-1- DESCRI PTION Title of Invention: LAM NATE
Techni cal Field 5[0001] The present invention relates to a

| am nate with excellent protection against heat. The | am nate of the
present invention can be used to protect various base materials in building
structures fromhigh tenperatures. 10 Bdckground Art [0002] Wen buil ding
structures are exposed to high te@lﬁ#%{l’% 'Hn a fire, the physical
strength of the various base 15 nat , ch as pillars, beans, floors,
roof s, andriwakl 6f Mayerthiasi:i camiyaTiecr ease. To address this problem

vari ous net hods have been proposed to increase heat resistance by covering
the base materials in building structures with heat-resistant protective
materi al . R2QL89031 Field For exanple, materials containing inorganic
| i ght wei ght a(ﬁr egates, such as rock wool, perlite, and vermculite, and
cerment Sar O8I known as heat-resistant protective materials. However, when
a heat-resistant pr ctii ter) . e 5t LQIRARants i s
used, a thick coati %%mnbkﬁgaﬁ?hﬁdfﬁgégﬂﬁ%%ﬁ t%oat géggnm neggs to be
appl i ed t exoleflaent sprfdfesitdion hgainstediegttandéie Taimdnpgque¥ edhen Prasget anount
of material durin l.icarian S . kK. In

addi tion, Jtnﬁ’éigﬂz%ﬂlg %ée)r?iﬂoed%osF 8t FSTS&F%%% §§r$%€§ g‘?%/si ng{ a:‘t'ggégg%"% obl emati c.
30 Furt herpuitiiénty hs tkuctoateisn §romyhjgte wenpeebifeces ve use of space and nake
t he appear ance of base materials oppressive. [0004] In recent
years; a heat-resistant protective material using thermally expandabl e

mat eri al hRgkbesandrave ng attention as 35 a material that renedies the
above probl ens. The coating of -2- thermally expandabl e material expands
due to thd%8&perature increase in a fire; accordingly, thermally

expandabl e material ypaR HeLthg AthoBtELEs haal <xpoebat tothigyer. This
enables the coating in the initial stage (application stage) to be nade

t hin. 5[ 00@8peratures in a Eiggp| Eie FhysicrhasfyerdufabbPe aTEYSPese

include thpse thal fAlcd he BRINLFOMANGRL S r888E&I Nrdbrd NdRE, walld) any
pol yvinyl acetate or an acrylic resin, a phosphorous conpound, such as

ammoni um polagphosphatdecreasgr bof Addgeagettis NRAP1IEE . avaDiQH yedbehari de or
a pol yhydnj¢.aheohol, o Nl £ 181 §LoBSN:E YLl BLOG: {030 Ry 3GGBLing UG as
mel ani ne or di cyan%arﬁd% (Igatent Iterature 1, Patent "Literature 2, and
t he |ike) baGet matenidistinl bRafldhng L$tmicauges yOU0BleatFresisi@at 504135A PTL
2: JP7-331P;C%%éngveSumrg§_%r iaclf. | nvention Technical Problem
20 [0003]
For example, materials containing inorganic light-
weight aggregates, such as rock wool, perlite, and vermiculite,
and cement are well known as heat-resistant protective materials.
However, when a heat-resistant protective material containing
25 these components is used, a thick coating with a thickness of
about 20 to 50 mm needs to be applied to obtain sufficient heat
resistance. This requires a large amount of material during
application and imposes a great burden on work. In addition, the
long period of time required for drying is also problematic.
30 Further, the thick coating may prevent effective use of space and
make the appearance of base materials oppressive.
[0004]
In recent years, a heat-resistant protective material
using thermally expandable material has been drawing attention as

35 a material that remedies the above problems. The coating of



[ 0007] However, since the thermally expandable materials disclosed in
Patent Literature 1, Patent Literature 2, and the 25 |i ke have relatively
high weight, it is desirable to reduce the weight, taking into account the
wor k efficiency during application, the |oad on the building structure,
etc. For exanple, presumably the wei ght-2soul d be reduced by incorporating
| i ght wei ght powder; however, when |ight-weight powder is incorporated 30

into the tthermally esgrnsaddeemateridlaexrands| Yieda Ahpatefreiatt®eeat ure 1,
Patent Li ty he bLkfaiddfi§, Wehehh plaha¥Bl &M tesidecr eased,
but therna%&g%ggﬁd%%f?Pgﬁkﬁaﬁhgé fhﬁpgited, ﬁ%ﬁﬁ%g it difficult gb ensure
excel | ent qanoferni arcagaivigedhbeat - 35uded8hg lagyer. This enablpfethe esent

i nvention .hee onpl.i d_ rQhl agedda erageount,
and an obf%%?lgg ?%2&%?g@%ﬁﬁg?n%eﬁ%?é%gﬁéﬁggﬁg?gvu g%gsﬁ%vel | am nat e
(heat - pesi[w0ast] protective material) that uses thermally expandable

material and 5 in ich ight reduction is L ev i o Lring

t hi nness at the in?@?ﬁPpﬁgﬁg%%‘?ﬁ%?ﬁ%?yé?ﬁgﬁgggﬂ?i@gt%%%gﬁféng??%n agai nst
heat. Sol uicee thaPfr&it amel dhOA0SImpdrenitBy e tairc @endictied, est@nsisve
research to _achi eve the above object .and found tq?t £¢pn a Ianin@ge

conpri si nPOATVARRL tAGEIHEC OF 80t HFPHEIC ERFaRsi DrPROSPRCT RS NP WP I fi ¢

ther mal  exRRMS ke Nah@NefunB folyPh6&phdths abieebowtdi e agehievedch Hieals
present invention has been thus acconplished. [O

010] . Nbr e
speci fPcalmolyserehaFde AT enPehYhviricricelot o 3k 4 SHtERPRY FHHATALBY 1. A
thermal |y faenxgﬂga bént ATERA! §sCHAL AR bFedi&paddidinid@( tPatder | am nat e
conprises at |east a thermal expansion | ayer A and a thermal expansion
| ayer B, Literature 1, (EitenteLihe¥aiireeRpanBfiothe ayidie)A contai ns a bi nder,
a flame retardant, a foam ng agent, and a carboni zing agent, and when the
t hermal expansion |ayer A further contains an inorganic 25 |ight-weight
powder A, Gitatdontehst of the inorganic |ight-weight powder A in the thernmal
expansiLon Ig §r1ély% lL.e grghan 5% by vol une, (3) the therma
expansion | % B ‘tontai ns a binder, a flame retardant, a foam ng agent, a
car boni zi n@oagent, and an 30 inorganic |ight-weight powder B, and the
content of the inorgani i ght -wei ght powder B in the thermal expansion
| ayer B is 51¥3‘QO@§§§'§%4 , and (4) the inorganic
| i ght - wei ght growger gA7assh 12w | norgani c |i ght-wei ght powder B each have a
bul k density of 0.1 35 to 2.0 g/cnB. -4- 2. The lam nate according to
iteml, which is applied to a base material of a structure that needs to be

nmade bgat -digmhst oot  1vhaition the thermal expansion layer B and the thermal
expansion 5 |layer A are Rlaced inthis order. 3. The |am nate according to

item1 or 2Teqle¥@dln Be®leRer mal expansi on layer A has a thickness of 0.3
to 5 mMm ob71The lam nate according to any one of itenms 1 to 3, wherein

the thermal expansion |layer B has a thickness of 0.3 to 5 mm
However, since the thermally expandable materials

disclosed in Patent Literature 1, Patent Literature 2, and the

25 1like have relatively high weight, it is desirable to reduce the
weight, taking into account the work efficiency during
application, the load on the building structure, etc. For example,
presumably the weight would be reduced by incorporating light-
weight powder; however, when light-weight powder is incorporated

30 into the thermally expandable materials disclosed in Patent
Literature 1, Patent Literature 2, and the like, the weight per
unit volume is decreased, but thermal expandability may be
inhibited, making it difficult to ensure excellent protection
against heat.

35 [0008]



5. The lam nate according to any one of itens 1 to 4, wherein the inorganic
| i ght -wei ght powder A and the inorganic |ight-weight 15 powder B each have
a specific surface area of not less than 0.1 n2/g. Advantageous Effects of
I nvention [0011] 20The | am nate of the present invention uses thermally
expandabl e material. In the | am nate of-3t-he present invention, weight
reduction is achieved without inpairing thinness at the initi aI st age,
thernmal expandabi | i Fhe preBgHtotiavenbhomdusnSeeneatcomHd shefi WatR Bt t he
present | RY8OL! BRothferlds Rhkbn anéh Mebunt> ARPIH aBYeBEobLCle §raBLat ! A
used for protécting various base materials in ing structures from high
t enper at urieyenbesw rigptticoprovidatmdiovent $ah e (beahereansmte of the
present invention is t xpanda e res:
(1) The | FPHEFE D tererﬁgt&?eas >98 thnﬂfl expa %tsllg%{r)lﬂ%’ ayer l %‘w

t hermay expanricm W@}gﬂ‘t Bedu0tlon (1%) aEhEeVéremmjhoeXpamBamrlga;t@anAesent ai ns
a binder, a flame 35 retardant an n and.a_ca n| ZI ng agent;
and when BfethesinitidlSit a@?paﬂé‘?%‘f‘? §§f88n%q?]8lrlttﬁ'efmgoﬁf%{%gt AN i nor gani ¢
l'ight- weisghtingevweest A the content of the inorganic |ight-weight powder A
in the thermal expansion |layer Ais |less than 5% by vol une; (3) The
thermal expansion |layer B contains a binder, a flane 5 retardant, a foam ng
agent, a casbapienngodfedbiergnd an inorganic light-weight powder B; and the
content of the inorganic |ightweight powder B in the thermal expansion

| ayer1l® i $0808b 70% by vol une; and (4) The inorganic |ight-weight

powder A and the in a g@é:,}'b e

density of 0.1 to 2@%& ?ﬁ%ﬂoﬁlﬂéfﬁiiu&\@é@@xt%QM@é k | am £?§ g?hfb%té<present
i nvent i onthe pbeveradiectappfli feund thatawhemnsa eﬂranmnacsﬁ gompFriming @tt hat
needs to he de heat. t gpéi B
and the 15°fR rna?peé:%%ns?:%%%ﬁ%%/e% %ASEBQ JF'%‘{E%ZI |%Btﬁﬁ%ls§%€ er.éjl\r{/tgl%g%gi
speci fi cakkpansion slaryreef er abl nséd],attrtehebghet nedn depacbieveday&heB i s
applied closer to the hase naterial of the stf %;[Lél‘e and that the thernmal
expanS? on PEEFEPT ATETARSP; BAS 1 e he Uy BRPPPRIBESS ‘material of the
structure[odsosuch, in the |amnate of the 20 present invention, the side
on which the thermal expansion |ayer is res nt _may, be referredtto as
"base material sideMTanIPIHS IS Yont%l RSP ASARSPEN Y &% A

IS presentoiywdey ehfinged.to as "front si de " There are no limtations on
base materials of structures that need to be made heat-resjstant. 25

Exanpl es &f BabeeTaldy grpapdeblrid AHesEe of "\ HAT G HE St tBctfes, such as

pillass, beams, fl oy, fO0fhin2Rd zeeh;%lslse[soemezge 4 hetdila 10 ¥RpASE Do
| ayer A on the front Side has excel thermal expandability and fornms a

car boni zedatentA J6l indheamphge¥ranaion LAYeRd®I | ent protecti on agai nst
heat. The ther nal e>692 él#;é)ntﬂe%ln%r @xg ﬂﬁb ngtggﬁ@élrg qgeb(igagfl hyut es
d ro car

to wei ght reduction a orns a st oni zed heat -1 nsul ati ng | ayer
wi th heat filasel e¢tamand ,assfeaming tatwnttheanﬁlae;qmmwnnef agert t F&dnal

:iggﬂz:gﬂwﬁgégﬁhipttB%%%EPQS?ﬁéightfng@ah §ér8§B?QQ%R5EhEyaRf1ﬁJ¥§éhHefWﬁ
25 light-weight powder A, the content of the inorganic light-weight
powder A in the thermal expansion layer A is less than 5% by

volume,

(3) the thermal expansion layer B contains a binder, a
flame retardant, a foaming agent, a carbonizing agent, and an

30 inorganic light-weight powder B, and the content of the inorganic

light-weight powder B in the thermal expansion layer B is 5 to
70% by volume, and

(4) the inorganic light-weight powder A and the
inorganic light-weight powder B each have a bulk density of 0.1

35 to 2.0 g/cm’.



-6- thermal expansion |layer B also has the effect of reinforcing the
carboni zed heat-insulating layer fornmed in the thermal expansion |ayer A

[ 0015] 5Si nce the above thermal expansion |ayer A and thermal expansion

| ayer B are |lam nated, the |lam nate of the present invention is relatively
| i ght-wei ght and has excell ent thernal -éxpandability and excel | ent
protection against heat. [0016] 10If the content of the inorganic

l'i ght -wei ght powder B in the thernmal expansion |ayer B on the base material
side is |essqhRagamihdie \é%tsgsmé%%teaht fnide i |saHPB§i§dCt§i“?ptbaQ8
sufficientl'y reduced. In addition, it wll be difficult to assist in the

t hermal expdrsioh of a winucsnneal tl@@pmﬂénwmﬂnaﬂ@ahﬁaﬁorQ%lsr@nﬁf »orce the
car boni ze [ I I er A
T Che conPaEe s B B e B D e P oK 0% by
vol unmep t Haystr Bngdr mfaced he this meddegxpansion ayer B itself wll be
insufficient. Thus, the content of the inorganic |ight-weight powder B in
the thermal 20 expansion layer Bis defined as 5 to 70% by vol une. [0017]
When t he therhal l&xireatsd @ecbayeig Atd)littehelfonra siteered antiae nisheamailnor gani c

I'i ght -wei ght powder. A. the conte t he inor | i ght -wei ght powder A
is set to BRI IFHPTS BF QHI"%'I’\? 6) garﬁ)e%aﬂ‘gle if the content of

the inorganic |ightweight povvder Ais not I ess than 5% by vol une, thernal

expandabi ity of the thermal expansion |layer A tend to _be_inhi bi ted and
the f b mat-oNnE! L R GelACAF LYY ohiPPEdoNE ot | HeiEat kg Paydtengin the

di fficult ., 30h9918lpansion layer HMad ROtHABkEedd Wi 0181 @Bt s payders A and B
each have a bul k density of 0.1 to 2.0 g/cnB, preferably 0.15 to 1.0 g/cnB,
and nore preferably 0.2 to O. 8 g/crrB [ 0019] 35If the inorganic

| i ght - wei ght I e

g/ cnB, thge!> sF?gnggﬁtﬁlﬁ%eg%%ﬁggg n| ze ZIhglzgté-élﬁhsu atslt higegail/ers‘&n%}q%eg?éase
If t he [ narngaganld: |ngmhtmenegbht ppYwiters AAanddtiBe henargandgl kidetraveighsf

gr eat t han 2 , if I tection 5
again hgat %e%crrgéls?e’ ep%gceiﬁ# S%%(gg?%o%g%a‘hl (:ff ghteﬁ% a?{ go%er s A
and B wt Imzbgu k densities w t hin the above ranges in the present i nvention
enabl es the wei ght reduction of the lam nate without inpairing thinness at
the initial stage, thermal expandability, and protection against heat. In
addi ti on, pr@kdriEyeblssBEhedss I dinkgnoidn of each carbonized

heat -i nsul ati ng | ayer can be prevented. [0020] The i norganic

| i ght - wei dﬁplﬂ) wders A and B are not limted as |ong as the predeterm ned
bul k gensity requireaBNiahsndife 9 ithbi presdntanphestiberesds ivhelrmdelgi | i ca
gel, zeolite, sericite, bhentonite, sepiolite, vermculite, dolomte,

wol | ast onereandeble Mad@Tdadponn dhroppRiRate qf the Preeent dewepting.

| nor gani ki ght - ﬂ\@dmlo%oweaéhfm%w WBt886aR Dayei a0 teRakbEs Casuhkace area
of preferably not less than 0.1 n2/g. In particular, an inorganic

| i ght - wei ghitpehoetad® hahieagad §mrp¢att11§lm a8BdaPEAteFL IR 99848SE HasRtD. 1
me/g in the.t ey teew%ﬁgogrtegﬁ] B AR LAPIOUE oAl dknaubadion of the

t her mal expansion Tayer heat 1s applied to the |lam nate, the
heat 25 appkietant nﬁve:etdtewrama’eeapmis uged| f9rrpyoliertingr ¥drious tRaseher nal
expansi on

La I B,
t her eby etmIa Jé%ﬁ fn%gllrit&gépﬁ { dﬁﬁﬁé?’é{)ﬁﬁéi%f &ﬁle)e?égra%% gxpghgiron

| ayer A. As a result t he thermal expansion layer Ais thermally expanded

efficiently, and thus m.nate 30 with excellent protection agai nst heat
can be obPéFﬁ‘éﬁpt’[%ﬁa EnBOaiRESES
[0012]
30 The laminate of the present invention is thermally

expandable and has the following features:

(1) The laminate comprises at least a thermal expansion layer A
and a thermal expansion layer B;

(2) The thermal expansion layer A contains a binder, a flame

35 retardant, a foaming agent, and a carbonizing agent; and when the



In the lam nate of the present invention, the thermal expansion |ayer A
and/ or the thermal expansion |layer B nay contain organic |ight-weight
powder having a bulk density of 0.1 35 to 2.0 g/cnB as long as the effect
of the present invention is not -8- inpaired. [0023] Thermal Expansion
Layer A The thernal expansion |ayer A, -whi ch may contain the 5 above

i norganic |ight-weight powder A as an optional conponent, contain %Qg

bi nder, atmmlr@ﬁa@aamn bayfanP n§UEEReE , COmERLD a‘?’bof’ﬂ‘?ﬁ@“&ge

essent i al RQBRPNBBISer LOOHL BofiSene disahel Bnlsgatid MBIt gnpapsiai:e
material can”10 be used as the binder. Exanples of Dbi n ers include organic
bi nders, @u@h abeathe,nmad ﬁéﬁﬁh%lOW|]+Wleraéet%t3@S’Se§Pﬁ§ 5% by |volume;

acet at e/ a‘if Irfie CORALATE Sﬁg yephybens JLsl Binade! VA /Sikene

copol ymer ‘resins, viny tate ethyl ene copolynmer resins, polyester

resi ns5 vineyhrdset atae/ﬂnamgthgveg@aft atee Cesbemlz.ualg:@ﬂ@nyrrean@e@t ASIOTYARE
acet at e/ vi,n ver sat at e [acrwl C £l I

petr ol eumltlébltng %ﬁFO%i dé nﬁeéﬁ%sg&gp%g re?ﬁ%gﬁl Ourﬁge%t%ﬁgnéiﬂl ns,

pol ybut admeaghtepmmmr & kydthestiexrmalekapaneioresiayer Br opyd ere 706bber s,

chl oroprene_rubbers, butyl rubbers, and isobutylene rubbers. These bi nders
20 may be V@sEHCs| y or in a conbi nati on of two or nore. |f necessary,

i nor gani ¢ (Riynggé SinStfdhias 16 EREMeiditP puwieer %rncn|thésln6ﬂ§hr&id ildghe-
resins, can be also used together wth organlc bi nders, ‘9092047/1 25| nafire,
the fL@ne viedght dBPHAIK R KRR BEVE a1 LbndeRTHeE 0% O dcted

dehydr ati qppgg9l i ng effect, a nonflammabl e gas generation effect, a binder
car boni zation pronotion effect etc., to suppress the conbustion of the

bi nder. The flame r&har §aminate o6t tharpresaidr ApVERRHeRd-aPIPERGABEY i t has
such an 3%5§H£g§ia%? @%ass%nﬁa‘:éf{@l ro%t ar g@?&éttﬁ?e tﬂ?ﬁ%enééég td ﬂ@ﬁt\éﬁe

thermal |y pan e material may be used. [0 | es of
fl ame ret ZeddnresistEnide suchahhat pies pherusl tﬁmsé@ﬁpééﬁ@l’é B ﬁi’@n 8§

tricr §y' Rh%gga&?p@ém logg&ghylagx%hg)%sgggsmat s Giabeny et v

phosp at e, utyI phosphat e,
tri(dichl &pepmﬁmablmloamhaseprefemtdlwrthpho‘slpmatr@rmal expansion layer B

tri(di brom)pro hat hasph at

di et hyl - BPE%IJZQCEBF&T 5>?§ete‘ﬁy]€ nsgngtaﬁeﬁﬁé‘%osph q%”%‘%%é?@f@ dhd that

di (pol yoxmbhyheﬁﬁamwpanﬁﬁehhyéymosnlsoappbiecttﬁarttme €oapothedpassuch as
chl ori nat ed pol yphenyl , chl orinated thyl e lL.ori de,

11 phenyl TERPOAHHAE Julh ZCRRGHIHR: oPSr3NGY: dot dos afiiave o e

per chher opeakagy Ci @aaraRa, €héosidatedwhapht tied efrermandekpansidr dagpht hal i ¢

anhydri de;_ anti nony corrpounds such_as 10 anti non tr| XI d and adgé;hrmny
pent achl oBi &&: PHeHPhMAYs eoﬁﬁ%%’ﬁ‘b“sd tOuef akagh &Dl

phosphor ug; RENERCI AH dfe RAEBRALINE:RASEBA! Bay@nth ammesah’@%a&ph@sphat e;
boron conpounds, such as zinc borate and sodium borate; and the_ |ike. These

flane ret aefianrednty ase "GEeBtsFHE Y oFDEFE AT NOoABIALRF MDY RES8r nore.

[ 0027] materials df) c@ﬁfégnﬁhéﬂ“ﬂ%@h'ga bé Imdde RPRELLEHEBEtantr ef erabl e
to use anmoni um pol yphosphate as the flanme retardant. \Wen ammoni um

pol yph®spRaemples usedbasehmatehyaltatinsdudsorhage eif dwl 1ggngngtyyferures,
nonf | anmaly, &,085 9ENELAL AaRL! oS RBoFR! ud hilisvel Y exhi bi ted.

[0014]

The thermal expansion layer A on the front side has
excellent thermal expandability and forms a carbonized heat-

30 insulating layer with excellent protection against heat. The
thermal expansion layer B on the base material side contributes
to weight reduction and forms a strong carbonized heat-insulating
layer with heat insulation to assist in the thermal expansion of
the thermal expansion layer A, thus enhancing thermal

35 expandability of the thermal expansion layer A. Further, the



[ 0028] The foam ng agent generates nonflanmmable gas in a fire
to expand the binder and the carboni zi ng agent described bel ow as 25 they
are being carbonized, so that a carboni zed heat-insul ating | ayer having
pores can be forned. The foam ng agent is not particularly limted as |ong
as it has this effect. The same foam ngeéagents as those used in known
thermal |y expandable material may be used. 30[0029] Exanpl es of
f oam ng agdwetrsal nexpatesivel daver Bralspehpsathe eaf fiaedr eff redntgegididathde and
derivatives thetreof, odi ' u i 0 a ' These
f oam ng agcg%tbgn%rﬁ?é b%eaaﬁts%é‘%@%‘gg‘?ﬁ ol%%ierlf gggg%ﬁr?a# %n tgggg?/\%r%(rﬂa]%?g? O 35
t hese foamaygragents, nelam ne, dicyandi am de, azodi carbonam de, -10-

etc., are preiézr abl e since they have excellent efficiency in generating
nonf | ammati®@'§ds. Mel anine is particularly preferred. [0030] The

carbonkzi ng agent caibesatks dtwweithdemnal resahisien bagend A lemdcahbomalzi ng
agent itself is carbonated by dehydrogenati on, thereb ;zgrm ng a .carbonized

heat - i nsulSXPPR§LIPRVERYSTE ahgs laptrqtEdant e mFREEE d TBR RY t heat

i nsul ati onpnvERei6AT ROV vRUSNT 1 difk ARl gRAr dnd Had lekckllMbhedtiasiniaang as it
has such an effect. The sanme carboni zing agents as those used in 10 known
t her mal | y expgaddabl ktheanes excedsnhorgdegtippozgginst heat.  pyapples of
car boni zi N$oaggnt s i ncl ude pol yhydric al cohols, such as pentaerythritol,

di pentaerythritol, and trinethyl ol propane; starch casein; and the |ike.
Thesel@5 car boni zi ngfagbat somegntbefushe Lnorgapier lighh- eI HROFEAT R t wo
or nore. I, rt] . thritol, di t i el e

pr ef er abl eﬁaggfehgﬁcar 10rﬁ9c§%h§§ééeﬁ§%rﬁ Bt Re gﬁgsﬁﬁg?%\r/tlg%?%%n%?enclgat hey
have an exesls| ehan dehyr atoilamecothe wpighteof timel lamimatel tempotefifeect of

form ng a carboni zed heat-insulating.layer.. 20[.003 e The...
proport i orfu%fflgé%’ﬁt]g%rﬁe%‘gﬁg‘i nlar{ I?ggtlﬁérlﬁ’allte%ggsglgndf%/ﬁu% S %g?mt
limted asn eRg BBednLAdxPanzedn heattHenshkbahahgestmarerioni thysufi iazidend heat

insulation can be faorned in the_event of fire. The praqportion of each
Ico?r;oﬁélnt ’ﬁeﬂrnfﬂEC%Stkfené?aﬁéi’loné%ﬁgn%/‘?%%'11“5&?‘@%‘{%{1%&%%?% %gtmﬁlg‘ Hpiori at e

accor di ng therhie éMpehdfoneaekegONPONENthe eédhten@038] thbeimpsmporiici onglof- t he
flame retardant is preferably 50 to 1000 parts by wei %F{? nor e TH{Seferabl y
100 to 8ooepabtsPeydesy BudisgRreaten &an (70%oPe W a 555566 part s

by wei ght i pRekndARaPatsana onel §hdr & ilfae180kids woneuierotithe. brnder . The
proportion of the foamg&agent Is preferably 5 to 500 garts by wei ght and

nore pref ébgbeynBent e FheparesIpRiadiight -waeght qpwsest 8 B) TR giterdrlt ne
sol i dg,co the i iiek. s IRenaP 4¥ 8Peb! 169 & Jdigudear boni zi ng agent is
pr ef e?%bl y%g@g%lggé%oi%a%s%d Fs'lcll- E?/ wel ght and rmt?ye preferably 10 to 400 .
parts by v®ioghtd, per 100 parts by weight of the solids content of the

ol Chadl  rt Wi, L, G056 aabatBiod AT o OhL an Bp ponce
vol une ( preeheaiabs yamatnapgeatier 11 glan-v8%dnr powd@ere)d, the content of the
inorganic light-weight powder A is set to be less than 5% by
25 volume. This is because if the content of the inorganic light-
weight powder A is not less than 5% by volume, thermal
expandability of the thermal expansion layer A tend to be
inhibited, and the formation of an excellent carbonized heat-
insulating layer will be difficult.
30 [0018]

The inorganic light-weight powders A and B each have a
pulk density of 0.1 to 2.0 g/cm’, preferably 0.15 to 1.0 g/an’,
and more preferably 0.2 to 0.8 g/cm3.

[0019]
35 If the inorganic light-weight powders A and B have a



When the thermal expansion |ayer A contains the inorganic |ightweight
powder A. the lower limt of the content of the inorganic |ight-weight
powder A is about 1% by vol ume. 10[ 0035] In particular, a
carboni zed heat-insulating | ayer with excellent thermal expandability is
obt ai ned, the degree of thermal expansi-Or i s uniform and excellent heat
insulation, strength, etc., are easily obfained when the j:proporti on of each
15 conponémtlki dengiti roft Hessablyen dodcoi/Bed dbevetrepggslof each The

content of k [+C ;L = Wel (o] r 9 V- : m ned
by the foﬁag:\%g%gg%%tg.ﬁ%%é?i az%%gg%tﬁf %%%r%r?g@(no&gmllhiég %ﬁl{'\}{el ght
powder A (1%ghy -veighte)powdemsi handB haveganbelk idgmsitgi ght ggsaigar thabul k
density of inarganic light-weight powd . ol : nal

expansi on zl‘zgyg/g’}l T Uﬁégﬁg rddiiction maﬁﬁgtg? %r%fggéﬁpa%&@ %rqttgggﬁgﬁ may

cont ai B, idganasesisedty may Hekkedse a The ausen@pitppehborgarfiddighé-weight

pl asticizer, a 25 dispersing agent, etc., in addition o the above_binder,
flanme ret &YIRES %affrlﬂ[;r’ﬁ ?Fﬁg Q‘Sﬁﬁtqenﬁ&gf’ﬁaﬁgma t Snag?'ﬁ%r]baeﬁﬂeg n

l'i ght wei ghtheppyEgsntA irlvé@39bn Exadmlers tak Féldier sdanettidr of litrat es, such as
talc; 30 carbonates, such as cal cium carbonate and sodi um car bogﬁt&e; met al
oxi des, sJdamipate)whaWMiBRAHEING (HARPEHRT R oxihfe Inthel oXFRE - Wi na;

natural mMgenaksni SN aRaCha¥relt @ ABHibtE ikt .andn tdwailvika, bOOKHms35A
filler having a bulk density of greater than 2.0 -12- g/cnB but not

great &0 t Isagh3ag glickignd offisafl ¢3ctusagboppoad |heat-insulatingeldyedp6fti on of

the fillen f)g%«%@é(ﬁbl y 10 to 300 parts by weight and nore preferably 20
y weig

to 250 parts t, 5 per 100 parts by weight of the solids content of
t he bi nder[00R0042] Thermal Expansion Layer B The thermal expansion |ayer B

contai ns an inorganig _|i - el : v Lhdeg, f ardant, a
foam ng 10 agent, ang‘eallggér%%}ﬁicgiqgaﬂg\ggﬁgﬁ (5)%2@%99 Ao arft 8 %ﬁhégti nder ,
flame retaridantd doddmy aagehé, peettbteamboad Zhukk apasti tuseeduiraneatt her mal

Lo A S heRha o LS ESL B T GaroraS Shke e
bentonite, sepiolite, vermiculite, dolomite, wollastonite,
activated carbon, allophane, and the like.

[0021]
The inorganic light-weight powders A and B each have a
20 specific surface area of preferably not less than 0.1 m?/g. 1In
particular, an inorganic light-weight powder B having a specific
surface area of not less than 0.1 n@/g in the thermal expansion
layer B can improve heat insulation of the thermal expansion
layer B. Thus, when heat is applied to the laminate, the heat
25 applied to the thermal expansion layer A is stored in the thermal
expansion layer A without transferring to the thermal expansion
layer B, thereby efficiently increasing the temperature of the
thermal expansion layer A. As a result, the thermal expansion
layer A is thermally expanded efficiently, and thus a laminate
30 with excellent protection against heat can be obtained.
[0022]
In the laminate of the present invention, the thermal
expansion layer A and/or the thermal expansion layer B may
contain organic light-weight powder having a bulk density of 0.1

35 to 2.0 g/cm3 as long as the effect of the present invention is not



[ 0044] In the present invention, the use of the sane or simlar
bi nder, flanme retardant, foam ng agent, and carboni zi ng agent as those used
in the thermal expansion |ayer A nmakes it 20 possible to obtain a | am nate
havi ng excel | ent adhesi on between the thernmal expansion |layer A and the

t hermal expansion |ayer B. [0045] -8- The proportion of each
conponent in the thermal expansion layer Bis not particularly limted as

| ong as aimbatwedoni zed heat-insulating layer with sufficient

heat-lnsuk%b ?E can be forned in the event of fire. The proportion of each
conponent ‘in e thermal expansion |ayer B can be set as appropriate
accor di ng Therhak Exgeensdfonehspecchponent, etc. [0046] 30The proportion of

the flanme retardant |s ef erabl 50 to ar r
preferably 100 to 8gbep§{r‘?s ably wé ﬁ%on l]a g:t |RI I&I?r%)% p e?’%&lg%% ‘gbeo to 600
parts by wmbgbt1n¢ﬁgaﬁua)lnght5wémghmemghﬂeantduaamobbd$onahtmnﬂpanbnthe

bi nder. The proportion of the anlgg agen referablg to 00 parts by
35 wei ght “]R§2 eaﬁ?JéTd&rabef 86°p2 ts tﬂ%%flah? e a4 13-
parts by wairgbhi #ind NRyen@! hdSessutiants ebmphgertisrder. The proportion of the
carbon|2|n% gent is preferably 5 to 600 parts by wei ght and nore
preferabl y098440 400 parts by weight, per 100 parts by weight of the solids
content of the bindgsngalO0dda in known thérﬂlaﬁil(yt Lephrdabl®d ®hteAgal can
carboni zed heat-insulating layer wwth heat insulation is fornmed, and

t her nmaf ebpanae@|¢$t§haﬂblnﬁérthéﬁﬁﬁpl@%pﬁhéﬂ@ﬁerﬁyéﬁc¥94%;Q§§§PF9 enhanced,
when t he i Q a onent,gl s i r esgiiphied above.
10[ 0048] B 888££' éhéﬂu%%hggrggﬁg con?gntvg¢§?ﬁ£xﬁﬁgﬁ gﬁ?%ﬂg|3ﬁ?hﬁb|ght
powder B iagethte fdmaryiblc expahgnen temios, Bpotyestmden@%:@ymw ume (preferably

20 to 65% 0049] 15l Al I i ght ti
be aghl ev§&¥y¥8?y%lf%be [cogf) ?&rﬁaéc]ger g{n Izgg}lﬁie CEE?’Inast %Pgiéflﬁggﬁl%\?e(gﬁvlﬁy{“ Eguc on
excel | ent rbeahsl nsollyeister casibe, f\amyﬂdambea]tehawrinwensabam hess tiegror gani ¢

| i ght - wei owder Bis wthi ve r 50 tent of
the | hor o PeETTGh SRt VHBRHC R By bl R A S8 P 6 S oy

fol | ow ng chpbmhér A3ank], PhsheNtre¥finishepetosDam aesigbt, - mﬂnsghtcmowﬂiée B (%
by vol une) = 25[ 0052] The t her nal ansion | ayer. B may
contain, FPSHBEeSRRAXY ISSLPF) sirethans GPFﬁﬁSpl%éxgﬁptag PPBe es¥¥s

pl asti ci zghkya HbSpas SinRd aRER8! reSis, prBpRUshd iribble@st, henborsiatenet he flane
retardant, the carbonizin agent, the toamng agent, and_the 30 |norgan| C
| i ght - We|gﬁpb9§@wk9utyl rubbers, and isobutylene rubbers. These binder

20 may be used singly or in a combination of two or more. If
necessary, inorganic binders, such as cement, gypsum, water glass,
and silicone resins, can be also used together with organic
binders.

[0025]

25 In a fire, the flame retardant exhibits at least one
effect selected from a dehydration-cooling effect, a nonflammable
gas generation effect, a binder carbonization promotion effect,
etc., to suppress the combustion of the binder. The flame
retardant is not particularly limited as long as it has such an

30 effect. The same flame retardants as those used in known
thermally expandable material may be used.

[0026]
Examples of flame retardants include organic
phosphorus-based compounds, such as tricresyl phosphate,

35 diphenyl-cresyl phosphate, diphenyl octyl phosphate, tri(p-



[ 0053] A filler having a bulk density of greater than 2.0 g/cnB
but not greater than 3.0 g/cnB is usually used. [0054] 35The proportion of
the filler is preferably 10 to 300 -14- parts by weight and nore
preferably 20 to 250 parts by weight, per 100 parts by weight of the solids
content of the binder. [0055] -9- The | am nate of the present

i nvention can be applied to 5 a part that needs to be nade heat-resistant

of a struchdpsostithl Jphosphple ngbridndydi PhesRhfieneering structures. Mre
Spec'f'calEX(diéﬁiéfUEf%@&?) oéﬂﬁé&ge%?ﬂ%hé&%@@kb@ﬂh&@@ be applied to

vari ous base materi a Suc I's, pillars, floors, beans, roofs,
stairs, cémhKdgbromhanPylanhoﬁmhﬁﬁe c@h@@ﬁ@@hQ$PHE@§ﬁﬁleErQWORRQﬂ@P@niBe

mat erial s e |?ﬁe 1ﬁ§ac b&ph , ah&Si N, and the
i ke. Thegg bg gﬁ$ er|3P H%é?étya % 5?3 ebgeen su jegted to sone
kind of surif( pcbymxmhysnneohpdr@s,mrthytepmmmnattueeaphémme compounds,

| nat 6. GPCEHES P U ACRIoRE Ry Tor SELP RSB AT RN C e ot er

of a structiphéenyhathireads,t erbshdmde cheatidesigaintatrhleutde tdfatfatiig t her nal
expansi on | aye

B and the thermal ex si on r Aare.pla in this
order. A P@Féf%?E%Fﬂﬂﬂ?rFQQQFOP%HF ggaﬁﬂa?%wé%ﬁiﬁPBaEeﬂegﬁéﬁ¥A§% PGt t her
di sposed RQekweepridie J2ptABL e i Alhyardak head tieidry/ cempaﬁm:on duhensB and/ or
between the thermal expansion |ayer B and the thernal ﬁ%nSIOH Iayer A if

neces@ry antduery tAsiorider pad nal LimepanBrBRAFRREL AR aRBOFRROTYfer mal
expansi on Jayehn &, %ﬂﬁfﬁagaﬁﬁééﬁﬂéhkﬁ%kléﬁ¥&tﬁﬁ?nph@%?ﬁérﬁ@t0 sheets my be

used, or the t hermal expansion 1ayer A and the thermal expansion |ayer B

may be f opeptiatyleusale, ngmvnewntmﬂph@ftﬁala@(mnéﬁml B9&YPhosphdtepe
thermal expansi of, &Hﬂﬁé 88% ri?ﬂé %Xr&@@l ﬂELsdﬁlﬁﬂngeféEéﬁ”hﬁkpth@aCh

t hermal expansi on coating materr al be prepared by

i ncor por afliiRg, ameseeﬂedmeerenﬁnﬁents max:be|UWBd Eheghﬁnpbﬁéhﬁs descri bed
above nd by. uni form X|n9 the m xture according to a known net hod.

[ 00581 thﬁxph%attﬂﬁ gxp3n5|on layers are formed using 35 coating

nater!aIS[oaB7appI|cat|on area may be coated with the -15- coating
brush, [0055] Vien SReBRe eI SPHPRLIREAL L RE PARPROLEUH PEE e L
by affixi rg abeeimitieii pb3ybRosphaaepisCahé ofll ale aeatiatrianh. adheslve etc.
[0060] ammonium polyphosphate is used, the dehydration-cooling effect
20 and the nonflammable gas generation effect can be more
effectively exhibited.
[0028]
The foaming agent generates nonflammable gas in a fire
to expand the binder and the carbonizing agent described below as
25 they are being carbonized, so that a carbonized heat-insulating
layer having pores can be formed. The foaming agent is not
particularly limited as long as it has this effect. The same
foaming agents as those used in known thermally expandable
material may be used.
30 [0029]
Examples of foaming agents include melamine and
derivatives thereof, dicyandiamide and derivatives thereof,
azodicarbonamide, urea, thiourea, and the like. These foaming

agents may be used singly or in a combination of two or more. Of

35 these foaming agents, melamine, dicyandiamide, azodicarbonamide,



The thickness of the lamnate (dry filmthickness after coating or when the
thermal expansion |ayers are nade into 10 sheets) nay be set as appropriate
according to the desired heat resistance, the application area, etc. The

t hi ckness of the thermal expansion layer Ais preferably 0.3 to 5 mm
(further preferably, 0.4 to 4 mm, and-tfe thickness of the thermal

expansion |layer Bis preferably 0.3 to 5 nm (further g ferablgy 150.4 to 4
mm). [O006EtC.. are preferphlgqeinGeihey Hareraiqeldertysf 8r med on

the surfacgnebat gy HMakRabid SBCESEATMimD 1EX§819‘cﬂ&n[a&Q§2breferred
Experi ment's and Conparative Experinents are described below to further

clarify tH®0BBatures of the present invention. However, the present

nventon is ot Ii el ase AJelREEIIRALSs (M) FieRal ahi ncole.

Thermal Expansi on Layers shown in Table 1, 100 parts
by wei ght anfi &hbi qdebqn%@lgpagest byt sedifghits @farhona%@é bmt%haéﬁpgema@twts

by wei ght  of afo mn b ii#shg agent,
88 30 partg1 5 rP%l%L %35 ¥n%ﬁ%fme?gﬁt o) ahzc{pl astici zer
were uni f@ﬁlmfycﬂeu’ed:hﬁ}dnsequemqucealpnedbem nimsad adionnt T an i nor ganic
| i ght - wei owder was m xed wth ch m a a esultd m xture
was heate a’E’Bglﬁﬁ@g Iﬁ?@g&eﬁsvﬁ‘% gggigf:fyu{fﬂ'&te da% g n alt)talﬂrgsof
rollers t@guks hAroeceadd i mhe santheatborntl ideyenltsonedtiasec asedainr oom
tenperature, -16- thereby obtaining sheet-sha ed th rmal expansion | ayers.
[0063}0Thé‘nPVBet’6$n%aa]c1I¥ EFrpBrante Materipd) ©fider A acryl/styrene
copol yner oesifp (MR (190C):80 g/ 10 5 m n) Bi nder B: vinyl

acet at e/ et hyI ene copol ynmer resin (MR (190C): 65 g/ 10 mn, vi acetate
content: 41% by wei g‘-ﬁﬁmpi-%ﬁsqﬁ €arbpRialng ageRiR: 1n9deds P°1Yh§>f/iﬁa€r C. vinyl

acet at e/ e%gg}obggfs OQ%I’Y g péﬁﬁ&&#dﬂ:ﬁtﬁigoﬂ perft hi@+BiN, and nyl acetate

content: tensi | rain at break: 00% In the present
speci fi cattlrometmlmcmamal,uetm:urc@d*ebase@l@rﬁhﬁ dikp210thepg99 "Pl astics -

Det er at | d v, ow

rate P) %54’?%?%%”1 rsTﬁ 3%51@4, di%g&éﬁf r}gadlag{‘n@#%tl&lgwlﬁvgne

retar dant orammel uﬁmpphyphm}:mat @enl‘é@anyttyf:a@é-nt dipehbaeriethrdiobeone®¢ ng

agent: di pent aerythri.tol astl i zer: ale a

titani um GXFdBTEHRTNE ﬁ?pgh TP PEATE ég’%’l’ et gcrh%o%%%géﬂtzﬁl tﬂtﬁbgeny ty

of 2.7 g/ ¢iBre” thoy gaiveC ahi ghtemghtdepgﬂdetwn mmﬂlllast eﬁfeet (and landensi ty
e area of

f 0.4 g/cnB, f
FI ght - ng %PFF%E)&HCI 1%ﬁcecstlzjrggl %P’ém)(lb‘iulak c&@ﬁgf’f’fle%fhe(?% 1£1§u {E%;Sgr;]'faar ecific
surfage arneasgf 350 nR/g) -17- [0064] Table 1

The proportion of each component in the thermal
expansion layer A is not limited as long as a carbonized heat-
insulating layer with sufficient heat insulation can be formed in
the event of fire. The proportion of each component in the

25 thermal expansion layer A can be set as appropriate according to
the type of each component, etc.
[0033]

The proportion of the flame retardant is preferably 50

to 1000 parts by weight, more preferably 100 to 800 parts by

30 weight, and still more preferably 200 to 600 parts by weight, per
100 parts by weight of the solids content of the binder. The
proportion of the foaming agent is preferably 5 to 500 parts by
weight and more preferably 30 to 200 parts by weight, per 100
parts by weight of the solids content of the binder. The

35 proportion of the carbonizing agent is preferably 5 to 600 parts
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-11-

by weight and more preferably 10 to 400 parts by weight, per 100
parts by weight of the solids content of the binder.
[0034]

Further, the content of the inorganic light-weight
powder A in the thermal expansion layer A is 0% by volume or less
than 5% by volume (preferably not greater than 3% by volume).
When the thermal expansion layer A contains the inorganic light-
weight powder A, the lower limit of the content of the inorganic
light-weight powder A is about 1% by volume.

[0035]

In particular, a carbonized heat-insulating layer with
excellent thermal expandability is obtained, the degree of
thermal expansion is uniform, and excellent heat insulation,
strength, etc., are easily obtained when the proportion of each
component is within the range described above.

[0036]

The content of the inorganic light-weight powder A (%
by volume) is determined by the following formula.
[0037]

Content of the inorganic light-weight powder A (% by volume) =

{weight of inorganic light-weight powder A/bulk density of inorganic light-weight powder A} %100
volume of thermal expansion layer A

[0038]

The thermal expansion layer A may contain, if necessary,
a filler, a coloring pigment, a fiber, a plasticizer, a
dispersing agent, etc., in addition to the above binder, flame
retardant, carbonizing agent, foaming agent, and inorganic light-
weight powder A,
[0039]

Examples of fillers include silicates, such as talc;
carbonates, such as calcium carbonate and sodium carbonate; metal
oxides, such as aluminium oxide, titanium dioxide, zinc oxide,
and alumina; natural minerals, such as clay, clay and silica; and
the like.

[0040]
A filler having a bulk density of greater than 2.0



100 100 100 Bi nder C 100 100 Fl ane retardant 280 280 280 280
280 280 280 280 280 280 280 280 Foam ng agent

-12-
g/cm® but not greater than 3.0 g/cm’® is usually used.
[0041]
The proportion of the filler is preferably 10 to 300
parts by weight and more preferably 20 to 250 parts by weight,
5 per 100 parts by weight of the solids content of the binder.
[0042]

Thermal Expansion Layer B

The thermal expansion layer B contains an inorganic
light-weight powder B, a binder, a flame retardant, a foaming

10 agent, and a carbonizing agent.

[0043]

The binder, flame retardant, foaming agent, and
carbonizing agent used in the thermal expansion layer B may be
suitably selected from the components given as examples in the

15 Thermal Expansion Layer A section above.

[0044]

In the present invention, the use of the same or
similar binder, flame retardant, foaming agent, and carbonizing
agent as those used in the thermal expansion layer A makes it

20 possible to obtain a laminate having excellent adhesion between
the thermal expansion layer A and the thermal expansion layer B.
[0045]

The proportion of each component in the thermal
expansion layer B is not particularly limited as long as a

25 carbonized heat-insulating layer with sufficient heat-insulation
can be formed in the event of fire. The proportion of each
component in the thermal expansion layer B can be set as
appropriate according to the type of each component, etc.

[0046]

30 The proportion of the flame retardant is preferably 50
to 1000 parts by weight, more preferably 100 to 800 parts by
weight, and still more preferably 200 to 600 parts by weight, per
100 parts by weight of the solids content of the binder. The
proportion of the foaming agent is preferably 5 to 500 parts by

35 weight and more preferably 30 to 200 parts by weight, per 100



44 44 A4 44 44 44 44 44 44 A4 44 44 Carbonizing agent 120 120 120 120 120
120 120 120 120 120 120 120 Filler 88 88 88 88 88 88 88 88

-13-

parts by weight of the solids content of the binder. The
proportion of the carbonizing agent is preferably 5 to 600 parts
by weight and more preferably 10 to 400 parts by weight, per 100
parts by weight of the solids content of the binder.

5 [0047]

In particular, a strong carbonized heat-insulating
layer with heat insulation is formed, and thermal expandability
of the thermal expansion layer A is easily enhanced, when the
proportion of each component is within the range described above.

10 [0048]

Further, the content of the inorganic light-weight
powder B in the thermal expansion layer B is 5 to 70% by volume
(preferably 20 to 65% by volume).

[0049]

15 In particular, not only can weight reduction be
achieved, but also a strong carbonized heat-insulating layer with
excellent heat insulation can be formed when the content of the
inorganic light-weight powder B is within the above range.
[0050]

20 The content of the inorganic light-weight powder B (%
by volume) is determined by the following formula.

[0051]

Content of the inorganic light-weight powder B (% by volume) =

{weight of inorganic light-weight powder B/bulk density of inorganic light-weight powder B} x100
volume of thermal expansion layer B

25 [0052]
The thermal expansion layer B may contain, if necessary,
a filler, a coloring pigment, a fiber, a plasticizer, a
dispersing agent, etc., in addition to the binder, the flame
retardant, the carbonizing agent, the foaming agent, and the
30 inorganic light-weight powder.
[0053]
A filler having a bulk density of greater than 2.0
g/cm® but not greater than 3.0 g/cm’ is usually used.

[0054]
35 The proportion of the filler is preferably 10 to 300



88 88 88 88 Plasticizer 90 90 90 90 90 90 90 90 90 90 90 90 Inorganic
l'i ght - wei ght powder i content (% by volume) 0 2 4 30 50 60 0 2 30 0 30
I norganic |ight-weight powder ii content (% by vol une)
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parts by weight and more preferably 20 to 250 parts by weight,
per 100 parts by weight of the solids content of the binder.
[0055]

The laminate of the present invention can be applied to
a part that needs to be made heat-resistant of a structure such
as buildings and civil engineering structures. More specifically,
the laminate of the present invention can be applied to various
base materials, such as walls, pillars, floors, beams, roofs,
stairs, ceilings, doors, and other components. Examples of usable
materials of these components include metal, concrete, wood,
resin, and the like. These base materials may be those that have
been subjected to some kind of surface treatment (corrosion-
prevention treatment, flame-retardation treatment, etc.).

[0056]

As described above, the laminate of the present
invention is preferably applied to a base material of a structure
that needs to be made heat-resistant, such that the thermal
expansion layer B and the thermal expansion layer A are placed in
this order. A reinforcement layer, an adhesion layer, etc., may
be further disposed between the base material and the thermal
expansion layer B and/or between the thermal expansion layer B
and the thermal expansion layer A, if necessary.

[0057]

As the thermal expansion layer A and the thermal
expansion layer B, sheet materials that have been formed into
sheets may be used, or the thermal expansion layer A and the
thermal expansion layer B may be formed by coating. When the
thermal expansion layer A and the thermal expansion layer B are
formed by coating, a composition for each thermal expansion layer
(coating material) may be prepared by incorporating, as needed, a
solvent, etc., into the components described above and by
uniformly mixing the mixture according to a known method.

[0058]
When the thermal expansion layers are formed using

coating materials, an application area may be coated with the



- - - [0065] 5AlIl the nunerical values are shown in parts by
wei ght; however, the inorganic |ight-weight power content is shown in % by
vol une. (2) Preparation of Test Sanples and Eval uation of Their 10
Properties For test sanples of Experinments 1 to 12 and
Conparative Experinents 1 to 4, in the-t®abinati ons shown in Table 2, each
thermal expansion | ayer was attached to a steel plate (150 nmx 150 nm x 6
nmm) usi ng atdogyhatenidiesbyeusind & doa0ésy Imdfimmentiyx geeh mta 3456

789 Frc”Epf%&%%,(ér¥é¥ﬂg%§sggnl)brush.
[0059]
When sheet materials are used, the laminate may be
5 formed by affixing sheet materials to an application area with an
adhesive, etc.
[0060]
The thickness of the laminate (dry film thickness after
coating or when the thermal expansion layers are made into
10 sheets) may be set as appropriate according to the desired heat
resistance, the application area, etc. The thickness of the
thermal expansion layer A is preferably 0.3 to 5 mm (further
preferably, 0.4 to 4 mm), and the thickness of the thermal
expansion layer B is preferably 0.3 to 5 mm (further preferably,
15 0.4 to 4 mm).
[0061]
In addition, a decorative layer may be formed on the

surface of the laminate, if necessary.

20 Examples
[0062]

Experiments and Comparative Experiments are described
below to further clarify the features of the present invention.
However, the present invention is not limited to these

25 Experiments.
(1) Preparation of Thermal Expansion Layers 1 to 12

As shown in Table 1, 100 parts by weight of a binder,
280 parts by weight of a flame retardant, 44 parts by weight of a
foaming agent, 120 parts by weight of a carbonizing agent, 88

30 parts by weight of a filler, and 90 parts by weight of a
plasticizer were uniformly mixed. Subsequently, a predetermined
amount of an inorganic light-weight powder was mixed with each
mixture, and each resulting mixture was heated to 120°C, kneaded
with a kneader, supplied between a pair of rollers to be formed

35 into a sheet, and then allowed to cool at room temperature,



1 (0.5) 2 (0.5 3 (0.5) 2 (0.5) 2 (0.5 1 (0.3) 1(0.5) 2 (0.5) 3 (0.5)
AB,a?i g;at(;rl(zil 0)S|de (thickness(mm) 4 (1.0) 4 (1.0) 4 (1.0) 5 (1.0) 6 (1.0
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thereby obtaining sheet-shaped thermal expansion layers.
[0063]
The type of each component is as follows.
‘Binder A: acryl/styrene copolymer resin (MFR (190°C):80 g/10
5 min)

‘Binder B: vinyl acetate/ethylene copolymer resin (MFR (190°C):65
g/10 min, vinyl acetate content: 41% by weight, tensile strain at
break: 1720%)
‘Binder C: vinyl acetate/ethylene copolymer resin (MFR (190°C): 6

10 g/10 min, vinyl acetate content: 30% by weight, tensile strain at
break: >600%)
In the present specification, MFR is a value measured based on
JIS K7210: 1999 “Plastics - Determination of the melt mass-flow
rate (MFR) and the melt volume-flow rate (MVR) of

15 thermoplastics,” at 190°C and a load of 2.16 kg.
‘Flame retardant: ammonium polyphosphate
*Foaming agent: melamine
‘Carbonizing agent: dipentaerythritol
*Plasticizer: chlorinated paraffin

20 *Filler: titanium oxide (rutile type, mean particle diameter of
0.3 um, bulk density of 2.7 g/cm’)
*Inorganic light-weight powder i: wollastonite (bulk density of
0.4 g/cm’, specific surface area of 0.4 m/g)
*Inorganic light-weight powder ii: zeolite (bulk density of 0.3

25 g/cm’, specific surface area of 350 m?/g)



7 (1.0) 7 (1.0) Tenperature of steel plate after 1 hour B B B A A
;I'errperature of steel plate after 10 mnutes A A A A ABA A A Detachnent
N

-17-

[0064]
Table 1

Thermal expansion layer
1 2 3 4 5 6 7 8 9 10 | 11 | 12

Binder A 100 | 100 | 100 | 100 | 100 | 100 | 100
Binder B 100 | 100 | 100
Binder C 100 | 100
Flame
retardant
Foaming agent 44 | 44 | 44 | 44 | 44 | 44 | 44 | 44 | 44 | 44 | 44 | 44
Carbonizing
agent
Filler 88 | 88 | 88 | 883 | 88 | 88 | 88 | 88 | 88 | 88 | 88 | 88
Plasticizer 90 | 90 | 90 | 90 | 90 | 90 | 90 | 90 | 90 | 90 | 90 | 90
Inorganic
light-weight
powder i 0 2 4 30 | 50 | 60 - 0 2 30 0 30
content (% by
volume)
Inorganic
light-weight
powder ii - - - - - - 50 - -
content (% by
volume)

280 | 280 | 280 | 280 | 280 | 280 | 280 | 280 | 280 | 280 | 280 | 280

120 | 120 | 120 | 120 | 120 | 120 { 120 | 120 | 120 | 120 | 120 | 120

[0065]

5 All the numerical values are shown in parts by weight;

however, the inorganic light-weight power content is shown in 3%

by volume.

(2) Preparation of Test Samples and Evaluation of Their

10 Properties
For test samples of Experiments 1 to 12 and Comparative

Experiments 1 to 4, in the combinations shown in Table 2, each
thermal expansion layer was attached to a steel plate (150 mm x

150 mm x 6 mm) using an acrylic adhesive.



Experi ment Conparative Experinent 10 11 12 1 2 3 4 Front side
(thickness(mm) 8 (0.5) 9 (0.5) 11 (0.5) 4 (1.0) 4 (0.5) 1 (1.5) 5 (1.5)
Base material side (thickness(m)) 10 (1.0) 10
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[0066]
Table 2
Experiment

1 2 3 4 5 6 7 8 9
Front side 1 2 3 2 2 1 1 2 3
(thickness(mm)) (0.5) | (0.5) | (0.5) ] (0.5) | {0.5) ] (0.3) | (0.5) | (0.5) | (0.5)
Bése material 4 4 4 5 6 4 7 7 7
side

(thickness (mm)) (1.0) | (2.0) | (1.0) | (1.0) | (1.0) | (1.2) | (1.0) | (1.0} | (1.0)

Temperature of
steel plate B B B A A C A A A
after 1 hour

Temperature of

steel plate
after 10 A A A A A B A A A
minutes
Detachment IT I I I I IT II I I
Experiment Comparative Experiment

10 11 12 1 2 3 4
Front side 8 9 11 4 4
(thickness(mm) ) (0.5) ] (0.5) ] (0.5)] (1.0) | (0.5) 1 5
Dase material | 1 10 12 6 6 | (1.5) ] (1.5)

(1.0) | (1.0) | (1.0) | (0.5) | (1.0)

(thickness(mm))
Temperature of
steel plate B B B F F A F
after 1 hour
Temperature of
steel plate

after 10 A A A F F D F
minutes
Detachment I I I I I IIT I
[0067]

The upper numerical values in the row for the front
5 side and the row for the base material side denote the type of
thermal expansion layers shown in Table 1.
[0068]

Comparative Experiments 3 and 4 are each a single layer.

10 (Test of Protection against Heat)

For the obtained test samples, a heating test was
performed for 1 hour in accordance with an ISO 834 standard
heating curve, and the temperatures of the steel plates after 10
minutes and 1 hour were evaluated. The temperature of each steel

15 plate refers to the temperature at the center of the rear surface

of the steel plate, i.e., a surface on which no thermal expansion



(1.0) 12 (1.0) 6 (0.5) 6 (1.0) Tenperature of steel plate after 1 hour
BBFFAF Tenperature of steel plate after 10 mnutes AAAFFDF
Detachnment 11 | | | |1

10

15

20

25

30

35
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layers were laminated.
{0069]
The evaluation method is as follows. The evaluation

results are shown in Table 2.

Evaluation of Temperatures of Steel Plates after 10 Minutes
: Less than 180°C

: Not less than 180°C but less than 190°C

: Not less than 190°C but less than 200°C

: Not less than 200°C but less than 210°C

: Not less than 210°C but less than 220°C

Mo O Q W

: Not less than 220°C

Evaluation of Temperatures of Steel Plates after 1 Hour
A: Less than 480°C

B: Not less than 480°C but less than 495°C

C: Not less than 495°C but less than 510°C

D: Not less than 510°C but less than 525°C

E: Not less than 525°C but less than 540°C

F: Not less than 540°C

Detachment Test

Each of the obtained test samples was attached to a steel
plate (70 mm x 150 mm x 1.6 mm) by using an acrylic adhesive.
Each obtained plate was disposed in such a manner that the
surface of the test sample faced downward and the test sample was
allowed to stand at 250°C for 10 minutes, and each test sample
was visually evaluated for the presence of detachment and
shifting. The evaluation method is as follows. The evaluation
results are shown in Table 2.
[0070]
I: No detachment
II: Almost no detachment
III: Partial detachment of surface layer

IV: Completely detached



111 [0067] The upper nunerical values in the row for the front 5 side
and the row for the base nmaterial side denote the type of thermal expansion
| ayers shown in Table 1. [0068] Conparative Experinents 3 and 4 are each a
single layer. 10 (Test of Protection against Heat) For the
obtai ned test sanples, a heating test wag-perfornmed for 1 hour in
accordance with an | SO 834 standard heating curve, and the tenperatures of
the steel plates after 10 minutes andCEAR®ur were eval uated. The

t enper ature of eacgc%;a‘iﬁnLl%S plate refers to the tenperature at the center
of the rear surface © €'steel plate, i.e., a surface on which no thernal
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method is as follows. The evaluation results are shown in Table 2. 5

Eval uati orf Tenperatures of Steel Plates after 10 M nutes A. Less
than 180C B: Not | eg3)t bae IH80Qdtet coessiddwamat]1988st a the@Cmalloexpassidrhan
190C but | ess than 200C. 10 D. Not |ess than OC but | ess than 210C E: Not
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| ess than 480C but |ess than 495C C. Not | ess than 495C but | ess than 510C
D: Not | eddamgapetananiut 4 Esamingmaspse and a ¢arhgRdZ2iRg s394y $85C but

l'ess than p40C 20 FeRh e&pankiGh RARE Rekashi@nicoheslinEash Goridagic

obtai ned test sanples was attached to a steel plate (70 mMmx 150 mim x 1.6
lin0 b9 udiishtawesahty|nawdegdhdsi tee comteathobble Hawrgraie W idiedgbéd in
such a manper. that. Sykrf 0 test . 5aPpl 6 4 aeed dpymwer gvand the
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sanpl e wasronussal | y eval uated for the presence of detachnent and shifting.

The eval uation nEthqg)i%hgstﬁé%&iM%ngHSU%Y%Eg%Eigncontains a binder, a
flame retardant, a foaming agent, a carbonizing agent, and an
15 inorganic light-weight powder B, and the content of the inorganic
light-weight powder B in the thermal expansion layer B is 5 to
70% by volume, and
(4) the inorganic light-weight powder A and the
inorganic light-weight powder B each have a bulk density of 0.1

20 to 2.0 g/cm’.

[Claim 2]
The laminate according to claim 1, which is applied to
a base material of a structure that needs to be made heat-
25 resistant, wherein the thermal expansion layer B and the thermal

expansion layer A are placed in this order.

[Claim 3]
The laminate according to claim 1 or 2, wherein the

30 thermal expansion layer A has a thickness of 0.3 to 5 mm.

[Claim 4]
The laminate according to any one of claims 1 to 3,

wherein the thermal expansion layer B has a thickness of 0.3 to 5

35 mm.



30 results are shown in Table 2. [0070] I: No detachnent 11: Al nbst no
detachnent [11: Partial detachnment of surface layer 35 IV: Conpletely
detached -20- CLAIMS [Caiml1l] A thernmally expandable |am nate
characterized in that 5(1) the lam nate conprises at |east a therma
expansion |layer A and a thermal expansipn-|ayer B, (2) the

t hermal expansion |ayer A contains a binder, a flane retardant, a foam ng
agent, and a carbonizing agent, and when the thernal expansion |ayer A
further contains an |Eor 3ﬁLC 10 li ght-wei ght powder A the content of the
i norganic |ight- mel b% r Ain the thernmal expansion layer Ais |less
than 5% by vol une, The laminate ababrah@gtmﬁmmgloﬁép@ﬁsinnﬁhayetoBicontains

a binder, a flame retardant, a_foanm n ent ar bagn age and an
15 i nor gaﬁﬁhérﬁﬁ’@h’fh‘%/\é‘t%ﬂgaﬁéﬁng@ Wﬁgrgh?h%mé%‘?ﬁ én g“f %:ﬁ %g;ra A5 ¢
l'i ght - yei Qh.bh?owgféhtB ﬂo%afeBeBt Besreavex Raspe O 1A yeirfBek Sabed Q)f?&%:by

vol une, an 4) the inorganic |ight-weight powder A and the
|norgan|clﬁﬁghth@@|@m&fméﬂder B each have a bulk density of 0.1 20to 2.0
g/cnB. [Caim 2] The | am nate according to claim11, which is

applied to a base material of a structure that needs to be made heat- 25
resistant, wherein the thermal expansion |layer B and the thernmal expansion

| ayer A are placed in this order. [Caim 3] The | am nat e
according to claiml or 2, wherein the 30 thernmal expansion |ayer A has a
thickness of 0.3 to 5 mMm [C ai m 4] The | am nate according to
any one of clains 1 to 3, wherein the thermal expansion |ayer B has a
thickness of 0.3 to 535 mm -21- [Caimb5] The |am nate according to any
one of clains 1 to 4, wherein the inorganic |ight-weight powder A and

the inorganic 5 |light-weight powder B each have a specific surface area of
not less than 0.1 n2/g.



