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Technical Field [0001] The present invention
particularly relates to a fire-resistant piping
material that is excellent in fire resistance and is
used in a construction passing through a partition of
a buil di ng. Background Art [0002] Bui | di ngs have
fireproof conmpartnents defined depending on the types
and specifications of the bulldings. In the fireproof
conpartnents, according to the specifications,
flooring materials and wall materials for fireproof
construetion or sem -figepFRpdr£QasSt ruction prescri bed
by the Buil ding Standards Act are used. The flooring
mat eri al s andp{hg-waklr sraier icalps neo afiHEeTo Of _
construction or sem -fireproof construction prescribed
by the Building Standards Act are those defined by the
M ni ster of Land, Infrastructure, Transport and
TeclomicsmMmiex@rtified by the Mnister of Land,
~Infrastructure, Transport and Tourism and exanpl es
[Ooadier eof include ferroconcrete; concrete bl ocks, brick
constructions, and stone constructions that are
r eiTifeo coecbamitt hiriveort i epa et sculanhy maébatakstoouefede~
wth - 2 - steel nortar or concrete on both surfaces
regirfanf pilpyghd iekghtisbanbdtcdacestellpnécdst fdamcret e
pl ates; and | am nates of plywood and gypsum board,
re%ﬁﬁ%ﬁ@@ﬁxﬁ%ﬁn¥ﬁc@ﬁ%ﬁtlboarQonéﬁrppghpﬂepgﬁﬁlm@aﬁédough a
concrete. [0003] I ncidental ly, buildings are
paiﬁ%ﬁ&QRxP@m%rP%ﬂ%@h@g(such as el ectrical conduits,
ain pipes, and ducts). Such, piping passes through
Baé%r %egh%ntroned fireproof conmpartnent in sone
[0&&§f When a t hrough-hol e t hrough whi ch pi pi ng
he |ike passes (hereinafter referred to as

d to _th
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period of tine the fire and sno e qu
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portion. Therefore, the Building Standards Act
comlest abtt Shwesot hae¢monly reptepifaksnkhatiqrdssehiescribed by

fire-resistant test for conpartnment pass-through and
theebti Idiang byt &hdabbni ater agk baed,. |THe aSioocingepaterials

Transport and Tourismor evaluated by fire defense can
andpetigeda by maeepipilagfoat éiirebrpadsiceg sthrotigion er semi-

conpartment pass-through portion in a building.
fimppreebreonsheucbipar prescrplest biyr digh Byorltdiong i $tandards

rovided with fire-protection neasures for caul king a
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construction is inferior. On the ot her hand, when
the piping material is a synthetic resin, the piping
is light in weight, excellent in workability, and easy
to bond, conpared to the netal piping. The synthetic
resin piping has thus various nmerits, but is inferior
in heat resistance and fire resistance. Therefore, in
fire, the piping material is lost by burning or is
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Di scl osure of Invention [0009] The present

i nventi on has been proposed in the light of the
above-nmentioned problens, and it .is an object thereof
to provide a fire-resistant piping material that can
be fire- - 6 - protection neasures by itself. [0010]
In order to solve the above-nentioned problens, a
single-layered fire-resistant—-pi ping material of the
i nvention according to Claim1 is constituted of a
fire-resistant resin conposition containing

h - dabl hi i f 0
stegS WREIRE bIoEanBht60 Paltl by et STt B v nyl
nggp.lﬂg&' de-hased resin, Q0L o oosr Al layared. ong

re-Pesi stant piping nmat'e |§ of the 1 nvention

lam?lﬁg(eregi ng g.ﬁztgo%idma%di rﬁf})%%lt 'btolgf%fj (ﬂaﬁi wood chip cement

re-resis resin c 0sition contalning
at - aphj j Hof 1.5to 4.0 in
boagﬁ’aﬁgﬁﬁ?@g?a%gﬁgﬁlg%ﬁggfgQﬁﬁﬁaﬁﬁﬁﬁt based on 100
[OOB@gtS by wei ght of a polyvinyl chloride-based resin.
[0012] In a single-layered fire-resistant piping
matgeiabnehit e bama&h%@, aeeopaioRd de@ Widimpdpiiny theuch
i nvention according to aim2, the fire-resistant
as Ee@sicht rd eaNosichniden tagcelrdiing dip<d aiand orta8) Nssagh piping
additive for providing heat stability during nolding.
pasg@@lihrough the alsivegirertayeret firepresi stampaptpeny in
material of the invention according to Claim4, in the
somenyeseison according to Caim3, at |east one sel ected
fromthe group - 7 - consisting of |ead-based .
st ¥beni aecbrovohanicd et Chrbasgdd Wariahi [Hirdry cand-h ghieee
fatty acid netal salts is contained as the additive
paspge gheviedingd teeat 199 VEAWRT ngC PP HEcat B2Edral
addi tive amount of 0.3 Rﬁ§?.0 Qagts Q% wei ght . based on
ERIPHI D RS YA Weilghtt TS 44 got yvihyT PR ofrdkl Based
firreskp. [00141 v Qx§Hﬂ%le-h§x§%eP.£ire-resgstant 5
TIESPEO0) ARSI 1+ RS T HVEH T ore actbr di hgY t 52 ¢F &i h B9
. i.n_t | nyent..on accandi i m4, . furfhe :
flrﬁncéﬁi§§€§kﬁ%ﬁﬂ}qxﬁnéﬁﬁ%gé%ggﬁéga%%i%f%g #gr£hat the fire
orovidj heat S . | di . ¢ |
G P S0 1 e S O R TR e B e
occlR@RArLS e Wl ghtr Qi the, POy yvhayts ebbosbde-Basadtment
resin. [0015] A single-layered fire-resistant
the®die, Q‘ﬂ‘l]ﬁiu%}t e ddent teenaceasdi-88-baghl pomtéon .
is constituted of a fire-resistant resin composition
comhaireifbgecheath-expanddble Oraphtds eyt ngsedblishes that
expansi on volunme in the range of 100 to 250 nlL/g in an
onlymmarite wofalls ttohai0 poasdsd by ferghtebasednont26@ gart s
by wei ght of a polyvinyl chloride-based resin. [0016]
confasitmgire: [rayer-ethféouegh rasd stant 1 pi pdngymaher Mahisfetrhe £
i nvention according to Caim?7 is constituted of a
Land,r ebrfesi stanttuesi nl conpesiti endcdataiaiingr evaluated by
_ heat - expandabl e graphite having a 1.3-time expansion
fineefrdrenas vt UB0used asgthe2ndoing aatamdast refssingo
10 parts by wei ght based on 100 parts by weight of a
thrssighvitiis @R T deebaseassesroupbopertion in g puilding.
single-layered fire-resistant piping material of the
in@%@m P IEoc SR MPHRR KERE MY 2R ERECRAVeRPFBAON 18
according to_any one of Clains 1 to 7, when the piping
PToghdd af1ty Ebrstrictedt $o"al e6Yp5Ss [Pk GayH g @ dap
flooring material and is subjected to a fire-resistant
test (conplying with 1SO 834-1) in which the underside
of the floor is heated under conditions that one end
of the piping material is exposed to a heating side by
300 mm fromthe surface on the heating side of the
flooring material and that the other end of the piping
material is exposed to a non-heating side by 800 nmm



- 10 - to Daim10, the fire-resistant resin
conposition according to Claim10 contains an additive
for providing heat stability during nolding. [0021]
A nmultilayered fire-resistant piping material of the
i nvention according to Claim12, in the invention
according to Caim1ll, includes at |east one selected
fromthe group consisting of |ead-based stabilizers,
organi c tin-based stabilizers, and higher fatty acid
netal salts as the additive ™for providing heat
stability during nolding in a total additive anmount of
0.3 1to 5.0 parts by weight based on 100 parts by
wit{eprghongbrple tpdllyey imaytle rhal lord weh bes et rest mL{8022]
A nuLtiIaﬁgreq fire-resistant piping material of the
ins{addAndon hgc ®dipdingg Res sding mr»ugh the ¢omemtinent so
according to Claim12, further includes a basic
thagoppodRe 48 fRemgddibatvesrorths swarpagthert B2apt thtgyugh
during nolding in a total additive anpunt of 0.3 to
por@?@“pgpgstﬁﬁ WeiPgitd -based on 100 parts by wei ght of
[00523 pol yvi nyl chl ori de-based resin. [0023] The
invention according to Caim 14 provides a
filayered.fire-resistant ,pipin terial including
B ERe P R P MEE R 2 i GaBid Ay G eI d R B BLng
-~ e l.e fire-resi.stant_ resin co sitipon and a
macgf el " 1RAAR S Bl oY Pl S P SRR SR
: e.Jd e .pf.th jre-resjistant .
SUf‘g)% Eg%glgbl%g% Ie%}e rl.é [Fﬁ%r ir edj ?Ognsllxgtba"?]tc‘eaeé(ip%h%%bﬁée I %?/%rWlth
a lohiceRpHdiivhed i & 41 66891 S5aRL eS8 N COMRQRI LAY 1hove.
cont ai ni ng heat - expandabl e graphite having an
How@X¥RaNSiorR WRltWTe diithe H-ange ofr 0, 0t/ G
ano%ﬂt of 1to 1§i23;¥§ by meighf%%gg%%g%ﬁ %%% %%%?%Egre
hasby weioghteroft hatpalngy vty k631 101t er b asesh £ £8+ Pi n@nend hen
covering layer is constituted of a polyvinyl
congltrartitderbased nfesiibconposi ti on not cont ai ni ng
heat - expandabl e fire-resistant materials, and the
coVer thg bajer hsndonghienuttdée gfirdrpplmatawiat is a
chl ori de-based resin conposition not containing
sYnREgitiex pamsdabl ¢He malgieyd stsantigt ekh absigfh0p24kcellent in
The i.nvention according to Caim15 provides a
worabdilidyer et igasy &9 gﬁtcarﬁ PIPIRRE ot e i Blhe i meTali pgring.
a tubul ar, fire-resistant expandable | ayer forned of a
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o oty i, RO, 498 PAE BiBtaleniie-fa1,
whil @Y &fay S10Mstidutied of @ ol .ya/wyémgizg%'&gggggge E one

resi n conmposition not contal ni ng heat-expan I're-
side b -tHESH St o IRt &I Semd 9204 reacnArAUl Lilayered.
fire-resistant piping material of the invention
[ocording to Claim16, in the invention according to
any one of Clainms 9 to 15, when the piping material is
Comsidouelied 1S9 ao it @ags d,hriquahs %ﬁﬁ@j{é@gff@éeri al
and is subjected to a fire-resistant test (conplying
profiddt 1SGO iSsudds | Ih Wit Thh t heshisder side ebvihenkl fRkerial
i s heated under conditions that one end of the piping
material is exposed to a heating side by 300 mm from
the surface on the heating side of the flooring
material and that the other end of the piping materi al
is exposed to a non-heating side by 800 mmfromthe
surface on the non-heating side of the flooring
material, a pipe inner cross-sectional area Si at the



after acid treatnment by inserting an inorganic acid
between | ayers of raw material graphite as in above,
the pHis usually 1 or less. Therefore, for exanple,
the acid-treated graphite is washed with water for
renoving the remaining acid on the surface of the
graphite, followed by drying. That is, the pH of the
heat - expandabl e graphite can be increased by repeating
washing with water and drying. [0031] In the
i nvention according to any of Clains 2 to 5 and O ai ns
10 to 13, heat-expandable graphite that is adjusted to
acidic is used. This is because that the
havipgefigsrseanct apect opfare@ans ivipridued Hywprey em i tige
burni ng by effectivel¥ car boni zi ng a pol yvi nyl
Outgg| éPFgécPe§ifnt§@r BN tBGTAICh g e STl Piimhdeatonial - As the
, grope[t¥ of a polyvinyl chloride-based resin that ]
Lirpepeat sTathy PGgEN CORPESIdE 8 iGAT S o tsacthorshert-1ike
resence gf an acid to generate a fl ane-retardant
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it is determined to use heat-expandabl e graphite
suchavknguanek, ok %h%rh@p‘i-a@-tﬂcp@%]stdméﬁ, “or a liguid.
Exanpl es of the polyvinyl chloride-based resin used in
polyheri nienbilendact ariainnthebe -aRp HdB e Wradph Prd lserving as
i ncl ude pol yvinyl chloride honopol yners; copol yners of
an vhpylbachkoekge natnomags: nanmbnones Shavddy with a resin
unsat urated bonds that are copol ynerizable with the
seryiingl ashkodede rmertdmerrearrchtgmef treopol yaeeis a9 avhi ch
vinyl chloride is graft-copolynerized with
polyeaypengiver $eatihercnt Rapolivmierchlcord deul Théseramin béfor
used alone or in a conbination of two or nore. In
exaggderi 6 5 etthé OpSladnty IPasmsritde)oased resin may be
[Ooﬁglorinated, according to need. [0033] The
Honer s havi ng unsat urat ed bonds that are
co olénerizablgygﬂ%h t he vinyl .chloride nononers are
|

not “Barti cul4r i Pl &R "deAnPISES et ot ihditfle
-olefins,_such _as ethyl.ene, propyl.ene, and buty] ene;

She\%fcm}l(iﬁcleestcgﬁéerslﬁl mélgé\%ilr?y ’ a%e%ﬁ?téjea vERYE? Piping

Rr9phonat e, vinyl -ethers .s S ylvinyl. ether and,
matcg:?%liviq%yﬁ:egﬁjﬁer}én?r}gt rﬁsétcati?lhelcg’ a‘%y% S %r%h%u%ﬁe ‘g Pixe

vERLRY arRLh)Achy g thy! Y, . and_ put yl
e acﬁ?%gte; ar omatic 6ﬁﬁ§f§n¥Jg&y§%n%?§ éﬁ%Egﬁﬁgg-%gt%yl

oriVe el Y8 RS ikt Ry MebehOLARSASHON 25N

P nalei%?gé ang Rfcyclohexyl naleinige.nTﬁgée ngypggg%XJ
matésadialigne Ypd it G Matd ON Hia LW0e 1 + HOT §pe1599§4ls

Any (co)polynmer that can graft-(co)polynerize viny
filaklombaax Gantbendised f orngratb-reppehkMEhsiRgst Res a large

vinyl - 17 - chloride wthout particular limtation,
nuriRt: exanples driiefeafnd nadigle et hyheneixé nyhdasetat Bas a

copol ynmers, ethyl ene-vinyl acetate-carbon nonoxi de
pro®apel yterts tiet nd Rneeedty loBcrlyd abBp COPOPYSRE Son after the

et hyl ene-butyl acryl at e-carbon nonoxi de copol yners,
wingting erfe-tiet pHearethibdor ydater Dopathyver$al to the piping

et hyl ene- propyl ene copol yners, acrylonitril e-butadi ene

copol yners, pol yurethane, polyethylene chloride, and

pol ypropyl ene chloride. These may be used alone or in

a conbi nation of two or nore. [0035] The aver age

degree of polynerization of the pol yvinyl

chl ori de-based resin is not particularly limted, but

is preferably 400 to 1600 and nost preferably 600 to



Exanpl es of the higher fatty acid netal salts include

lithium stearate, nagnesium stearate, cal cium

stearate, calciumlaurate, calciumricinol eate,

strontium stearate, barium stearate, bariuml aurate,

bariumricinol eate, cadm um stearate, cadm um | aurate,

cadm um ri ci nol eate, cadm um napht henate, cadm um

2- et hyl hexanoate, zinc stearate, zinc laurate, zinc

ricinol eate, zinc 2-ethyl hesanoate, |ead stearate,

di basic | ead stearate, and | ead napht henate. [0043]

In the invention according to Caimb5 or 13, the

amount .of .the.basic conpound is 0.3 to 5.0 parts by
matEEiy tlﬁagég%éﬁui§0 parts by weight of the pol yvinyl
{Ooﬁggpride-based resin. This is because that when the

addi tive anount of the basic conpound is smaller than

0. i .- 21 - bili f th
DR RBE P Yy PEL A0 apb 08 NERE onetokiBRls 1y Be 'TElvea
g durc.i | di ¥ i . , )
by 8RRUEETyELRACTRLIRN D MOl IR CALSA IR restinnr
com i abrh I U -of, i G .
Pa8flc1¥A AL B8 g2t ¥ AT lardd &R S PPN bt
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during burning is inhibited, which my cause

Docufientf Ncicent afinke16egks LarstRerdOrdmnGe r 044l ril1er and
The basic conpound is not particularly limted, and

a peéxanpkésetrheneaf vilpgludt leal icidiptasdonadth, LI pPing
silicate, calcium hydroxide, calcium oxide, nagnesium

matear bdndbemenaghesiewnthy draoticde ,obtagne st UM @Xiteshanical
bari um car bonat e, al um num hydroxi de, zinc oxide, zinc

strppdicbxitbet asdainr dmdisipdmsdi® Sequirenant hiem a pipe.
i nvention according to Caim6 or 14, the term

FurtgggERsteon seacenthef filve tremisshgrandss o grapwsetion in
refers to the volune per gram of heat-expandabl e

Patgpiphiocameiiter Kedtt akpansioper | og4bpermoplgsic elastomer,
expansi.on vol une of heat-expandabl e q{aphite_is ,

or aeﬁéﬁﬁﬁ e§© ymﬁﬁeaﬁoﬁﬁﬁMQﬁfﬁn%ﬁﬁiﬂ? he pipyngfestprinl

f | i t i 500-cc., beak that | heat ed
Forfied) SHERRYIFl, BanAm P gt hordh Maentihy St onath
! N i t.i f f
crf 5, 0 gheaLd 1ot 9, gt Uy s
£ ir_@l;e"iﬂé%ri drSintaken ;Qut.d %'Eltél%rh%?f : oér?% g@n&c.edment 1. 3)

i
e

he sample in the beaker is coo
[oobgnper at ur e, 4) The wei ght and the vol une of the
sanpl e after expansi on are neasured; and 5) The

val pgteht ( oL ef l? heg=pamRlse ¥nSamined Patent |
expansi on)/ (wei ght of the sanple after the expansion)

Appild cealiow #ed.ida®AbH No. 200w ®xpansi on vol ume of
heat - expandabl e graphite vari es dependi ng on the type
andPanmeunt Dotutbeati 0f evhaper seomawnd ofo.t 133683
heat - expandabl e graphite and on the particle dianeter

Di sgfl ashierchedt -Tewpandalyl e graphite itself, and is a very
i mportant factor for exhibiting fire-resistance.

[000®]t he invention according to Claim6 or 14, the
expansi on vol une of heat-expandabl e graphite is 100 to
250helpgesThis inyebsd ans dashdtearh@rdous ek panditon 1ight of
vol une of heat-expandabl e graphite is smaller than 100

themghpvetierdsarest drraplamse iand obt shal 4ntobieht evbereof to
sufficient fire-resistance, which requires a large

Progvimtd dit nfedtesdgiattam o mapmterfat thet easitnget figre-
fire-resistance and may cause defects in, for exanple,
physi cal properties or nolding - 23 - properties. On
t he ot her hand, when the expansion vol unme of
heat - expandabl e graphite is |larger than 250 niL/g, the
heat ed conposition is thermally expanded too nuch to
mai ntai n the shape, which nmay cause dropping of the
resi due and a decrease in the fire-resistance. Herein,



is a flooring material of fireproof construction or
sem -fireproof construction prescribed by the Building
St andards Act. Exanples of the flooring naterial to be
used include, - 25 - in addition to the PC plate, the
fol | owi ngs: 1) A wood franme nenber in which a
gypsum board (thickness: 9.5 mm is bonded to the
upper surface of a structural plywood (thickness: 12
mm) and a reinforced gypsumgoaard (thickness: 15 nmm
is bonded to the | ower surface of the plywood;

2) A wood frane menber in which a gypsum board

thlckness |s bonded to the upper surface of
Pro e§tﬁ8@t@@§ﬁuﬁl d & idkness: 12 nm) and two
[005§ i,nf orced gypsum boards (thickness: 12.5 nm are
ded to the Iomer surface of the pl ywood; 3) A
l'ight ht foa cre ALC) pl ate haV|ng a
th?gké\gg% Lofe 16 5"8‘?{5 Hk?)“tlo nef) PLYlEmst a

| h hi ck f 70
=ing3R 8Bl cu?ta—’feS%V%:'ean Bisruts el sl ot e
1nv|%§'1‘£'1%91 & RGeS s J Cl]aq(?n MM 0 St eii{cieff ! eglre—

e gap bet ween -t he pIping materia and”

res(i‘é%%rtt %@tlnp%%ﬁlgf t:r%‘i% %ﬁﬂﬁh:ﬁg@f PF ke;%g ané hkale o

mortar. One end e pi pi ng nat pose

graﬁhﬁ%@t iRg a8 ek t3QE AMdd om tﬁbﬁ:tsé”gf‘ dﬂ{;‘% .Isqed on

eating side of the roorrng mat eri al ,
100epdrefs e wphiphrg JmLe gc&l wﬁﬁ;ﬁwwﬂé@—@ased resin.
non-heating side by 800 mmfromthe surface on the
[00AAdN- heating side of the flooring naterial. The furnace
used in the fire-resistant test had a structure that
cah hénylontagertdcéiob-acklicanntipapialg attdteria6 of the
can alnost uniformy give a tenporal change in
anteerm@rlata@r:@rda@@d ton Qllenf 3 |iowi oo Exipressd onf la fire-
onplying with regulation of 1SO 834-1 to all over the
reséﬁ*ttua@é &St Ns GOFRES 16fL arhecdri tooin ad dréatl S e xremdahee

E{facg%yn t he heat|n%_s|de of the floor material was

gra? & tfe Vsﬁﬁf§c§H of 1. hdto i%,0 tHe 1 ranewet sehnt to 10

ar % furna S ovrdtg}mnth a thernocoupl e

ParFRa Py HAACRE, PPSFG! PBd 1) FETFUrNACE L Her ok ouppetyvinyl
rijng tenperature in the furnace at a position

Chlog&dge%%%nr &5'1'dor materi al by 100 to 300 mm such

[ooﬁﬁqt one to ten hot junctions were arranged uniformy
mrth respect to the test surface of the roor

gria a rd| atl n, of
ISO 8§4Eing%ﬁelgpggegegﬁgraﬁ%%?ggtgguﬁh QM?a zﬁiﬁiOf
theSariRat ihe a 1@1' ‘%@QQL%J_I{' 3 erﬁ}?rﬁ{é"rﬁqventlon

(hereinafter, referred to as "heating tenperature"’)

acomeaswee by 1bhe Dherme qupl e £adk D8 BXPFESSLd-BNpBsition
nuneri cal val ue represented by the follow ng

acdogariessiten Claih 2 I4AROHY 8 Ra20{Expr £ssi @for}idiﬂ heat
Expression 1, T denotes an average tenperature ( i A
stauuirqumm&engamdﬂkhdgnotes el apsed tinme (m nute) |n
the test, and the tenperature was neasured wthin
[00é\dry one minute period. [0051] Regardi ng the
pi pe inner cross-sectional area Si at the end on the
heéningsshdéeeﬂaybeediﬁhm@—nnmfﬂdﬁﬂntb@fmﬂﬁhg-méﬁ@rial of
burning, the piping material is measured for inner
thediiawstrdrionata dosasting towC diiect i oins tied ofevshaibhng
of the fire-resistance test to cal cul ate the average
acqorEmditamétierim gnd athereasie pipeséIemted from the group
cross-sectional area Sl is cal cul ated. Regar di ng
the pipe inner cross-sectional area S2 at the m ni mum
i nner dianeter portion of the piping material after
burning, after starting of the fire-resistance test,
when snoke appears fromthe gap between the
conpartnment pass-through portion and the piping
material on the non-heating side, the burning in the



As the flame retardant, any flane retardant that

i ncreases flane retardancy during burning can be used
wi thout particular limtation, and exanpl es thereof

i ncl ude hydroxi des such as al um num hydr oxi de and
magnesi um hydr oxi de; hydrotal cite; antinony oxides
such as antinony di oxi de, antinony trioxide, and

anti nony pentoxide; - 29 - nolybdenum conpounds such
as nol ybdenum tri oxi de, nmel ybdenum di sul fi de, and
amoni um nol ybdat e; brom ne-based conpounds such as
tetrabronobisphenol A, tetrabronet hane,

b , .tetrab h d tetrab th
con gk pRGr tL- ba édbeéﬁbé‘&%°§e§&%%%£t”%ga%§| * Phoapred o
staf LA PEr e L -*é%v.‘ﬁi%“%%y Fheh oot Bie prevénttagped
as PH&”&H@ 9£v8°k>§¥' g% glal gxéfc%%atarg%e{g{rylgilc%&ﬂf? Imolcllng

parti arly pref ause ant1nony -conpounds

at 96@8&9&%8?&%%@%&%% t'o'mhc .gﬁ}#k%*@y weight

presence o0 al ogenate conpoun
baséﬁ”@ﬁr @byrsasegdw QRS oRRd J¥ gyRNt @Mﬂwgcﬁy&ifde based
with a very high effect, and the synergetlc effect
resiﬁereof is significant. [0055] By using the flane
retardant, the synergetic effect between the
[ooheat-insul ating effect by the expansion of
heat - expandabl e graphite and the flane-retarding
efAesindpyet heyétrageri etardanctaan mipd ref Madamdly of the
inprove the fire-resistance performnce during
invbukhnbngacthedaddi thiov € lanpurit, dfm ttte fimmentadardandbrdsng
not particularly limted, but is preferably 1 part by
to Geight 4or fmokbeand 20 ysst 2 ya siet gltmpruhésss baked on
100 parts by wei ght of the polyvinyl chloride-based
addﬁégwﬁ IofeRTONE damsumeadt APl idne detBrdanelisnygess a
t han part by weight, sufficient synergetic effect

tOtﬁ*&yaﬁlStltBéfeoB‘f“&uﬁéd ofnfer® thRe Zrfb Uit ot }ﬁeww%ﬂé based on

r et ar dant hi gher. t han 20 rts by, wei
1007 R it Bing 2ot GO ath HE ry STLar PioDer S e hia
[OOQ%]Slgnlficantly decreased. [0056] The stabilizer

[ not particularly limted, and exanpl es thereof

e g e gehe0L] s a0 epl, 3Hallld U4 ORI O e
inv@fﬁmn g&%f fnd NG wde, 1 gani £ éér‘?st?f"é@geét abi 5' £8La-

such as tl n mercapto, di oct tin nercapto,

resqls%tﬂwlﬂéglwc&@mgtl%b L&yﬂﬁé_{hm@ 0@@&9*&?9%%%”

mal eate, dibutyltin naleate polynmers, dioctyltin
grafplieat Q],avd.'r%‘:ta)ﬂ tdsipdred B ev Dl s, tHE bYEXLEI Bf 100 to

'aurate di butyltin | aurate pol yners; | ead-based
250stdlid iizerss shicduras dead b enn abrt dibasveibBadbased on

phosphate, and tribasic | ead sulfate;
100c daodtiimizi nezibgse b Stahidl zel syl bahi o denbabagedesin.

stabilizers; and barium cadm um based stabilizers.
[OOBfdse may be used alone or in a conbination of two or

nore. [0057] The heat stabilization aids are not

pakt isdalgdel-y aviemeade d 1 mnd-exianpires pilerepfmaberuded of the

epoxi di zed soybean oil, phosphate esters, polyols,
inverdrioalaicesdiarg zeotlaer Thesecnngtbeutsdd odl endige-

in a conbination of two or nore. [0058] The
regigrdefantes il eefeRoaht i omeror i neaat hanl —axpontdab e

| ubricant. - 31 - . The inner lubricant is used
gral rediry Hed thel f PubdNei S8P3NEFOBf tampereitnger i 480 to

during a nol ding process to prevent friction heat

generation. The inner lubricant is not particularly

limted, and exanpl es thereof include butyl stearate,

| auryl al cohol, stearyl alcohol, epoxidized soybean

oil, glycerin nonostearate, stearic acid, and

bi sam des. These may be used alone or in a conbination

of two or nore. ‘The outer lubricant is used for



[ 0066] The pol yvi nyl chlori de-based resin may
contain a plasticizer, but since the plasticizer nmay
decrease the heat-resistance and fire-resi stance of a
nol ded article, the anobunt thereof is preferably

smal | . The plasticizer is not particularly
limted, and exanpl es thereof include dibutyl
pht hal ate, di-2-ethyl hexyl phthal ate, and

di - 2- et hyl hexyl adi pate. FOB67 The thernoplastic
el astonmer is not particularly limted, and exanples
thereof include acrylnitrile-butadi ene (NBR)

eopol yaer t hyl -vi nyl. acet at EVA) copol rs,
240e?h§#e%§-§?ﬁﬁpta8§?gtépc Pbéﬁ”ﬁﬁ%§%§d%e %ﬂ&gﬁﬁge on 100
pal,y et vinyl l.ori.de-based thernoplastic .
par o U nEs S o 2 B i B R O et
roo€epol yners and vinyl chloridevinylidene chloride
copol ynmers, styrene-based thernopl astic el astoners,

ol gf | zi"@fﬁ?ﬂeLf§§§995aﬁﬁkg—-§l9§§%@g%rtg g)siteadﬁ%dﬂ ane-hased ¢

t her nopl astic elastoners, polyester-

thet evERP) 85t hecB-a3hQMRLS 13Nt RO Y Yes bASELnt i on
t hernmopl astic el astonmers. These thernoplastic
accekashgnebs afngy ohe W¥ed1aligre 10rd M a \@osbingl | gﬂ%ﬁfig
two or nore. [0068] The nmethod for m xing
matadtlali ¥esconkh rube polsyviary le L 24d derbased 4 esidot$n
not particularly limted, and - 34 - exanples thereo
mateénthlidend met bothjeyrtkadt tbl endiing -ansk bst@ithoge by col d
bl endi ng. [ 0069] Exanpl es of the fire-resistant
(copppyhggnatshi aS008 3uhkd }pries et dinvigd i amdé neldileof the
fire-resistant pipes and fire-resistant pipe joints.
floggrifehfvited vheefi conddsiismantthsitpiene nendérofl thé pheing
resent invention is nolded wth an extruder or an
matgﬁjléi':t LBnSHBPEer Raf heatdudl I1Sidasddy IMe myperemdthe
SCFGMIShE%e of the nolder are not particularl

h :
Sur%?ﬁ?t@& ke Gté§gs&Fﬁ@cPéhﬂ*%%é%kﬁ?ﬁﬁ%%wﬂ%ﬁﬁria{ and
i deri t he .t Il t th dth
ehaPrEh! OBl GO T (B PARYOW i GomT hubls= o B AgEP 52
-red..[.00 Si t [ - d
non e B8 R, 3 By e erru oy e Thvert ) ghe non-

heafA9r diRg H¢ Ehal M1LoS nerRstdd uted of %%% inner cross-

fire-resistant resin conposition contai

beahaexpaadakhe ogr apRi ed . .
SeCby m;ight based on 100 péﬁ?§a3§ﬁa3#g%%§%f&%£%% %%Pﬁé#ére

burilthgr belet+basadakesign s jldee Rl A Y J¥ opekd & esrd §I§Qé%ional
e

are excellent. For exanple, the piping material can
are808Li BYOHS ki npREUGethaM 1 et SiZe RS Ub ASYn Y Shage A1
extruder, an injection nolder, or the I|ike.
aftEur bhendnge sasiindy theapaltyhbnmtiEhor [ se/dbaserhs esing
is self-extinguishing, the burning rate is effectively
[0ORL8dluced, and thereby the flame propagation velocity
during burning can be suppressed. In addition, since
t hBhe esnvienti@fs actorpinfoam (CAatime Shegicwideg of
burni ng, an advantage that the heat-expandabl e
mulgidpheredr dadiclyesisdmds: ins.ralrsp npriovi dell. including a
Furthernore, since heat-expandable graphite itself
tubgapd ?lﬁ@rﬁﬁmamereewm%hlm tkavehaatdé nell at hagt -
ef fect by being expanded by heat, the burning rate is
expppfphde difecmardistanddy@sdn compohel bfrendt decovering
single-layered fire-resistant piping material of the
layﬁFegé’ﬂterilﬁ\geﬁtti deards e ad dite foree ¥ espEfapeeanddihe
expansibility in itself and thereby can prevent flane
and snoke from penetrating to the other side
partitioned by the conpartnent pass-through portion by
t he expansion of the piping material itself during
burni ng and the effect of reducing burning rate.
[0071] The single-layered fire-resistant piping
material of the invention according to Claim?2



3) capture and inactivation of radicals; and 4)

i sol ati on of conjugate doubl e bond. Fur t her nor e,
since the | ead-based stabilizers, organic tin-based
stabilizers, and higher fatty acid netal salts are
further excellent in heat stability during nolding,
conpared to other additives that provide heat
stability during nolding, the product yield is high,
and al so the | ong-runni ng_centi nuous operation in
extrusion nolding is excellent. In addition, the
| ead- based stabilizers, the organic tin-based

. stabilizers, and the higher, fatty acid netal salts
1nn%F0§P8§aﬁ?gﬁfr‘rﬁ &i ﬁ&r&“g’ﬁ%%stfyﬁréze‘?f‘@%n%@%nﬁ}ﬁ%r- The

, h foi - 38 - Il.. Theref i he.
Firg B e G5 B GADE PR Red@ YR AT Jeinedh od Bt bhe-
f th | i.nvl hi i de-b d i
resSTRHRL, 2brid cRORL s et P e d e D el
cability duti I, di th ile st th
grafififte 870! bl B Tl i ddfed 300 SRR on

100{ %QZ@S bXt we!iejhtth%fi iV :lbﬂ%rgrf%oc%?ié}gjbé@"&&@ ?es%lq, and

e i nvention~accordin asi c conpoun

[ -her i:ne [ (S0 _
R R e e A
res&fD 'éfﬁng%fsiQ;i%nt Qo? CRAH IS By Wl Shie Basedhole 18D o -
parts by wei ght of the polyvinyl chloride-based resin.
resiBeaekomgietrigilkeat stability during nolding and the
tensile strength and fire-resistance of a pipe can be
[oofvnt her reliably ensured. [0075] Si nce the
single-layered fire-resistant piping material of the
I nNVeat iomeattondengotrdiGgaitm €liasinc dristpdattietkofa a
fire-resistant resin conposition containing
mulhédeyvexpandalyee rgrdphiarg: e gy anaexpanbi oncVetluneg an
the range of 100 to 250 nlL/g in an anount of 1 to 10
tubgaptrs f@fﬂm@%ﬁﬁ%@ecﬁ’ﬁ?ﬂﬂf&]{%r%%yw Ppedghelof hhet-
pol yvinyl chloride-based resin, the heat-expandable
exP@‘F‘éiélﬂltee ffce i iel {p ek peftrfs” defTUReS bt Af ngd afdcpHering
i ping material is excellent in maintaining the shape
1aY<%Fptct?g’erre1§‘i9d§ét. EAthétoret the %‘F%iﬁ%gace andthe
.__chl ori de-bas resin repeats de-hydrochloric acid to
nn SR A Crisort THLT o0 b CERETHOPbG1 A er- The
.. chl aorj.de- S| suj t ng.-resi.due is
tix orr(rereé&fjseﬁéan?%%ggﬁq}dea[rhlégﬂagéfoﬁrfé%uﬁé‘lg%gg“g Eﬁjr“nei ng
. . . the sy , ; i
e pandabl & S T b8 8 AERE BkpghBLe
gra3iMAlEHAYRIED ';FH &£ esi 5tant 4 phPiRYaARLRELAL BF thes 15
i nvention according to Claim7 1s constituted of a
pardtd &y esd it 884 Mo ONPPSHA LS E?n%éighﬁgof a polyvinyl
heat - expandabl e graphite having a 1.3-tine expansi on
chlicpes-afdd el ofe 80, téhc24@£ei@oa@r@ﬁgumhy@f: 1st @oRed of a
parts by wei ght based on 100 parts by wei ght of the
poIpot i Nydh it adé-dea dHasete £ €81 BompBEL thght RBEMBbntaining
deconposition (foanm ng) of the polyvinyl
heahiexpadeddlabe df 1 st redbshoht phageessleven if the
heat - expandabl e graphite has reached the 1.3-tine
[0BXphAnsi on tenperature, and the el ongation viscosity of
t he pol yvinyl chloride-based resin is maintained.
Themrefeormeyl tttheypolad/iyte cig ©t s Uerbagedingsinaterial of the
effectively extends according to the expansion of the
inveualiex paedabdengraphCiainoliier Anather envesitdantaccording
expandabl e | ayer. Since the polyvinyl chloride-based
resin is subsequently carbonized, highly excellent
fire-resistance can be provided even if the anount of
t he heat-expandabl e graphite is small. [0077] In
the single-layered fire-resistant piping nmaterial of

the invention according to Claim8, in the invention
- 40 - according to any one of Clains 1 to 7, when the



Furthernore, the fire-resistant expandabl e | ayer
contains a polyvinyl chloride-based resin as a main -
43 - conponent and thereby has sufficient mechanica
strength and chem cal proof necessary as a piping
mat eri al . In addition, since the base resins of
both the fire-resi stant expandabl e | ayer and the
covering layer constituting the piping material are
pol yvi nyl chl ori de-based ¥esbns, the affinity between
the layers is high. Therefore, the layers are tightly
adhered to each other at the interface, resulting in
vi dii Rg excel | ent .water cutoff perfornance. .
to EhRthaalh P HigR the el Sireh FRnSHEIEE apcoraing
hpk ng Lals .of t r t- 1. nvention. ar
vo EA BB ERERE iBe s P B D S AR A e
stabi €3k0ealohot B1AAAT the piping material (s
unnecessary, ‘resulting in dramatic inprovenent in
[oosefpstruction workability. When the outer surface
of 'the fire-resistant expandable | ayer is covered with
a KOMRLENYavayen tormedeaf saap@l Yuigi¥g el der hasedhe
resin conmposition not containing a heat-expandabl e
invkhteohesicebaat ndRiey icglaint NE OUtereied r LA RE €86 €according
surface of the piping material is excellent in
to adhesi an,afndcliole sexanplesicathdes €bsitya angdomethablyoup
connected to anot her menber such as a pipe joint.
con®hemn ihke oif ndek dsafsace ofadiiel fere- resgstdat tin-based
expandabl e | ayer is covered with a covering | ayer
stabodnegref, pokywiigyecHaridedbbdetkreki saktospasi then
not containing a heat-expandable fire-resistant
addigiies dlor pirevilgiew digaturfterentet s udiateg ofoligng in a
pi.ping material is smooth to allow fluid to - 44 -
totgrphilyf iygs smoR tadifi tG oh, TR hce BHEC$ nhgrweight based on
circunference surface of the pjping material_ is .
100G Red ety M ORBmtal - GOLYTHOY bi Gh bt PFePRapd resin.
[Ooggrdly limts the type of fluid, which allows genera
ﬁpose appl i cation. [0080] Si nce the
mult . iLr.e-r.esi stant .piping material of_1he
et e eb b h T YD, P ehta brse the
i nRRRAH NG AN NP OF 2 3 I5 £u10nd6: b BALYARS ALBBraing
covering layer cach of the oluter surface and the
to I8 SUf ace-Ofet e d1 ks 05155808 exRaBdAkl 8! aver,
the outer circunference surface of the piping nmaterial
addit i@XCeld e Hrdvi Adhe s on: addab{ 01t Xa0BkBg £BNAREg in a
easily and reliably connected to anot her nmenber such
totas aduipgjDiddouranthal 303tHhe bnoepact ECBPf RE@HBe based on
surface of the piping material is excellent in
10(c heitcalbypreafghtanst tties ebyl yhenpl pthgortierbalseldanelsy n .
limts the type of fluid, which allows general purpose
[0l i cation. Brief Description of Draw ngs [0081]
[Fig. 1] Fig. 1 is a cross-sectional view of a
si Aglee-inanpartedrf iassamebirst ant @lpimgl fmpeevatiePla
according to an enbodi nent of the present invention.
multF pyeiedifyir-igs hstansspipinfomateviiew dhcduding a
mul tilayered fire-resistant giping material P2
tulgeledr di hee e s enbodé neandeb lehéapeeswatel went ihemt -
- 45 - . [Fig. 3] Fig. 3 is a cross-sectional view
expAnde e t i ngeredi st eel r 6Sp4naRPNPPEILAGORREET & R¥ering
accordi ng to an enbodi nent of the present invention.
laygr Covgrhrg.ay 1228t cPB8sOSebbPoRaleFi SWdRCe and the
mul tilayered fire-resistant piping material P4
according to an enbodi nent of the present invention.
[Fig. 5] Fig. 5is an explanatory drawi ng sinply
showi ng a structure of a fire-resistant test furnace X
used in a fire-resistant test. [Fig. 6] Fig. 6
is an explanatory drawi ng show ng a pi pe inner
cross-sectional area Si of a piping material P, before



Best Mbdes for Carrying Qut the Invention [0082] A
single-layered fire-resistant piping material Pl of a
first enmbodi ment according to the present invention is
conposed of a fire-resistant resin conposition alone,
as shown in Fig. 1. The present invention wll be
described in detail with reference to exanpl es bel ow.
[0083] In Exanples 1 to 16 and Conparative Exanples 1
to 5, the followng matert+al$ were used: Vinyl
chloride resin (manufactured by Taiyo Vinyl Corp.
trade nane: "THL000"); Heat-expandabl e graphite

in f T d "GR P- EG');
n@fa%lthr%tclér et by Tasohy %%)lusf%%ﬁgy&éﬁl Hdabl The

Cal ci um car bonat e (ranu Yeiram

£1rkairgha stlind edd; a@gﬁaﬂaé'rﬁab}g/é% ’21t1&?3? g%s dflre—

stabilizer (manufactured em ca

res@@tankt Ges it RGEIAR: 1 r§|-cher9'9rl1 Cﬁ”ﬁeaﬁ é;prfmdable

Lubri cant (nanufactured by Mt sui em cal

graphdde maREng' HWex AR 2R -vd 0084 ] 1 l e 7
to 41 and Cgrrpar ative Exanples 6 tonl%hetﬁ%ﬁ'? %w?%é to

250metleig dlns aneagadiffdiof 1 t3IWIpLht Orivfe s eghp based on
(manuf actured by Tokuyama Sekisui Co., Ltd, trad

100ngaets' BFLGRARBNE of a pdﬂ@,&trr@@&fﬂﬂbﬂ:ﬁd@ﬁﬁﬁgé&ere51n, and
(manuf actured by Chuetsu G aphite Wrks Co., Ltd.

thet cagermage lay8EFY)s constitheszset has e p&ﬁ@vihgﬁr chleadde—
stearate (manufactured by M zusawa |ndustria

baserefeedins compgs i thoad@atanment Simabigexdidl84)pandable fire-
Organic tin-based stabilizer: octyltin nmercapto

restpaRiftadiedd BBy  Sandy ¢ e guver GhemMaats Op. cohsdituted

£ tradi name.. " ONE- 100F"); Hi gher fatty acid neta
°L gaPp; Yé&PZrJr E@é@dfl@@rrﬁ@sﬁqcé &R} | $ORPOS Hahem aeotr ed
co é\}.\%akal m cal ustry Co., Ltd., trade nane: :

n' exPan i ORI S 62t 6 Tk e Bk BbRat e

Oogqﬁgufactured by Shiraishi Cal cium Kai sha, Ltd., trade
"Whiton SB"), nmagnesium hydroxi de (nanufactured

b . Ltd d
" ﬁ?%‘&%@\A%@%ﬁagch@%Hib (chlg?gl rr:anu ag%}e efﬁ/ %y owa

mu e I UI.‘ oy
lggg%ygﬁlzgd&g%%be)aéﬁ%tlaﬁngj ur e a%\f@l%?%@ a

tubul4@ fitreadesNaMint’ %ﬁ%&%ﬂ%sm )foﬁﬁgd of a heat-

Lubri cant (rranuf actu Chem ca )

exphhald® 1rafe e Howe t4HI2Eds it Q%@osz.tloﬂ-h%ic@ﬂa Oéo&@flng
heat - expandabl e graphite was confirnmed by t

laykal lcowieng nethodieast onel)of tHaphiter r‘@;lﬁ“ﬂé@e|§nd the

. prepared by adding 25 nL of ion-exchange water to 5 g
Lnnefr gurdatceeofandeb|fd rgr-apt it A Gandable layer. The
fire-resistant expandable layer is constituted of a fire-
resistant resin composition containing heat-~expandable
graphite having a 1.3-time expansion temperature of 180 to
240°C in an amount of 1 to 15 parts by weight based on 100
parts by weight of a polyvinyl chloride-based resin, and the

covering layer is constituted of a polyvinyl chloride-based

resin composition not containing heat-expandable fire-



2) The resulting graphite mxture is stirred with a
gl ass rod for 30 seconds; and 3) After |eaving
the solution for 20 m nutes, the pH of the graphite
m xture is neasured with a pH neter (manufactured by
Hori ba, Ltd., trade nane: "pH I ON METER F23"). [0086]
The pH of the heat-expandabl e graphite was adjusted by
the foll owi ng met hod: The heat - expandabl e
graphite was put in a beakerz -and i on exchange wat er
was added thereto, followed by stirring. The acid
remai ni ng on the surface of the heat-expandabl e
raphite was.renoved by washing, while the pH of the

resg?EgHFt@aﬁ?ﬁﬂﬁﬁé'mas confirmed with the pH nmeter.

[Ooggin, the graphite m xture was filtered, followed by

ing in a thernostatic chanber to give

h - dabl hi havi - - desi red .
e L T T
. . ' ad _dryi . ed. [0087].
B R0 300 RO L 505053, e L RALES, L OB Ling

| i @a i al L, Vi \ .
to %ﬁyobﬁ eB?eg?%&%%anu%ggggfZaﬁgép%géﬁggﬁgj§ﬁﬁ%ﬁﬁgﬁi%,ls
con ue o 1 0 Sgh a T ' nd is
Lt ductbhads pang, ﬁﬂééé Q@Ji\’ohgh fJ)"c?cﬁE ﬁu acturagld %yd

graphite (expansion volune: 65 nlL/g
sub$aB¥edTtadhng6a ekl drank! adatha®mp 1% SH -
EEat-expandable graphite (expansﬁgﬁ)&Bﬁéﬁggq?%%aﬁ£§%)§34
1) (8rahichi EBeCORUERiad Rrodud JEloor idladia@xdPariabye
graphite (expansion volune: 150 ni/g): (nmanufactured
conbytSangothnadbng €ad, olft dhe triadednamsxe i RIDEXPésed to
Heat - expandabl e graphite (expansion volune: 180 ni/g):
a héepunuobactideetdyby 0Chmet Suror apld tsaMifrdes @0.thd tltkgting
trade nane: "SEE"); Heat - expandabl e graphite
sidgegpahbicod leokdmy: mhee@ ri/lgpnd rdwmif adtairethdy Sahyof the
i Tradin% Co., Ltd., trade nane: "SYZR502");
PlPHegt MeékpaAdabie grapiicce tCexparrsidieatolimes i @O0y 8 ¢ : mm
manuf act ured by Sanyo Trading Co.,, Ltd., trade nane:

£ fOI(“sWas@zl'r)f?Cﬁe&%rll- ShFandasine ad%a{kﬂwi g b aHg ohlooring
vol.une: 25Q nL/q): - 50 - (grain sjze-controlled
mat§RSdet 7 DIPE . APRTIASTE GPubh L6 expats Bl end of
Lune:. 275 m./q): tured b Tr adi ng, Co.
the) BBTRg A2 Tued) nelfRRBHARS O SREMEALERS 308 and
. f i rai;shi_ Calc i Ltd,. trad
ok AR bR T oo G W Bl diend £

e
gani c ITzer

i il Sankep ey sl £t ey

re1l¥ iMnlstidip:Cheni cal s Inc., trade name: "Hiwax 220MP");
and Stearic acid (manufactured by Kao Corp.

(s2sade1mame: 50S-30"). [ 0088] In Exanples 58 to 70
and Conparative Exanples 19 and 20, the follow ng
[oomatleri al s were used: Vinyl chloride resin

(manuf actured by Tokuyama Sekisui Co., Ltd., trade
naremulTS1QQREY, fire-rHedistexpandabley giaphii:6 of the
(manuf actured by Chuetsu G aphite Wrks Co., Ltd.,

invterademane:o 'Sk |, t@)xdanisi or7 vol nnehe 18Qvahf §dn according
Cal ci um carbonate (manufactured by Shiraishi Cal ci um

to Kaiyshaye ltid.Claimade® namel 6, Wire ono 8Bt Ing layer is provided
Lead- based stabilizer (manufactured by Sakai Chenica

on |griustaly W oultak ,surfades rrame: tHSLid060" yurdade of the

_ Lubricant (manufactured by Mtsui Chenicals Inc.,
Tigg-ahsistBIC -expandablg wey4R02E") . [ 0089]



In Exanples 71 to 75 and Conparati ve Exanples 21 and

22, the followng materials were used: Vi nyl
chl oride resin (manufactured by Taiyo Vinyl Corp.
trade nane: "THL000"); Heat - expandabl e graphite

(1.3-tinme expansion tenperature-controlled product);

Lead- based stabilizer (manufactured by Sakai Chem ca

I ndustry Co., Ltd., trade nanme: "SL-1000"); and

Lubri cant (rmanufactured by Mtsui Chemicals Inc.,

trade nane: "H wax 4202E"). [0090] Then, the

above-nentioned materials were m xed at ratios shown
00bY Tables 1 to 14, and each mi xture was stirred and
[00gi’ded in a Henschel nixer having a capacity of 200

liter nanufactured b awada | ndustrjes, Inc
gi b8 B egpﬁeesﬂrﬁasﬁf:%ﬁglme Lo [y e 2 €S e,

to 3@”5%3%%' By Wit Iﬁ'ﬁ%ﬁ%}gﬁ% akb{]?og% ei@%' 5rbfended

Wltg‘hrlf’ﬁg%ﬁéﬁsct oAt A Sl %u%ed resin.
8

R O Bl R

grafii t&n 1%”%?[{511‘1'&”95 41%@5} L@ezicgﬁllgkn§5§uf£léignt heat

im and a nom nal anet

exphdlsiBANARRE c et mee%%catﬁq&f a4t § 05 u PRLAQ! NBREEN

eval uation and heat expansibility evaluation were
caupeedueed frioddte dastk I Pidg 1w erhal a& Y gubipag
out a part of the pipe wall of the test piping
ascemicenigalo PP hdy ess- M rdiuih tihee Clits Diké PF pehaablp®i t Ana a
| oad of 200 kgf at 190C for 3 mnutes to a press plate
dedraaiseg i tfhirckness dfardampe aboroatds ngohhehpr @s%ier hand,
plate into 1-cm square pieces. [0091] A
whemy [thid ayened fdf ehedicstanxpipiayl eageapai t£2isf larger
second enbodi nent according to the present invention
thapns I¢hmaantisuted wilanfi ridis dxeatent cenpantiabbe fayehetmally
and an inner side covering |ayer 12 coverln%éthe i nner

exparad&ﬂﬁ%ﬁ%ﬂsm a{?:aelrb*%aﬂtrhetlﬁf r%h@@%; stanulekpandabl e
er shown in Fig A nultilayered
5 T NN tatistigaps bheattRrrALSIS Lance.

enbodl t he pres ventio

di
e Gt 1 Vet GO & 11 1T AT St S ERBARURDP P Ay bF 12
th
o0 S8 ST IGL B2 SRUSE hEBkBAGAaBLY 2

to I AYRIrdd p R r;,peﬁaﬂ}@uter si de covering Iayer 13 covering
the outer circ erence surface of the fire-resistant

[ogandabl e | ayer 11, as shown in Fig. 3. Furthernore,
a multilayered fire-resistant piping material P4 of a

f ourt i reMheRiiRNLrAGEHHHdIthd Ocd MEhpPresemt=ims 58 o 17, 1
invention is constituted of a fire-resistant

to expandait ey ayergid @ﬂdh@@togkpanaaﬂ@ec?ygphrﬂgel a¥ehlended
13 covering the outer circunference surface of

w1ﬁhrrﬂmeﬁast@nbyeweagdabbe baxﬁﬂﬁﬁEHYESéﬂKH%hdéL5ﬁ£bd resin.
4. The present invention will be described in

Thidetas |beddiise eflesiencleet ot ixaapbastbefowhe[ 8892} expandable
In Exanples 76 to 98 and Conparative Exanples 23 to

gr@&itdelis odhaileag tmbseriabsrivebg weédht, a Wufificient heat
chl oride resin (manufactured by Taiyo Vinyl Corp.

expargiEbhhhey ¢THIQOM$ ; obtainetiedtirérgabdablieggr aphiche
(manuf actured by Tosoh Corp., trade nane: "GREP-EG',

causes t impukkpahehbnceehbenat afeth210Qpide of kegdpeased
stabilizer (manufactured by Sakai Chem cal I|ndustry

Co., Ltd., trade nane: "SL-1000"); Lubri cant
(manufactured by Mtsui Chem cals, Inc., trade nane:
"H wax 4202E"); Cal ci um car bonate (Shiraish

Cal ci um Kai sha, Ltd., trade nanme: "Witon SB"); and
Ammoni um pol yphosphate (Sumitono Chem cal Co., Ltd.,
trade name: "Sumisafe P'). [0093] Exanples 99 to 120



Heat - expandabl e graphite (1.3-tinme expansi on

t enperature-control |l ed product); Lead- based
stabilizer (manufactured by Sakai Chem cal |ndustry
Co., Ltd., trade nane: "SL-1000"); Lubri cant
(manufactured by Mtsui Chem cals, Inc., trade nane:
"H wax 4202E"); and Cal ci um car bonat e

(manuf actured by Shiraishi Cal cium Kai sha, Ltd., trade
name: "Wiiton SB"). [0094} 14 - Then, the resulting
resin conposition was extrusion nolded with a
general ly used extruder to a test piping material P to
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Furthernore, test pieces to be used

dro@ﬁiﬁ@r gENEReeYakuaiicon ARG HRals XNANSE Did i fdsistance,
eval uati on were produced fromthe test piping material

Her®ihy cHbt higuaut o pakt hefad-RecRideenied |gefphhest st
pi ping material P, press-nmolding the - 55 - cut-out

prefiepebigl I wot hl2aplaﬁra& ofy 20 &kgf ald NG HOr PSrafabiiesy 2
to a press plate having a thickness of 3 nm and

to ¢dt pemgst bg peeghtplate into 1-cm square pieces.
%0095] Fire-resi stance eval uati on A

[O0kPde-resistance test (an eval uation nethod of
fire-resi stance performance test of the revised
BuT i %@aisr%m@ﬁ%b)\@t girprhéiee usRd) die the 2p0ent

Fblsel ing wwth | SO 834-1) was_ perforned
inv Q ﬁﬁ“tﬁé P|F5Y§é§| 1R GESOYIH Adfeld! be Shb # nl &V e
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fromthe surface on the ating si oori ng

contRh@ratledY suadhtihe Qiher end-of dbeyt est Qéﬂ?éﬂgc acid and
material P was exposed t'o the non- heatlng si de by 800

a sHACHOMAENSUhRGE 0N ddie-dton-ead i moe sideagiqgt he
flooring material Y. The i nner side wall of the
perhedidrig echamberpetofldhed, rsefresigddite | egichubnaee, Xor

was provided with burners V, V. In addition, in the
hydirmsjete pefr ddielcheat i ng chanber Z, two hot junctions of
a furnace thernocouple Qwere installed at - 56 -
[00@ddi tions apart fromthe flooring material Y by 300 mm
so as to be evenly arranged with respect to the test
suffhacseet -ehpahidedrlieng naatharicalhavEurg erpibref 1 he to 4.0
fire-resistant test furnace X was equi pped with an
is apFaraaasks Hhatdistwmg fioe nefdsuf ey pressaid tmethment
fur nace. The period of tinme (snoke-generating
desqidedhfaarva-heTkeapt! afijHeameng ot thet headppearaantdle
of snoke fromthe gap between the conpartnment
IrapdEid-q hrodgth portibrrFeahd theitedt Bwpi ngnnuher saRte
was neasured. The appearance of snoke was visually
determ ned. A test piece of which snoke-generating
time was 130 m nutes or nore was determned as O
(excellent), a test piece of 120 m nutes or nore was
deternmined as 0 (acceptance), a test piece of 75
m nutes or nore was determ ned as A, and a test piece
of shorter than 75 m nutes was determ ned as X



When no snoke was observed for 2 hours, the
fire-resistant test was termnated after 2 hours, and
the pipe inner cross-sectional area S2 and the
el ongated length L of the residue were neasured by the
above-nenti oned processes. [0096] Perfornmance
eval uati on The resulting test pieces were
subjected to a tensile test (evaluation tenperature:
23C) regulated in JI'S K7113;5-_-59 - for determ ning
whet her performance required as a pipe is satisfied.
In order to determ ne whether practical perfornmance
required as a pipe.is satisfied, a test piece having a
aftegnarid §F?éﬁ@?ﬁtoPY45nﬁ@§§%09ﬂﬁﬂa%ﬁOQER?M%§“ﬂd~bEtween
deternmned as 0 (excellent), a test @)ece of 30 MPa or
laygpPeChns2HelBtRiiad 4<a@NIAEe &t aft é)0° the g 1s
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lnccon%uct?% % %aét%glng ofﬁthree hour% an%e apﬁ% at us
roowas left for three days. Then, the met al hopper
portion of the raw materi al feeding portion was

vi sHathy ohsenvednf abcorvesy gat kg td¥e ddeghee Ofto 5 and
corrosi on. Wien no abnormality was observed, it was

Cladedenmi ned 18S &e@magxﬁaﬂugﬁlezgmhp%&%erewatusg sasusted
observed, it was determned as x (rejection). - 60 -

to R@AeY]c BEst nssidon Tiolsli hg s¢abubet yhevakbat fame~resistance
Duri ng continuous operation for three hours, the resin
erdompesiad o dimgotraragedy momtdret ing lofiramnexby udéfeansvely
visual |y confirmed. A case of no carbonization and no
carh@dizigd yelHowHgy ! iah ksl dreter i heduasn@burning. This

excel|lent), a case of no carbonization, it was
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effedd of lacE&Xpspd€idg ExgaPterBokonRnal ahi ¥e Exeesnlyelllyl
Conpar ati ve Exanple 2 Conparative Exanple

chloride-based resin is low, which may cause insufficient

fire-resistance performance. Accordingly, it is determined

to use heat-expandable graphite having a pH of 1.5 to 4.0.
[0032]



Bl end component Vinyl chloride resin part 100 100 100
100 100 Heat-expandable graphite part 1 10 0 12 0
Cal cium carbonate part 1 1 1 1 5 Lead-based
stabilizer part 2 2 2 2 2 Lubricant part 0.5 0.5 0.5

- 16 -

Examples of the polyvinyl chloride-based resin used in
the invention according to any of Claims 1 to 17 include
polyvinyl chloride homopolymers; copolymers of vinyl
chloride monomers and monomers having unsaturated bonds that
are copolymerizable with the vinyl chloride monomers; and
graft copolymers in which vinyl chloride is graft-
copolymerized with {(co)polymers other than vinyl chloride.
These may be used alone or in a combination of two or more.
In addition, the polyvinyl chloride-based resin may be
chlorinated, according to need.

[0033]

The monomers having unsaturated bonds that are
copolymerizable with the vinyl chloride monomers are not
particularlily limited, and examples thereof include o-olefins
such as ethylene, propylene, and butylene; vinyl esters such
as vinyl acetate and vinyl propionate; vinyl ethers such as
butylvinyl ether and cetylvinyl ether; (meth)acrylic acid
esters such as methyl (meth)acrylate, ethyl (meth)acrylate,
and butyl acrylate; aromatic vinyls such as styrene and a-
methyl styrene; and N-substituted maleimides such as N-
phenyl maleimide and N-cyclohexyl maleimide. These may be

used alone or in a combination of two or more.

{0034]

Any (co)polymer that can graft-{co)polymerize vinyl

chloride can be used for graft-copolymerizing the vinyl



0.5 0.5 Fire-resistance eval uati on Snoke-generati ng
time mn 120 0 120 0 55 x 45 x 60 x Performance
eval uation Tensile strength (MPa) MPa 52 @45 @53 0

43 0 51 0 Mol ding property evaluation 0 0 0 0 0 62
a.) ca.

chloride without particular limitation, and examples thereof
include ethylene-vinyl acetate copolymers, ethylene-vinyl
acetate-carbon monoxide copolymers, ethylene-ethyl acrylate
copolymers, ethylene-butyl acrylate-carbon monoxide
copolymers, ethyvlene-methyl methacrylate copolymers,
ethylene-propylene copolymers, acrylonitrile-butadiene
copolymers, polyurethane, polyethylene chloride, and
polypropylene chloride. These may be used alone or in a
combination of two or more.

[0035]

The average degree of polymerization of the polyvinyl
chloride-based resin is not particularly limited, but is
preferably 400 to 1600 and most preferably €00 to 1400,
since a low average degree of polymerization causes a
decrease in physical properties of a molded article, and a
high average degree causes an increase in melting viscosity
to make molding difficult. In addition, the above-mentioned
"average degree of polymerization" refers to an average
degree of polymerization measured in conformity with JIS K-
6721 "testing method for vinyl chloride resin”™ using a resin
sample prepared by dissolving a composite vinyl chloride-
based resin in tetrahydrofuran (THF), filtering the solution
for removing insoluble components, and then removing the THF
in the filtrate by drying.

[0036]
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The polymerization method of the polyvinyl chloride-
based resin is not particularly limited. Any known
polymerization method may be employed, and examples thereof
include a bulk polymerization method, a solution
polymerization method, an emulsion polymerization method,
and a suspension polymerization method.

[0037]

The chlorination method of the polyvinyl chloride-based
resin is not particularly limited. Any known chlorination
method may be employed, and examples thereof include thermal
chlorination and photochlorination.

[0038]

The polyvinyl chloride-based resin may be cross-linked
or modified within the range that does not impair the fire-
resistance performance as a resin composition. In such a
case, a resin that is cross-linked or modified in advance
may be used, or the cross-~linking or modification may be
simultaneously performed when an additive or other component
is blended. Alternatively, the cross—linking or modification
may be performed after blending of the additive or other
component with the resin. The cross-linking of the resin may
be performed by any method without particular limitation,
and a usual cross-linking method of a polyvinyl chloride-
based resin, such as cross-linking using various types of

cross—linking agents or oxides, cross—-linking by electron
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beam irradiation, or a method using a water cross-linking
agent, may be employed.
[0039]

in the invention according to Claim 4 or 12, the total
additive amount of the group consisting of lead-based
stabilizers, organic tin-based stabilizers, and higher fatty
acid metal salts is 0.3 to 5.0 parts by weight based on 100
parts by weight of the polyvinyl chloride-based resin. This
is because that when the total additive amount of the group
consisting of lead-based stabilizers, organic tin-based
stabilizers, and higher fatty acid metal salts is smaller
than 0.3 parts by weight, the heat stability of the
polyvinyl chloride-based resin is difficult to be ensured
during molding, which may cause easy generation of carbides
during molding. On the other hand, when the total additive
amount of the group consisting of lead-based stabilizers,
organic tin-based stabilizers, and higher fatty acid metal
salts is larger than 5.0 parts by weight, the acceleration
of the carbonization of the polyvinyl chloride-based resin
during burning is inhibited, which may cause insufficient
fire-resistance performance.

[00401]
Examples of the lead-based stabilizers include white
lead, basic lead sulfite, tribasic lead sulfate, dibasic

lead phosphite, dibasic lead phthalate, tribasic lead
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maleate, a coprecipitate of silica gel and lead silicate,
dibasic lead stearate, lead stearate, and lead naphthalate.
[0041}

Examples of the organic tin-based stabilizers include
mercaptides such as dibutyltin mercapto, dioctyltin mercapto,
and dimethyltin mercapto; maleates such as dibutyltin
maleate, dibutyltin maleate polymers, dioctyltin maleate,
and dioctyltin maleate polymers; and carboxylates such as
dibutyltin mercapto, dibutyltin laurate, and dibutyltin
laurate polymers.

[0042]

Examples of the higher fatty acid metal salts include
iithium stearate, magnesium stearate, calcium stearate,
calcium laurate, calcium ricinocleate, strontium stearate,
barium stearate, barium laurate, barium ricinoleate, cadmium
stearate, cadmium laurate, cadmium ricincleate, cadmium
naphthenate, cadmium 2-ethylhexanocate, zinc stearate, zinc
laurate, zinc ricinoleate, zinc 2-ethylhexanoate, lead
stearate, dibasic lead stearate, and lead naphthenate.

[0043]

In the invention according to Claim 5 or 13, the amount
of the basic compound is 0.3 to 5.0 parts by weight based on
100 parts by weight of the polyvinyl chloride-based resin.
This is because that when the additive amount of the basic

compound is smaller than 0.3 parts by weight, the heat
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stability of the polyvinyl chloride-based resin is difficult
to be ensured during molding, which may cause easy
generation of carbides during molding. On the other hand,
when the additive amount of the basic compound is larger
than 5.0 parts by weight, the acceleration of carbonization
of the polyvinyl chloride-based resin during burning is
inhibited, which may cause insufficient fire-resistance
performance.

f0044]

The basic compound is not particularly limited, and
examples thereof include calcium carbonate, calcium silicate,
calcium hydroxide, calcium oxide, magnesium carbonate,
magnesium hydroxide, magnesium oxide, barium carbonate,

aluminum hydroxide, zinc oxide, zinc hydroxide, and iron

oxide.

[0045]

In the invention according to Claim 6 or 14, the texm
"expansion volume of the heat-expandable graphite" refers to

the volume per gram of heat-expandable graphite after heat

expansion.
[0046]

The expansion volume of heat-expandable graphite is
determined by the following process:

1) One gram of a sample is put in a 500-cc. beaker that

is heated in advance for 20 minutes or more in a heating
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furnace and is heated in the heating furnace (furnace
temperature: 1000°C);

2) After 30 seconds, the beaker is taken out from the
heating furnace;

3) The sample in the beaker 1is cooled to room
temperature;

4) The weight and the volume of the sample after
expansion are measured; and

5) The value of (volume of the sample after

expansion)/ (weight of the sample after the expansion} is

calculated.
[0047]

The expansion volume of heat~expandable graphite varies
depending on the type and amcunt of the interlayer compound
of the heat-expandable graphite and on the particle diameter
of the heat-expandable graphite itself, and is a very
important factor for exhibiting fire-resistance.

In the invention according to Claim 6 or 14, the
expansion volume of heat-expandable graphite is 100 to 250
mL/g. This is because that when the expansion volume of
heat-expandable graphite is smaller than 100 mL/g, the
expansion volume is too small to achieve sufficient fire-
resistance, which requires a large amount of heat-expandable
graphite for increasing the fire-resistance and may cause

defects in, for example, physical properties or molding
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properties. On the other hand, when the expansiocn volume of
heat~expandable graphite is larger than 250 mL/g, the heated
composition is thermally expanded too much to maintain the
shape, which may cause dropping of the residue and a
decrease in the fire-resistance. Herein, the expansion
volume of heat-expandable graphite is preferably 120 to 230
mL/g and more preferably 140 to 220 mL/g.

[00481

In the ianvention according to Claim 7 or 15, the 1.3-
time expansion temperature of heat-expandable graphite is a
temperature of a heating furnace when a sample of heat-
expandable graphite is heated for 30 minutes in the furnace
in which the temperature is kept constant and the expansion
magnification of the sample is 1.3 times or more at the
temperature.

In addition, expansion magnification is defined by
(volume of sample after heating)/(volume of sample before
heating).

The resin temperature during molding refers to the
highest temperature of the resin during melting.

[0049]

In the invention according to Claim 7 or 15, the 1.3-
time expansion temperature of heat-expandable graphite is
180 to 240°C. This is because that when the 1.3-time

expansion temperature of heat-expandable graphite is lower
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Per f or mance eval uati on Mol di ng property eval uation -
64 - [0104] Experinental results As shown in
Tabl e 1, since heat-expandabl e graphite was not used
in Conparative Exanples 1 and 3, the snoke-generating
time was short, and thereby the sanples were rejected
in the fire-resistance evaluation. In Conparative
Exanpl e 2, since the blendibng_ratio of heat-expandable
graphite was too |arge, the snoke-generating tine was
short, and thereby the sanple was rejected in the
fire-resistance eval uati on. Furt hernore, as ,
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xDRRA Ho o G T ES ) b b bERERr SPBa Ay BIBHy th s oK
that satisfies all.the fire-resistan val.uyat | .
of HEFFEIMANGE CURPTALPBNO fakdombraing BraErty d-aphite
eval uati,on r L r ; - j1e A
aur i APLA% e, CANECETEPhEY RERpRERATIZRL A AR 02 pe

polgﬁ?%ﬁiggﬁlgg§8g—ggsé Or@%&%SpE%d@@éygs‘ahﬂi \BdBﬂing.

Ide resin. Furthernore, sarples in Exanples 4 and

The PekBrdabkenle th85hzatlb&dfaWdiale evehinan difpnddoserer
In Exanples 3 and 6 to 10 in fire-resistance and

a rb80sthenst hepghbriFhereldr anhd boNas, iGoff idHmsk id@ibased
when a single-layered fire-resistant piping nateri al
res€ant ahsspheat-iaypartabla dg-aphtide randiralsoy ambt bear the

inorganic filler in the ranges of 1 to 10 parts by
expweisgbh afdtBet behtpaxisiritlande ghtapiridspent i vellyyobasedo

on 100 parts by weight of the vinyl chloride resin, a
piepiepe being further well-balanced in any of the

fire-resistance, tensile strength, and nol di ng
[00B0dperti es can be obtai ned. I ncidentally, when

t he amount of the heat-expandabl e graphite was | arger

t hAhe161ipareeshyradightstt A e e V&IHpddt 134 g to

thermal |y expanded too much to intain the shape, .
CLatdu f (G%hg 4 r TG GTUT TR e % 88 SRonASFho?

me%?&% é% a pé%%oé%ggggegég€ f%?“?lﬁelgasQQ%g thro%%h? for
example, a fireproof compartment, based on the revised
Building Standards Act in force on June 1, 2000 (Heisei 12).
The flooring material used was PC {precast concrete) plate
(length: 600 mm, width: 1200 mm, thickness: 100 mm}, which
is a flooring material of fireproof construction or semi-
fireproof construction prescribed by the Building Standards

Act.

Examples of the flooring material to be used include,
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in addition to the PC plate, the followings:

1) A wood frame member in which a gypsum board
(thickness: 9.5 mm) is bonded to the upper surface of a
st?uctural plywood (thickness: 12 mm) and a reinforced
gypsum board (thickness: 15 mm} is bonded to the lower
surface of the plywood;

2) A wood frame member in which a gypsum board
(thickness: 12.5 mm) is bonded to the upper surface of a
structural plywood (thickness: 12 rmm) ahd two reinforced
gypsum boards (thickness: 12.5 mm) are bonded to the lower
surface of the plywood;

3) A lightweight foamed concrete ({(ALC) plate having a
thickness of 100 mm or more; and

4) A precast concrete (PC) plate having a thickness of
70 mm or more. In particular, the ALC plate and the PC plate
having a thickness of 100 mm or more are preferred.

The gap between the piping material and the compartment
pass—-through portion was caulked with mortar. One end of the
piping material was exposed to a heating side by 300 mm from
the surface on the heating side of the flooring material,
and the other end of the piping material was exposed to a
non-heating side by 800 mm from the surface on the non-
heating side of the flooring material.

The furnace used in the fire-resistant test had a

structure that can heat one surface of a floor material and
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can almost unifeormly give a temporal change in temperature
based on the following Expression 1 complying with
regulation of ISO 834-1 to all over the entire test surface
of the floor material, when the surface on the heating side
of the floor material was the test surface.

That is, the fire-resistant test furnace was provided
with a thermocouple (hereinafter, referred to as "furnace
thermocouple”) for measuring temperature in the furnace at a
position apart from the floor material by 100 to 300 mm such
that one to ten hot junctions were arranged uniformly with
respect to the test surface of the floor material.

Then, according to the regulation of ISO 834-1, the
fire~resistant test furnace was heated so that the temporal
change in temperature (hereinafter, referred to as "heating
temperature”) measured by the thermocouple can be expressed
by a numerical value represented by the following Expression
1:

T = 3451logyp(Bt-+1)+20 {Expression 1)

In Expression 1, T denotes an average temperature (°C) in
the furnace, and t denotes elapsed time (minute}) in the test,

and the temperature was measured within every one minute

pexriod.

f0051]

Regarding the pipe inner cross-sectional area S1 at the

end on the heating side of the piping material before
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burning, the piping material is measured for inner diameters
at least in two directions before starting of the fire-
resistance test to calculate the average inner diameter, and
then the pipe inner cross-sectional area 51 is calculated.

Regarding the pipe inner cross-sectional area S2 at the
minimum inner diameter portion of the piping material after
burning, after starting of the fire-resistance test, when
smoke appears from the gap between the compartment pass-—
through portion and the piping material on the non-heating
side, the burning in the fire-resistant test furnace is
terminated, and then the flooring material panel 1is
immediately removed from the fire-resistant furnace. After
cooling of the pipe, the caulked pipe is observed f£rom the
heating side to determine the projected area S2 thereof. The
S2 may be measured by any method such as the followings:

a method by image analysis of a photograph taken from
the heating side, or

a method by sketching a projected portion on a paper,
cutting out the sketched portion and welghing the cut-out
paper, and determining the 32 by proportional calculation
based on the weight of the paper of which weight per unit
area 1s already known.

When no smoke was observed for 2 hours, the test is

rerminated after 2 hours, and the 32 is measured by the

above-mentioned process.
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[0052]

In the invention according to Claim 8 or 16, the value
obtained by the Expression of (52/31)x100 represents a pipe
inner cross-sectional area proportion (%) after burning. 1In
the invention according to Claim 8 or 16, the pipe inner
cross—-sectional area proportion is 50% or less. This is
because that when the pipe inner cross-sectional area
proportion is larger than 50%, the pass-through portion in a
pipe after burning cannot be effectively caulked, which may
not give a desired fire-resistance performance.

[0053]

in the invention according to any of Claims 1 to 17,
additives, such as a flame retardant, a stabilizer, a
lubricant, a processing aid, an impact modifier, a heat-
resistance-improving agent, an antioxidant, a light
stabilizer, an ultraviolet absorber, a pigment, a
plasticizer, and a thermoplastic elastomer, may be added
within a range that does not impair the-physical properties.
[0054]

As the flame retardant, any flame retardant that
increases flame retardancy during burning can be used
without particular limitation, and examples thereof include
hydroxides such as aluminum hydroxide and magnesium
hydroxide; hydrotalcite; antimony oxides such as antimony

dioxide, antimony trioxide, and antimony pentoxide;
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molybdenum compounds such as molybdenum trioxide, molybdenum
disulfide, and ammonium molybdate; bromine-based compounds
such as tetrabromobisphenol A, tetrabromethane,
tetrabromethane, tetrabromethane, and tetrabromethane;
phosphorus-based compounds such as triphenyl phosphate and
ammonium polyphosphate; calcium borate; and zing borate.
From the viewpoint of the effect of preventing burning of
polyvinyl chloride, antimony trioxide is particularly
preferred, because antimony compounds generate halogenated
antimony compounds in the presence of halogenated compounds
under high temperature conditions and prevent a burning
cycle with a very high effect, and the synergetic effect
thereof is significant.

[0055]

By using the flame retardant, the synergetic effect
petween the heat—insulating effect by the expansion of heat-
expandable graphite and the flame-retarding effect by the
flame retardant can more efficiently improve the fire-
resistance performance during burning. The additive amount
of the flame retardant is not particularly limited, but is
preferably 1 part by weight or more and 20 parts by weight
or less based on 100 parts by weight of the polyvinyl
chloride-based resin. When the amount of the flame retardant
is less than 1 part by weight, sufficient synergetic effect

may not be obtained. When the amount of the flame retardant
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is higher than 20 parts by weight, the molding properties
and the physical properties may be significantly decreased.
[0056]

The stabilizer is not particularly limited, and
examples thereof include heat stabilizers and heat
stabilization aids. The heat stabilizers are not
particularly limited, and example thereof include organic
tin—-based stabilizers such as dibutyltin mercapto,
dioctyltin mercapto, dimethyltin mercapto, dibutyltin
mercapto, dibutyltin maleate, dibutyltin maleate polymers,
dioctyltin maleate, dioctyltin maleate polymers, dibutyltin
laurate, and dibutyltin laurate polymers; lead-based
stabilizers such as lead stearate, dibasic lead phosphate,
and tribasic lead sulfate; calcium-zinc-based stabilizers;
barium~-zinc-based stabilizers; and barium-~cadmium-based

stabilizers. These may be used alone or in a combination of

two or more.
[G057]

The heat stabilization aids are not particularly
limited, and examples thereof include epoxidized soybean oil,
phosphate esters, polyols, hydrotalcite, and zeclite. These
may be used alone or in a combination of two or more.

[0058]

The lubricant includes an inner lubricant and an outer

lubricant.
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The inner lubricant is used for reducing the fluid
viscosity of a melting resin during a molding process to
prevent friction heat generation. The inner lubricant is not
particularly limited, and examples thereof include butyl
stearate, lauryl alcohol, stearyl alcohol, epoxidized
soybean o0il, glycerin monostearate, stearic acid, and
bisamides. These may be used alone or in a combination of
two or more.

The outer lubricant is used for accelerating sliding
effect between a melting resin and a metal surface during a
molding process. The outer lubricant is not particularly
limited, and examples thereof include paraffin wax,
polyolefin wax, ester wax, and montanoic acid wax. These may
be used alone or in a combination of two or more.

[0059]

The processing aid is not particularly limited, and
examples thereof include acryl-based processing aids such as
alkyl acrylate-alkyl methacrylate copolymers having a weight
average molecular weight of 100000 to 2000000. The acryl-
based processing aids are not particularly limited, and
examples thereof include n-butyl acrylate-methyl
methacrylate copolymers and 2-ethylhexyl acrylate-methyl
methacrylate-butyl methacrylate copolymers. These may be

used alone or in a combination of two or more.

[0060]
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The impact modifier is not particularly limited, and
examples thereof include methyl methacrylate-butadiene-
styrene (MBS) copolymers, polyethylene chloride, and acrylic
rubber.

[0061]

The heat-resistance—-improving agent is not particularly
limited, and examples thereof include a-methylstyrene-based
and N-phenylmaleimide-based resins.

[0062]

The antioxidant is not particularly limited, and
examples thereof include phenol-based antioxidants.
[0063]

The light stabilizer is not particularly limited, and
examples thereof include hindered amine light stabilizers.
[0064]

The uwltraviolet absorber is not particularly limited,
and examples thereof include salicylic acid ester-based,
benzophenone-based, benzotriazole-based, and cyanoacrylate-
based ultraviolet absorbers.

[0065]

The pigment is not particularly limited, and examples
thereof include organic pigments such as azo-based,
phthalocyanine~based, surene-based, and dye lake-based
pigments; and inorganic pigments such as oxlde-based,

molybdenum chromate-based, sulfide/selenide-based, and
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ferrocyanide-based pigments.
[0066]

The polyvinyl chloride-based resin may contain a
plasticizer, but since the plasticizer may decrease the
heat-resistance and fire-resistance of a molded article, the
amount thereof is preferably small.

The plasticizer is not particularly limited, and
examples thereof include dibutyl phthalate, di-2-ethylhexyl
phthalate, and di-2-ethylhexyl adipate.

[0067]

The thermoplastic elastomer is not particularly limited,
and examples thereof include acrylnitrile-butadiene (NBR)
copolymers, ethylene-vinyl acetate (EVA) copolymers,
ethylene-vinyl acetate-carbon monoxide (EVACO) copolymers,
vinyl chloride-based thermoplastic elastomers such as vinyl
chloride-vinyl acetate copolymers and vinyl chloride-
vinylidene chloride copolymers, styrenhe-based thermoplastic
elastomers, olefin-based thermoplastic elastomers, urethane-
based thermoplastic elastomers, polyester-based
thermoplastic elastomers, and polyamide-based thermoplastic
elastomers. These thermoplastic elastomers may be used alone
or in a combination of two or more.

[0068]
The method for mixing the additives with the polyvinyl

chloride-based resin is not particularly limited, and



62 *tong 001 g'Z CD Cs4 CO9'0 0 @9V Exanple 38 001
TZCODCYV1.01 90 0 @L4 031. Exanple 18 001 9'Z (DC
Og 90 0 Exanpl e 37 001 TZ (o4

examples thereof include a method by hot-blending and a
method by cold blending.

[0069]

Fxamples of the fire-resistant piping material of the
present invention include fire-resistant pipes and fire-
resistant pipe joints. Furthermore, the fire-resistant
piping material of the present invention is molded with an
extruder or an injection molder that is usually used. The
type and the screw shape of the molder are not particularly
limited as long as sufficient kneading can be performed,
considering the tensile strength and the impact, and an
extruder allowing continuous molding is preferred.

{0070]

Since the single~layered fire-resistant piping material
of the invention according to Claim 1 is constituted of a
fire-resistant resin composition containing heat-expandable
graphite in an amount of 1 to 10 parts by weight based on
100 parts by weight of a polyvinyl chloride-based resin, the
molding properties thereof are excellent. For example, the
piping material can be continuously produced with high size
accuracy using an extruder, an injection molder, or the like.

Furthermore, since the polyvinyl chloride-based resin
is self-extinguishing, the burning rate is effectively
reduced, and thereby the flame propagation velocity during

burning can be suppressed. In addition, since the resin
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forms foam in the beginning of burning, an advantage that
the heat-expandable graphite readily expands 1s also
provided.

Furthermore, since heat-expandable graphite itself
hardly burns and thereby exhibits a heat-insulating effect
by being expanded by heat, the burning rate is further
effectively reduced.

Therefore, the single-layered fire-resistant piping
material of the present invention has excellent fire-
resistance and expansibility in itself and thereby can
prevent flame and smoke from penetrating to the other side
partitioned by the compartment pass-through portion by the
expansion of the piping material itself during burning and
the effect of reducing burning rate.

[00711}

The single-layered fire-resistant piping material of
the invention according to Claim 2 includes a fire-resistant
expandable layer made of a fire-resistant resin composition
containing heat-expandable graphite having a pH of 1.5 To
4.0 in an amount of 1 to 10 parts by weight based on 100
parts by weight of a polyvinyl chloride-based resin, and
thereby has the following excellent effects.

That is, since the single-layered fire-resistant piping
material of the invention contains heat-expandable graphite

having a PH of 1.5 to 4.0, during burning, not only the acid
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disposed between layers of the heat-expandable graphite but
also the acid remaining on the surface of the heat-
expandable graphite are discharged. Therefore, the amount of
discharged acid is larger than that of the neutralized heat-
expandable graphite, and an elimination reaction of hydrogen
chloride from the polyvinyl chloride-based resin is
accelerated. Conseguently, the polyvinyl chloride-based
resin during burning can be effectively carbonized. As a
result, during burning, the residue formed by the expanded
heat-expandable graphite and the carbide of the polyvinyl
chloride-based resin that strongly entwining with each other
can reliably caulk the end of the pipe on the heating side.

In addition, since the heat-expandable graphite has a
pH in the range of 1.5 to 4.0, there is no risk of damaging
a molding apparatus for molding the piping material.

[0072]

In the invention according to Claim 3, in the invention
according to Claim 2, since the fire-resistant resin
composition in Claim 2 contains an additive for providing
heat stability during molding, the elimination reaction of
hydrogen chloride from the polyvinyl chloride-based resin
during molding is suppressed to prevent the resin from being
deteriorated and carbonized during molding.

(0073}

In the invention according to Claim 4, in the invention
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according to Claim 3, the additive for providing heat
stability during molding contains at least one selected from
the group consisting of lead-based stabilizers, organic tin-
based stabilizers, higher fatty acid metal salts, and basic
compounds in a total additive amount of 0.3 to 5.0 parts by
weight based on 100 parts by weight of the polyvinyl
chloride-based resin. Therefore, the deterioration and
carbonization of the resin during molding can be prevented
by suppressing the elimination reaction of hydrogen chloride
from the polyvinyl chloride-based resin during molding by
any of the following actions 1) to 4):

1) capture and neutralization of hydrogen chloride;

2) substitution with chlorine atoms;

3} capture and inactivation of radicals; and

4) isolation of conjugate double bond.

Furthermore, since the lead-based stabilizers, organic
tin-based stabilizers, and higher fatty acid metal salts are
further excellent in heat stability during meolding, compared
to other additives that provide heat stability during
molding, the product yield is high, and also the long-
running continuous operation in extrusion molding is
excellent.

In addition, the lead-based stabilizers, the organic
tin-based stabilizers, and the higher fatty acid metal salts

provide high molding stability even if the amount thereof is
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small. Therefore, since the additive amounts of these
additives, based on the amount of the polyvinyl chloride-
based resin, may be smaller than those of other additives
that provide heat stability during molding, the tensile
strength and fire-resistance of a pipe are hardly decreased.
[0074]

in the invention according to Claim 5, in the invention
according to Claim 4, a basic compound is further contained
as the additive for providing heat stability during molding
in a total additive amount of 0.3 to 5.0 parts by weight
based on 100 parts by weight of the polyvinyl chloride-based
resin. Therefore, the heat stability during molding and the
tensile strength and fire—resistance of a pipe can be
further reliably ensured.
[0075]

Since the single-layered fire-resistant piping material
of the invention according to Claim 6 is constituted of a
fire-resistant resin composition containing heat-expandable
graphite having an expansion volume in the range of 100 to
250 mL/g in an amount of 1 to 10 parts by weight based on
100 parts by weight of the polyvinyl chloride-based resin,
the heat-expandable graphite effectively expands during
burning, and the piping material is excellent in maintaining
the shape of the residue. Furthermore, the polyvinyl

chloride-based resin repeats de-hydrochloric acid to
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material is constructed so as to pass through a flooring
material and is subjected to a fire-resistant test
{(complying with ISO 834-1) in which the underside of the
floor is heated under the conditions that one end of the
piping material is exposed to a heating side by 300 mm from
the surface on the heating side of the flooring material and
that the other end of the piping material is exposed to a
non-heating side by 800 mm from the surface on the non-
heating side of the flooring material, a pipe inner cross-—
sectional area S1 at the end of the piping material before
burning on the heating side and a pipe inner cross-sectional
area S2 at a minimum inner diameter of the piping material
after burning satisfy a relationship of (S2/81)x1C0 < 50.
Therefore, the pilpe inner cross—-sectional area during
burning becomes 50% or less of the pipe inner cross-
sectional area S1 before the burning.

As a result, when the single-layered fire-resistant
piping material of the present invention is installed so as
to pass through the floor, even if the underside of the
floor is heated to 1000°C or more, the residue does not drop
from the underside of the floor so that a state that the
pipe is almost caulked continues for a long period of time.
That is, a reduction in the pipe inner cross-sectional area

during burning can prevent heat from ascending in the pipe
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and suppress an increase in temperature of the piping
material on the non-heating side with respect to the floor.
Therefore, the piping material is inhibited from burning out,
and smoke generation on the non-heating side, due to a gap
with a mortar interface generated by softening of the piping
material, can be prevented, resulting in improvements in
flame shielding performance, heat shielding performance, and
smoke shielding performance.

{0078]

Thus, the single-layered fire-resistant piping material
of the invention according to any cof Claims 1 to 8 has
excellent fire-resistance and expansibility in itself and
thereby can prevent flame and smoke from penetrating to the
other side partitioned by the compartment pass-through
portion by the expansion of the piping material itself
during burning and the reduction in burning rate. Therefore,
it is not necessary to dispose other fire-resistant member,
which is necessary in the conventional way, around the
piping material.

Furthermore, processes such as marking for confirming
positions are unnecessary in temporary pipe fitting during
construction, and the single-layered fire-resistant piping
material is simply inserted into the compartment pass-
through portion. Consequently, the work is considerably

reduced, and the workability in the construction site is
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dramatically improved.

Furthermore, in the single-layered fire-resistant
piping material of the present invention, the pipe outer
diameter is smaller than that of a so-called fire-resistant
double-layered pipe in which fiber-reinforced mortar covers
the outer circumference of the pipe made of a vinyl chloride
resin. Therefore, when a plurality of through-holes is
provided, the distances among the through-holes can be small,
and also when the pipe is installed under the floor, slope

can be easily obtained. Thus, workability is dramatically

improved.
[0079]

The multilayered fire-resistant piping material of the
invention according to any of Claims 9 to 16 includes a
covering layer formed of a polyvinyl chloride-based resin
composition not containing heat-expandable graphite on at
least one of the outer surface and the inner surface of the
fire-resistant expandable layer. Therefore, in addition o
the effects of the invention according to any of Claims 1 to
8, the multilayered fire-resistant piping material is
further excellent in the molding properties and can be
continuously produced with high size accuracy by, for
example, injection molding or extrusion molding.

Furthermore, the fire-resistant expandable layer

contains a polyvinyl chloride-based resin as a main
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component and thereby has sufficient mechanical strength and
chemical proof necessary as a piping material.

In addition, since the base resins of both the fire-
resistant expandable layer and the covering layer
constituting the piping material are polyvinyl chloride-
based resins, the affinity between the layers is high.
Therefore, the layers are tightly adhered to each other at
the interface, resulting in providing of excellent water
cutoff performance. Consequently, when the multilayered
fire-resistant piping materials of the present invention are
connected to each other with a pipe joint, the treatment of
the end of the piping material is unnecessary, resulting in
dramatic improvement in construction workability.

When the outer surface of the fire-resistant expandable
layer is covered with a covering layer formed of a polyvinyl
chloride-based resin composition not containing a heat-
expandable fire-resistant material, the outer circumference
surface of the piping material is excellent in adhesion and,
for example, can be easily and reliably connected to another
member such as a pipe joint.

When the inner surface of the fire-resistant expandable
layer is covered with a covering layer formed of polyvinyl
chloride-based resin composition not containing a heat-
expandable fire-resistant material, the inner circumference

surface of the piping material is smooth to allow fluid to
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smoothly pass. In addition, since the inner circumnference
surface of the piping material is excellent in chemical
proof, the piping material hardly limits the type of fluid,
which allows general purpose application.

[0080]

Since the multilayered fire-resistant piping material
of the invention according to Claim 17, in the invention
according to any one of Claims 9 to 16, includes the
covering layer on each of the outer surface and the inner
surface of the fire-resistant expandable layer, the outer
circumference surface of the piping material is excellent in
adhesion and, for example, can be easily and reliably
connected to another member such as a pipe joint, and also
the inner circumference surface of the piping material 1is
excellent in chemical proof, and thereby the piping material
hardly limits the type of fluid, which allows general
purpose application.

Brief Description of Drawings
[0081]

[Fig. 1] Fig. 1 is a cross-—sectional view of a single-
layered fire-resistant piping material Pl according to an
embodiment of the present invention.

[Fig. 2] Fig. 2 is a cross-sectional view of a
multilayered fire-resistant piping material P2 according to

an embodiment of the present invention.
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[Fig. 3] Fig. 3 is a cross-sectional view of a
multilayered fire-resistant piping material P3 acccrding to
an embodiment of the present invention..

[Fig. 4] Fig. 4 is a cross-sectional view of a
multilayered fire-resistant piping material P4 accoxding to
an embodiment of the present invention.

[Fig. 5] Fig. 5 is an explanatory drawing simply
showing a structure of a fire-resistant test furnace X used
in a fire-resistant test.

[Fig. 6] Fig. 6 is an explanatory drawing showing a
pipe inner cross-sectional area 31 of a piping material P,
before burning, of the invention according to Claim 8 or 16.

[Fig. 7] Fig. 7 is an explanatory drawing showing a
pipe inner cross-sectional area 52 of the piping material P,
after burning, of the invention according to Claim 8 or 10.

[Fig. 8} Fig. 8 is an explanatory drawing showing the
state that a conventional piping material P was thermally
expanded by heating and could not maintain the shape to drop
the residue.

[Fig. 9] Fig. 9 is an explanatory drawing schematically
showing the state of burning of a conventional piping
material P constructed so as to pass through a flooring
material.

[Fig. 10] Fig. 10 is an explanatory drawing

schematically showing the state of burning of a piping
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material P according to the present invention constructed so
as to pass through a flooring material.

fFig. 11] Fig. 11 is an explanatory drawing showing the
state of a piping material P according to the present
invention that holds the shape to maintain the fire
resistance after being thermally expanded by heating.

Best Modes for Carrying Out the Invention
[0082]

A single-layered fire-resistant piping material Pl of a
first embodiment according to the present invention is
composed of a fire-resistant resin composition alone, as
shown in Fig. 1.

The present invention will be described in detail with
reference to examples below.

[00831]

In Examples 1 to 16 and Comparative Examples 1 to 5,
the following materials were used:

Vinyl chloride resin (manufactured by Taiyo Vinyl Corp.,
trade name: "TH1000");

Heat-expandable graphite (manufactured by Tosoh Corp.,
trade name: "GREP-EG"):;

Calcium carbonate {(manufactured by Shiraishi Calcium
Kaisha, Ltd., trade name: "Whiton SB");

T,ead-based stabilizer (manufactured by Sakai Chemical

Iindustry Co., Ltd., trade name: "gL-1000"); and
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Lubricant (manufactured by Mitsui Chemicals, Inc.,
trade name: "Hiwax 4202E").
(0084}

In Examples 17 to 41 and Comparative Examples 6 to 15,
the following materials were used:

Vinyl chloride resin (manufactured by Tokuyama Sekisui
Co., Ltd, trade name: "TS1000R"™);

Heat-expandable graphite (manufactured by Chuetsu
Graphite Works Co., Ltd., trade name: "SFF"};

Lead-based stabilizer: lead stearate (manufactured by
Mizusawa Industrial Chemicals, Ltd., trade name:
"StabinexNC18");

Organic tin-based stabilizer: octyltin mercapto
(manufactured by Sankyo Organic Chemicals Co., Ltd., trade
name: "ONE-100F");

Higher fatty acid metal salt: Ca/Zn-based composite
stabilizer {(manufactured by Sakal Chemical Industry Co.,
Ltd., trade name: "NWP-6000");

Basic compound: calcium carbonate (manufactured by
Shiraishi Calcium Kaisha, Ltd., trade name: "Whiton S5B"},
magnesium hydroxide {manufactured by Kyowa Chemical Industry
Co., Ltd., trade name: "KISUMASA");

Hydrotalcite {(manufactured by Kyowa Chemical Industry

Co., 1itd., trade name: "DHT-4A");

Epoxidized soybean oil (manufactured by ADEKA Coxp.,
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trade name: "Adekacizer 0130P"); and

Lubricant {(manufactured by Mitsui Chemicals Inc., trade
name: "Hiwax 4202E").
[0085]

The pH of the heat-expandable graphite was confirmed by
the following method:

1) A graphite mixture is prepared by adding 25 mL of
jon-exchange water to 5 g of a heat-expandable graphite
sample;

2) The resulting graphite mixture is stirred with a
glass rod for 30 seconds; and

3) After leaving the solution for 20 minutes, the pH of
the graphite mixture is measured with a pH meter

(manufactured by Horiba, Ltd., trade name: "pH/ION METER I-
23"y .

[0086]

The pH of the heat-expandable graphite was adjusted by
the following method:

The heat-expandable graphite was put in a beaker, and
ion exchange water was added thereto, followed by stirring.
The acid remaining on the surface of the heat-expandable
graphite was removed by washing, while the pH of the
graphite mixture was confirmed with the pH meter. Then, the
graphite mixture was filtered, followed by drying in a

thermostatic chamber to give heat—-expandable graphite having
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a desired pH. When a desired pH was not obtained by washing

once, the washing and drying processes were repeated.

[0087]

In Examples 42 to 57 and Comparative Examples 16 to 18,

the following materials were used:

Vinyl chloride resin (manufactured by Tokuyama Sekisui

Co., Ltd., trade name: "TS1000R™);

Heat-expandable graphite (expansion volume: 65 mL/g):
(manufactured by Sanyoc Trading Co., Ltd., trade name:

"SYZR10063"}) ;

Heat-expandable graphite (expansion volume: 100 mL/g):

{grain size-contreclled product):

Heat-expandable graphite (expansion volume: 150 mL/g):
(manufactured by Sanyo Trading Co., Ltd., trade name:
"SYZR1002") ;

Heat-expandable graphite (expansion volume: 180 mL/g):

(manufactured by Chuetsu Graphite Works Co., Ltd., trade

name: "SFE");

Heat-expandable graphite {expansion volume: 190 mL/g):
(manufactured by Sanyo Trading Co., Ltd., trade name:

"SYZR502") ;

Heat-expandable graphite (expansion volume: 200 mL/g):
(manufactured by Sanyo Trading Co., Ltd., trade name:

"SYZRB80Z2") ;

Heat-expandable graphite (expansion volume: 250 mL/g):



9.0 0 0 0 61' 031 0 Sc Exanple 61 1an 01 Ic _
19.0 24 91' 0 031 OZ Exanple 60 001 9'0 11
917 8 0171 0 08 Exanple 59 001

- 50 -

(grain size-controlled product);

Heat-expandable graphite (expansion volume: 275 mL/g):
(manufactured by Sanyo Trading Co., Ltd., trade name:
"SYZR322"} ;

Calcium carbonate (manufactured by Shiraishi Calcium
Kaisha, Ltd., trade name: "Whiton SB"}:;

Organic tin-based stabilizer (manufactured by Sankyo
Organic Chemicals Co., Ltd., trade name: "ONZ-142F");

Lubricant {(manufactured by Mitsui Chemicals Inc., trade
name: "Hiwax 220MP"); and

Stearic acid {(manufactured by Kao Corp., trade name:
"S-30") .

[0088]
In Examples 58 to 70 and Comparative Examples 19 and 20,
the following materials were used:

Vinyl chloride resin (manufactured by Tokuyama Sekisuil
Co., Ltd., trade name: "TS1000R");

Heat-expandable graphite (manufactured by Chuetsu
Graphite Works Co., Ltd., trade name: "SFF", expansion
volume: 180 mL/g):;

Calcium carbonate (manufactured by Shiraishi Calcium -
Kaisha, Ltd., trade name: "Whiton SB");

Lead—based stabilizer (manufactured by Sakai Chemical

industry Co., Ltd., trade name: "SL-1000"); and

Lubricant {manufactured by Mitsui Chemicals Inc., trade
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name: "Hiwax 4202E").
[0089]
In Examples 71 to 75 and Comparative Examples 21 and 22,
the following materials were used:
Vinyl chloride resin (manufactured by Taiyo Vinyl Corp.,
trade name: "TH1000");
Heat-expandable graphite {1.3-time expansion
temperature-contreolled product) :
Lead~-based stabilizer (manufactured by Sakai Chemical
Industry Co., Ltd.

, trade name: "SL-1000"); and

Lubricant (manufactured by Mitsui Chemicals Inc., trade
name: "Hiwax 4202E").
{0090]

Then, the above-mentioned materials were mixed at
ratios shown in Tables 1 to 14, and each mixture was stirred
and mixed in a Henschel mixer having a capacity of 200
liters (manufactured by Kawada Industries, Inc.) to give a
resin composition. The resulting resin composition was
extrusion molded with a generally used extruder to a test
piping material P to be used for fire-resistance evaluation.
The resin temperature during molding for those that are not
shown in the Tables was 180°C.

As shown in Fig. 1, the test piping material P was
formed sc as to have a length of 1200 mm, an outer diameter

of 114 mm, a thickness of 6.6 mm, and a nominal diameter of



Cal ci um carbonate Lead-based stabilizer Lubricant

Thi ckness after expansion Tensile strength
Snoke-generating time Pipe inner cross-sectional area
proportion . . Elongated I ength Blend conponent Heat
expansi bil ity eval uation Performnce eval uation
Fire-resistance evaluation 79 Conparative Exanple 20

004 90 oX Ot o 99 dropped Conparative Exanple 19
r 1004 10 1 9'0 oX - 52 -

100 mm.

Furthermore, test pieces to be used for performance
evaluation and heat expansibility evaluation were produced
from the test piping material P by cutting out a part of the
pipe wall of the test piping material P, press-molding the
cut-out pipe wall with a load of 200 kgf at 190°C for 3
minutes to a press plate having a thickness of 3 mm, and
cutting the press plate into l-cm square pieces.
f0091}

A multilayered fire-resistant piping material P2 of a
second embodiment according to the present invention is
constituted of a fire-resistant expandable layer 11 and an
inner side covering layer 12 covering the inner
circumference surface of the fire-resistant expandable layer
11, as shown in Fig. 2.

A multilayered fire-resistant piping material P3 of a
third embodiment according to the present invention is
constituted of a fire-resistant expandable layer 11, an
inner side covering layer 12 covering the inner
circumference surface of the fire-resistant expandable layer
11, and an outer side covering layer 13 covering the outer
circumference surface of the fire-resistant expandable layer
11, as shown in Fig. 3.

Furthermore, a multilayered fire-resistant piping

material P4 of a fourth embodiment according to the present
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invention is constituted of a fire-resistant expandable
layer 11 and an outer side covering layer 13 covering the
outer circumference surface of the fire-resistant expandable
layer 11, as shown in Fig. 4.

The present invention will be described in detail with
reference to Examples below.
[0092]

In Examples 76 to 98 and Comparative Examples 23 to 32,
the following materials were used:

Vinyl chloride resin (manufactured by Taiyo Vinyl Corp.,
trade name: "TH1000"};

Heat-expandable graphite (manufactured by Tosch Corp.,
trade name: "GREP-EG", 1.3-time expansion temperature:
210°C);

Lead-based stabilizer (manufactured by Sakai Chemical
Industry Co., Ltd., trade name: "SL-1000");

Lubricant (manufactured by Mitsui Chemicals, Inc.,
trade name: "Hiwax 42028™);

Calcium carbonate (Shiraishi Calcium Kaisha, Ltd.,
trade name: "Whiton SRBR"); and

Ammonium polyphosphate (Sumitomo Chemical Co., Ltd.,
trade name: "Sumisafe P").

[0093]

Examples 99 to 120 and Comparative Examples 33 to 35

Vinyl chloride resin (manufactured by Taiyo Vinyl Corp.,
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trade name: "TH1000™);

Heat-expandable graphite (1.3-time expansion
temperature~controlled preduct);

Lead-based stabilizer {(manufactured by Sakai Chemical
Industry Co., Ltd., trade name: "SL-1000");

Lubricant (manufactured by Mitsui Chemicals, Inc.,
trade name: "Hiwax 4202E"); and

Calcium carbonate (manufactured by Shiraishi Calcium
Kaisha, Ltd., trade name: "Whiton S3SB").

[0094]

Then, the resulting resin composition was extrusion
molded with a generally used extruder to a test piping
material P to be used for fire-resistance evaluation. The
resin temperature during molding for those that are not
shown in the Tables was 190°C.

The test piping material P was formed so as to have a
length of 1200 mm, an outer diameter of 114 mm, a thickness
of 6.6 mm, and a nominal diameter of 100 mm. The thicknesses
of the fire-resistant expandable layer 11, the inner side
covering layer 12, and the outer side covering layer 13 were
adjusted to those shown in Tables 15 to 20.

Furthermore, test pieces to be used for performance
evaluation and heat expansibility evaluation were produced
from the test piping material P by cutting out a part of the

pipe wall of the test piping material P, press-molding the
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(leggtconagbge%£J1J£§ raq%) i, thlckness: 100 mm) was used.

As the fireproof construction method, the gap between the
test piping material P and the compartment pass—through
portion R was caulked with mortar.

Furthermore, one end of the test piping matexrial P was
exposed to the heating side by 300 mm from the surface on
the heating side of the flooring material Y, and the other
end of the test piping material P was exposed to the non-
heating side by 800 mm from the surface on the non-heating
side of the flooring material Y.

The inner side wall of the heating chamber Z of the
fire-resistant test furnace X was provided with burners V, V.
In addition, in the inside of the heating chamber 7, two hot

junctions of a furnace thermocouple Q were installed at
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I'n the pi'ping material conposed of the conposition
wasS BRWR ] nGRIMRaY 3t i ve xamie 19, as shown in Fig. 9,

after the portion protrudi ng bel ow the floor dropped,

t henkepii pel HAnRWR rlo@ soee: ekl theeengraotheon was

heati ng si de. However, since no heat-expandabl e
det@Hraphide amsdillended, fire resistance was not

obt ai ned, and the end of the piping material on the
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direction in which the pipe contracts. Then, the

heat - expandabl e graphite started expandi ng by heati ng.

The expansion continued in the central direction of

the pipe cross-section till that the pipe inner

cross-sectional area after burning becanme 50% or | ess

of the pipe inner cross-sectional area before the
burning. The residue after the expansion was thought
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burning of the fire-resistant test furnace X was terminated.

Then, the degree of caulking of the inside of the test
piping material P after burning was calculated as the pipe
inner cross—-sectional area proportion after burning by the
following calculation expression using a pipe inner cross-
sectional area S1 at the end of the test piping material P,
before burning, on the heating side as shown in Fig. 6 and a
pipe inner cross-sectional area 52 at a minimum inner
diameter of the test piping material P after burning as
shown in Fig. 7.

Pipe inner cross-sectional area proportion after
burning = (32/51)x100.

Herein, the pipe inner cross-—sectional area S1 was
determined by measuring inner diameters of a piping material
in two directions (orthogonal to each other) before the
start of the fire-resistance test and calculating the
average inner diameter.

Regarding the pipe inner cross-sectional area S2 at a
minimum inner diameter of the piping material after burning,
when smoke appeared on the non-heating side from the gap
between the compartment pass-through portion and the piping
material after the starting of the fire-resistant test, the
burning of the fire-resistant test furnace was terminated,
and then the flooring material panel was immediately removed

from the fire-resistant furnace. After cooling the pipe, the
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caulked pipe was observed from the heating side to determine
the projected area as the S2.

In the measurement of S2, the minimum inner diameter
portion in the pipe was sketched on a paper from a
photograph taken from the heating side, the sketched portion
was cut out and measured the weight thereof, and the 82 was
proportionally calculated on the basis of the weight and the
area of the paper that were already known.

Regarding the elongated length L of the residue, when
smoke appeared on the non-heating side from the gap between
the compartment pass—through portion and the piping material
after the start of the fire-resistant test, the burning of
the fire-~resistant test furnace was terminated, and then the
flooring material panel was immediately removed from the
fire-resistant furnace. After cooling of the pipe, the
elongated length L orthogonal to the surface on the heating-
side of the flooring material was measured.

When no smoke was observed for 2 hours, the fire-
resistant test was terminated after 2 hours, and the pipe
inner cross-sectional area 32 and the elongated length L of
the residue were measured by the above-mentioned processes.
[0096]

Performance evaluation

The resulting test pieces were subjected to a tensile

test (evaluation temperature: 23°C) regulated in JIS K7113
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Experinmental results - $? was confirnmed that in
order to provide strength necessary as a pipe and to
exhibit excellent fire resistance, it is necessary

for EQ%%IEH%l% E&Eﬁ@@ﬂggﬁ#s A ] REd erdQYi PSdaad. 3-HipE is

expansi on tenperatur 0 to 240C i s contained

satik® i@y amount of 1 to 10 parts by wei ght based on 100
parts by weight of the vinyl chloride resin.

WegnotherarBuRktefriing herirrexpandakl oA apbi f Sriv@sce
| arger than 10 parts by weight, the heated conposition
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resulting in dropping of the residue 2, as shown in
tensiilg strength of 45 MPa or more at 23°C was determined as
@® (excellent), a test piece of 30 MPa or more was determined
as O (acceptance), and a test piece of less than 30 MPa was
determined as x (rejection).
[0097]

Molding property evaluation

A sample that could be extrusion molded and had a
satisfactory pipe appearance in appearance visual
observation was determined as O (acceptance), and a sample
that could not be extrusion molded was determined as x
(rejection). A sample that had abnormality in pipe
appearance was determined as A.
{0098]

Apparatus corrosive evaluation

After conducted manufacturing for three hours, the
apparatus was left for three days. Then, the metal hopper
portion of the raw material feeding portion was visually
observed for investigating the degree of corrosion. When no
abnormality was observed, it was determined as O
{acceptance), and when red rust was observed, it was

determined as x (rejection).
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[C099]
Extrusion molding stability evaluation
During continuous operation for three hours, the resin

composition discharged from the tip of an extruder was
visually confirmed. A case of no carbonization and no
burning (yellowing), it was determined as @ (excellent), a
case of no carbonization, it was determined as O
(acceptance), and a case of carbonization, it was determined
as x (rejection).
[0100]

Heat expansibility evaluation

The test pieces were subjected to a fire-resistant test.
The test was performed by, first, putting the test pieces in
an electric furnace heated to 500°C, leaving them for 40
minutes, then taking out the test pieces from the furnace
and cooling them, and then measuring the thicknesses of the
test pieces.

When the thickness (thickness after expansion) of a
test piece after the fire-resistant test was 4 mm or more,
the test piece was accepted, and when the thickness was

smalier than 4 mm, the test piece was rejected.

[0101]
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[Table 1]
Example | Example | Comparafive { Comparative | Comparative
1 2 Example1 | Example 2 Example 3
Blend Vinyl chloride resin [part { 100 | 100 100 100 100
component
Heat-?xpandabie oart 1 10 0 1 0
graphite
Calcium carbonate jpart 1 1 1 1 5
Lead-based
stabilizer part 2 2 2 2 2
Lubricant part 05 0.5 0.5 0.5 0.5
Fire-resistance |Smoke-generafing i 120 120 55 45 60
evaluation time O O P X X
Performance  {Tensile strength MPa 52 45 53 43 51
evaluation (MPa) O
Molding property evaluation O O O O O
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[0104]

Experimental results

As shown in Table 1, since heat-expandable graphite was
nct used in Comparative Examples 1 and 3, the smoke-
generating time was short, and thereby the samples were
rejected in the fire-resistance evaluation. In Comparative
Example 2, since the blending ratic of heat-expandable
graphite was too large, the smoke—generating time was short,
and thereby the sample was rejected in the fire-resistance
evaluation.

Furthermore, as shown in Table 3, since heat-expandable
graphite was not used in Comparative Example 4, the smoke-
generating time was short, and thereby the sample was
rejected in the fire-resistance evaluation. In Comparative
Example 5, since the blending ratic of heat-expandable
graphite was too large, the smoke-generating time did not
reach 120 minutes.

Therefore, it was well confirmed that in ordexr to
cbtain a single-layered fire-resistant piping material that
satisfies all the fire-resistance evaluation, performance
evaluation, and molding property evaluation requirements,
heat-expandable graphite is required to be contained in the
range of 1 to 10 parts by weight based on 100 parts by
weight of the vinyl chloride resin.

Furthermore, samples in Examples 4 and 5 in Table 2



Opdai 6 ei gepuedxe-TeaH Vi nyl chloride resin Lead-based
stabilizer Lubricant Calcium carbonate |nner side
covering layer Fire-resistant expandabl e |ayer CQuter
side covering |ayer Snoke-generating tine Tensile
strength Inner side covering |ayer Fire-resistant
expandabl e | ayer Quter side covering |ayer ,0 U) Upa
Z-150ce 0 >. C..tEce s 0.. Fire-resistance

eval uation Performance evalggation 88 CD 0 > CNI LO. -
E9. a)CD- Eas o x 0 w O

were further excellent than those in Examples 3 and 6 to 10
in fire-resistance and tensile strength. Therefore, it was
confirmed that when a single-layered fire-resistant piping
material contains heat-expandable graphite and also an
inorganic filler in the ranges of 1 to 10 parts by weight
and 2 to 5 parts by weight, respectively, based on 100 parts
by weight of the vinyl chloride resin, a pipe being further
well-balanced in any of the fire-resistance, tensile
strength, and molding properties can be obtained.
Incidentally, when the amount of the heat-expandable
graphite was larger than 10 parts by weight, the heated
composition was thermally expanded too much to maintain the
shape, resulting in dropping of the residue 2, as shown in

Fig. 8.
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[Table 9]
Example 2 | Example 40 | Example 41
Blend component Vinyl chioride resin part 100 100 100
Heat-expandable pH 2.5 25 2.5
graphite part 6 6 6
Lead stearate part 2 2
Calcium carbonate part 3
Magnesium hydroxide part 3
Hydrotalcite part 3
Lubricant part 0.5 05 0.5
Appara’Fus corrosive o o o
evaluation
Extrusion molding
stability evaluation *
. . 43 48 48
Performance evaluation | Tensile strength MPa
Fire-resistance Smoke-aenerating time | min 140 120 120
evaluation g g O O
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Experimental results

As shown in Table 4, in Comparative Examples 6 and 7,
since the acidity of heat-expandable graphite was too strong,
corrosion was observed in the apparatus. In Comparative
Examples 8 and 9, the acidity of heat-expandable graphite
was too weak, and therefore the carbonization of the vinyl
chloride resin during burning was hardly accelerated,
resulting in that a smoke—generating time of 120 minutes was
not achieved in the fire-resistance evaluation.

It was confirmed from these results that in order to
exhibit excellent fire resistance without causing corrosion
of apparatus, the pH of heat-expandable graphite is required
to be in the range of 1.5 to 4.0.

As shown in Table 5, in Comparative Examples 10 and 11,
since the blending ratio of heat-expandable graphite was too
small, a smoke-generating time of 120 minutes was not
achieved in the fire-resistance evaluation. On the other
hand, in Comparative Examples 12 and 13, since the blending
ratio of heat-expandable graphite was too large, a smoke-
generating time of 120 minutes was not achieved in the fire-
resistance evaluation.

It was confirmed from these results that in oxder to
obtain excellent fire resistance while strength necessary as

a pipe is maintained, the heat-expandable graphite is
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reguired to have a pH of 1.5 to 4.0 and is contained in an
amount of 1 to 10 parts by weight based on 100 parts by
weight of the vinyl chloride resin. Furthermore, when the
amount of the heat-expandable graphite was larger than 10
parts by weight, the heated composition was thermally
expanded too much to maintain the shape, resulting in
dropping of the residue 2, as shown in Fig. 8.

As shown in Table 6, in Example 31, since the additive
amount of the stabilizer is too large, the tensile strength
was lower than those in Examples 26 to 30.

As shown in Table 7, in Example 34, epoxidized soybean
0il was blended as an additive for providing heat stability
during molding. Epoxidized soybean oil does not have high
ability of providing heat stability during molding, but has
high effect of plasticization. As a result, the sample of
Example 34 was rejected in the extrusion molding stability
and was also slightly reduced in tensile strength and fire
resistance, compared to those in other Examples shown in
Table 7.

It was confirmed from these results that in order to
obtain a pipe that is excellent in tensile strength and fire
resistance and also excellent in molding stability, it is
preferred that at least one selected from the group
consisting of lead-based stabilizers, organic tin-based

stabilizers, and higher fatty acid metal salts be contained
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as the additive for providing heat stability during molding
in a total additive amount of 0.3 to 5.0 parts by weight
based on 100 parts by weight of the polyvinyl chloride-based
resin.

As shown in Table 8, in Example 35, since calcium
carbonate serving as a basic compound was not contained, the
extrusion molding stability was slightly lower than those in
other Examples shown in Table 8. On the other hand, in
Example 39, the additive amount of calcium carbonate serving
as a basic compound was too large, and thereby the tensile
strength was slightly lower than those in other Examples
shown in Table 8.

As shown in Table 9, in Example 41, no stabilizer was
blended as the additive for providing heat stability during
molding, and only hydrotalcite was blended. Though
hydrotalcite has an ability of providing heat stability,
sufficient heat stability cannot be achieved by hydrotalcite
alone. Consequently, the sample was rejected in the
extrusion molding stability.

It was confirmed from these results that in order to
obtain a pipe that is excellent in tensile strength and fire
resistance and also excellent in molding stability, it is
further preferred that each of a stabilizer as the additive
for providing heat stability during molding and a basic

compound be contained in an amount of 0.3 to 5.0 parts by
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weight based on 100 parts by weight of the vinyl chloride

resin.
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[0116]

Experimental results

As shown in Tables 11 and 13, in Comparative Examples
16 and 19, since heat-expandable graphite was not blended at
all, the piping material hurned out. As a result, the
increase in temperature of the piping material was rapid on
the heating side, and thereby the smoke—-generating time was
short.

In Comparative Examples 17 and 20, since the blended
amount of the heat-expandable graphite was too large, the
piping material could not maintain the shape thereof after
expansion, and dropped. As a result, the temperature of the
piping material was rapidly increased on the heating side,
and thereby the smoke-generating time was short.

Furthermore, when the amount of the heat-expandable
graphite was larger than 10 parts by weight, the heated
composition was thermally expanded too much to maintain the
shape, resulted in dropping of the residue, as shown in Fig.
B.

Therefore, it was well confirmed that in order to
obtain a single-layered fire-resistant piping material that
satisfies all the heat expansibility evaluation, performance
evaluation, and fire-resistance evaluation requirements, the
heat—expandable graphite is required to have an expansion

volume of 100 to 250 mL/g and to be contained in the range
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of 1 to 10 parts by weight based on 100 parts by weight of
the vinyl chloride resin.

Furthermore, in Examples 42 to 70, not only the tensile
strength necessary as a pipe was achieved, but also the
smoke-generating time was drastically elongated, compared to
those in Comparative Examples. This may be caused by that in
Examples 42 to 70, the pipe inner cross—-section was caulked
with the residue to inhibit an increase in temperature of
the pipe.

Furthermore, in Examples 59 and 60, not only the pipe
inner cross—sectional area proportion but also the elongated
length L of the residue H was excellent, compared toc those
in Examples 58 and 61. In Examples 63 and 64, not only the
pipe inner cross—-sectional area proportion but also the
elongated length 1L of the residue H was excellent, compared
to those in Examples 62 and 65. In addition, in Examples 67
to 69, not only the pipe inner cross-sectional area
proportion but also the elongated length L of the residue H
was excellent, compared to those in Examples 66 and 70. As a
result, in these Examples, the smoke-generating time was
further improved compared to other Examples.

[0117]

Incidentally, when a synthetic resin piping material

constructed so as to pass through a floor material is heated

from the underside of the floor, first, the portion of the
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piping material protruding below the floor 1s directly
heated to start softening and burning. Then, a difference in
hardness occurs between the portion lying inside the
composition and the burning portion of the floor piping
material, causing sharp softening. Then, the portion of the
piping material protruding below the floor falls apart from
the floor and drops (falls away) about 5 to 20 minutes after
the start of the burning. The bottom surface of the
remaining piping material is in nearly the same plane as the
bottom surface of the floor. When the heat is further
applied, the phenomena vary depending on the blending
composition of the piping material.

Specifically, in the piping material composed of the
composition shown in Comparative Example 19, as shown in Fig.
9, after the portion protruding below the floor dropped, the
resin run down to once caulk the end on the heating side.
However, since no heat-expandable graphite was blended, fire
resistance was not obtained, and the end of the piping
material on the heating side dropped after all. As a result,
hot air flowed in the inside of the pass-through portion of
the piping material, and the potion inside the floor
structure burned out to generate smoke on the non-heating
side.

Since the piping material composed of the composition

shown in Comparative Example 20 contained a large amount of
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heat-expandable graphite, the heated composition was
expanded too much to maintain the shape, resulting in
dropping.

[0118]

On the other hand, in the piping materials composed of
compositions shown in Examples 66 to 70, as shown in Fig. 10,
after the portion protruding below the floor dropped, the
remaining portion was softened from the lower part by being
heated, and the inner diameter slightly shrank in the
direction in which the pipe contracts. Then, the heat-
expandable graphite started expanding by heating. The
expansion continued in the central direction of the pipe
cross—section till that the pipe inner cross-sectional area
after burning became 50% or less of the pipe inner cross-
sectional area before the burning. The residue after the
expansion was thought that the main component thereof was a
graphite crystal, which gives a very strong, flame-retardant
residue H extending from the underside of the floor to the
heating side and can prevent itself from dropping and
" purning. As a result, even though the underside of the floor
was heated to 1000°C or highex, the residue H did not drop
from the underside of the floor, and a state of almost
caulking the pipe continued for a long period of time. In
addition, since the pipe inner cross-sectional area was

reduced during burning and also the residue extended to the
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heating side, hot air was prevented from ascending inside
the pipe and an increase in temperature of the piping
material on the non-heating side with respect to the floor
surface could be suppressed. As a result, the piping
material was prevented from burning out, and also smoke
generation on the non-heating side, which is caused by
softening of the piping material to form a gap with the
mortar interface, was prevented.

[0119]

Therefore, it was confirmed that in order to obtain a
single-layered fire-resistant piping material that satisfies
all the strength as a pipe, stability during molding, and
caulking of the end on the heating side of the pipe during
heating, it is necessary that heat-expandable graphite
having an expansion volume in the range of 100 to 250 mL/g
is contained in an amount of 1 to 10 parts by weight based
on 100 parts by weight of the vinyl chloride resin.

Furthermore, it was confirmed that further preferred
blending ratios are, based on 100 parts by welight of the
vinyl chloride resin, 4 to 7 parts by weight of the heat-
expandable graphite having an expansion volume in the range
of 100 to 250 mL/g, 1 to 5 parts by weight of calcium
carbonate serving as the inorganic filler, and 0.3 to 5

parts by weight of the stabilizer.
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[0121]

Experimental results

It was confirmed that in order to provide strength
necessary as a pipe and to exhibit excellent fire resistance,
it is necessary that the heat-expandable graphite having a
1.3-time expansion temperature T3 of 180 to 240°C is
contained in an amount of 1 to 10 parts by weight based on
100 parts by weight of the vinyl chloride resin.

When the amount of the heat-expandable graphite was
larger than 10 parts by weight, the heated composition was
thermally expanded too much to maintain the shape, resulting

in dropping of the residue 2, as shown in Fig. 8.
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50.5 [0127] Experinental results As shown in
Tables 15 to 19, in Conparative Exanples 23 to 28 and

30, the snoke-generating ti was short, and the
sanples were rejected in the”fire-resistance
evaluation. In - 92 - addition, in Conparative

Exanpl e 29, the tensile strength was slightly | ow
Therefore, in order to obtain a nultilayered
fire-resistant piping material that satisfies both the
fire-resistance eval uati on and perfornmance eval uation
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[Table 19]
Comparative | Comparative
Blend component Example 29 | Example 30
Vinyl chloride resin part - 100
Inner side Lead-based stabilizer part - 2
covering layer Lubricant part - 0.5
Calcium carbonate part - 3
Vinyl chloride resin part 100 -
Lead-based stabilizer part 2 -
Fire-resistant Lubricant part 0.5 -
expandable Calcium carbonate part 100 -
layer Heat-expandable graphite | part 30 -
Ammonium
polyphosphate part 100
Vinyl chloride resin part - -
Outer side Lead-based stabilizer part - -
covering layer Lubricant part - -
Calcium carbonate part -
. . 6.6
Layer Inner side covering layer | mm - o
) {100%)
thickness . .
. Fire-resistant expandable 6.6
{thickness mm 0 -
proportion %) layer (100%)
Outer side covering layer | mm - -
. . X
Fire-resistance Smoke-generating time | min © 55
evaluation 120
flame burst
Performance . O
evaluation Tensile strength MPa 334 505
[0127]

Experimental results

As shown in Tables 15 to 19, in Comparative Examples 23
to 28 and 30, the smoke-generating time was short, and the

samples were reijected in the fire-resistance evaluation. In
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addition, in Comparative Example 29, the tensile strength
was slightly low. Therefore, in order to obtain a
multilayered fire-resistant piping material that satisfies
both the fire-resistance evaluation and performance
evaluation requirements, it is necessary, as shown in
Examples 76 to 90, that the material include a tubular fire-
resistant expandable layer composed of a heat-expandable
fire-resistant resin composition and a covering layer
covering at least one of the outer surface and the inner
surface of the fire-resistant expandable layer, the fire-
resistant expandable layer is formed of a fire-resistant
resin composition containing heat-expandable graphite in an
amount of 1 to 15 parts by weight based on 100 parts by
weight of the vinyl chloride resin, and the covering layer
is formed of a vinyl chloride resin composition not
containing heat-expandable fire-resistant materials.

When the amount of the heat-expandable graphite was
larger than 15 parts by weight, the heated test piping
material P was thermally expanded too much to maintain the

shape, resulting in dropping of the residue, as shown in Fig.

8.
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Experimental results

As shown in Table 20, in Comparative Example 31, the
smoke—generating time was very short, compared to those in
Examples 99 to 101, and the sample was rejected in the fire-—
resistance evaluation.

In Examples 102 and 106, the smoke-generating time was
slightly short, and the samples were slightly inferior in
the fire-resistance evaluation, compared to those in
Examples 100, 103, 104, and 105.

Therefore, it was confirmed that in order to satisfy
both the fire-resistance evaluation and performance
evaluation requirements, it is preferable that the fire-
resistant expandable layer 11 is formed of a fire-resistant
resin composition containing heat-expandable graphite having
a 1l.3-time expansion temperature in the range of 180 to
240°C in an amount of 5 to 15 parts by weight based on 100

parts by weight of the polyvinyl chloride-based resin.
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evaluation - 94 - [0129] Experinental results As
shown in Table 20, in Conparative Exanple 31, the
snoke-generating tine was very short, conpared to
those in Exanples 99 to 101, and the sanple was
rejected in the fire-resistance eval uation. In
Exanpl es 102 and 106, the snoke-generating tine was
slightly short, and the §a?@I§s were slightly inferior
in the fire-resistance eval tation, conpared to those
i n Exanpl es 100, 103, 104, and 105. Ther ef or e,
it was confirned that in order to satisfy both the
[o13fiire-resi stance eval uati on and perfornmance eval uation
requirenents, it is preferable that the fire-resistant
expandahkpthayeestltiss formed of a fire-resistant
resin conposition containing heat-expandabl e graphite
hawi shoanli8- ThleeepandirodeEmier dtife Etlrﬂcf%%l?eange
of 180 to 240C in an anmpunt of 5 to 15 parts bx meight
thidkasedeon A0Chsaritnnadyy SHAYHEOH T Hpe Jp%Y§§i hy| and th

chl ori de- based resin. - 96 - [0131] Experi t al
outemsyides COVEr RS SF | 1P TiBFe P40 FFERERRLE Tasnr 0-1
since the thicknesses of the,inner side covering layer
g e}ng ﬁaré% to

mm, fchearfihet utierengde ¥avetthgPtayet" 13 wefe &Y
extrenely thin, 0.1 the tensile.strength
tho%ﬁikﬂnQEP??ﬁ§ﬁ§Qﬁ%e%gﬁb3rEgetgtgﬁgégaph'otghgﬁgghple 113,
. Exanpl es. . t he ot her _hand, i Si t
Sln?%f%@%é@%ﬁgg% ST PhnebSst %égogéggﬁggfééngl%ggﬁé 12
the outer side coverij I 1 e e
and et S e TRk o, BT Ao aas St oty oLy
.Lpferigr, co r 0 LBeO r sEXampRhes inferior,
SET AT e £l ocLB98EahReO RS oF et or abie that
combhEe it SKPESSES AT oL hEY EﬁgﬁlFié@e covering |ayer 12
nd the outer side covering [ayer 13 each be in the
range-Of ol 2 110 “ad svhfibiedConpar ati ve Examfpiebdd that

001. CA 90 CO 001. Cv 90 CO 03 001, Cv 90 CO 0/09 01.
the( ¥krkBekbses of the inner side covering layer 12 and the
outer side covering layer 13 each be in the range of 0.2 to

2.0 mm.
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Experimental results

As shown in Table 22, in Comparative Example 32, since
the resin temperature during molding was too low, the
tensile strength was slightly inferior. Furthermore, in
Comparative Example 33, since the resin temperature during
molding was too high, the tensile strength was slightiy
inferior. Therefore, it is preferable that the resin
temperature during molding of the resin composition be 170

to 210°C.
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Bl end conmponent Vinyl chloride resin Lead-based
stabilizer Lubricant Calcium carbonate Vinyl chloride
resin Lead-based stabilizer Lubricant Calcium

carbonat e Heat-expandabl e graphite 1.3-time expansion
tenperature uisai apuoilLio iitu! A Lead-based

stabilizer Lubricant Cal cj car bonate | nner side

covering |ayer Fire-resfs#gﬁl_expandable | ayer CQuter

si de covering |layer bu!plow buunp m ned

Snoke-generating tine Tensile strength Inner side
[0135]

Experimental results

As shown in Table 23, in Comparative Example 23, since
the 1.3-time expansion temperature of the heat-expandable
graphite was lower than the resin temperature during molding
by 10°C, the tensile strength was lower than those in
Examples 117 to 120. Furthermore, in Example 120, since the
1.3-time expansion temperature of the heat-expandable
graphite was higher than 240°C, the smoke-generating time
was slightly short, and the tensile strength was slightly
inferior, compared to those in Examples 117 to 1193.

Therefore, it was confirmed that it is preferable that
the resin temperature during molding be lower than the 1.3-
time expansion temperature of heat-expandable graphite by
5°C and be in 170 to 210°C.
[0136]

Conclusion

As described in detail with reference to Examples in
the above, in the single-layered fire-resistant piping
material and the multilayered fire-resistant piping material
according to the present invention, each layer constituted
of a fire-resistant resin composition effectively expands
during burning, and, as shown in Fig. 11, the residue caulks

the gap between the piping material and the compartment

pass-through portion and the inside of the piping material



covering layer .4.- CU) Ca a "(0-0a) ii a) Q= >,

Quter side covering layer )---- o -, (j)COo0o U U =
,-. .-0 a Fire- resistance eval uation Performnce
eval uation - 98 - [0133] Experinental results As

shown in Table 22, in Conparative Exanple 32, since
the resin tenperature during nolding was too |ow, the
tensile strength was slightly inferior. Furthernore,
in Conparative Exanple 33,1%¥n6e the resin tenperature
during nol ding was too high, the tensile strength was
slightly inferior. Therefore, it is preferable that

to & dASifN SRt @tsnekduripg pehdirgrahgt he nési mther

conposition be 170 to 210C. 99 n al owex3 enuai edwoo
sidddPart MiondWdy Ohéd £164r f84erial. The piping materials
are thus excellent in fire resistance and also excellent in
molding properties and have mechanical strength sufficient
as pipes.

Furthermore, unlike a piping structure in which only
the compartment pass-through portion is subjected to fire—
resistant treatment with a conventional fire-resistant
expandable sheet-like covering material, the present
invention can impart fire resistance to the entire piping.

In the present fire-resistance evaluation, the fire
resistance was compared by an alternative evaluation
technique in which heating is conducted under a conditioﬁ
that one end of a piping material protrudes in a fire-
resistant furnace by 300 mm. In the case of a fire under a
condition that the piping material of the present invention
is practically constructed in a building so as to pass
through each slab of every floor or each partition wall of
every floor, the difference in fire resistance may be
further distinguished.

That is, the piping material of the present invention
rapidly and reliably caulks the compartment pass—through
portion during burning, and also the entire pipe can undergo
burning for a long period of time. Even if the piping

material partially dropped during burning, it is suggested
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that the opening portion of the piping material is quickly
caulked to maintain the shape, and thereby flame and smoke
hardly penetrate to the outside of the burning chamber,
resulting in prevention of the fire from spreading.

Furthermore, in the multilayered fire-resistant piping
material having an inner side covering layer, the inner
circumference surface of the piping material is smooth and
thereby can allow fluid to smoothly pass, and also the inner
circumference surface of the piping material is excellent in
chemical proof and thereby hardly limits the type of fluid,
which allows general purpose application.

In addition, in the multilayered fire-resistant piping
material having an outer side covering layer, the outer
circumference surface of the piping material is excellent in
adhesion and, for example, can be easily and reliably
connected to another member such as a pipe joint.

[0137]

Furthermore, the multilayered fire-resistant piping
material of the present invention is not limited to the
above-described Examples. For example, in the Examples, the
piping materials have a nominal diameter of 100 mm, but may

have a nominal diameter different therefrom.
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CLATIMS

1. A single-layered fire-resistant piping material,
comprising a fire-resistant resin composition containing
heat-expandable graphite in an amount of 1 to 10 parts by
weight based on 100 parts by weight of a polyvinyl chloride-

based resin.

2. A single-layered fire-resistant piping material,
comprising a fire-resistant resin composition containing
heat-expandable graphite having a pH of 1.5 to 4.0 in an
amount of 1 to 10 parts by weight based on 100 parts by

weight of a polyvinyl chloride-based resin.

3. The single-layered fire-resistant piping material
according to Claim 2, wherein the fire-resistant resin
composition contains an additive for providing heat

stability during molding.

4. The single-layered fire-resistant piping material
according to Claim 3, wherein at least one selected from the
group consisting of lead-based stabilizers, organic tin-
based stabilizers, and higher fatty acid metal salts is
contained as the additive for providing heat stability

during molding in a total additive amount of 0.3 to 5.0
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parts by weight based on 100 parts by weight of the

polyvinyl chloride-based resin.

5. The single-layered fire-resistant piping material
according to Claim 4, wherein a basic compound is further
contained as the additive for providing heat stability
during molding in a total additive amount of 0.3 to 5.0
parts by weight based on 100 parts by weight of the

polyvinyl chloride-based resin.

6. A single-layered fire-resistant piping material,
comprising a fire-resistant resin composition containing
heat-expandable graphite having an expansion volume in the
range of 100 to 250 mL/g in an amount of 1 to 10 parts by

weight based on 100 parts by weight of a polyvinyl chloride-

based resin.

7. A single-layered fire-resistant piping material,
comprising a fire-resistant resin composition containing
heat-expandable graphite having a 1.3-time expansion
temperature of 180 to 240°C in an amount of 1 to 10 parts by

weight based on 100 parts by weight of a polyvinyl chloride-

based resin.

8. The single-layered fire-resistant piping material



pad pad pad -fan pad pal pad pad pad pad pad iiad pad
VW WV WV O utw edl AL Bl end conponent Vinyl chloride
resin Lead-based stabilizer Lubricant Calcium
carbonate Vinyl chloride resin Lead-based stabilizer
Lubricant Cal cium carbonate Heat-expandabl e graphite
1.3-tinme expansion tenperature Vinyl chloride resin
Lead- based stabilizer Lubiégapt Cal ci um car bonat e

| nner side covering |ayer
according to any one of Claims 1 to 7, wherein

when the piping material is constructed so as to pass
through a flooring material and is subjected to a fire-
resistant test (complying with IS0 834-1) in which the
underside of the floor is heated under conditions that one
end of the piping material is exposed to a heating side by
300 mm from the surface on the heating side of the flooring
material and that the other end of the piping material is
exposed to a non-heating side by 800 mm from the surface on
the non-heating side of the flooring material,

a pipe inner cross-sectional area S1 at the end of the
piping material before burning on the heating side and a
pipe inner cross-sectional area $2 at a minimum inner
diameter of the piping material after burning satisfy a
relationship:

(S2/81)x100 < 50.

9. A multilayered fire-resistant piping material,
comprising a tubular fire-resistant expandable layer made of
a heat-expandable fire-resistant resin composition and a
covering layer covering at least one of the outer surface
and the inner surface of the fire-resistant expandable layer,
wherein
the fire-resistant expandable layer is formed of a

fire~-resistant resin composition containing heat-expandable



Fire-resistant expandable |ayer Quter side covering
| ayer Resin tenperature during nolding 1
Snoke-generating time Tensile strength Inner side
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Fire-resi stance eval uation Performance eval uati on -
100 - [0135] Experinental Y&&surts As shown in

Tabl e 23, in Conparative Exanple 23, since the

1.3-time expansion tenperature of the heat-expandable
gragHiai i Wasanawer dhan thelseghprbenpenaiyne Buskagon

nol di ng by 10C, the tensile strength was | ower than

100t iy Bxarghesodly pel F20nyFuchhetadeebasadExasphe and
20, since the 1.3-tine expansion tenperature of the

the hesteexppnapde §s aphihedwas hi gheyvtihgd 2406ritlkebased
snoke-generating tine was slightly short, and the

resfrensehgo $it engt howasost aghi hy heéereapandabpar €d rec
those in Exanples 117 to 119. Therefore, it was
resiomHnt megtt¢hadlst is preferable that the resin

tenperature during nolding be |ower than the 1.3- tine

expansi on tenperature of heat-expandable graphite by

5C and be in 170 to 210C. [0136] Concl usi on As
10dede medi iayateachi f v 147 eF erRRcRIPENEXBABPESLN the

above, in the single-layered fire-resistant pi ng
compgt @ ngl aahabvﬁérnﬁﬂfﬁraﬁéﬂéaaﬂtr EXPEIISOA %Y&%@ade‘ of

o hnaterlal accordln% to the present |nvent|ontlon 1 d
Paler*BBRSEPL L E4T6F TESEPF n.teéﬁe&lé’nthﬂg’s%sﬁ 2
couGETRESILIEN ghieetively Sxpands,durlng Willag, Afbace
onc PP L, T 118 o M?%ﬁe %F%flﬁable
wheggggriw

the fire-resistant expandable layer is formed of a
fire-resistant resin composition containing heat-expandable
graphite having a pHd of 1.5 to 4.0 in an amount of 1 to 15
parts by weight based on 100 parts by weight of a polyvinyl
chloride-based resin; and the covering layer is formed of a

polyvinyl chloride-based resin composition not containing

heat-expandable fire-resistant materials.

11. The multilayered fire-resistant piping material
according to Claim 10, wherein the fire-resistant resin
composition contains an additive for providing heat

stability during molding.



- 101 - to prevent flame and snoke from penetrating to
the other side partitioned by the floor material. The
piping materials are thus excellent in fire resistance
and al so excellent in nolding properties and have
mechani cal strength sufficient as pipes.
Furthernore, unlike a piping structure in which only
t he conpartnent pass- throag&Epgrtion is subjected to
fire-resistant treatnent a conventiona
fire-resistant expandabl e sheet-Iike covering
material, the present invention can inpart fire
121 egihet ahge itiedreentire-pipi mgant piplngthetprésént
fire-resistance evaluation, the fire resistance was
accEipeg eto byl amal 1 erwatreéneundl datison onec eilgrd sch from
whi ch heating is conducted under a condition that one
the equbwf @ops psngngadér Labdpbeseddes aba 14 zkinse- casgiagtighttin-
furnace by 300 nm In the case of a fire under a
baseonsiabbhitéas, t Aedphpohgrndpsitivapcét e apr ssdis 1s
invention is practically constructed |n a bU|Id|n
conwainedpasstharadghtédehioraprer i6ieny he %%é%y
partition wall of every floor, the dlfference in fé

durmgu B AfERIEY Betf)@ﬁtlhéfiddtéf"lenﬁmoé’ﬁ’@d
pi ping material of the present invention.r |dIy
Par*éﬁdbiie}“’?éﬁh*y" BagPKs °Phd Co R méttt ‘“‘62%331 fodfaﬁ
portion during b and al so the entire pipe can
P°1MHBEV§OCB&PHFaS'g8Pe [F§7d eri od of tine. Even if the
pi ping material partially dropped during burning, it
i's suggested - 102 - that the opening portion of the
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revention o e fire from spreading.
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mat eri al having an inner si covering layer, the
dudifRemAldiGTTier enae s fauei ofvd henpipi ngf rat érial 5i 8

snmoot h and thereby can allow fluid to smoothly pass,
pardid kBl s@ildie ivanesd e cld esance surdatghof of hehpi pi ng

material is excellent in chem cal proof and thereby
polharidyl |dhiidrsi déheod gk ofsfhui d, which all ows general

pur pose application. In addition, in the

multilayered fire-resistant piping material having an

outer side covering layer, the outer circunference
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material s have nom
anﬂaggellHHﬁFnéPrgﬁgﬁetgaﬁﬂ%ferent :%eré$r0n1 Bgﬁ?gQX? ltayer,
CLAIMS 1. Asingle-layered fire-resistant piping
Whﬁﬁ?é?lal conprising a fire-resistant resin
osition co n a i
“ﬁﬁ%' e LB B PP B R R0 e PR e of @

fl]:I ng e Pﬁ:a‘ﬂ‘: gl'ly\éloﬁ LGl deshased £ Sﬂe,rht expardtiable

ere |re resistant piping naterla
LS fire { YR tiHye of 100 to
gr%g)%%i n?l%glﬁgata@efp gg’ﬁl%gl Jﬁog%g havi ng é;r[%H of 1.5
to 4.0 in an amount of 1 to 10 parts by wei ght based
on 100 parts by weight of a polyvinyl chloride-based
resin. 3. The single-layered fire-resistant piping
materi al according to Caim?2, wherein the
fire-resistant resin conposition contains an additive
for providing heat stability during nol ding. 4. The
single-layered fire-resistant piping nmaterial



- 106 - graphite in an amount of 1 to 15 parts by

wei ght based on 100 parts by wei ght of a pol yvinyl

chl ori de- based resin, and the covering layer is forned

of a polyvinyl chloride-based resin conposition not

cont ai ni ng heat-expandable fire-resistant materi al s.

10. Anmultilayered fire-resistant piping material,

conprising a tubular fire-rgsi-stant expandabl e | ayer

made of a heat-expandable fire-resistant resin

conposition and a covering |ayer covering at |east one
the outer surface surface g% t he

f d the_i
250??Pégr%%i%?aﬂTOEQEaﬂQZEIEgli;ggggéﬁe?%iWElg paged on
fire:- i st ant dabl e | IS f d N
100 b8 5By bR PRPTE SRS LR LA PR RLeR resing ana
heat - bl hite. ' . i
theaﬁggﬁgéﬁgnogyig ggigohs%%ggﬁéagoﬁ Erbgggééég%oig6griae—

_ to parts by wei ght” _
basggrkéﬁPM ﬁgﬁgggiggoﬁ HS&VM?H¥5ig§h§rhggtb@§ﬁgn8§§l8;fire—
and e covering layer 1s forned of a pol yvinyl

res%@kgﬁ{dﬁépggg?lgesin conposi tion not containing

eat - expan e fire-resistant materials. 11. The
multilayered fire-resistant piping material according
to Gaim10, wherein the fire-resistant resin
15COMDaRE1# O fOREAI NSranrsitstave b D51imy audth ndaheat
stability during nolding. - 107 - 12. The
comprli i hgyer edbhil he- Fegskstast spapingzpahdabik aegerdimage of
to daim1ll, wherein at |east one selected fromthe
a hgbaupxpandebliendiet-keadshasedrstabi cbrppsitérgannd a
ti n-based stabilizers, and higher fatty acid netal
covealihg layeentaveedngsathéeaddi theeofoithgr ovitdirngunéace
stability during nolding in a total additive anount of
andOtBet dniel partfadsy afeitght bhsedronl o ppiganpgable layer,
wei ght of the polyvinyl chloride-based resin. 13.
wheTRannul til ayered fire-resistant piping materi al
according to Claim112, wherejn a_basic,conpound
fubRRefLEBREEFHBEARE £RBARAAPLPVLAYGF bFOEBaFE@tHﬁsﬁ of a
. stability during nolding.in a total .additive, amount
flr@."o‘eﬁc}S%?thére?gnwoﬁ}&o%ﬂ*ctlﬁ&séjé’n%r?lfdélgpgreta%: ﬁﬁgpand%‘fble
i,ght . of .t he paql wvinyl chlaoride-b resi :
TrafiEA S0 peor Satis, SheRR R, elbg ke oFt1ed o
GO sin bular fire-resist dabl.e JAYsr 100
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outer sur he 1 nner surface of the

covieriSigf ashshants edpandahlied akels pMgFRAIHY1 chiddiRle-based
fire-resi'stant expandable |ayer is constituted of a
redhin @d@sStain MY REAHASIdd o0/ aidtidipble fire-
heat - expandabl e graphite having an expansi on volune in
redike aangetefrildg.to - 108 - 250 nli/g in an anmount of
1 to 15 parts by wei ght based on 100 parts by wei ght
of a polyvinyl chloride-based resin; and the covering
| ayer is constituted of a polyvinyl chloride-based
16 esiTheconposil tivemedotf icentraisiistg nite gt peé xyga inddisird. a 1
fire-resistant materi al s. 15. Anmultilayered
acddnddredicsteant Pispialy Gieiers & , teonpr iWigre R t ubul ar
fire-resistant expandable | ayer nade of a
heahesx sard @bPé nfgi Febieadiadt dmt QOBSLY USHRsbHX i36h tehdpass
covering | ayer covering at |east one of the outer,
theapdhace BMPEHY it Suk far® bt THe 95Ted re’istahte
expandabl e | ayer, wherein the fire-resistant
expandabl e | ayer is constituted of a fire-resistant
resin conmposition containing heat-expandabl e graphite
having a 1.3-tinme expansion tenperature of 180 to 240C
in an anount of 1 to 15 parts by wei ght based on 100
parts by weight of a polyvinyl chloride-based resin;
and the covering layer is constituted of a polyvinyl
chl ori de-based resin conposition not containing



- 109 -

resistant test {complying with ISO 834-1) in which the
underside of the floor is heated under conditions that one
end of the piping material is exposed to a heating side by
300 mm from the surface on the heating side of the flooring
material and that the other end of the piping material is
exposed to a non-heating side by 800 mm from the surface on
the non-heating side of the flooring material,

a pipe inner cross-sectional area S1 at the end of the
piping material before burning on the heating side and a
pipe inner cross-sectional area S2Z at a minimum inner
diameter of the pilping material after burning satisfy a
relationship:

(82/51)x100 < 50.

17. The multilayered fire-resistant piping material
according to any one of Claims 9 to 15, wherein the covering
layer 1is provided on each of the outer surface and the inner

surface of the fire-resistant expandable layer.



