exanple 4, which is
a conparative exanple of using a halogen flanme-retardant. 15 By nmeans of

t he present PeRZRIHaNANIRGe FoatodranaPing: ¢1Geal iGA) Neagi¥eRha&Bogen
flame-retardants can be realized while nmaintaining good el ectri cal

i nsul at i ng PrepRrredexmPliamedi shiti trre haritraged -copdaddinpdant

cabl o5t hatCTEELLS TATAHGSERarF al. FOTRFRERT (B 5 5%0TeRes005 19 WAT IS
LA VD 15 e RS o RN ORF ' 1

the it Pogait sy, a6 e, bB"BSELAL A 1t DoghodTBRLIRELO S, W0 S

| east one sﬁﬂ,ﬂlﬂ f reCEE.t,h%iQhOHHecp&%;ééééig Mgl am ne, ammel i ne,
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can be mentioned as this type of boron compound. Of these,

zinc borate and manganese borate are preferred in terms of

25 fire retardant.
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for improving bonding force between the adhesive component
resin and the flame-retardant, crosslinking agents,

15 crosslinking auxiliary agents, fillers, antistatic agents,
fire-retardant catalysts, phosphorus flame-retardants,
etc., can be added as needed to the fire-retardant adhesive
of the present invention as long as the effects of the
present invention are not lost.

20 The fire-retardant adhesive of the present invention
can be made by uniformly mixing components (A) through (C)
and when necessary, other additive components.

The fire-retardant adhesive of the present invention

can be used in the form of a solution, paste, pellets, etc.
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adhesive provided on an insulating base film.,
Consequently, this fire-retardant adhesive film has fire-
retardant properties rivaling that of a halogen fire-
retardant can be realized while still maintaining good
10 electrical insulating properties and good adhesion.

The thickness of the fire-retardant adhesive layer
varies with the purpose for which the fire-retardant
adhesive film is used, etc., but is usually 10 to 100 pm.

Examples of the insulating base film include a

15 polyethylene terephthalate film, a polyethylene naphthalate
film, a polyimide f£ilm, a polyphenylene sulfide f£ilm, a
polypropylene oxide f£ilm, a polyethylene £ilm, a
polypropylene film, a polyamide film, etc. Moreover, the
thickness thereof can be selected as needed in accordance

20  with the purpose of use, and is in common several jm to
several hundreds jm.

The fire-retardant adhesive film of the present
invention can be produced by applying a solution of the
above-mentioned fire-retardant adhesive of the present

25 invention containing an organic solvent (such as toluene)
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The fire-retardant adhesive film of the present
invention can be used as a f£ilm for protecting the surface
of various circuits. It is particularly preferred used for
produclng flat cables. For example, a flat cable can be

10 produced by placing several conductors parallel to one
another and then laminating the fire-retardant adhesive
films over and under the conductors so as to sandwich the
conductors with the fire-retardant adhesive films. The
fire-retardant adhesive film does not show sufficient

15 adhesion at normal temperature because of the presence of
the flame-retardant, and therefore, the flat cable can be
produced by the thermal-laminating method whereby a roll
that has been heated to from 80 to 200°C is used during
lamination.

20

EXAMPLES

The present invention will now be explained using

actual examples.

Examples 1 through 7 and Comparative Examples 1

25 through 4
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Polyester resin (Eliter Series (saturated polyester
resin), produced by Unichika Co., Ltd.) was dissolved in a
mixed solvent containing methyl ethyl ketone (75 parts by
5 weight) and toluene (300 parts by weight) in the amounts
shown in Table 1 and Table 2, and a flame-retardant and an
auxiliary flame-retardant were added to this solution and
mixed and agitated to prepare the fire-retardant adhesive
in solution form.
10 (Production of fire-retardant adhesive f£ilm)
The fire-retardant adhesive in solution form was
applied with a bar coater to a polyester f£ilm with a
thickness of 25 pm (available from Unichika Co., Ltd.) and
introduced to a drying oven to evaporate the methyl ethyl
15 ketone and toluene to form the fire-retardant adhesive
layer (40 pm thick). As a result, a fire-retardant
adhesive film was obtained.
(Production of flat cable)
Two the fire-retardant adhesive films that were
20 obtained were cut to a designated length and used. On the
one fire-retardant adhesive film, several flat wire
conductors with a wire thickness of 50 pm (flat copper wire
plated with tin) were placed parallel to one another, and
the other fire-retardant adhesive film was placed thereon

25 to give a laminate. This laminate was then passed between



M 10%V& ()-Y M 10%v& ()-G OBH (Y M 10%v& ()-(Y M 10%& ()-Y
M 109V& () - AAAAAAAAAYcl/ Y M 10%V&' ()-Y M 10%v&' ()-Y M 109& ()-Y

M 10%v& ()-Y M 10%v& ()-Y M 10%v&' ()-Y M 10%& ()-Y 22 0CT 2007
M 109%V& () - ABB$B%3&B' BeKlcl/ Y M 10%v& ()-Y M 10%v& ()-Y M 10%& ()-Y

M 109%V& ()-YY M 10%&' ()-J OBHI'B(B)§*5+B B-B}5cl/ G OBH'Y M 10%& ()-Y
M 10%& ()-Y M 10%%& ()-Y M 10%v& () f1 1000v&! () - - B. B>BWB[ B" BdBhBi J+/ Y

M 109v& ()-Y M 109V ()-Y M 10%& () - OY M 109V& ()-Y M 109 ()-Y

M 10%v& ()-Y M 10%w&' ()-hBlI BpBgBuByBjiJ+/Y M 10%W& ()-Y M 10%W& ()-Y
M 10%& ()-Y M10%K. ()-Y M10%WK ()-Y M 10%W. ()-Y
M 10%v& () - yBzB{ B} B~BBBeK1+/ Y
two rolls that had been heated to 150°C to produce a flat
cable.
(Evaluation)

Evaluation on "electrical resistance", "fire-retardant
5 and combustion gas", and "adhesion" was performed as
described below on the fire-retardant adhesives in Examples
1 through 7 and Comparative Examples 1 through 4. The
results that were obtained are listed in Tables 1 and 2.

(Electrical resistance)

10 Electrical resistance (applied voltage of 0.5 kV)
between adjacent conductors (conductor length of 100 mm) of
the flat cable was measured. Electrical resistance was
evaluated as "O" when it was more than 10'' Q, as "A" when
it was from 10'® Q to 10 Q and as "X" when it was under

15  10'°Q.

Here, electrical resistance of 10'° Q or higher is
necessary 1f the flat cable is to be used in automobiles,
medical equipment, etc., that must be very safe.

(Fire-retardant and combustion gas)

20 Fire-retardant tests were performed in accordance with
UL-SUB758-VWl. Here, fire-retardant was evaluated as "O"
when the fire-retardant adhesive shows the same fire-

retardant as the halogen flame-retardant (Comparative

Example 4), was evaluated as »(O" when there are no

25 problems in terms of practical use, although fire-retardant
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is inferior to halogen flame~retardants, and was evaluated
as "X" when there were problems in terms of practical use.
Moreover, the gas generated during the fire-retardant
tests was collected and gas chromatography analysis of this
S gas was performed. Here, the case where no halogen gas was
confirmed was evaluated as "O" and the case where halogen
gas was confirmed was evaluated as "X."
(Adhesion)
A part where the fire-retardant adhesive films adhered
10 to one another and a part where the conductor and the fire-
retardant adhesive fllm adhered to one another were cut out
and placed for 1 week in a thermostatic chamber at 60°C.
Then adhesive strength was measured with a Tensilon
(available from Orientech Co., Ltd.). Here, the adhesive
15 strength between the films that adhered to one another and
between the conductor and the adhesive film was evaluated
as "O" when adhesive strength of more than 0.5 kg/cm was
measured, as "A" when adhesive strength of 0.3 kg/cm to
0.5 kg/cm, and as " X" when adhesive strength was less than

20 0.3 kg/cm.
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TABLE 1
(Parts by weight)
Example
5 1 2 3 4 5 6 7
Fire-retardant adhesive component
Polyester resin 100 100 100 100 100 100 100
flame-retardant
10 Melamine cyanurate 100 100 100 100 - - 100
Melamine - - - - 100 - -
Benzoguanamine - - - - - 100 -
Boron compound (flame-retarding
auxiliary agent)
15 Zinc borate 10 50 100 150 50 50 -
Manganese borate - - - - - - 50
(Evaluations)
Fire retardant O © O O © o O
Combustion gas O @) O O O O O
20 Electrical resistance O O O o O O A
Adhesion O O O A O O @)
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TABLE 2
(Parts by weight)
— Comparative Example
5 ire-
Polyester resin 100 100 100 100
flame-retardant
Melamine cyanurate 100 100 - -
Ammonium polyphosphate - - 100 -
10 Decabromodiphenyl oxide - - - 60
Auxd liary flame-retardant
Zinc borate - - 50 -
Aluninum hydroxide - 50 - -
— Antimony trioxide = - - 20
15 (Evaluations)
Fire retardant X X © -
Combustion gas O O O X
Electrical resistance o O x O
Adhesion o O X O
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(Results)

As is clear from Table 1, fire-retardant adhesives in
Examples 1 through 7 showed a high electrical resistance
and also a high fire-retardant and adhesive strength.

S Especially the fire-retardant adhesive of Example 2, where
50 parts by weight of zinc borate were added to 100 parts
by weight of the polyester resin, showed even better fire-
retardant properties while maintaining good electrical
resilstance and adhesion.

10 Furthermore, the fire-retardant adhesive of Example 4
where 150 weight parts of zinc borate were added per 100
weight parts of the polyester resin showed a tendency
toward a reduction in adhesive strength. It is clear from
this that the amount of zinc borate that 1is added should

15 not exceed 150 weight parts per 100 weight parts of the
polyester resin.

Moreover, the fire-retardant adhesives of Examples 5
and 6, which contained nitrogen-containing organic flame-
retardants other than melamine cyanurate showed the same

20 high electrical resistance, good fire-retardant and good
adhesive strength as the fire-retardant adhesives of
Examples 1 and 2

On the other hand, as is also clear from Table 2, the

fire-retardant adhesive of Comparative Example 1, which is

25 an example of not using an auxiliary flame-retardant, does



10% % & ()-m10% % & ()-m10% % & ()-mL t10% % & () - <D=D>D@CDJDNDzZ: <Y
M1 10%% & ()-m10% % & ()-m10% % & ()-m10% % & ()-m
10% % & ()-m) ?6m NDODuDzD| D~DDzZ: <Y M1 10% % & ()-m 10% % & ()-m 2.0C1 20
10% % & ()-m 10% % & ()-m 10% % & () - m) ?6m DDDDDDDf J<Y M 1 10 10%&&%)-%
10%%&'()-mlO%%&'()-mlO%%&'()-ml 0% % & () - m ?6m DDDDDDDvV6<
10%% & ()-m10%W % & ()-m10% % & ()-m10% % & ()-m
10% % & ()-mnm) ?6m DDDDDDD~"B< 10% % & ()-m 10% % & ()-m 10% % & ()-m
10% % & ()-m 10% % & () -n) ?6m DDDDDDDg=<) ?6m 10% % & ()-m 10% % & ()-m
10% % & ()-m 10% % & ()-m 10% % & () - nDDDDDDDd: <) ?6m  10% % & ()-m
10@6@6&f()-n110@6@6&f%)1n110®69@&f()-n110@6@6&f()-nDEEEEEEdD<)?6
1096968;()_qﬁt have sufficient fire-retardant properties. Moreover,
it is clear that there are problems with fire-retardant
properties of the fire-retardant adhesive of Comparative
Example 2, where aluminum hydroxide was used as the
S auxiliary flame-retardant. It is shown that the fire-
retardant adhesive of Comparative Example 3, which is an
example where water-proofing treated ammonium polyphosphate
was used as the flame-retardant, does not have a sufficient
electrical resistance. Moreover, adhesion was insufficient
10 as well.
Furthermore, it is obvious that the problem of
combustion gas cannot be solved by the fire-retardant
adhesive of Comparative Example 4, which is a comparative
example of using a halogen flame-retardant.
15 By means of the present invention, the fire retardant
rivaling that of halogen flame-retardants can be realized
while maintaining good electrical insulating properties and
adhesion with respect to a fire-retardant adhesive of the

fire-retardant adhesive film appropriate for making flat

20 cables that uses a non-halogen flame-retardant.
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following components (A), (B), and (C):
() a polyester resin;
(B) a nitrogen-containing organic flame-retardant;
(c) a boron compound;

wherein the nitrogen-containing organic flame-retardant of
component (B) 1s at least one selected from the group
consisting of wmelamine, ammeline, ammelide, melam, melamine
cyanurate, melamine resin, and melamine derivative; and

the boron compound of component (C) is at least one selected
from the group consisting of manganese borate, zinc borate,

ammonium borate, and lead borate.

2. The halogen-free fire-retardant adhesive according to Claim 1,
wherein the nitrogen-containing organic flame-retardant of
component (B) is contained in an amount of 50 to 150 parts by
weight per 100 parts by weight of the polyester resin of
component (A), and the boron compound of component (C) 1is
contained in an amount of 5 to 150 parts by weight per total
100 parts by weight of the polyester resin of component (A) and
the nitrogen-containing organic flame-retardant of component

(B) .

3. The halogen-free fire-retardant adhesive according to Claim 2,
wherein the nitrogen-containing organic flame-retardant of
component (B) is contained in an amount of 50 to 100 parts by
weight per 100 parts by weight of the polyester resin of
component (A), and the boron compound of component (C) is
contained in an amount of 10 to 100 parts by weight per total
100 parts by weight of the polyester resin of component (A) and
the nitrogen-containing organic flame-retardant of component

(B) .
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7. A flat cable, comprising an electrical conductor and the
adhegive film according to Claim 6 covering the electrical

conductor.



