- 1 - DESCRI PTI ON FI RE- RESI STANT PI PI NG MATERI AL
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 ding. Background Art [0002] Buil di ngs have
fireproof conmpartnents defined depending on the types
and specifications of the butldings. In the fireproof
conpartnents, according to the specifications,
flooring materials and wall materials for fireproof
construction or seni -fipeRCROFTTONStructi on prescri bed
by the Building Standards Act are used. The fl ooring
materi al s andIRTe RESIIS TawiTe B IHING MATHRIFI oof
construction or sem - fireproof construction
prescri bed by the Building Standards Act are those
defined by the Mnister of Land, Infrastructure,
TeqhhepbrFiahd Tourismor certified by the Mnister of
Land, Infrastructure, Transport and Tourism and
[0@%bhpl es t hereof include ferroconcrete: concrete
bl ocks, brick constructions, and stone constructions
théﬁ“hmgeﬁ%RFW%ﬂY§RF¥@@rP#?%#F?%&%%Ya¥§ atepnto a fire-
materi al s, covered with_- nortar or concrete
redistith BiPtagcBat REtadf thaFl @ﬁt %F@Htle%aﬁfﬁd ire

concrete; %%recast cancrete and | am. nat
a

| of
"o bl oy suiroira: RBPECRaBE O pacahef Lhrough 2
pa§%§@16n05f deght f oamed concrete. [0003]

Background Art
[0002]

Buildings have fireproof compartments defined depending
on the types and specifications of the buildings. In the
fireproof compartments, according to the specifications,
flooring materials and wall materials for fireproof
construction or semi-fireproof construction prescribed by
the Building Standards Act are used. The flooring materials
and the wall materials for fireproof construction or semi-
fireproof construction prescribed by the Building Standards
Act are those defined by the Minister of Land,
Infrastructure, Transport and Tourism or certified by the
Minister of Land, Infrastructure, Transport and Tourism, and
examples thereof include ferroconcrete; concrete blocks,
brick constructions, and stone constructions that are

reinforced with iron materials; iron materials covered with




Incidentally, buildings are provided with piping (such
as electrical conduits, drain pipes, and ducts). Such
pi ping passes through the above-nentioned fireproof
conpartment in sone cases. Wen a through-hole
t hrough which piping or the |ike passes (hereinafter,
referred to as "conpartnent pass- through portion") is
provi ded to the above-nentioned fireproof
conmpartnent, occurrence of " f#re may cause a big fire
accident within a short period of tinme by that the
fire and snoke quickly penetrate fromthe room where
sté¢dE horear O6EUEHRErbOet BE PEXh EQRFLRAYI RHcLBBF;
fireproof conpartnent therebetween through the
1igompat gmenfopass - tbriougbe popteoast Thenetkete, ptth€es; and
Bui | di ng Standards Act establishes that only
lam&m&#éa]sftphngasSaddagﬁpsemrbshsdanhatdskobdrchlp cement
conpartnent pass-through and certified by the Mnister
bogfd, landligmfvasyhtucfoamwed Tcanspetée.and Tourism or
evaluated by fire defense can be used as the piping
[OGikrial passing through the conpartnent pass-through
portign in a building. Therefore, the conpartnent
pas&iiesnigd por th@dci@%rw c@”dDWCﬂGFﬂ fW¥teh pppbeyi bsuch
neasures for caul king a th a nonconbusti bl e

as rf*alt@e?‘}%w%hcfwra%umta¢r%%@eplpeﬁstan¢| AYcERe - piSpioy Piping
assi throu h the c artpent s t hat no
pa$ o?"?re Bidfee h&%ﬁ%ﬁ?‘f‘%ﬂ?%aﬁ%@ﬁ%%hcg‘BBFFFEiﬁnt in
Soﬁgﬁitgg%plplng [0004] When the piping material is a
Since the piping material itself is heat

re%%%%a (Lo ng( q%k |bIe sufficient effect js
obaren, ﬁ % |ngc¥ﬁglga %ﬁ Rihg or éﬁe ilke
pa§§H§x¥HE¥Eiﬁgf%é¥HE%éf%{f%&htgsagnxégﬁ%afémg§§aégggg
above However, 't he pl pi ng has arge I ght
thfgH BIAfQA50') is provided to the above-mentioned
fireproof compartment, occurrence of fire may cause a big
fire accident within a short period of time by that the fire
and smoke quickly penetrate from the room where the fire
cccurred to the next room having the fireproof compartment
therebetween through the compartment pass-through portion.
Therefore, the Building Standards Act establishes that
only materials that passed a fire-resistant test for
compartment pass-through and certified by the Minister of
Land, Infrastructure, Transport and Tourism or evaluated by
fire defense can be used as the piping material passing
through the compartment pass-through portion in a building.

Therefore, the compartment pass-through portion is

provided with fire-protection measures for caulking a gap



has a problemthat the workability in transferring and
in construction is inferior. On the other 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 nerits, but is
inferior in heat resistance and fire resistance.
Therefore, in fire, the pr?n@ material is |ost by
burning or is deforned by the heat to generate a gap
bet ween the conpartnent pass-through portion and the
wiit ph ngon@debhet iblehhshefaylakhew bBembeahr hifker and
snoke occurred at one side of the fireproof
ingoaphitgrerite t pipeaghpaheinghehrsugr. thE0@08Rpartment so
Accordingly, for exanple, it is enployed fire-
thar otecyapni seticsumed batwhéshtheshempakthentopasshrghrough
material - 4 having fire-resistance and expansibility
poytslawuard obhe heipbuger surface of the synthetic resin
ng material. As the fire-resistant resin
0@%£b05|t|on constituting the sheet-like covering
material, proposed are those in which a vinyl
chl‘f%ﬂd@@aé@@lﬁ& iMater g ende® il 2 heatirs@ ablgbp Eping
ra an_inorganic filler, and a plastjcizer_ and
malgﬁfsﬁa %%%Pe% I tiheat s’E)%%’r?F%nbh%%%h@?ﬁgo’@%ﬁﬁb'aﬁéle(f 8r
in
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construction is inferior.

On the other hand, when the piping material is a
synthetic resin, the piping is light in weight, excellent in
workability, and easy to bond, compared to the metal piping.
The synthetic resin piping has thus various merits, but is
inferior in heat resistance and fire resistance. Therefore,
in fire, the piping material is lost by burning or is
deformed by the heat to generate a gap between the
compartment pass-through portion and the piping material,
which may allow the heat, fire, and smoke occurred at one
side of the fireproof compartment to reach the other side.
[0005]

Accordingly, for example, it is employed fire-

protection measures in which a sheet-like covering material




However, in the fire-protection neasures using the
sheet-1i ke covering material, a synthetic resin piping
material is tenporarily installed, and then the
sheet-like covering material is wound to the piping
material at a portion previously determ ned.
Subsequently, the piping material is supported and
fixed, and then the opening is filled back with
nortar. Therefore, the neasutes has a |arge nunber of
work units and takes a long tine and al so has a
probl em that the adjustnent of the piping position
habfi@riihe-rod sk gcoHf atdecshees 1hi ket gover wpgnaabar the
to the piping - 5 - material is difficult. [0007]
outAac andt Tepey , o f hehaboyee et ¢ onesli probbeng matebeal. As the
solved by directly producing a piping material with a
firesiesigomposresion dampagifior-cesssiancenanthe sheet~like
expansibility, but since the fire-resistant resin
COVEHAIUE ind Ttk 1l Papesieos Sbcamenthdseobn avhschaageinyl
amounts of an inorganic filler and a plasticizer in a
chigmiyde-drd rd dee ps els rliekended h‘élblil phegt -awpendaple
formed therewi th cannot_obtain hi gh nechani ca
gr%ﬁﬁ%ﬁﬁﬁtﬁﬂtﬁﬂoﬁgﬁQ&F|?kﬂ%%%ns%%@ear@h@??éﬁ%ﬁ?r ang also
. Furthernore, since the fire- reS|stant resin
ble@'t?ﬁ%?bﬁlt’%fbrﬁ |$Pe¢5aﬁ3e%tp%%le?h‘éﬁ‘t‘3 ZC%B?‘AMS F%b%ramaler
er.no t| c el astoner or . a liquid pol ,
re i dy e o I e Cp%?rhfg Hataewa*fm%%r%@dw b car Base resin,
suéﬁ”"“” a|n a_Qh hanlcal ength _that an
e

spen ?ﬁea? SF%F eb?% om gr,ﬂrtﬁellqu
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an %g%uﬁl&% apaénlg(?(iel ent %O@é%ggl%%%négatﬁfﬁh a resin

serving as a deformation-preventing resin, such as a
polycarbonate resin or a polyphenylene sulfide resin (for
example, refer to Patent Document 2).

[0006]

However, in the fire-protection measures using the
sheet-like covering material, a synthetic resin piping
material is temporarily installed, and then the sheet-1like
covering material is wound to the piping material at a
portion previocusly determined. Subsequently, the piping
material is supported and fixed, and then the opening is
filled back with mortar. Therefore, the measures has a large
number of work units and takes a long time and alsoc has a
problem that the adjustment of the piping position after the

winding of the sheet-like covering material to the piping



Di scl osure of Invention [0009] The present invention

has been proposed in the |light of the above-nentioned

problens, and it is an object thereof to provide a

fire-resistant piping material that can be fire - 6 -

protection neasures by itself. [0010] 1In order to

sol ve the above-nenti oned problens, a single-Ilayered

fire-resistant piping material of the invention

according to Claim1lis constiTuted of a fire-

resi stant resin conposition containing heat-expandabl e

graphite in an anount -of 1 to 10 parts by wei ght based
mattdridD0i padisrbyawei ght of a pol yvinyl chloride-based

resin. [0011] A single-layered fire-resistant piping
[O0mterial of the invention according to Cdaim2 is

constituted of a fire- resistant resin conposition

c oRtcaianicigndisgt -téhep arlmtald -energriapied eptelvlienys acqd lId solved

1.5to 4.0 in an anmount of 1 to 10 parts by weight
by blisett-oly 1000paring by mepighy nétarpalywibhl a resin

chl ori de-based resin. [0012] In a single-Iayered
conpoelrexi shrantngi pl rg-nesbstancefandhexpangeibibhty, but

_according to daim3, in the invention according to

SingSithe, firR Fesbotart srepinreenpoebhpesi inoRatent

according to CJaim?2 contains an additive for
Dogimih tdi hF PR 1T St kBT F¢ t SR F g0 hof i Haorganig) filhey and
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strength that is an indispensable requirement in a pipe.
Furthermore, since the fire-resistant resin composition in
Patent Document 2 contains rubbker, a thermoplastic elastomer,
or a liquid polymer as the base resin, the piping material
formed therewith cannot obtain a high mechanical strength
that is an indispensable requirement in a pipe, as in the
fire-resistant resin composition of Patent Document 1.
[0008]

[Patent Document 1] Japanese Unexamined Patent
Application Publication No. 2006-348228

[Patent Document 2] Japanese Patent No. 3133683
Disclosure of Invention
[0009]

The present invention has been proposed in the light of

the above-mentioned problems, and it is an object thereof to

provide a fire-resistant piping material that can be fire-



- 7 consisting of |ead-based stabilizers, organic
tin-based stabilizers, and higher fatty acid netal
salts is contained as the additive for providing heat
stability during nolding at a total additive anmount
of 0.3 to 5.0 parts by weight based on 100 parts by
wei ght of the polyvinyl chloride-based resin. [0014]
A single-layered fire-resistant piping material of the
i nvention according to Can®5; in the invention
according to Caim4, further includes a basic
conpound as the additive for providing heat stability

prétgdtigonuheh Hgrés Wy iosalfadditive anount of 0.3 to
5.0 parts by weight based on 100 parts by wei ght of

[0@1® pol yvinyl chloride-based resin. [0015] A
single-layered fire-resistant piping material of the
i nentoirale mdcorstilng titheClabawes-nen toicorsdd tprt coll erfis a4 a
fire- resistant resin conposition containing

sirpler = lexprareidbf tre-grephs tanhavipgnanmakeansi oafvohene
in the range of 100 to 250 nlL/g in an anount of 1 to

invientgign saggoydiehttdaSkaimnl 190cpaststvyedepfhe bira-
pol yvi nyl chloride-based resin. [0016] A

re%&ﬁﬁﬁ%ﬁI%S%#QHF?WPQ§¥%%?%t%ﬂﬁt%¥%%%@ h%@%rﬁépaﬁﬂabﬁ@
i nvention according to Claim7 is constituted of

gr?ﬁq¥$er%ﬂﬂ%ﬂzﬁﬂ°¥%%|%fc%nﬁ%s1?|B%r%%n?ﬁlﬂﬁh§ht based on
t d b) hite h
SR b (TSI D

qt parts by melght based on 100 parts by weight of a
po bvinyl chl ori de-based resin. [0017] In a

sing 's%'g%‘iﬁ%@é I £7158 S R r}%.prs.q{ge HBle®a1 of the
invention according to Claim 2 is constituted 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.
[0012]

In a single-layered fire-resistant piping material of
the invention according to Claim 3, in the invention
according to Claim 2, the fire-resistant resin composition
according to Claim 2 contains an additive for providing heat
stability during molding.

[0013]

In a single-layered fire-resistant piping material of

the invention according to Claim 4, in the invention

according to Claim 3, at least one selected from the group



the invention according to Caim8, in the invention
according to any one of Clains 1 to 7, when the piping
material is constructed so as to pass through a
flooring material and is subjected to a
fire-resistant test (conplying with SO 834-1) in
whi ch the underside of the floor is heated under
conditions that one end of the piping material is
exposed to a heating side by 300 nrmfromthe surface
on the heating side of the flooring material and that
the other end of the piping material is exposed to a
col¥isthiaat idM SdLde-dys&P0stapiIpretde sogiace ontbEsed
non- heating side of the flooring materlal a pipe
stdbilelzefnsand atigonal faten Htidtmébel essll 06 ibecontained
pi ping material before burning on the heating side
as aide adudipe vennsr sseidaed i lovat s wdienl 52y atu i ng nngLding
i nner dianeter of the piping material after burning
at saticfal addl@trormmymbfof S2/Bl)al XD pabis by Wd8yht
The i nvention according to Caim9 provides a
basag tdn i erftis oY estighntohi Phagoodyeinnal ¢htduidagbased
a tubular fire-resistant expandable |ayer nade of a
residat - expandabl e fire-resistant resin conposition and
a coverlng | ayer covering at |east one of the outer
[0GLé)f ace and the - 9 inner surface of the
fire- reS|stant exp. andable | ayer. The fire-resistant

exfafdREILE éysrre.ds f%ﬁwé&sd@té“fq PPN MAtERIFe G h the

conposi tion cf}ntalnln heat ex qwglﬁgvg%g g%ggié?f Mg
aﬁlfgirﬂ S
txn?h&mﬁgﬂ“ fgrﬁk%rﬂf%@fa%ﬁ %ggcgﬁﬁﬁ%éﬁ IQS @he

e coverlng
TSRt A6 ST e P Y 0
total additive amount of 0.3 to 5.0 parts by weight based on
100 parts by weight of the polyvinyl chloride-based resin.
[0015]

A 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 a polyvinyl chloride-based resin.
[0016]

A single-layered fire-resistant piping material of the
invention according to Claim 7 is constituted of a fire-
resistant resin composition containing heat-expandable

graphite having a 1.3-time expansion temperature of 180 to



The invention according to Caim 10 provides a
multilayered fire-resistant piping material including
a tubular fire-resistant expandabl e |ayer made of a
heat - expandable fire-resistant resin conposition and
a covering |ayer covering at |east one of the outer
surface and the inner surface of the fire-resistant
expandabl e | ayer. The fire-resistant expandabl e | ayer
is formed of a fire- resistdht”resin conposition
cont ai ni ng heat - expandabl e graphite having a pH of
1.5to0 4.0 in an anount of 1 to 15 parts by weight
240FFs€ith oh Hbyad tef by wei DhtpHfe @ ppl y¥igt based on 100
chl ori de- based resin, and the covering layer is forned
pamfs dy paigHnd £ chlpsl eer bl ech I €61 de cloapesi & oin not
containing heat-expandable fire-resistant naterials.
[0J10020] In a multilayered fire-resistant piping
material of the invention according to Claim1l, in
t héni avednigdr -deyerdidnd iretresist@ndi mikding meterial of
fire-resistant resin conposition according to Caim
the g raemtaion agranting vieo fOkaim ovi dimgtiveatnventbdhity
during nmolding. [0021] A nmultilayered fire-resistant
acqansligy e analong eahlam@nt itoh hecdren nghe obOpaReh
12, in the invention according to Caim11, includes
matgrigdads Girnserucited ¥ o thHe RADUPLNEDRSH s FyeeFing
organic tin-base

ma e e o0 Zﬁ%iﬁzﬁﬁ% fatd yfja’&‘?ar%%%%'?g%%l £8Shs the
RS AR AP Pl B0 LAY BH5ing. g8l dere
1) (R Y00 S0 L5 Bt oL 19E 991 WL Wl
matid i1 Y sy A% ML A 9ad "V 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 52 at a minimum inner diameter of the piping material
after burning satisfy a relationship of (S2/31)})x100 £ 50.
[0018]

The invention according to Claim 9 provides a
multilayered fire-resistant piping material including 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



i nvention according to Claim13, in the invention
according to Caim112, further includes a basic
conmpound as the additive for providing heat stability
during nmolding in a total additive amobunt of 0.3 to
5.0 parts by weight based on 100 parts by wei ght of
t he pol yvinyl chloride-based resin. [0023] The
i nvention according to Claim14 provides a
multilayered fire-resistant piping material including
a tubular fire-resistant expandabl e | ayer made of a
heat - expandable fire-resistant resin conposition and
inecomertaige bAyEhe COVESHPEsDEthRBSExpaARdablEhRaUler The
surface and the - 11 inner surface of the
fife¥mes st atantxpxpdnidbd| Payayeis Themefli 6€- aesiigeant
expandabl e | ayer is constituted of a fire- resistant
regissiant ongpebi t compesht Bomi agnhaatiegphedaberpagdaphet e
havi ng an expansion volume in the range of 100 to 250
graplii-e nimmanwienbfof 1otaslpapastbybwervghghbabadednon
100 parts by weight of a polyvinyl chloride-based
10 epars deig wetgheovéra nIQOfmyemyl scebasifevbegedf rgsin, and
pol yvinyl chloride- based resin conposition not
the FRWHHY FRRT ekpaterane@ ¢fra-pebevinnht chhpeifarbased
and the covering layer is constituted of a polyvinyl
TetH IR HLSEN 1T rCLRhPHRIET oReRbT SXRBREAP ?nélre‘
r heq%-expandable fire-resistant materials. [0024] The
SR SR BT Wi ng to A aim 15 provides a
[0 tilayered fire-resistant piping material including
a ubul ar fire-resistant expandable |ayer forned of a
heat,.- | e fire-r.esj £esi sition and
. Coen AL A ST D SRR S &
ir - e r f Lt e ' t
muﬂhlﬂ?@r@&]dﬁff@ ré#ﬁ%ﬁa?t::]rge%fn mé@?riéi uégg{;éeif}g a

expandabl e | ayer. est stant expan yer
tuthfl LSt td hedh Hfadk fdkSandable 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. The
fire-resistant expandable layer is formed 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 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.
[0020]

In a multilayered fire-resistant piping material of the

invention according to Claim 11, in the invention according




resi stant resin conposition 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
chl ori de-based resin, and the covering layer is
constituted of a polyvinyl chloride-based resin
conmposition not containing heat-expandable fire - 12 -
resistant materials. [0025]10A-nultil ayered
fire-resistant piping material of the invention
according to Caim1l1l6, in the invention according to

to amaone®f Haiferéd-tdsildsanbercsNe SbRHHYI FRLRT hakokd8ing
constructed so as to pass through a flooring nmateri al

to alkhim 16 ujecd Bk tah aaddierveSist aptot£8ing crEREYI Ng
wth SO 834- 1) in which the underside of the floor

stalsl higat et tirdermoldingg £ i ons t hat one end of the piping
material is exposed to a heating side by 300 nm from

[0GXlg surface on the heating side of the flooring
material and that the other end of the piping
mafe Mudit iile vexsos d teo re sietadndatp g rej dea tiyr 3800 afmthe

. fromthe surface on the non-heating side of the

invVirgogrdthpeaatidimalto £ e 1hnekn cklossineent boal aaeending
Si. at the end of the piping material before burning

to Gl aife Heatingludere ahdleashiore i smeckedsEremcthenaroup
area .S2 at m pi_mum i nner.  dj aneter of the pipin
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100 parts by weight of the polyvinyl chloride-based resin.
[0022]

A multilayered fire-resistant piping material of the
invention according to Claim 13, in the invention according
to Claim 12, further includes a basic compound as the
additive for providing heat stability during molding in a
total additive amount of 0.3 to 5.0 parts by weight bkased on
100 parts by weight of the polyvinyl chloride-based resin.
[0023]

The invention according to Claim 14 provides a
multilayered fire-resistant piping material including 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



fire-resistant expandable layer. - 13 - [0 027] In the

i nvention according to any of Clains 1 to 8, 1 to 10

parts by wei ght of heat-expandable graphite is bl ended

with 100 parts by wei ght of a polyvinyl chloride-based

resin. This is because that when the anobunt of the

heat - expandabl e graphite is snmaller than 1 part by

wei ght, a sufficient heat expansibility cannot be

obt ai ned during burning, whitéh—causes insuffi cient

caul king of the inside of a pipe, ascending of hot

air through the inside of the pipe, and a decrease in
inddrf esuefd &d anEetiper £ DFFRNsei s €iint hexphh@abhantayewhemrhe

the amount of the heat-expandable graphite is |arger
fitdrare il tpait Seyyandalghd |, 1der heat e6n€01Patedi 68 4Sfire-

thermally expanded too nuch to nmaintain the shape,
regigPidnt mpsin chgpps gl af ¢det 2 Bsidyehéat dexpansebl be

fire-resistance. Herein, the anount of the
grayguitt e xpanidab| an grapin s kon svoured eimbt e 1rang8 parigo to

by weight and further preferably 2 to 7 parts by
25 Guenlgfet 1r[ gopgymount thie 1 nvent$ avarice dpyli wgight apgsef on

Cl ai s to 17, 1 to 15 parts by wei ght of
10%@%@%&@@@%@@ ¥ inghdeilowd de-Raveparesiny and

t of a polyvinyl chloride-based resin, This is

theo&,og{?s%wt%ajtamrﬁst HeenFotinited eher h@%%yw%hd%l@nde—

phlte is smaller than 1 part a
ba i TS h (SRS L AQTaria bi 9 rf%ﬁlcraﬁ% L tptaangable fire-
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thr f .th and a decrease
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[0024]

The invention according to Claim 15 provides a
multilayered fire-resistant piping material including a
tubular fire-resistant expandable layer formed 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 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-



than 15 parts by weight, the heated conposition is
thermally expanded too nuch to nmaintain the shape,
resulting in dropping of the residue to decrease the
fire-resistance. Herein, the anount of the
heat - expandabl e graphite is preferably 1 to 12 parts
by wei ght and further preferably 2 to 10 parts by
wei ght. [0029] The heat - expandabl e graphite used in
the present invention is-alérystalline conpound
mai ntaining a |ayer structure of carbon and is
obtai ned by acid treatnent of a powder such as
rediodtaret fdekeigraphite, pyrolytic graphite, or Kish
graphite by inserting an inorganic acid between
[00Zykrs of the graphite using an inorganic acid such as
concentrated sulfuric acid, nitric acid, or selenic
acifd manid i la ystreah f ioe -dard 1 sttt gsi wiong end treat all no £ riloe
acid, perchloric acid, perchlorate, pernanganate,
lnYﬁQﬁWQﬂmﬂQﬁoxﬁlnmyU¢d@b@lme16X|de the080yenThen according
heat - expandabl e graphite having a pHof 1.5 to 4.0 is
to mEhaAns of GErims | hgte hkdpHvhenethehpipénd matarieht is
descri bed above. The pH adj ustnent of the
CONRAtUEHFArRAR 2 t@r%«‘pﬁ*t*éhmu@ilétapﬁl@%warmtﬁr—w@eand is
but $|the state - after acid treatne

sub e dh iR g%?%sw*a 5%%%&%01%%% Yﬁ%%/?la%so 834-
i et i e
B T Lk
l‘L %qus bé' drF%' ﬂor‘nst éhgugf'age 3heEhe heating
ab gr aphi

pan I'te can I NCrease

sid<ERSALHY MBASH 110, %éi‘eif@éffaﬁ&dtﬁéy'ﬁﬁe éggéﬂ'] 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 31 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:

(S2/381)x100 < 50.

[0026]

A multilayered fire-resistant piping material of the
invention according to Claim 17, in the invention according
to any one of Claims 9 to 16, the covering layer is provided
on each of the outer surface and the inner surface of the

fire-resistant expandable layer.



In the invention according to any of Clains 2 to 5 and
Clains 10 to 13, heat-expandable graphite that is
adjusted to acidic is used. This is because that the
fire-resistance performance is inproved by preventing
burning by effectively carbonizing a polyvinyl
chloride resin during burning. This is based on a
property of a pol yvinyl chl%ride-based resin that
repeats a hydrogen chloride &l i'mi nation reaction in
the presence of an acid to generate a fl ane-retardant
carbi de. However, when the pH of heat-expandabl e
[Caphite is lower than 1.5, the too strong acidity
may, for exanple, cause corrosion of a nolding
appar dthes . ir@entherotdwrotdimgy whemy tde @Qlhafs 1 to 8, 1
heat - expandabl e graphite is higher than 4.0, the
to ek} gpartt kivcedbght i of héetcexpaniableographate is blended
. polyvinyl chloride-based resin is |ow, which may
witdpuk@O i PRt s | eVenelightr efr esipstlavéayerdhoraminbe-based resin.
Accordingly, it is determined to use heat-expandabl e
Thig aghiRIFHIRA righat prhen the amount. of [ Pogoheattexpandable

R G A LR CHE it
oAt BRI A SR AP St OB nghLCh
e o R et 5 M et TS et oo the
s e il Sidedi note ARERCE ERE gy B o
dedﬁ%ﬂ%éﬂiﬂ“¥f¥eif%§i Lo éf%%ég%ﬁyg.obnngﬁg'oth%g hand,

addi tion, the polyvinyl chiori ased resin nmay

whedNlfd NARtht €Al NP 40 0685 4410033 v a g e JOPONBL Sy r
havi ng unsaturated bonds that are co o?éhﬁrlzagle 9

thasi tI0 thartd ny Wl e dec HONIBFSd & SmPdition is thermally
expanded too much to maintain the shape, resulting in
dropping of the residue to decrease the fire-resistance.
Herein, the amount of the heat-expandable graphite is
preferably 1 to 8 parts by weight and further preferably 2

to 7 parts by weight.

[0028}

In the invention according to any of Claims 9 to 17, 1
to 15 parts by weight of heat-expandable graphite is blended
with 100 parts by weight of a polyvinyl chloride-based resin.
This is because that when the amount of the heat-expandable
graphite is smaller than 1 part by weight, a sufficient heat

expansibility cannot be obtained during burning, which

causes insufficient caulking of the inside of a pipe,




particularly limted, and exanpl es thereof include

a-olefins such as ethylene, propylene, and butyl ene;

vinyl esters such as vinyl acetate and vinyl

propi onate; vinyl ethers such as butylvinyl ether and

cetylvinyl ether; (nmeth)acrylic acid esters such as

nmet hyl (nmeth)acrylate, ethyl (neth)acrylate, and

butyl acrylate; aromatic vinyls such as styrene and a-

met hyl styrene; and N-substitured mal ei nides such as

N- phenyl mal ei m de and N-cycl ohexyl mal ei mde. These

may be wused alone or in a conbination of two or nore.
asddiiBd]lg MMhd€ ol yEsudhathe€aingiaét of COMBOPYPEII Rd a

vinyl chloride can be used for graft-copol yneri zing
dediease M £idd-r&dd Of dtkee WéhbotmPatél COnhakthe other hand,

limtation, and exanples thereof include
wheat hyHee reenanimty | o fiCiiat leeopokyardshlet Yyhphetei byl larger

acet at e- carbon nonoxi de copol yners, ethyl ene-et hyl
thacryd aart £ dpol wereylst , etlhy | eeetddt gbmpos it ade- tar bbarmally

nonoxi de copol yners, ethyl ene-nethyl nethacryl ate
eXpuptid ers much hyd enelpraby| ere shppeyneesylting in

acrylonitrile-butadiene copolyners, polyurethane,
droriing 1A dte crevidur, tamdecper ypropg| Ehbechedt fhence.

These may be used alone or in a conbination of two or

Henge, §hpasiounhohvidhageedfenpeeaniabe yaEdPRAEE ohS of
the pal yvinyl _chloride-based resin is not
orefrudleti ot 19 | RS DR FE1Ot AR aBFYCORD PECTEBROLY 2
nost preferahly 600 to 1400, since a |ow average
to glerHérpeaertoff Hﬁélwt}?gati on causes a decrease in
{0655’i cal properties of a nolded article, and a high
aver age degree causes an increase in nelting viscosity

;83€%¥2¥§%ﬂ{§%§§da3%9§fgg%*’égﬁggg%%ig§19¢é§:%ﬁﬁ??ﬂﬁ
inVe{teSh 105 8D @MREBIL ine compound maintaining a layer
structure of carbon and is obtained by acid treatment of a
powder such as natural flake graphite, pyrolytic graphite,
or Kish graphite by inserting an inorganic acid between
layers of the graphite using an inorganic acid such as
concentrated sulfuric acid, nitric acid, or selenic acid and
a strong oxidant such as concentrated nitric acid,
perchloric acid, perchlorate, permanganate, dichromate, or
hydrogen peroxide.

[0030]
The heat-expandable graphite having a pH of 1.5 to 4.0
is prepared by adjusting the pH after the acid treatment

described above. The pH adjustment of the heat-expandable

graphite is not particularly limited, but, in the state



degree of polynerization neasured in conformty with
JIS K- 6721 "testing nethod for vinyl chloride resin”
using a resin sanple prepared by dissolving a
conposite vinyl chloride- based resin in
tetrahydrofuran (THF), filtering the solution for
renmovi ng i nsol ubl e conponents, and then renoving the
THE in the filtrate by drying. [0036] - 18 The
pol ymeri zati on method of thé>pal yvinyl chloride- based
resin is not particularly Iimted. Any known
pol yneri zati on nmet hod may be enpl oyed, and exanpl es
afttdersoid ﬁféétmknﬁ.by|kn§@fﬂﬂﬁ@iiﬂtiﬁﬁrgﬁhh@dac@d between
solution polynerization nmethod, an enul sion
laymtsy nef | Zat imataetdbdgraphitt@ ssspensboe, the pH is
pol yneri zati on nethod. [0037] The chlorination nethod
uswfllhel pof yvésy! CTheoeifdeehafed exasipiel,sthet acid-treated
particularly limted. Any known chlorination nethod
gramyi e ehprastest] wabith exappt efot heemovingcthderéhai mahg
chlorination and photochl orination. [0038] The
acigh|grvithes T rtelcobashel geaphitey Beltresd-bynitedings
nmodi fied within the range that does not inpair the
That (e, g Rk P theaarrerardablesgrapbhpostanone
,_1In sueg a case, aresin that is cross-linked or
INGRSRTT LY F RFANRE YRS G (SN WRteheaRe 0d5Y1RGKI ng
[Oqﬁ']wodification may be sinultaneously perforned when
T additive or other conmponent s blended.
Al ternati vel t.he cross-J.inking or nodificatiaq
e e ER5t HBTERTER BeonT g A adth (VAT DiiS and
- i4h resi cross-1linking of the.
LA R i et B M GO ittt A ustea
to RRildiCulay 4|d IafﬁPF'iﬁaﬂgcgugéu@haﬁr@ﬁg'kﬁgnggsistance
nmet hod of a pol yvinyl chl oride-
performance is improved by preventing burning by effectively

carbonizing a polyvinyl chloride resin during burning. This
is based on a property of a polyvinyl chloride-based resin
that repeats a hydrogen chloride elimination reaction in the
presence of an acid to generate a flame-retardant carbide.
However, when the pH of heat-expandable graphite is lower
than 1.5, the too strong acidity may, for example, cause
corrosion of a molding apparatus. On the other hand, when
the pH of heat-expandable graphite is higher than 4.0, the
effect of accelerating the carbonization of a polyvinyl
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.
[0632]



based resin, such as cross-1linking using various types
of cross-linking agents or oxides, cross-Ilinking by
el ectron - 19 beamirradiation, or a nethod using a
wat er cross-linking agent, nmay be enpl oyed. [0039]
In the invention according to Claim4 or 12, the total
addi tive anount of the group consisting of |ead-based
stabilizers, organic tin-based stabilizers, and hi gher
fatty acid netal salts i5 863—to 5.0 parts by weight
based on 100 parts by weight of the pol yvinyl
chl ori de-based resin. This is because that when the
t otrangd@id iofe tHOWH1 i) cHIWi dEHBISd | Fs D used in
| ead- based stabilizers, organic tin-based
thetabidn Zass, a@cfkdrcm:g@etof@ﬁwoﬂca:ﬂamgan gal 13 ificlude
smaller than 0.3 parts by weight, the heat stability
polofviel qiol ywidey | hatbpsl gee basedopesimners dif Fiaylt to
be ensured during nolding, which may cause easy
chlgeniete triayond r € aziind desnomler $ ngawbhgi ngsatarabedobbeds that
hand, when the total additive anount of the group
are gt ymer bfalbh kadv bels ethetabnyl zehsoride gnanemers; and
tin-based stabilizers, and higher fatty acid netal
Jrafd} teopal yegpRerin Helmi gh ovpari schonedghis gheft-
accel eration  of the carbonization of the V|nxl )
CORI 618 Ticz 3sh B e 659 PRALYTYES bk e Rgtpan| ﬁhlﬂbit ghloride.
whi ch may cause insufficient fire-resistance
TheRg fﬂzﬁmﬁ%éﬁ? PRI Banbt 3 oPTpHRatE31- phskye or more.

in SR dS que”%cr G el e s ot fotonib onay Be
d d p | at t | ead - 20 | eat
en R e B e tend siticate,

[0 asic | ead stearate | ead stearate, and | ead
napht hal at e.

The monomers having unsaturated bonds that are
copolymerizable with the vinyl chloride monomers are not
particularly limited, and examples thereof include a-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 o-
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



[0041] Exanples of the organic tin-based stabilizers

i nclude nercaptides such as dibutyltin nercapto,

dioctyltin nmercapto, and dinmethyltin nercapto;

mal eat es such as dibutyltin naleate, dibutyltin

mal eate polyners, dioctyltin maleate, and dioctyltin

mal eate pol yners; and carboxyl ates such as dibutyltin

nmercapto, dibutyltin laurate, and dibutyltin [laurate

pol ymers. [0042] Exanpl es &f the higher fatty acid

metal salts include |ithiumstearate, magnesi um

Stearate, calciumstearate, calciumlaurate, calcium
ch¥d€id® | eotioust font { 4N 8t eimi €2t i 63! | HANSERANPBLEs thereof

barium | aurate, bariumricinol eate, cadm um stearate,
inchdia Ui plsed-evi SRt it 61 66pedyRer §Ad8t HPlene-vinyl

napht henat e, cadm um 2- et hyl hexanoate, zinc stearate,
acatiame-danbat anozdnde | copol gates, zétiiylene-ethyl acrylate

2- et hyl hexanoate, |ead stearate, dibasic |ead
comtlomen s, etrhly]ene-hapht heoay bat§0048bon | mohbride

i nvention according to Caimb5 or 13, the anount of
cophermeiss ¢ edmpoenme-netioyB nethadrpbats dypokymarsbased

on 100 parts by weight of the polyvinyl
ethuhle91e TRERISERNS exoprlyTer S, | achetanber i hatbwhediene

addi ti ve ampunt of the basjc conpound is smaller than
CORP YRS s RAA XA fHane hePplbeethy bane sehbpridg, ofndhe

pol yvinyl chl oride-based resin is difficult to be
po%ﬁﬁﬁh&é&%ﬂﬁi?ﬂ}?ﬁﬂQﬁng?hﬁﬁ?cﬁaﬁayecﬁé§9 gigpe or in a

ener.ation of carbides during nolding. On the other
coﬁhﬁﬂftlQﬂuﬁﬁnqﬁ?zﬁﬁﬂm?ﬁ%‘annunt of the basic conmpound

[Od%5ﬂ arger than 5.0 parts by weight, the accel eration
of °‘car boni zati on of the polyvinyl chloride-based

P, RS MR, G IV e U U e s
chloride-based resin is not particularly limited, but is
preferably 400 to 1600 and most preferably 600 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]



performance. [0044] The basic conpound is not
particularly limted, and exanples thereof include
cal cium carbonate, calciumsilicate, calcium
hydr oxi de, cal ci um oxi de, magnesi um car bonat e,
magnesi um hydr oxi de, magnesi um oxi de, barium
carbonate, al um num hydroxi de, zinc oxide, zinc

hydr oxi de, and iron oxide. [0045] |In the invention
according to Claim6 or 14, 1he term "expansion

vol une of the heat-expandabl e graphite” refers to the
vol ume per gram of heat-expandabl e graphite after heat

exmimmﬂMti&hQﬂW%p%W@Mﬁy@inyl chloride-
heat - expandabl e graphite is determ ned by the
baded | ooty ps oceSsSpaddiEntaglan Ohidedanpng ikndw in a
500-cc. beaker that 1is heated in advance for 20
polymert £5a o omumet hod amsigabe ngmpl2edf uandcexamgles thereof
heated in the heating furnace (furnace tenperature:
ingbod)a B)1lafpelyiBorseabids, méheoipakesolatiaken out
fromthe heating furnace; 3) The sanple in the beaker
polyrelbtalien neohedi eapeent Ligbon poTmenkzghionndethed,
volune of the sanple after expansion are neasured,;
and i SRS il RO bYME Tbrakbonpfmekkodanpl e after
expansi on)/ (wei ght of the sanple after the expansion)
E0037] cal cul at ed. [ 0047]

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-1linking by electron



The expansi on vol une of heat - expandabl e graphite
varies depending on the type and anount of the
i nterlayer conpound of the heat-expandabl e graphite
and on the particle dianeter of the heat-expandabl e
graphite itself, and is a very inportant factor for
exhibiting fire-resistance. In the invention according
to Caim6 or 14, the expaQ%ion vol une of
heat - expandabl e graphite 1s~¥00 to 250 nl/g. This is
because that when the expansion vol une of
heat - expandabl e graphite is smaller than 100 nL/g, the
beagx piansi dina tvobnyreo it sa tieet lsodl hsingaghieversetbssienhking
fire- resistance, which requires a | arge anount of
agedat rexpdreladel ogediphite for increasing the
fire-resistance and nay cause defects in, for
[0Q3&hpl e, physical properties or nolding - 23
properties. On the other hand, when the expansion
vollemEhef inyeatiomanraiding dphiGladin 4 amel2 t Hare 250tal
1/g, the heated conposition is thermally expanded
Adqigd R APy e hitdie 9¥RuP sqa@rwswghofmge@@u@@sed
rappi ng of the residue and a decrease in the
st l?'el-zr St LG B TPased exdphkigprsy opndehbgher fatty

i S ool A 4 R So0oH el Sboamted on 100
| t | di to Caimdys 15, the 1. 3: )

an e BV £ skt or it o Shadrhannd g7ami  anis

g | t wh I

o R Rud R End AL RS 5o £ e Garov

cons e WiNacs g1dy JMu %Jﬂﬁﬁff@?{{ 2‘%1 #&ié TE(Jte lebased

constant and the expansion ‘magni on of

sta$AMRlRAsS bndl HiER O e B2 Alid r}@etéler%ﬂ@ u{)se'srﬁé]ller
ef 1 ned by

addi ti on, expansion magnification i1s d

thagl\é?gr@g@)a&'ftsSWh%i@H@r At /e e piosaml e
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.
[0040]

Examples of the lead-based stabilizers include white

lead, basic lead sulfite, tribasic lead sulfate, dibasic

lead phosphite, dibasic lead phthalate, tribasic lead




heating). The resin tenperature during nolding refers
to the highest tenperature of the resin during
melting. [0049] 1In the invention according to Claim?7
or 15, the 1.3- tine expansion tenperature of
heat - expandabl e graphite is 180 to 240C. This is
because that when the 1.3-tine expansion tenperature
of heat-expandabl e graphite is Iower - 24 than 180C,
t he heat - expandabl e graphi't 8%maty expand duri ng
nol di ng, which causes a defect in appearance of a pipe
and also nay decrease the fire-resistance during
maliatd N dpideipoides dansi 1 wbgngéheadd31éhdesilicate,
expansi on tenperature of heat- expandable graphite is
dibdgherlddthns @G td heYead Sstwarask, Odsiesdi ngpethalate.
expansi on of the heat-expandabl e graphite during
[00Wlldi ng, but thernmal deconposition (foaning) of the
pol yvi nyl chl ori de-based resin progresses during
buE#ianglesTiedr &her @rgsimice ttile-beeatd extpdnidaldexrs include
graphite expands after a reduction in plasticity of
menGaPIsigs i Figh o od it phséd messhaptor hdipetylitiyl mercapto,
ch] ori de-based resin may not bear the expansion of
ang KNty i ResfaP g aptt ka2 §9s brueh ckerdikut pletes.
[0050] .. The fire-resistant test in the invention

ma LeatSirdiHP Uy L HAThitR ke ah® 10 1 0% r | P Gir L BER gral et e,
. luat i thad of f test f
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f ri terial used was PC (precast concrete) plate
1 %_ﬁ}b@i . _ .
aufkéng h:y§%6§%n1 wi dth: 1200 mm thickness: 100 nm,

[oowich is a flooring material of fireproof
construction or semi-

Examples of the higher fatty acid metal salts include
lithium stearate, magnesium stearate, calcium stearate,
calcium laurate, calcium ricinoleate, strontium stearate,
barium stearate, barium laurate, barium ricinoleate, cadmium
Stearate, cadmium laurate, cadmium ricinoleate, cadmium
naphthenate, cadmium 2-ethylhexanocate, zinc stearate, zinc
laurate, zinc ricinoleate, zinc 2-ethylhexancate, 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



fireproof construction prescribed by the Building
Standards Act. Exanples of the flooring material to
be used include, - 25 in addition to the PC pl ate,
the follow ngs: 1) A wood frame nenber in which a
gypsum board (thickness: 9.5 nm is bonded to the
upper surface of a structural plywod (thickness: 12
nmm and a reinforced gypsumboard (thickness: 15 mm)
i s bonded to the |ower saOrface of the plywod; 2) A
wood frame nmenber in which a gypsum board (thickness:
12.5 mm) is bonded to the upper surface of a
st TUCEHIet hey/ WOSTy €1y CKAeSSride-PRted@ndeb ¥ is difficult
rei nforced gypsum boards (thickness: 12.5 mm are
to ondatsited htut Ovegrmo BaLAqe ewiol ch hta pl yx0ed; e33yA
I i ght wei ght foaned concrete (ALC) plate having a
gerd atkines so Of cdi des odunie; mabdidy . ACpr etes bttenc hahel,
(PC) plate having a thickness of 70 mmor nore. In
wheparthe ddditihe scpt avf Gine baei PCopghpoendhayi hgrger
t hi ckness of 100 mmor nore are preferred. The gap
thasetwdbrraties phypiwei olet erile andeidratonpapfnearbonization
pass-through portion was caul ked with nortar. One end
of dthg elyiing ohleride-hagsedxposty derindcaurngng i
. by 300 nMmfrom the surface on the heating side of the
ln}TJ}]%]d:r‘?‘?vg VR Eh iBY CamFthesethirient birenkepiprapce
terial was exposed to a non-heating side by 800 mm
P YMEHe® surface on the non- heating side of the
[O(H‘ﬁori ng material. The furnace used in the
e-resistant test had a structure that can heat one
su C f. a floor t.erial. and ,-. 2 an .al t
unﬁ?’or%a% lé:l Ve “é‘%&rsaﬁ cth}nagret licﬁlqtaer erlgtngl;'t:ed' 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 term
"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



based on the follow ng Expression 1 conplying with
regul ation of 1SO 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 wth a thernocouple (hereinafter, referred
to as "furnace thernocouple”) for neasuring
tenperature in the furnace &2 & position apart from
the floor material by 100 to 300 nm such that one to
ten hot junctions were arranged uniformy with

furespecind ois heciest surtneenehting EleghcBBietirahce
Then, according to the regulation of SO 834-1, the

tempefﬁtﬁﬁesthﬁmOfGSt furnace was heated so that the
tenporal change in tenperature (hereinafter, referred
t 0 Zds A'feat i3y sd@mpky attiie "Heaieas ur €dt diyert heut from the
t her nocoupl e can be expressed by a nunerical val ue
heatepr@sturmacedy the foll owing Expression 1. T =
3451oglo( 8t +1) +20 (Expression 1) In Expression 1, T
derfdt dheapamrdcage tdmpdreahar (C)cooledecd urpeme, and
t denotes elapsed tinme (mnute) in the test, and the
tew&#&% U e was measured within every one m nut e

d 0051 R di th
e

naterlal before - 27 burning, the

d f th
eXp;‘ilf eln% r%?egrrﬁ%ﬁ suiedib At ed for inner diameters at
I e%s’t I’he vv\qéltsjelt rciefCtdcaﬂ befo start |Fg]geeof the fire-

resi’st ance

h
cx RS (AWl @@eeé;%@%ézg (o BIELSFRRATSD s

cafg&gg{ggmtlonal area S2 at the mninmuminner dianeter
portion of the piping material after

[0047]

'The expansion volume of heat-expandable graphite varies
depending on the type and amount 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 1s 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




burning, after starting of the fire-resistance test,
when snoke appears fromthe gap between the
conmpartnent pass- through portion and the piping
material on the non-heating side, the burning in the
fire-resistant test furnace is termnated, and then
the flooring material panel is imediately renoved
fromthe fire-resistant furnace. After cooling of the
pi pe, the caul ked pipe i s~oB3erved fromthe heating
side to determne the projected area S2 thereof. The
S2 may be neasured by any nethod such as the
prdpd Mo 1 gson at ABt BEHe By hhABgEwRBal ¥8kS efbanspbot @@namR of
taken from the heating side, or a nethod by sketching
heat {0} AR50 P Hd S 100 Bs PEPLGer Chidihi 2YO oL/ §ethe heated
sketched portion and wei ghing the cut-out paper, and
comgetseirtmian nigs tites 1522 hyy pegpatidédnabo cahchl @b i mainbasedthe
on the wei ght of the paper of which weight per unit
shagresa whel el mesdycammswirafeingooSnoke vasidbseanadaf or
2 hours, the test is termnated after 2 hours, and
dequeng? jrs theasiiresttgsisteanedovienedni ohbe prpeasdon-
28 - [0052] In the invention according to Caim8 or
voligne He hedtrexpandablel Hapihet £xp? gesebpraply 120 to 230
S2/ Sl ) x100 represents a gipe I nner cross-sectiona
mL /g DD Mt t(RIGHE AP LY t140 bk® 4. B AJ- t he i nventi on
“Mﬂﬁgording to Caim8 or 16, the pipe inner
cross-sectional area proportion is 50%or less. This
i s__because_t hat. when the .pi I nner, cr.oss- tignal
ar 88 TRPopaVENGHi oS ASPEH &R SORLT Ho Fasein rbugh 3
.. portjon j.n.a i pe after burning cannot be effectiyvel
tirfl iedthe Tif SR e o s et ar e SoedPit iR b
tedEgJéHdggug% 4(%g§ging 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



In the invention according to any of Clainms 1 to 17,
additives, such as a flame retardant, a stabilizer, a
| ubricant, a processing aid, an inpact nodifier, a
heat - resistance-inproving agent, an antioxidant, a
light stabilizer, an ultraviol et absorber, a pignent,
a plasticizer, and a thernoplastic el astonmer, may be
added wthin a range that does not inpair t he
physical properties. [0054F4As the flane retardant,
any flame retardant that increases flane retardancy
during burning can be used w thout particul ar

thdn NM4@E PNch@ntle £xEPHLSA4DEE e9FapRELt HdRaPYERkpXhEe8uring
such as al um num hydroxi de and magnesi um hydr oxi de;

moXYTH @I abiei dle; cand e S0aYdOREGESisUSPpasSrantendiya pipe and
di oxi de, antinony trioxide, and antinony pentoxide; -

al$9 mawpl gdachesawe cioimg ofihds- seigchs asno®| ghdéngnbtirhorgde On the
nol ybdenum di sul fi de, and anmoni um nol ybdat e;

othmoniared basteeh compolingist iseichxpsns eonabempebasphenof heat-
A, tetrabronethane, tetrabronethane, tetrabronethane,

expantaete aprapiet hanks hphovsphbras - H48eQ@, cobhpoends sachisk
as triphenyl phosphate and anmoni um pol yphosphat e;

Ofcﬁﬂ%ﬁﬁ#ﬁQmﬂﬁu%ﬁpémﬁlQﬂn@fb%h%t@eatﬁ¢§nﬂnﬁébQEeqpéph@te

of the effect of preventi d% burni ng of pol yvinyl
duginprieidingy  Pivhythe ol e?@m@%ﬂreanaﬁyammm of the
preferred, because antlnDn ounds enerate

po %é‘rld@é%amor kod EOFHe P ARS pRBLLAG PBFNing -
Th e o i B isat ”e”%ﬁ%m%fe SErEhaFEncapoRry after
a MALEE s SILLE QY NGE AL ofl Vi | RIS T dt Sopqed
re rpeﬁ9%££%a§%56%§ fgﬁiyff@etggsgga{e§f§u$§§ Hgtegggftthe

y'the' e
expansion of the heat-expandable graphite to be broken to

pieces.
[0050]

The fire-resistant test in the invention according to
Claim 8 or 16 1s carried out according to an evaluation
method of a performance test for pipe passing through, 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 fireprcof construction or semi-
fireproof construction prescribed by the Building Standards
Act.

Examples of the flooring material to be used include,




expandabl e graphite and the flanme-retardi ng effect by
the flanme retardant can nore efficiently inprove the
fire- resistance performance during burning. The
addi tive amount of the flane retardant is not
particularly limted, but is preferably 1 part by
wei ght or nore and 20 parts by weight or |ess based
on 100 parts by wei ght ofﬁt?g pol yvi nyl
chl ori de-based resin. Wen e amount of the flane
retardant is less than 1 part by weight, sufficient
synergetic effect nmay not be obtained. Wen the
in gAditien thetli¢ i phate dabhe-f@Dlowsngsgher than 20
parts by wei ght, the nolding properties and the
ph)lél |w0§wdo;¥erratmee§namaﬁmeusw§mqh carflyBswe drezdd.
0056] The stabilizer is not particularly Iimted, and
(t 2% thet dBP) | | ReRAPRAEO sthdi WPReF ssuRfageapt a
[ atj on ald? The heat stabilizers are, not

b
Straiﬁ Llf a‘?]rXi“P‘?% i kRS X ahpl B HaRGoR Feinferced
' ed stab h di but yl t
SRR (RORHIS T mbf CHB oL doRARg | 1o ncber Lalpes,
surdﬂ&f%g ygg %@ra to, dibutyltin maleate, dibutyltin

eate po y |octylt|n mal eate, dioctyltin

MLFARE RAUY Flotre deitior] Ul wrl U A Gy A BDUEYI LT D

Iaurate pol'ymers; [ea ased r's suchas | ead

(trlEH A £y IB basie) Lﬁ§Qgﬂﬂﬂ§Ph§£ agggéf'gﬁffgcéegg a

sul fate; caIC|un}Z|nc ased stab

stlbﬁ:r’dd«ifﬁlﬂﬂcyﬁlﬂﬁfd tﬁ&f&tﬁé@f Si2 aRsh nd two reinforced

arlun}cadn1un}based stabilizers. ese may be used

gy WS rdd) @ EiiRided i o of rmﬁ)WOaPé P Ged [095he THRer
heat stabilization aids are not particularly Ilimted,

suAateexafimies ghefeaad; | ncl ude epoxi di zed soybean oi
phosphat e esters, polyols, hydrotalcite, and zeol i te.
Th8seA 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



may be used alone or in a conbination of two or nore.
[0058] The lubricant includes an inner |ubricant and
an outer lubricant. - 31 The inner lubricant is used
for reducing the fluid viscosity of a nelting resin
during a nolding process to prevent friction heat
generation. The inner lubricant is not particularly
limted, and exanpl es there%f include butyl stearate,
| auryl aIcohoI stearyl aIcohoI epoxi di zed soybean
oil, glycerin nnnostearate stearic acid, and
bi sam des. These may be used al one or in a conbination
canpfalneRt ginkieenl rhelivet @rt¢mperainthasgeséd femperature
accelerat| g sliding effect between a nelting resin
Pasgil on rigteal feliewked dirprgsalonol deemp by boeseitihe

outer, lubricant is not particularl limted, and
rquéﬁﬁﬂQEBQ#mﬁ%Qﬁ 834t uere %%%a?Y?ﬁ %ﬁ& enbbrgotgﬁtnsurface
X st er X, and nmontanoi ¢ aci d wax. These ma
of \Llﬁ'ééd Utle BFLT TS c BT MAEPDNSOFLRGH OF Hoeehep BBQ]Slde
t t I I ted d
of JH R M T horatiehd ?tLeré%;%@%%%%'cZ‘sang ai ds
hadt Ry el o L Ao a0 Tt Tt g SOT00 Te
wi l
e aﬁ&lﬁﬂ#t%ﬁ"‘éqﬁa%ﬁﬁzs’é ecﬁ‘Z §' Facl tgnace
thél’nﬁiﬂdﬂpl@fylﬁiﬁ W in %E’\Sf‘e Cﬂ?g%%%?éﬁrggge at a

2- et hyl hexyl acryl at e- net acryla
podBlkAL ragAtte M@'M{@rﬁlocﬂ‘% O%googf uf@gzl% 08§80 Am such

in a conbination of two or nore.
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 = 3451log;p(8t+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
pericd.
[0051]

Regarding the pipe inner cross-sectional area S1 at the

end on the heating side of the piping material before




The inpact nodifier is not particularly limted, and
exanpl es thereof include nethyl
nmet hacryl at e- but adi ene- styrene (MBS) copol yners,
pol yet hyl ene chl oride, and acrylic rubber. [0061]
The heat-resistance-i nproving agent is not
particularly limted, and exanpl es thereof include
a- met hyl styrene-based and N-phenyl mal ei m de- based
resins. [0062] The antioxidant is not particularly
limted, and exanples thereof include phenol -based
antioxidants. [0063] The light stabilizer is not
bupairgcuthe| yiringtedtennd]l ézamphesredefesf ihnekrudéameters
hi ndered am ne |ight stabilizers. [0064] The
at yleagyi bnekwabdbreetipasnbefpapet taraing piEnthed firgnd
exanpl es thereof include salicylic acid ester-based
re%%%%%%ﬁ%n%%%tbE@e@alﬁéﬁQB?rFB?oﬁgeﬁégédlnﬁﬁé dlameterr and

anoacryl at e- based ultravi ol et _absorbers. [0
thﬁ%e ¢ \3 ?%nﬁBtcﬁaﬁﬁlEﬁFEFP?aﬂlﬁF?éd31aﬁa é%éﬁﬁﬂé§9d

jat L T
mi DLAR Chdnet ot RS 8 DGRt O PE HBF B ERng s Eeeg s tongter
burnfé% i f{égfgégkgf g tHéggfggsreggggchengst when

orlde Fresi n” ma

8 R M
thPbhdk! Sortf6n 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 is
immediately removed from the fire-resistant furnace. After
cooling of the pipe, the caulked pipe is cbserved from the
heating side to determine the projected area S2 thereof. The
52 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 weighing the cut-out
paper, and determining the S2 by proportional calculation
based on the weight of the paper of which weight per unit
area is already known.

When no smoke was observed for 2 hours, the test is
terminated after 2 hours, and the S2 is measured by the

above-mentioned process.



anmount thereof is preferably small. The plasticizer is

not particularly limted, and exanples thereof

i ncl ude di butyl phthal ate, di-2-ethylhexyl phthalate,

and di - 2-et hyl hexyl adi pate. [0067] The thernoplastic

el astonmer is not particularly limted, and exanples

thereof include acrylnitrile-butadi ene (NBR)

copol yners, ethyl ene-vinyl_ %egate (EVA) copol yners,

et hyl ene-vi nyl acetate-carb nonoxi de ( EVACO)

copolynmers, vinyl chloride-based thernoplastic

el astonmers such as vinyl chloride-vinyl acetate
[0Q@Dpbl ymers and vinyl chloride- vinylidene chloride

copol yners, styrene-based thernopl astic el astoners,

ol &fy M@awqq@ﬂ?omcammbl@ A0 dHeriEn iret hbme-thasealue
t her nopl astic el astoners, gester-based .
ob e prustie BXRESOWEPR, OhniSHOFY hrl ¢é- peRE@sents a pipe
. _thernoplastic elastoners These, t hernopl astic
T st sS%E/l‘B‘éahs%ﬁe%l RREPOBFIPH é%boﬁ%Fﬂ’at PeRndRg. In
two_or The t hod_for Xin
th%d’d?‘f?%lsom C%‘gwwﬁ%mc%%ﬂ b*a ecPiEe; ﬁnpgr
art:cul mted, and : exa les t
cr e B SRl e by hoRS 5 Bt T " 48 FefRoc Ev Sedfd
g ] e the fire-resist
be%‘%%‘%g G chERIP Pl Heverfr ShipTet laeea

prcfr_giucgﬁrcﬁ'?' 4 afﬁﬂ%é]?e&fr?d&ﬁ% Meend e%ésc'.& apt - pi gﬁ g?f@{[.én in a

ernore i re-tesistant I pI ng

pigd& &S %ﬂrrﬁﬂ‘/{f rﬁér?ﬂib’é SpdoL ﬁPQcﬁ%@l?ncaﬁf%éHdeﬁhQEh may

an injection nolder that is usualTy used type
notalgh ¢dey st £irsdaper&f rd ipsDhderpdf EoPRinPar ticul arly

limted as | ong as sufficient kneading can be
[0qE3 ¥ or ned,

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 ultravioclet 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;



considering the tensile strength and the inpact, and
an extruder allow ng continuous nolding is preferred.
[0070] Since the single-layered fire-resistant piping
material of the invention according to Caim1lis
constituted of a fire-resistant resin conposition
cont ai ni ng heat - expandabl e graphite in an anount of 1
to 10 parts by wei ght based,gn_ 100 parts by wei ght of
a polyvinyl chloride-based résin, the nolding
properties thereof are excellent. For exanple, the
pi ping material can be continuously produced with high
mo lgfhdenye ceanrgunds greih axtmekigrdenym | by bexidea, nod debdenum
_or. the Iike. Furthernore, since the polyvinyl
disiH rdare-and ampaesiyn el geddt exth reful nérrprsed heompounds
burning rate is effectivel reduced, and thereby the
sSugh & UHIRREANR SRR Y VA d kg Hepb IRmeF nean be
e tSURPr eSS d. In addition, since the resin - 35 forns
etr‘&gﬁﬁci“he

e di Frfi HF e A n@NAnt ek R RARE
Phas IR SAART R o T [0t B aDI PG £ cnd
' I th b hi bi t ,
eI AT o o by B R Cpartied DY heRRz e
Fro%ﬁrtm%]grir 1'r§c ch‘ft % eiegé téf’?f’eéeergufr?g'burning of
erefore, ‘the single-Tayered firte-resistant piping

polwigﬁ}lalcrﬁfortigfe ,prmﬂ%?r}yvt.ﬁmﬁwgﬁ exeal 1@5{; ae%i re-

resi stance and expansi Ity Inits and t can

prefeave, flanm ANt Sk f rapRanedd ajd -4 tlli‘a?l(ﬂéé‘ﬁéted

side partitioned by the conpartnment” pass-throug
anti@idryordipddifis exxpaisd Breddte PF HAbdei£fd@! compounds

itself during burning and the effect of” reducing
undeur mirgh rneddli 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
between 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



The single-layered fire-resistant piping material of
the invention according to Caim2 includes a
fire-resistant expandable |ayer made of a
fire-resistant resin conposition containing
heat - expandabl e graphite having a pHof 1.5 to 4.0 in
an anount of 1 to 10 parts by wei ght based on 100
parts by weight of a polyykﬁﬁl_chloride-based resin,
and thereby has the foll owng excellent effects. That
I's, since the single-layered fire-resistant piping
material of the invention contains heat-expandabl e
is dgriapiet ehdravihgartPH oy Webgho, 4 10e noldbgg bpropagties
not only the acid - 36 disposed between | ayers of the
anchgdte expeaidabl eoxprgii ies bray k¢ seignef heantlyndéaragsed.
on the surface of the heat- expandable graphite are
[0i&kcharged. Therefore, the ampunt of discharged acid
is larger than that of the neutralized heat -
ex paSdEEPRidiZsT e naitd PAT &I Whiataky dnitdRd i Andf

hydr oge chlorjde fromthe pol yvinyl chloride-based
ew@ﬁﬁ herghb Hchude s et 1 42T Red ol Yo by

hl ori de- b d ' ' bur, ni, b

StaEHIAAT Vit SeibonfDBAReAE  SEaPELtPEE Sa8E Prdobur ni ng,
o LA, RS, 1 S0 et oo 5o

. | de- ; [ t_ st i DJ i.th h
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_ Lo e . ¢
i, Hicieag b Akde (v S et Sp 5T A SHREPERERS
me St f Sy iR dhdtea Be ,”%ﬁbﬁ%ﬁ@f@rlﬁ&l@afé’rpolymers,

nol'ding the piping material. [0072] 1In the invention

didﬁ%&ﬂﬂﬂﬂﬂhél&éﬂéﬂfﬁibcﬁf&ﬁf@ m&y@ﬁﬁéoﬁolﬁﬁéﬁéﬂi@ﬂb&@yltin
Caim2, since the fire-resistant resin conposition

ladrat@d aidnd Casi ey NSian adeh té Vigo I pitie P pVi dhdigba beat
stability during nolding, the elimnation reaction of
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.
[0057]

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

[0058]

The lubricant includes an inner lubricant and an outer

lubricant.



hydrogen chloride fromthe pol yvinyl chloride-based
resin during nolding is suppressed to prevent the
resin frombeing deteriorated and carboni zed during
nol ding. [0073] In the invention according to C aim
4, in the invention - 37 according to daim3, the
additive for providing heat stability during nolding
contains at |east one selectged from the group
consi sting of |ead-based stabilizers, organic tin-
based stabilizers, higher fatty acid netal salts, and
basi c conpounds in a total additive amount of 0.3 to
5. OClparinney Lyl gbanbasedused 100r predschpgwehghtlofid
t he pol yvinyl chloride-based resin. Therefore, the
vigeeettyrafi annahiingarpsanzduirdngot meddiagi proweissg to

nDIdlng can be grevented by suppressing the
PTRYPHE nhF1BR1PRABERENIBRCRFHLOFen W1 oty Fulgmiqant is not

I d -b d d | di

pa PR LAY by Dk tS%ﬁse%?%ﬁea)“%%%;eg'épﬂbﬂiugédbutyl
Stneut£allgat|oT i M % g chl g i substitution
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tw@néglﬁgreponpared to other additives that provide
heat stability during nolding, the product yield is

hi ghhe anfta s edPNGis nﬁof%@é@ﬂ@f’&fﬂﬁr.@ﬂh&fr}g

in extrusion nolding 1s excellent. In additio

eff@@ﬂ_b@ﬁﬁ&eﬁtabmélgﬁﬁﬁ r&ben0sHaNECmethl- B88€dce during a
stabilizers, and the higher fatty acid netal salts

mo?ﬁnwgd?rﬁmgﬁsﬁDWﬂbn@uib&b&bb&McéhQn1@fnhﬁﬁp%m@ﬂaularly
llm1§2§? aés 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]



- 38 small. Therefore, since the additive anounts of
these additives, based on the anount of the polyvinyl
chl oride- based resin, may be snmaller than those of
ot her additives that provide heat stability during
nol ding, the tensile strength and fire-resistance of
a pipe are hardly decreased. [0074] In the invention
according to Caimb5, in thzinvention according to
Claim4, a basic conpound’is“further contained as the
additive for providing heat stability during nolding
in a total additive anobunt of 0.3 to 5.0 parts by
weiTdiet 1impasded o il padrs sidly pwerd tgitdulofr T el el tyed Nyand
chl ori de-based resin. Therefore, the heat stability
exanlery theckag bndlude meensl |reshaengt dtafdutadiene-
fire-resistance of a pipe can be further reliably
stwifhf edBYlooraiol @iere tiel wetlyy ketayehbaride, and acrylic
f|re resistant piping material of the invention
rding to Caim6 is constituted of a
“M%%He resistant resin conposition containing
t - expandabl e graphite having an expansi on vol unme
he.range of, 100 to,6 250 in an anount of 1 to

10TRE P iy LRSS nﬁgséam&ﬁwmo aﬁ&’}ts .qu ngh gartgcularly

i Ahh G W T 2 it rcﬁ};_ﬂ? wmﬁp@gs%%-based
and’ - %{Yl%q_eﬁ?rﬁ_d) RAagrleral s excellent in

ape 0 Furt her nore,
[Odé@% ponV|nyI chl ori de- based resin repeats
de-'hydrochloric acid to - accelerate car boni zat i on
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strong residue is forned, excel

exa@des R HUHH IR %&ﬂ&%@&%@oi%nts
synergetic effect wth'the heat-expandabl e graphite.
[0063]

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

The ultravioclet absorber is not particularly limited,
and examples thereof include salicylic acid ester-based,
benzophenone-based, benzotriazole-based, and cyancacrylate-
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 oxide-based,

molybdenum chromate-based, sulfide/selenide-based, and



[0076] Since the single-layered fire-resistant piping
material of the invention according to Claim?7 is
constituted of a fire-resistant resin conposition
cont ai ni ng heat - expandabl e graphite having a 1.3-tine
expansi on tenperature of 180 to 240C in an anount of
1 to 10 parts by wei ght based on 100 parts by wei ght
of the polyvinyl chloride-based resin,
nmel ti ng/ t hermal deconposition (foam ng) of the
pol yvi nyl chl ori de-based resin do not progress even
if the heat- expandabl e graphite has reached the
fenrgeyamidexbaned opiomenper at ure, and the el ongation
viscosity of the polyvinyl chloride-based resinis
[0%&6 ht ai ned. Therefore, the polyvinyl chloride-based
resin effectively extends according to the expansion
of e REafigkpardHt e dphied 1o5iomin ¢erkain 2

resj stant expandabl e | ayer. Since the pol yvinyl
PLfFETIHRE, ARk IS RSP ntiE RIBSEYGEAGE ymaY  BBRF288e the

ool e 72 ol e Epn. e e 800,017 e
.. [0077]. In_t i hgl e-1| d fire- i stant
am%ﬁ%ﬁrﬁf%@ﬁ% ?%ﬁ %?epgﬁégrgvgﬁ??%gr:ccoLgsn;efgscfgim

8, i i ion .- 4 r di . f
5 2o SIS Lon ¢ 8 AFGELeL 8 1 AN, OO, oo

ex GRS UNEEOP BiciulAatnbty PUgHRa 12001 | 08 o BLALL Rbxy1

phithd Tt SO £34-d) - 3 Ne ¥y Che £ HE g&ﬁg&@éde of the floor

is heated under the conditions that one end of the
[0@dpj ng material is exposed to a heating side by 300 mm

from the surface on the heating side of the flooring

mates itdleBisbl ddedc tdBaotbreérend abtt RRrHiRINGrly limited,

material is exposed to a non-heating side by 800 mm
and rexmamibe s wHaceo Oniidbud®nacrylnitrile-butadiene (NBR)
copolymers, ethylene-vinyl acetate (EVA) copolymers,
ethylene-vinyl acetate-carbon monoxide (EVACQ) copolymers,
vinyl chloride-based thermoplastic elastomers such as vinyl
chloride-vinyl acetate copolymers and vinyl chloride-
vinylidene chloride copolymers, styrene-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
Oor 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



heating side of the flooring material, a pipe inner

cross- sectional area Si at the end of the piping

mat eri al before burning on the heating side and a

pi pe inner cross-sectional area S2 at a m ninmuminner

di aneter of the piping material after burning satisfy

a relationship of (S2/Sl)xl 0O 5 50. Therefore, the

pi pe inner cross-sectional_ ayLea during burning

beconmes 50% or | ess of the pi'pe inner cross- sectiona

area Si before the burning. As a result, when the

siggle-layered fire-resistant piping material of the

ent thayenfi bpclydeénst métbddsbyabottblpadsnghrodgh

the floor, even if the underside of the floor is

mehed Y t e°1d0peRdinGre, the resi due does not drop
06%@ the underside of the floor so that a state that

[ pi pe is al nost caul ked continues for a |ong

ex

AT T o h T2 L AT P A B3 G bt coBrkhe
o FR oL fEpbrat e Br-PrE<piptApt RAPEF) APdoriede
re P r el LS Thh g PHERBRERC R T i meedtant
ot e S O TR IERE PR 0n S HBTARET B o

extYusof t&PI 1Y fﬁ'é&%ﬁ&ﬁpmggdefa£ﬁ££a£s.ﬁgﬁ?Fgﬁeused. The

prevented, resulting in inprovenents in

t i sl dli e PeE F O NBNESe @?aﬁhéF%g%g?Pg%ﬁﬁrﬁgfﬂg&fﬁicﬁﬂgrly

snoke shi el di ng performance. s, t

Lirsi gl ead aysri@thd | $@F F BSIShOMknOLBI NG BBL Chb a.!ﬁer%rﬁ@s,
i nvention according to any of Clains 1 to 8 has

corexichdtiand the erdesi B agiceemdith exRanshdi {hpyct D bhgehh
and thereby can prevent flame and snoke from
extparsty atl Ingyiroy tdent Dtbeus shakbdpag t 18 | prede byed he
conpartnent pass-through
[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



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 nenber, which is necessary in the
conventional way, around the piping material.
Furt hernore, processes such as marking for confirmng
positions are unnecessary_jrhgqpporary pi pe fitting
during construction, and tHhe single-Ilayered
fire-resistant piping material is sinply inserted
into the conpartnent pass- through portion.
forpaségagninythenbeadnking ofnbudedalyl y anr ediveedagandhat
the workability in the construction site is - 42 -
thgrhaatrexpapdakpeogsarhitiet KepAdly, eXpands is also
single-layered fire-resistant piping material of the
prﬂYé&%ﬁt i nvention, the pipe outer dianeter is smaller
thag Hﬂ?t of a so-called fire-resistant
doubt’e=

TP pTECT SRt chrpapeallei arapkibembkealf
nafRtT Sapbi el Ehetrhy ShETBREReS hreh-AnsRaraLrgy coEect
SRTSAS SRS g R R g L B
S P et i 11y i o dr amatical Iy i hproved.

[ 004 re fl¥e MW d | ayey B {45874 &S f}@%@i%@)& Piping

material of the invehtion according to an

mafetDalbof NEhEUSSe SentOYRLENDILAYRAST QLPEY18Ft3fi re-
pol yvi nyl chl ori de-based resin conposition not

re €09t £ Ngndleakpexpapdabt ¢ gﬁaphgéﬁfoﬁn@tthbﬁéﬁk enga
of the outer surface and the inner surface of the

prévert: r Ebamd amia exipardabréen| pyeetrIbenglf epethkNother side
addition to the effects of the invention according to

pazmyt ofnl dbyrst He t compartment pass-through portion by the

expansion of the piping material itself during burning and

the effect of reducing burning rate.

[0071]

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



8, the multilayered fire-resistant piping material is
further excellent in the nolding properties and can be
conti nuously produced with high size accuracy by, for
exanpl e, injection nolding or extrusion noldi-ng.
Furthernore, the fire-resi stant expandabl e | ayer
contains a polyvinyl chloride-based resin as a main -
43 conponent and thereby _h suf ficient mechanica
strength and chem cal proof necessary as a piping
material. In addition, since the base resins of both
.the fire- resistant expandable | ayer and the covering
dispgeed herdeerulangrsnef pthenbeattexpandabdeparygphage but
chl oride- based resins, the affinity between the
alsaybie #¢idi gpmainked epbr khet perfager efatbet hgatry
adﬁséef to eaﬁh other atf the interface, resulting in
SXPANRRE § S 6RPRYER| #ERt AhBFRRT IR offheFefRgiSmide amount of
. Cansequently, when the nujtilayered_ fjre-resistant
TR A el fal S bPT9RE PReBehbarn9EntPBrnaReralized heat-
d each other wth.a.pipe joint, the
xRS oA PPN evef o AbuBi BrPoohmr SrFLEORsOE hydrogen
, S [ ' tic inprovenent.in
chignRRe e St L RSP PhE Bnrer YETF R b0
a | r esj nd €l IS red w.t
e P S N e e o

reé’ﬁ*ﬁﬁhﬁﬂ@%ﬁﬂ%&; NO4n C@é“@ff‘é&@i@effa&éﬁéﬂfggépl s a

fire-resistant erial, the outer cifrcunference

reslrf acuofng LM AP B eFédd ghs BXERELEHY tHe expanded
adhesi on and, for exanple, can be easily and rella%?y

heaormngeireihiXe afiedfiel te NEADErhé USirigsd@ & Pehé OpBiyvinyl
When the inner surface of the fire-resistant

chlexpiadededd seed | my®in i shaover eshayil § he@twOVEig NPLtRYSSch other
formed of polyvinyl chloride-based resin conposition

carmgte ldatlal dawl kb teatendxplndab| eife ren rigsé sheating side.
material, the inner circunference

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




surface of the piping material is snooth to allow

fluid to - 44 snoothly pass. In addition, since the

i nner circunference surface of the piping material is

excellent in chem cal proof, the piping materia

hardly imts the type of fluid, which allows genera

purpose application. [0080] Since the multilayered

fire-resistant piping material of the invention

according to Caim1l7, in tﬁg i nvention according to

any one of Claims 9 to 16, includes the covering

| ayer on each of the outer surface and the inner
acendine of Chelmide-thsisddit iexphodaptevidyey, hthe

outer circunference surface of the piping material is
stabyiclel tierduring guhkding contains aikabphet cae beleasedlyfrom

and reliably connected to another nenber such as a

%u%@%%u%m%w@ terdipmeed cstalnhd bzense sugénte tin-

ng material is excellent in chem ca

th
ba%%&tea%%mewqw pIR G TREITeRa Ry, | amithasic
e of %} ch, all ows general _ purpos
cotplSidh oo R ek TR | SO Srhdd rsto [ogbparts by
t gl e-
ol b S B ST
f th { t .
Ch%y%% a cross se |on§ §£%f gﬁeﬂﬁ%?FFééﬁPgﬁon ana®
t P di
oA S 019 08 S 6085 B8

by ”%L?)gr%gssliétﬁ;aﬁ{k%s%lﬁ%gdﬂ%n ﬁ@%ﬂ‘@forﬁa omr?;d%@éleex{ ehioride

pi pi ng nmateri 3 "accordi
fro@miod BNlyvan N HIASRUE-HIMRN b n 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) isclation of conjugate double bond.

Furthermore, since the lead-based stabilizers, Qorganic
tin-based stabilizers, and higher fatty acid metal salts are
further excellent in heat stability during molding, 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



[Fig. 4 Fig. 4 is a cross-sectional view of a
multilayered fire-resistant piping material P4
according to an enbodi nent of the present invention.
[Fig. 5] Fig. 5 is 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
expl anatory draw ng show ng 2 _pi pe inner
cross-sectional area Si of g pi ping material P
before burning, of the invention according to Claim38
or 16. [Fig. 7] Fig. 7 is an explanatory draw ng
smahbwi Ajegeipirpe isinee thessdsdttiivenameames S dfhddee
iping material P, after burning, of the invention
addieby e ngPa9ed an ntlBe opmaent [ #f gthe] pelyvisyilschihoride-
expl anafory drawi ng showing the state that a
ba%%‘ﬁv%?ﬁ%nd}labi%@n@m%%%ﬂ Bhap whgsehefnathgr adgandeds
heathgg and coul d not maintain the shape to drop

th?q%éjrr%‘é% e Jtakil ity dering grotdpnanatbeytananiag
C tically showng the state of burning of a
S St Y7 T oo TR 1 Of P BORS e BArdby ageepeased.
through a flooring material. [Fig. 10] Fig. 10
(0PRSS . . !
I's ‘an explanatory drawing schematically show ng the

t f [ f i.0j. - 4 terial P , )
o2k U ARG LT L A B rgrcion
! fl ' ' Fig. 1] Fig. 11
ccddedasy b o [ #5408 TEgLalg L5 Bl e dhnes

as RiHY REABLefd oorP KA Y 1 %&éﬁﬁf@% d&Pi’S{;‘%c?fding

that holds the shape to nal ntain resistance

i SOt R g e 5 S
based on 100 parts by weight of the pelyvinyl 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




A single-layered fire-resistant piping material Pl of
a first enbodi nent according to the present invention
is conposed of a fire-resistant resin composition
alone, as shown in Fig. 1. The present invention wll
be described in detail with reference to exanples
below. [0083] In Exanples 1 to 16 and Conparative
Exanmples 1 to 5, the followyng materials were used:
Vinyl chloride resin (manufactured by Taiyo Vinyl
Corp., trade nane: "THL000"); Heat-expandabl e
graphite (manufactured by Tosoh Corp., trade nane:
acegyFrabe farkbantrabionr bénthe praguiagiucedolide-based
Shirai shi Cal cium Kaisha, Ltd., trade nane: "Witon
resHy . Afedd FBRYAE - s BABIONGz dre stiskrsutisc tiigmedhy eBakaixcellent
emcal Industry Co., Ltd., trade nanme: "SL-1000");
ef ?fat-°§7re@%%%a%he(lﬁﬁﬁmaat GrEE by Mbtsihednbwi thks,
[ nc. ,traﬁ nanme, "H wax 4202E"). [0084] In Exanples
SYRSTYetis & ge%rr‘ﬁ%\F]&tF}G% Erahpeeeapdpblesgraphéte.
[Oép%Lomﬁng materials were used: Vinyl chloride resin
manuf act ured by Tokuyanma Sekisui Co., Ltd, trade

o T S S BB oot materian
of WS AR PR B, PSR b L 2B S o &
o ol forid [ ORIE cr’ LTI ACL: -G gRR Lo
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 the polyvinyl chloride-based resin,
melting/thermal decomposition (foaming) of the polyvinyl
chloride-based resin do not progress even if the heat-
expandable graphite has reached the 1.3-time expansion
temperature, and the elongation viscosity of the polyvinyl
chloride-based resin is maintained. Therefore, the polyvinyl
chloride-based resin effectively extends according to the
expansion of the heat-expandable graphite to form a fire-
resistant expandable layer. Since the polyvinyl chloride-
based resin is subsequently carbonized, highly excellent
fire-resistance can be provided even if the amount of the
heat-expandable graphite is small.

[0077]
In the single-layered fire-resistant piping material of

the invention according to Claim 8, in the invention




(manuf actured by Sankyo Organic Chemcals Co., Ltd.,

trade nane: "ONE-100F"); Hi gher fatty acid netal

salt: Cal/Zn-based conposite stabilizer (manufactured

by Sakai Chem cal Industry Co., Ltd., trade nane:

"NWP- 6000"); Basic conmpound: cal ci um carbonate

(manufactured by Shiraishi Cal cium Kai sha, Ltd.

trade nane: "Whiton SB"), _ nesi um hydr oxi de

(manuf actured by Kyowa Chemical Industry Co., Ltd.,

trade nane: "KI SUMASA"); Hydrotal cite (manufactured by

Kyowa Chem cal Industry Co., Ltd., trade nane:
aceprfigq'yo @Eppxpdezed Sbgbwanlotb [wawbeactheegibpyng

ADEKA Corp., - 48 - trade nane: "Adekacizer 0130P");
magElahbt s caprstraatedcear ed b9 mhssuthchvghcal £1ppcing

trade, nane; "H wax 4202E"). %9085] The pH of the
matehia bypRfdhdl BUhiaphetet Qad EbRETERBASHRNtE hest

foll]owi ng nethod; 1) A graphite mxture is prepared by
(CgﬁﬁéﬁanSWhﬁho¥soi%%4é%ghéﬂg@h%ﬁFth?OUBdgréﬁdﬁ of the

L 5B S RENEEY! SIS RAIPL S LT el ing
o GERTTERS o808 o ALSEaLnHL g S SOl 107 E0 e cron
endh S0l e LR, BCLIEEYoYLLE LRBorhg, e L2981 anc
thi@%ﬁ@%@ﬁ%ﬁd%f‘p@;éepwfné%g§éfga9yist Qgposed to a
fol l ow ng net hod:
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)x100 £ 50.
Therefore, the pipe inner cross-sectional area during
burning becomes 50% or less of the pipe inner cross-
sectional area Sl 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



The heat - expandabl e graphite was put in a beaker, and
i on exchange water was added thereto, followed by
stirring. The acid remaining on the surface of the
heat - expandabl e graphite was renoved by washi ng,
while the pH of the graphite m xture was confirnmed
wth the pH neter. Then, the graphite m xture was
filtered, followed by dryin ina thernostatic
chanber to give heat- expanda%le graphite having - 49
a desired pH Wen a desired pH was not obtained by
washi ng once, the washing and drying processes were
ang ép&&tl@ﬁs [TDS) Cre a8 ExBpt @repera tor & 70 AnthEopppingi ve
anples 16 to 18, the following materials were used:
mat\ﬁrrml Q@ drhelnonshent Hem 3 bde ur Bth bye TpRel abe Sewi ELbor.
Ltd., trade nanme: "TS1000R'); Heat-expandable
Thegrrea%ﬂﬁ% Yhs RIS Bafartelebsningibiteraddcacadng out,

San Tr adi Co. td trad " SYZR1003"
an AR, GIRTUSE S o dhi T (bR BT 9 ob i 460 m/%)gap
i DT T, quﬂ %n' LTS %%?i'/e%%f% HhdPhc ctip et
d d " SYZ X
Hl}y?e %alg'igandg%l ggrgr AP %‘%’ (res ?%%aﬁlﬂﬁ%roi%‘ﬁe‘ﬁ% g®

fld&@? :%%gﬁgﬁﬂggﬁaﬁg%%ﬁga -expan&ﬁ%}e G éﬁ#%rfﬁfﬁance, and

Smdﬁ@qgﬁygggl Iﬁgg* 490, 4d/9):  (manufactured by Sanyo
Tr adi ng CDIﬁ? ,Otrade name: " SYZR502");

[odeat - expandable graphlte (expansi on vol une: 200 niL/g):
(manuf actured by Sanyo Trading Co., Ltd., trade nane:

Thus, the single-layered fire-resistant piping material

of the invention according to any of 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



"SYZR802"); Heat-expandabl e graphite (expansion
volunme: 250 nL/g): - 50 - (grain size-controlled
product); Heat-expandabl e graphite (expansion vol une:
275 nmL/g): (manufactured by Sanyo Trading Co., Ltd.,
trade nane: "SYZR322"); Cal cium carbonate
(manuf actured by Shiraishi Cal cium Kaisha, Ltd.
trade name: "Witon SB"); Organic tin-based stabilizer
(manuf actured by Sankyo Orgahic Chenicals Co., Ltd.
trade nane: "ONZ-142F"); Lubricant (nanufactured by
Mtsui Chemcals Inc., trade nane: "H wax 220MP");
drapat Seahtvcimpravedanuf act ured by Kao Corp., trade
name: "5-30") [0088] In Exanples 58 to 70 and
Corfp¥i &t XRe anift esha os bpgl ool aye nedf Bi rewregistant
materials were used: Vinyl chlorlde resin
pl%%‘ﬁufﬁ%?ﬁ%%%i 89 YHRupARESREKiBUENtEen, Lhe. pipeaguter
di nﬁ "TS10 f%% Fﬁat expandable graphite
?‘H% oF ab? uPBAL b Chiebshhatr 8phit 8OveRRdedofirprgesistant
€ " SFF" vol unme: 180 ni/ Q)
do%%?0|%g %5?%0%5?% e ﬁﬁ}ﬁ tgFBGr5§eSHFP£F§Hlm@étéFuﬁPvers
“Whiton SB");
ehdRt Clftunt LALECDNE tod chikF @ﬂs% 61 S Fhaud Pploﬂde
de " Lub t
re&ﬁ%nu?ggfﬁféggbywﬂgggui g#ﬁggﬁi Inc T8 d Jl
pré@i@ed, HNEX 420250 ngﬁa]the throughwholes 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 to
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




In Exanples 71 to 75 and Conparati ve Exanpl es 21 and
22, the following nmaterials were used: Vinyl chloride
resin (manufactured by Taiyo Vinyl Corp., trade nane:
"TH1000"); Heat-expandabl e graphite (1.3-tine
expansi on tenperature-controlled product); Lead-based
stabilizer (manufactured by Sakai Chem cal |Industry
Co., Ltd., trade nane: "SL- QOO"); and Lubri cant

(manuf actured by Mtsui Chericals Inc., trade nane:
"H wax 4202E"). [0090] Then, the above-nentioned
materials were m xed at ratios shown in Tables 1 to
compEney and htiexely ehawmsseffickent andchanedal nsarength and
Henschel mi xer having a capacity of 200 liters
chemibak REW NI I@IEYAS ntlusiples, méherialo give a
resin _conpgsition. The resulting resin conposition was
extPu&Er ShoiNde & WNaeh theydasealnss inse  fohatldearhe of iare-
t.est I pin terial P to be used for fire-resistance
T Zﬁ%‘fl%??a% G F¥PE At ridtureowFing hayerng for
t.nat are not. shown in the Tables was 180C. As
corgHIh TR 1€ PRind MRie %! 7 ke T Ae veialor de-
b .SQ a0 q%#s. | engt h of 1200, nm an, out er
2t T e AV by Hheihet O alvaig 0.
Thdl@BJR, & t - D2 - 0 Furt hernore, test
pi eces 'to Ee S?éeﬁ oarrepé:rjfgohr]tor%%gareghe C#D%ﬁi%‘?&bn‘ﬂ%%%tat
theeXPRRTIAIId | Y- NAlUal RiQduced (from the test
pi ping material P by dc(l}tq} ﬁ%;oq{)lﬁl%%upoafte% eolt e - ot

contl s gkt BB T AT 8,

firgﬁgéb&%th@tapﬂ@ﬁ%@ ﬂdﬂé&ﬂ%%g'BEQ%Héﬂﬁ%gggﬁ%(gné%ﬂgﬂon 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




cutting the press plate into 1-cm square pieces.
[0091] A nultilayered fire-resistant piping nateri al
P2 of a second enbodi nent according to the present
invention is constituted of a fire-resistant
expandabl e | ayer 11 and an inner side covering |ayer
12 covering the inner circunference surface of the
fire-resistant expandable layer 11, as shown in Fig.
2. Anultilayered fire-resistant piping material 23 of
a third enbodi nent according to the present invention
is constituted of a fire-resistant expandabl e | ayer
smaathiy passer I8 deldidien,ng irmeert HED iooweer idigrdureference
inner circunference surface of the fire-resistant
supkpandadl eheapépinginagadiah dat exceildentover chgmiapar
13 _covering the outer circunference surface of the
Preet o-tRei RiIBHI RphaBABL chpagey limitgstbrowmpenoki gluid,
h3. Fuighernnre, a_nultilayered fire-resistant piping
Whigh e?+ hPWP4IRReEA } oRRFROERDBAPHERRtAGBEr ding to the
[O§§¢gent - 53 invention is constituted of a .
-resi stant expandable |ayer 11 and an outer side
outer circunference

i | . i th
surrded Y Hut B%Jga%géﬁ'f@?%ﬁfeem%ﬂ% P’r%&é‘é‘? mategial
ce of 1he nt dapte _
of SN At fon dacdOEAPRISER CLIVENLY 001l Lhe ngsaraap
acd D92 of 6191 _ rative EX
S 19 SIMMEDL i ons 8o PEPAALLNSEVEAR) ©°

s o TR O LT et e s Pt e sner
suf feelf GF tHH@ 0 DiYe TOSONs (B P- 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 is
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~sectiocnal view of a
multilayered fire-resistant piping material P2 according to

an embodiment of the present invention.




trade nane: "GREP-EG', 1.3-tine expansion tenperature:
210C); Lead-based stabilizer (manufactured by Saka
Chemi cal Industry Co., Ltd., trade nane: "SL-1000");
Lubricant (manufactured by Mtsui Chemicals, Inc.,
trade nanme: "H wax 4202E"); Cal ci um carbonate
(Shiraishi Cal cium Kai sha, Ltd. trade nane: "Whiton
SB"); and Annnnlun1polyphosQ@gte (Sum tono Cheni ca
Co., Ltd. trade nane: "Sum'safe P'). [0093]
Exanpl es 99 to 120 and Conparative Exanples 33 to 35
Vinyl chloride resin (manufactured by Taiyo Vinyl
&lg& Bl Eig 1 atiel hamecroTH1900t jondkariexpandabl e
1 _3-tine expansion tenperature-controlled
muﬁﬁﬁﬁwye LEJaJaebJa%%aSE@%uPmeng(mhara@{tuPadabyOSQlkag to
I ndustry Co., Ltd,, trade nane: "SL-1000");
anLﬁﬁ#?%%Wﬁn?n% uFREtRFeEERy WMventienen cals, |nc.
na%e : "Hlmqé 42025%?; and CaIC|un1carbonate
d‘fgact r & Hi% & SO UM ONGt SHEEv 124, 2
: SB" p094 Then, the resulting
mu%éé?%?%%%505|{?oﬂeﬁb§t &?r PRI Hdtgelahi PA according to

t t terial P
an (KA LSE G el Bt SR RRD: "o TThe  resi n
t t | I L. {
Shonn O h M 5%%51&%%%‘3%354 G R a
shdwiied 4 WiBe-SPrdSot O haVees ﬁ@éﬁt O{eéz?oPuPHécénx used

outer dianeter of 114 mm a ness
in a fire-resistant test.

[Fig. 6] Fig. 6 is an explanatory drawing showing a
pipe inner cross-sectional area S1 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 16.

[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




of 6.6 mm and a nom nal dianmeter of 100 nmm The

thi cknesses of the fire-resistant expandabl e | ayer

11, the inner side covering |layer 12, and the outer

side covering layer 13 were adjusted to those shown

in Tables 15 to 20. Furthernore, test pieces to be

used for performance evaluation and heat

expansi bi lity evaluation werg produced fromthe test

piping material P by cutting out a part of the pipe

wal | of the test piping material P, press-nolding the

- 55 cut-out pipe wall wth a |oad of 200 kgf at 190C
matgrial R aGEe¥dipgatpr 8¢ prasentalnNgnd iohi domstgustted so

3,mm _and_,cutting the press plate into 1-cm square
as FRcBaSS| BHE8YILFRr £1Peginoamateavaluati on A

fires [ t | uat i thod of fire-
ol EAnchl DaFfer nhncts (¥t SBF LeRaLPEY| S6aEng | Ehaging the
Act _in f J 1, ,2000 (Heisei 12
s PSRt tRo  ofashe ) PLAESpERiBenta hornpreRent
o flre- j h in Fig. 5., As th
inyphSioh Tohat ARbLA8 tnp cRUERE BrcPataeatn ble Bangn:

: ; : ' : d.
st T R S LT R T RN e
BedfIQodES! £o} PEAG FBAETORL Phandnbhs: ¢appar { mont

pass-through portioh R was caul ked wth nortar.

[oF&zf hernore, one end of the test piping material P was
exposed to the heating side by 300 mmfromthe surface

on A tdimdieatliaig ddler ofe 1hes f40Md NG PBIS A eria PN of a
the other end of the test piping material P was
fimxposatbd iméhe aotordtadi g shdepbys8RL MAVERPMLLNES
surface on the non-heating side of the flooring
congrzed af Vo fheetreeissande wasinofombesbesbhnglehapbgs
Z of the
shown in Fig. 1.
The present invention will be described in detail with
reference to examples below.
[0083]
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"} ;

Lead-based stabilizer (manufactured by Sakai Chemical

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




fire-resistant test furnace X was provided with
burners V, V. In addition, in the inside of the
heati ng chanber Z, two hot junctions of a furnace
thernocouple Qwere installed at - 56 positions apart
fromthe flooring material Y by 300 mrmso as to be
evenly arranged with respect to the test surface of
the flooring materi al . Funjhpfnpre, the fire-resistant
test furnace X was equi pped with an apparatus (not
shown) for neasuring pressure in the furnace. The
period of time (snoke-generating time) after the
st dr¥PBiceht (Aenuhactured hppdatanteChemiaake, f Lo6
the gap between the conpartment pass-through portion
trgdgngebge {BiWaxpAsPRE hmterial P was nmeasured. The
{Oggg arance of snoke was visually determ ned. A test
e of which snoke-generating tinme was 130 m nutes

o SRR EE B Ao 30 AL E oy 2555 B B0,
t ' f 75 m nut
enGOEETRORTES) paRobERhtLBEE, Ehold, ML s oL e e

P MBS SPerrLOnd RafuELELSELLON). ~IRSy BhOeceri sul

I nner r0SS-Secti ona ropor

cods {, Hlo%%édgiﬁﬁﬁe:thﬁsﬁbbﬁR“?SiStant test furnace X
was heated so thaf the tenmporal change in heating

t eNRes Al di$a 6@ o bgraﬁafpﬁss&ﬁgn@yaet@y@arbgﬁtqaél%ﬁgn

represented by the ~aforenentioned Expressi

Gripeibernbhdsotol hertast PkRHBInAREE! MalFFR)vas
visual |y observed through the observati on wi ndow G
andLeddrba Semker a851 Dhser VEshd r ored her gapndet reetut- 88 by

conpartnment pass-through portion R and the test
Mipipawng ImtestaiaP, Chbaicabd, hudni ngratiet hame:

fire-resistant test furnace X was terni nated.
"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 Sakai Chemical Industry Co.,
Ltd., trade name: "NWP-6000");

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

Hydrotalcite (manufactured by Kyowa Chemical Industry
Co., Ltd., trade name: "DHT-4A");

Epoxidized soybean oil (manufactured by ADEKA Corp.,




Then, the degree of caul king of the inside of the test
pi ping material P after burning was cal cul ated as the
pi pe inner cross-sectional area proportion after
burning by the follow ng cal culation expression using
a pipe inner cross- sectional area S1 at the end of
the test piping material P, before burning, on the
heati ng side as shown in Fig, 6 and a pipe inner
cross-sectional area S2 at a mni muminner dianeter of
the test piping material P after burning as shown in
Fig. 7. PiPe i nner cross-sectional area proportion
trage arangyr dgkaci s2r PIXPEX) 7 Hendi n, the pipe inner
cross-sectional area S| was deternined by neasuring
i nAsP iRt efmaifactiirrhdmdfiersed Chemtepls Inc., trade
directjons (orthogonal to each other) before the
nang 5 tHpfax g2 9%k el resi stance test and cal cul ating the
{Oﬁgiiage i nner dianeter. Regarding the pipe inner
s-sectional area S2 at a mninmminner dianeter

apih el G T T Fesartan e S I s Soetbense by
th%ac’ 6W§g$rggg?%§§s-through portion and the piping

ertal after e starting of the fire-resistant

wad i & meentard M andds R ERE I ad bl 2 AR o
B R R T A S S TR R R

sanipe; was observed fromthe heating side to determ ne
the projected area as the S2. In the neasurenent of
S2.2)t MeeMri gl i fr AR efixtihd 1500 i1 Ahey Ride a
was sketched on a paper froma photograph taken from

gldde hentfory 30 descdies skeighed portion was cut out

and nmeasured the weight thereof, and the S2 was

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 F-
23").

[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




proportional ly cal cul ated on the basis of the weight
and the area of the paper that were already known.
Regardi ng the elongated |l ength L of the residue, when
snoke appeared on the non-heating side fromthe gap
bet ween the conpartnent pass-through portion and the
piping material after the start of the fire-resistant
test, the burning of the fire-resistant test furnace
was term nated, and then fhé? flooring material pane
was i medi ately renoved fromthe fire-resistant
furnace. After cooling of the pipe, the elongated

a demigted Lpkbr t Hbgonal desitrkd pHr vasenon bheahead by- washing
side of the flooring nmaterial was neasured. When no

onGgyp K enagdr Fbioed vand fary Indhqursce s hes fvere reséstadt
test was termnated after 2 hours, and the pipe inner

[0Q4Jss-sectional area S2 and the el ongated |l ength L of
the resi due were neasured by the above-nenti oned

pr dEe§8BPLeFdg6 [t Pt GvhifeRParAtiald Gixammdes 16 to 18,
resulting test pieces were subjected to a tensile
the eéqlil(oév%l%éﬁ?%”tae]@é‘f%‘f%r%?e BC) regulated in JIS
K7%13 - 53 for, determ nin et her performnce o
redarvéd “ReCEIgepEetin Japratasturted Syndiokuyama Sekisui
det i n ther pragtd rformance required as a
Co'rii &S'IC{PS’ g:a 15T i8¢ ,éo'a ?EeésjtcﬁquFgﬁ)e' having a tensile
st t a_qr t.2 was determn a
(r?g?gxggp%gﬁgfﬁgaggggggégeggxgégfdoﬁng} }§£h£§J9)=
A e NGe)q~ an te yece of,
e, S i IR T 4, (e T

"sY[Z@&A90l3" )\l di ng property eval uation A sanple that
coul d be extrusion nolded and had a

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

(grain size-controlled product);

Heat-expandable graphite (expansion volume: 150 nL/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: "SFF");

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:
"SYZRBO2") ;

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



sati sfactory pipe appearance in appearance visual
observation was determ ned as O (acceptance), and a
sanple that could not be extrusion nol ded was
determined as x (rejection). A sanple that had
abnormality in pipe appearance was determ ned as A
[ 0098] Apparatus corrosive evaluation After conducted
manuf acturing for three hgﬁé@,_the apparatus was | eft
for three days. Then, the al hopper portion of the
raw material feeding portion was visually observed
for investigating the degree of corrosion. Wien no

(9 zebioraved ¢ tgoveiso bbs@ rveodudt ) mas determined as 0
(acceptance), and when red rust was observed, it was
deﬁ@ﬁfﬁ‘@é@a&d@bl@r djraghicns . (expah&qro&gﬂ]ur@ct raiss oul./g) :
nDIdlng stability evaluation During continuous

(MPREAFT WIS RY tFAEe HXRSing Heo r eshid - cobpadet hame:

no i scharged fromthe tip of an extruder was visually

S’%&ﬁ%fﬁed A case of no carbonization and no burning

ow ng), 1t was deter ned as ) (excel I ent a
éil&fluﬁb c@&lbr%ﬁt?at |”k?ﬁ‘ atCt\H&'seddgtYeﬁ('ﬁ dlcium

Kmﬁfceﬁé Tha T et o oot Heat et
%ﬁgﬁ%{{&l Ltt1¥1 %V%le%atslt% 'Ehe et esirta%uefcﬁﬁ:}x.} %F %sSankyo

to afire- reS|s an e

dﬁgﬁ t, wal
eI ectr B%/na%ed eat %%e 4%3% ﬁfq&? S 4 F 40
m ﬂﬂbﬁcahtﬂerlmtaﬁlﬁ'f%@tﬁlﬂedt RS R Al %%?nlfcraqrg t%g:. , trade

furnace and cooling t nd then measuring t
nanteti CHIIRESED afubhe and

Stearic acid {(manufactured by Kao Corp., trade name:
"S-30M).
(00881

In Examples 58 to 70 and Comparative Examples 19 and 20,
the fellowing 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", 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



test pieces. Wen the thickness (thickness after
expansion) of a test piece after the fire-resistant
test was 4 mmor nore, the test piece was accepted,
and when the thickness was smaller than 4 mm the
test piece was rejected. [0101] - 61 - [Table 11
Exanpl e Exanpl e Conparati ve Conparative Conparative 1
2 Exanple 1 Exanple 2 Exaqp%i 3 Blend conmponent Vinyl
chloride resin part 100 100~100 100 100
Heat - expandabl e part 1 10 0 12 0 graphite Cal ci um
carbonate part 1 1 1 1 5 Lead-based stabilizer part 2
namge 9 PHipwax ub2028ht.part 0.5 0.5 0.5 0.5 0.5
Fi re-resi stance Snoke-generating nm 120 120 55 45 60
[0@%A) uation tine 0 0 x x x Performance Tensile
strength Vé 52 45 53 43 51 evaluation %@ a) (r) (r)
(rI)n A7 erfguo%%rﬁ apd| Gempanadiveo Exapplied 21 cowl 22,
COo X XWm NOONpPp O(r X W
the %g{ﬁéalng materials were used p (1) Q
Vinyl chloride resin (manufactured by Taiyo Vinyl Corp.,
trade name: "TH1000"};
Heat-expandable graphite (1l.3-time expansion
temperature-controlled 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").

[0050]

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 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



a) v ce9 OOONQOQO WM NCUOIlc, ri Mo NQ
QOX W N OOECODOINNNOCYH G@Q0O0 aoOf ~O
cc)  NNQI(r) O XW NNco OucDNoQr) 0 Wa)
Wcc') Oin LONC(r) (r) 0O XWa) NVOLANNDO
(r) 700 Wa) EMOC!") NoNOv(r) O XWNNRGcC
co
_52_
100 mm.

Furthermore, test pileces 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.

(0091}

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 Tosoh 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 4202E");

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

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

[0693]
Examples 99 to 120 and Comparative Examples 33 to 35

Vinyl chloride resin (manufactured by Taiyo Vinyl Corp.,




W N EOMOOco x w m E CO x w mcocomm
=annannE crn aamclU NC OUj Lb CNYV
NENVYN > ~pn5d'CONig ScOffi JJV E
H N NU NcMCOmoO 12EO'CO =0C5 OH

M LL O 1 '0 COL QMn N-Tu - 64 - [0104]
S

- 54 -

trade name: "TH1000");

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

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 SB") .

[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




As shown in Table 1, since heat-expandabl e graphite
was not used in Conparative Exanples 1 and 3, the
snoke- generating tinme was short, and thereby the
sanples were rejected in the fire-resistance
eval uation. In Conparative Exanple 2, since the
bl ending rati o of heat-expandable graphite was too
| arge, the snnke-generatingsgiqe was short, and
t hereby the sanple was rejected in the fire-resistance
eval uation. Furthernore, as shown in Table 3, since
heat - expandabl e graphite was not used in Conparative
cutsinpIRIRE Wkl swbkle-a gbpedaef ng0@i kefwat 3R6rE, fand3
. thereby the sanple was rejected in the
Mgt es r%‘%i FtRERES bR bt PARLNG nd Colpakaesveof ERalpl eaBd
since the blending ratjo of_ heat-expandable graphite
CURENY JJ'¢ RRSS tﬁuﬁa*‘s%k%t-@ehé@at $HYPFE nB1BFES not
[Oq ch 120 m nutes. Therefore, it was well confirned
in order to obtain a single-|ayered
firg-resist.ant piping.material that satisfies all the
fiﬁg;%égkg%%ﬁégﬁéga éﬁﬁ%ﬂfnberfornance eval uati on,
an (Wol I r val uat | r.-equi.r ement .
heg‘t [ﬂéf%a%zf%lsé&%grctgz) |’tl:l%tsg:l i(gatnr g‘% G lruga 19 B%eté%monq Shedtre~
re i 4 r@% t y i ' 100
iﬁhﬁ%ﬁ%ﬁ/ \Mﬂgﬁﬁaéﬁé?%%gbﬁ%§lé%%rg¥?ie ée%?%fglg&
StATdReY I, i SHBUHE&S di fa&@@pi,e%(ﬂo@nﬂaéi &5 Tf‘.?i e 2-
65 were further excellent than those in anples 3
cor@ldyithd Grikh 190 fd3e-Tesiad ancersirbd ansihé Sid epgtd
Therefore, it was confirmed that when a
ressistgirg: [tayey efhAridee nesdisdwintipimiqg 5 mteri al
cont ai ns heat - expandabl e graphite and al so an
i ndsgahiec filiobiremaitertiad angeprefcaktt echtmard plkite
weight and 2 to 5 parts by weight, respectively,
(lepaddg 2 0DOmparwisdtiby 680 ghn, ofhibhkneksayl 160l ani)deas used.
resin, a pipe being further

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 material 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 Z, two hot

junctions of a furnace thermocouple Q were installed at




wel | - bal anced in any of the fire-resistance, tensile

strength, and nol ding properties can be obtai ned.

Incidental ly, when the anount of the heat-expandable

graphite was |arger than 10 parts by weight, the

heated conposition was thermally expanded too much to

mai ntain the shape, resulting in dropping of the

residue 2, as shown in F'_g5é3- OOt0O NMto 00 C

FCE O (r) 00 imto NMOas's 0 (r)(r)od OUJ U p

1- 0O0OCONMOs x NO DWUOtOONMto t~6 N

OO0OOmM(D asx0coNO OwW UOO OCO _NN Nlto
poqslbl@nN aprary frpm the| flomNrOngom@OeNiklit & b@ 300t win so as

t=
to be evenly arranged with respect to the test surface of
the flooring material. Furthermore, the fire-resistant test
furnace X was equipped with an apparatus (not shown) for
measuring pressure in the furnace.

The period of time (smoke-generating time) after the
start of heating until the appearance of smoke from the gap
between the compartment pass-through portion R and the test
piping material P was measured. The appearance of smoke was
visually determined. A test piece of which smoke—-generating
time was 130 minutes or more was determined as ® (excellent),
a test piece of 120 minutes or more was determined as O
(acceptance), a test piece of 75 minutes or more was
determined as A, and a test piece of shorter than 75 minutes
was determined as x (rejection).

The pipe inner cross-sectional area proportion was
determined as follows:

First, the fire-resistant test furnace X was heated so
that the temporal change in heating temperature could be
expressed by a numerical value represented by the
aforementioned Expression 1.

Then, the burning of the test piping material P was
visually observed through the observation window G, and when

smoke was observed from the gap between the compartment

pass-through portion R and the test piping material P, the
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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 S2 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 = (S2/81)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




nEX EgU >GNuUu) o ~roEEO(r) (r)~ X U
t"'J OM Uh NMto >ON- C NEEO(r) O. X 04
mO0O LONC) uy &V OcoEO(r) vOpgG UwOO00LO
NMY? NOOEEO(r) LOCOX UOd OOMONMInN
NCUONOEEO(r) (r) nX UOcn ONMh ONO XN
O(r) v(r)~tO wl0O OCG aONMIn OOO(r)

caulked pipe was observed from the heating side to determine
the projected area as the S2.

In the measurement of S22, 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 $2 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 $2 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



for determining whether performance required as a pipe is
satisfied.

In order to determine whether practical performance
required as a pipe is satisfied, a test piece having a
tensile 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
cbservation 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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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

smaller than 4 mm, the test pilece was rejected.

[0101]
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[Table 1]
Example | Example | Comparative | Comparative | Comparative
1 2 Example1 | Example 2 Example 3
Blend , . .
Vinyl chloride resin (part 100 100 100 100 100
component
Heat- bl
catexpandable ot | 4 10 0 12 0
graphite
Calcium carbonate [part 1 1 1 1 5
Lead-based
stabilizer part 2 2 2 2 2
Lubricant part 0.5 0.5 0.5 0.5 0.5
Fire-resistance |Smoke-generating | . 120 120 55 45 60
. . min
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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Experimental results

As shown in Table 1, since heat-expandable graphite was
not 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 ratio 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 ratio of heat-expandable
graphite was too large, the smoke-generating time did not
reach 120 minutes.

Therefore, it was well confirmed that in order to
obtain 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
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EmNdNiIi N- 71 - [0110] [Table 9] Examle 2

Exanpl e 40 Exanple 41 Bl end conponent Vinyl chloride

resin part 100 100 100 Heat-expandable pH 2.5 2.5 2.5

graphite part 6 6 6 Lead stearate part 2 2 Cal ci um

carbonate part 3 Nhgnesiunlhggrgxide part 3

Hydrotalcite part 3 Lubricanht part 0.5 0.5 0.5

Apparatus corrosive 0 0 O evaluation Extrusion

nol ding stability evaluation (r) (r) x Performance
WeLGafHALtNEX taFsllenst thagt IFhivee 4% FXailes 3 and 6 to 10
._Fi.re-resi stance 140 120 120 eval uation
Ingfirg-teRdPAENRG ePFe tAnwidey sbrenpxh. Therefore, it was

confirmed that when a single-layered fire-resistant piping

d
O

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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[0111] Experinmental results As shown in Table 4, in
Conparative Exanples 6 and 7, since the acidity of
heat - expandabl e graphite was too strong, corrosion
was observed in the apparatus. In Conparative

Exanples 8 and 9, the acidity of heat-expandabl e
graphite was too weak, and therefore the carbonization
of the vinyl <chloride resin during burning was hardly
accel erated, resulting in that a snoke-generating
time of 120 m nutes was not achieved in the
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resi st wi tthout] gausijng cqrr@sio off _.appar at us,
t he pHEpE|heat - ¢xpandabl|e grg)phit@i?@ec’l‘#ed to be
in theS#nge ¢f [1.,5{to 4.0. As sho in|Tablle 5, in
Conparat e_E atpites—+0+ampd—11l.|—sipce tthe Pl endi ng
ratiol|gf <he@t {&PafdaB eSyraphi fe was too small, a
snoke{geperatiing tinme of 120 ninuée ca,V\%s;onot achi eved
in thegfBfe-resisfance ¢v | uBti on e d{her hand,
in CohPatati ve Exampl es{12 and 13, $incé the bl ending
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expanded too nmuch to maintain the shape,

resulting in

dr oppi of the resjidue 2, as shown in Fig. 8. As
shown , {in Bxalpl e 31, aﬁitive
amount Sof, alpi lji zen ils too sile
strengghg pwer |t hanp tthose | to 30.
As sh)ﬁhgi 7 I niExanpl e boxi di zed soybean
oi | g ~an adative f 1eat
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not hageghi Lty of {provi ¢ lity
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strength was slightly |lower than those in other
Exanpl es shown in Table 8. As shown in Table 9, in
Exanpl e 41, no stabilizer was blended as the additive
for providing heat stability during nolding, and only
hydrotal cite was bl ended. Though hydrotal cite has an
ability of providing heat stability, sufficient heat
stability cannot be achieved by hydrotalcite al one.
Consequently, the sanple was rejected in the

extrusion nolding stability. It was confirmed from
these results that in order to obtain a pipe that is
excellent in tensile strength and fire resistance and
al so excellent in nolding stability, it is further
preferred that each of a stabilizer as the additive
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iTable 9]
Example 2 | Example 40 | Example 41
Blend component Vinyl chloride resin part 100 100 100
Heat-expandable pH 25 2.5 25
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 0.5 0.5
Apparatus corrosive
evaluation © © ©
Extrusion molding
stability evaluation ® ® X
. . 48 48 48
Performance evaluation | Tensile strength MPa ® ® ®
Fire-resistance Smoke-generating ime | min 140 120 120
evaluation 9 9 ® 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 reguired
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 order to
obtain excellent fire resistance while strength necessary as

a pipe is maintained, the heat-expandable graphite is
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required 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
oil was blended as an additive for providing heat stability
during molding. Epoxidized soybean o0il 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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Experi nent al

co -2 FcoM(Dd a4) '
results As shown in Tables 11 and 13,
si nce heat -

Conpar ati ve Exanpl es
graphite was not bl ended at

bur ned out.
of the piping

and thereby the snoke-generating tinme was
Conpar ative Exanples 17 and 20,

As a result,

mat eri al

16 and

t he
was ra

u

m- 80 -

19,
all,

[0116]

in
expandabl e

the piping materi al

increase in tenperature

pid on

since the bl
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short.
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strength necessary as a pipe was achi eved, but also
the snoke-generating tine was drastically el ongated,
conpared to those in Conparative Exanples. This nay
be caused by that in Exanples 42 to 70, the pipe

I nner cross-section was caulked wth the residue to
inhibit an increase in tenperature of the pipe.
Furthernore, in Exanples 59 and 60, not only the pipe
i nner cross-sectional area proportion but also the

el ongs hepgtth—L—-of the residue H was excel |l ent,

L
D
D

conpar &l to[thoge | i|n EXanplies 98 and 63. In Exanples
63 and £®! notl anlly {the | pipe inner {crogs-sectional
area propo&jan |hyela sart RER gflengdted |l ength L of
the residye ﬁﬂkg\'cé'el%—{gn?e‘_mr"’ngfcﬂ‘&‘o those in
Exanpl|@ 62 |and|(65. |In dddit]ion, in|Exanples 67 to
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remaining piping material is in nearly the same pl ane
as the bottomsurface of the floor. Wien the heat is
further applied, the phenonena vary dependi ng on the
bl endi ng conposition of the piping material.
Specifically, in the piping material conposed of the
conposi tion shown in Conparative Exanple 19, as shown
in Fig. 9, after the portion protruding bel ow the
floor dropped, the resin run dowmn to once caul k the

end ontheheatt+fgshte—rHewever;—sihce Nno
heat - ¢¥p&1dqbl g gr gpHi t e |was (bl erjded,] firle rlesistance
was nQtE &vt ai ned] gnd theg end of jthe %iping mat eri al
on thegh&ting} siide dropped gfter| allj.8 A§ a result,
hot ai|{ &il|BMxd i n tleg i ngid g tihe pass-thraough
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t he noﬁ-jg_eating silde. Siince |t he |pi pi @ mat efi al
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66 t 0|70, |Bbodkow | EneFOYR @ teretbexz;polti on
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di recfon/2n, W b Ehs oleeetent [Bcgse g8y the heat -
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after burning becane 50% or | ess of the pipe inner
cross- sectional area before the burning. The residue
after the expansion was thought that the nain
conmponent thereof was a graphite crystal, which gives
a very strong, flane-retardant residue H extending
fromthe underside of the floor to the heating side
and can prevent itself frqpkﬂfqpping and burning. As a
result, even though the underside of the floor was
heated to 1000C or higher, the residue H did not drop
fromthe underside of the floor, and a state of al nost
(0¢8I ki ng the pipe continued for a | ong period of tine.
In _addition, since the pipe inner cross-sectiona
ar S R@EINeRERE ket ¥ Hg burning and al so the residue
extended to the - 84 heating side, hot air was
pr VeI roin Takketli by #7di B imeConparanivanExamples
16inc&e€§e In tenperature of the piping material on the
NN heat | AYRSF deeAFt ixPaepabtlet grerBilfEolAs 8gitf héended at

o R BT P05 B e B

: ti h -h j i de, which,i d

n EAESOLLET PR DELTOR RESLLS, 5L, YHLRLS SRine i oo
. bt ted., [0119] . .

o R4 54 A PO L Bl i v

sh&+igl e-layered fire-resistant piping material that
satisfies all the strength as a pipe, stability

durie @ oRy bt v 2k ang AW K 118 Hiq the end, on Ek{,{‘eg blended

heati ng side of the pipe during heating, it

amALTe SSATrthd Neda heskp LARaDIaby 2 9h 8PBI 8 PAYI 19r88, the
expansi on volune in the range of 100 to 250 nL/g” Is

pigiong ahateslrial ato@ldUdt Ohalnt &1 A0t RAr §8apY ¥YBEPBLE after
based on 100 parts by weight of the vinyl chloride

expagsdion Fundelmpesdi t Avaa eeshitpedhkhabmberbiere of the
piggggeﬂgégiial 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.
8.

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




bl ending ratios are, based on 100 parts by weight of
the vinyl chloride resin, 4 to 7 parts by weight of
t he heat- expandabl e graphite having an expansi on
volune in the range of 100 to 250 nL/g, 1 to 5 parts
by wei ght of calcium carbonate serving as the
inorganic filler, and 0.3 to 5 parts by weight of the
stabilizer. | N N O O oE i# tQNrndvO O Em~ N
a) & dEOONco~CLxtM(r) OEas UL It dO
00O GKOto NNgOONOMOO Wof d Oy~ 00
O mOEit) v NC-r NO(r) O NNi W a <co RO
ofi 4 NoOl&pPantls By X¥eight 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 alsoc 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 to 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 L of the residue H was excellent, compared
to those in Examples 62 and 65. In addition, in Examples 67
to 638, not only the pipe inner cross-sectional area
proportion but alsc 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 is 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 12, 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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oHmMmMi-!'yamma>- 86 - [0121] Experinental
results It was confirmed that in order to provide
strength necessary as a pipe and to exhibit excell ent

fire resistance, it is necessary that the
heat - expandabl e graphite having a 1.3-tinme expansion
tenperature T3 of 180 to 24 is contained in an

amount of 1 to 10 parts by wei ght based on 100 parts
by wei ght of the vinyl chloride resin. Wen the anount
of the heat-expandabl e graphite was |arger than 10
heptresrppdabilghoraphétheatbe beapesi tiooposdst ichhemsal |y
expanded too nuch to maintain the shape, resulting in
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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
~burning. As a result, even though the underside of the floor
was heated to 1000°C or higher, 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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heatingostde,CboE Hicowas 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 weight 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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Experimental results

It was confirmed that in order to provide strength
hecessary 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
centained 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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conmponent Conparative Conparative Exanple 29 Exanple
30 Vinyl chloride resin part - 100 I nner side

Lead- based stabilizer part_-nf _covering |ayer
Lubricant part - 0.5 Calciumcarbonate part - 3
Vinyl chloride resin part 100 - Lead-based stabilizer

art 2 - Fire-resistant Lubricant part 0.5 expandabl e
[O(Ejgﬁ&i um car bonate part 100 - | ayer Heat-expandabl e

raphite part 30 - Amonium part 100 - pol yphosphate
[T%'PWI 18Al oride resin part - - Quter side Lead-based

stabi | i Z Hend Hrtronent COVET ngl Wrﬁﬁardﬁmrcdﬁﬁé}btiv@?r t
Example 29 | Example 30
Vinyl chloride resin part - 100
Inm::'r 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 chioride resin part - -
Outer side Lead-based stabilizer part - -
covering layer Lubricant part - -
Calcium carbonate part - -
Layer Inner side covering layer | mm - 6'2
thickness Fi , (100%)
(thickness ue—resstia;;eermandable mm ’ 362/) i
roportion % -
Propo 0 Outer side covering layer | mm - -
Fire-resistance C . O *
evaluation Smoke-generating tme | min 120 55
— flame hurst
erformance . O @
evaluation Tenslestrength | MPa | ;) 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 rejected in the fire-resistance evaluation. 1In




- - Calciumcarbonate part - - Layer Inner side
covering layer mrm- 6.6 thickness (100% (thickness
Fire-resistant expandable nm 6.6 proportion % |ayer
(1000% OQuter side covering |ayer mm - -
Fire-resistance x evaluation Snoke-generating tine
mn 120 55 flame burst Perfornmance Tensile strength
MPa O eval uation 33.4 50.5 127] Experi nent al
results As shown in Tabl es to 19, in Conparative
Exanples 23 to 28 and 30, the snoke-generating tine
was short, and the sanples were rejected in the
adfitéonesint Gavpacetlivat Ezamples 2992theddenisdde istrength
Conpar ati ve_ Exanple 29, the tensile strength was
wag| gghghylyoihpwhé‘m@rr@rf@ra,n igr gardero tobtditnian a
multilayered fire-resistant piping material that o
mulpiiayeked bbrA-rAsiffrBLreiPingnPatevandatheh sagisiies
erformance ‘evaluation requirements, it i S necessary,
b°g§ 59 LR TERARPRBSC76VRLUGHIONhENdt RELARFBRANER
ude a_tubul ar ftre-, esi st ant eanndabIe | ayer

v liabien braa RaaerERpatbabPencrFRRArds | Sfanbopbein
RO RN LN T RE TN
oL LRl POIORLE B! BY 58y LERE} ATy
£1FOUPOSE Lt QR CPOL #h"LOMLBS 2L 1 8XP3AG2R! 8o9L2RAL! §al AN
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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Experimeﬁtal 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 l.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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Experimental results

As shown in Table 21, in Example 112, since the
thicknesses of the inner side covering layer 12 and the
outer side covering layer 13 were each extremely thin, 0.1
mm, the tensile strength was slightly inferior, compared to
those in other Examples. On the other hand, in Example 113,
since the thicknesses of the inner side covering layer 12
and the outer side covering layer 13 were each extremely
thick, 2.2 mm, the fire resistance was slightly inferior,
compared to those in other Examples.

Therefore, it was confirmed that it is preferable that
the thicknesses 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 nmm.
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[0133]

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 slightly
inferior. Therefore, it is preferable that the resin
temperature during molding of the resin composition be 170

to 210°C.
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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, since the resin
tenperature during nolding was too high, the tensile
strength was slightly inferior. Therefore, it is
preferable that the resin_ {@@perature duri ng nol di ng
of the resin conposition be 0 to 210C Ma) E t o
eoCph ONMNMOGDON-~M~O0. Ogo U ~0OO0to
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[OB3NOCDtox W O ONMONMpPOOIOOo0ocDOO0O
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fo%@mwrﬁﬂjrqwlﬁ-m(r) V | XNONOMONOMOP

co ON O My\j 53
As shown 1n Table 3,

1n 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 119.

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
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tolPPevehO18bhmExpadi smokal fresubkscAsashawn tion thabloeher
23, in Conparative Exanple 23, since the 1.3-tine
sideppastdohiosapgebat bhe 6flobhembseriedpariisbimipingpmterials
was | ower than the resin tenperature during noldin %
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 condition
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



by 10C, the tensile strength was | ower than those in
Exanples 117 to 120. Furthernore, in Exanple 120,
since the 1.3-tine expansion tenperature of the
heat - expandabl e graphite was hi gher than 240C, the
snoke-generating tinme was slightly short, and the
tensile strength was slightly inferior, conpared to
those in Exanples 117 to 11i Therefore, it was
confirmed that it is prefer %?e_that the resin
tenperature during nolding be |ower than the 1.3- tine
expansi on tenperature of heat-expandabl e graphite by
th&C dne dpening7Potbidn06f fHh&3pipifgnmhuerdaal AS quickly
described in detail with reference to Exanples in the
caybkee, tomabhetaingthel aheped andetheskbyafiflapiepang smoke
material and the nultilayered fire-resistant piping
haygterpanetsaeer 8P ngheoovheigeesénthenbenniog, cbawvher,
| ayer constituted of a fire-resistant resin
reg Jt1drPEeYeREioR| 9f ekpanfiredfrprgspuealagyd - and,
as shown in Fig., 11, the residue caul ks the gap

betfbEd /IO 5 pi iy the drvHiiianried EbrpaFembatant piping
mafia] dravEg an | LA EVRHiC PURBE ARG SAURE: | Fbfy Tner
cL PRI RRA Y, e Eae B ohhg Thib e apate2Tat, plsmooth and
nEXe I Ty PG BLo08S 800 obiG L8Rk §Tho' Bre inner
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chdi®¥idd Prpi Sof UL §CL18erd 9y T4 £a1 {esl 5t apt Fféé gﬁggts%f‘f‘ggiﬂid,

a conventional fire-resistant ~expandab _
whiG&y il NPy STBG i pd L phEpHEESERD1 i EAVEBLL ON can inpart

fire resistance to the entire piping.

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.



In the present fire-resistance evaluation, the fire
resi stance was conpared by an alternative eval uation
technique in which heating is conducted under a
condition that one end of a piping naterial protrudes
ina fire- resistant furnace by 300 mnm In the case of
a fire under a condition that the piping material of
the present invention is_piegtlcally constructed in a
buil ding 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

di stingui shed. That is, tké&AIMS ng material of the
present invention rapidly and reliably caul ks the
conmpartnment pass-through portion during burning, and
also the entire pipe can undergo burning for a |long
lpedt o‘?d”tﬂ‘leﬁll?eYe’EFgriflilfeTlﬁésbﬁﬁm‘g Phrieg imatonidtal ly
droPged dur%n burning, it is,su gested - 102 that
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paddderdEphstant piping material having an inner side
covering layer, the inner circunference surface of
the piping material is snoboth and thereby can all ow
fluid to smoothly pass, and al so the inner

2C1 e WihRy1eNae A dpos - e OGBS It dSial, |

excellent in “chem cal proof and thereby hardly limts

cortiei 4 e Hf ired fesivbish ﬁéﬁﬂﬂﬁcgﬁ?6§@£iﬂﬂrE@ﬁ@aining
application. In addition, in the multil ayered

hedt+expasdsbbatgpiphige HaAVERGaE PAVOAJ1IAD BUt @[ 0Slifean
covering layer, the outer circunference surface of

amduret pe pi hgtorel @rpatt s sbexeel ykntbasedadhesdOnpands bor
exanpl e, can be easily and reliably

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 in Claim 2 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




connected to anot her menber such as a pipe joint.
[0137] Furthernore, the nultilayered fire-resistant
piping material of the present invention is not
limted to the above-described Exanpl es. For exanple,
in the Exanples, the piping materials have a nom na
di anmeter of 100 mm but may have a nom nal dianeter
different therefrom 103 - AIMS 1. A single-layered
fire-resistant piping mater , conprising a
fire-resistant resin conposition containing
heat - expandabl e graphite in an anmount of 1 to 10 parts
Papis hipighightiseadsed a001parpsrby begi ghtght atfpehgvi nyl
chl oride- based resin. 2. A single-|ayered
po¥yvinybsthiapidprpamgdnaesinal . conprising a
fire-resistant resin conposition containing
heat expandabl e graphite having a pH of 1.5 to 4.0 in
anount of 1 to 10 rts by wei ght based on 100
pathh§ By RS %stt@ﬂ%mwmwemh

The sin ay red fire-resjistant piping materi al
accaoc%%]rrb‘i ne® ?Jbl&érr%\ dh%%Jr%. P PpRiE ?%mP‘é‘éP@t aﬁt fusshar

2 contains an. addjtive fo
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poyyyfﬂyfxﬁﬂfbﬂfaeig%$§%ty %Erthe addlylve.for

providi ng heat st ing nmolding in a total
addi tive amount of 0.3 to 5.0 - 104 parts by weight
based on 100 parts by weight of the

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



pol yvi nyl chlori de-based resin. 5. The single-|ayered
fire-resistant piping material according to Caim 4,
wherein a basic conmpound is further contained as the
additive for providing heat stability during nolding
in a total additive amount of 0.3 to 5.0 parts by
wei ght based on 100 parts by wei ght of the polyvinyl
chloride-based resin. 6. A iéggLe-layered
fire-resistant piping material, conprising a
fire-resistant resin conposition containing
heat - expandabl e graphite having an expansi on volune in
acepedingnge ahyl100et of260amisgli hoafi, awherkiaf 1 to 10
parts by weight based on 100 parts by wei ght of a
pol¥hamyihe i igrine -makeeia t ebs ncolst Austed| eo | ayetedpass
fire-resistant piping material, conprising a
throygh rasfkearing eahetbapoandi oa evhferhedgto a fire-
heat - expandabl e graphite having a 1.3-tinme expansion
re3enpitat bt of CABRL VN2 A0ERNIEA BAbuAL h Wheehlohe

ondBELEalee L SN Basel, op 100 ParLS by el ol of 8 e
end 148 DRELSH AT PARLED, TPLEL 8l c 00y according Lo g,
200 SPECESH 4P 4R 9a0ARE LU LI OOTLNS chooring
mad TR 0 4 P SR B 4 Bk Phei tE BR Rt i

(e dlo red | 8nte Bhd
ot o e P id e e g $0a PR RZep Fgtace on

the le{-Hht 17§ i @f‘dtﬂé‘aflcg&?ir?%hﬁé &pg, pf the

pi ping material is exposed to a on-%ea_lng si de by
80@ pipkr amnkhe cHdislsaeR @1 orae 1y hgatdng sl 46, Pfor the

the flooring material,
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:

(52/51)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



a pipe inner cross-sectional area Si at the end of the
pi ping material before burning on the heating side and
a pipe inner cross-sectional area S2 at a m ni num
inner diameter of the piping material after burning
satisfy a relationship: (S2/SI)x100 5 50. 9. A
multilayered fire-resistant piping material,
conprising a tubul ar fire;rf$%stant expandabl e | ayer
made of a heat-expandabl e e-resistant resin
conposition and a covering |layer covering at |east
one of the outer surface and the inner surface of the
gréphite ebi stmmmewpandabl etday®drpartbebei Rei §Rt based on
fire-resistant expandable |ayer is fornmed of a
10 ipartedrytwmighesth aoppbevinph cbhbaidéngased resin, and
heat - expandabl e - 106 graphite in an amount of 1 to
the o ngyl g yhis biewnednof 180pphyvinpy wkighidefbased
$p|yviny| chl ori de-based resin, and the covering
Te3 LRy HONRCT o HY BT LYPeFFinhyy kprbredpandasele fesén
conposi tion not_ contai ning heat - expandable fire-
re%%éﬁ%ﬂ%uﬂaﬁﬁﬁ%ﬁ¥%is. 10. A nultilayered fire-resistant
pi ping material, conprising a tubular fire-resistant
expandabl e | ayer made of a heat - expandabl e
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parts by "wei ght of a polyviny chl ori de- baséed resin;
andBfithd NGOy e5h P dAYSE tHel @19BUr@Li8tant expandable layer,
wherein

the fire-resistant expandable layer is formed 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 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.



pol yvi nyl chlori de-based resin conposition not

containing heat-expandable fire-resistant nmaterials.

11. The multilayered fire-resistant piping mteri al

according to Caim 10, wherein the fire-resistant

resin conposition contains an additive for providing

heat stability during nolding. - 107 12. The

mul til ayered fire-resistant @%ping mat erial according

to Cdaim1ll, wherein at | 2at?’ one sel ected from the

group consi sting of |ead-based stabilizers, organic

tin- based stabilizers, and higher fatty acid netal

1gal The gnulgoiriteaiarsst afi tdrerastiitave $05img ava €t npa heat

stability during nolding in a total additive anount
acepr@imgteo SChaimpatls wyeneighatbhsadtooné0Bepartedb¥rom

wei ght of the polyvinyl chloride-based resin. 13. The
theng¥euryernsi 3t ey reti beadtbpspiingtabibizaks, acrgadingtin-

to,daim12, wherein a basic conpound is further
bagamhteidRtl e he a0 Rigker ofapivvadidgnatal sedbsl isy

uring molding in a total additive amunt of 0.3 to
ConE-H N33 e vREGhE I baskRr opravbdpagtheay aerbhliby
vi nyl chloride-based resin. 14.

t.n A
d“rrﬁﬂeqi_ YErEH 1 r- TR St ph P Ak ero®I 0.3 to 5.0
paaheor e Bk il Faree ok & LoRe fe e
0 it . ' I [ t | t
poléﬁgﬂg{?j t%rgr%%lye_%a&ef_oa/e}‘ég ! ayer covering a eas

er surface and the inner surface of the
fire-resistant expandable |ayer, wherein the
fire-resistant expandable |ayer is constituted of a

131 enECRLILANG eV FAONOYLIA oMU NN haterial
heat - expandabl € graphite having an~“expansion voltine
acddrdifi®y N8 Him 10, Lbherd8 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.

1l4. 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 constituted of a
fire-resistant resin composition containing heat-expandable

graphite having an expansion volume in the range of 100 to




250 nmL/g 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

pol yvi nyl chloride- based resin conposition not

cont ai ni ng heat - expandabl e fire- resistant materi al s;

and the covering layer is constituted of a polyvinyl

chl ori de-based resin conposgﬁéon not containing

heat - expandabl e fire-resist Taterials. 15. A

mul til ayered fire-resistant piping material,

conprising a tubular fire-resistant expandabl e | ayer
250rade/ @f in aaheameoexpanflabl eof Lepaesssbgniveigiknbased on

conposition and a covering |layer covering at |east
10@reavtsthe waight soffacpoapdithe thheridurbasedotesha; and

fire-resistant expandable |ayer, wherein the
the jeevertist bayeexpandabseitayed 0§ sopslyvingd ohlaride-

fire-resistant resin conposition containing
bagpatrexibancamresigiaphiee hentagnind. Beatmexpapdabilenfire-

tenperature of 180 to 240C in an anpunt of 1 to 15
refiFtanth 3Rt 5 L pastyd obhe0covpriRg baversi At censhituted

pol yvj ny] chl orjde;based resin; and the  coverin
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resin conposition not. containing heat-expandable fire
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fire-resistant piping material according to any one
of ainms 9 to 15, wherein - 109 when the piping
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underside o | oor is ed under conditio
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heating side by 300 mmfromthe surface on t
coediinNd Sfdle @vdhend | P01 d8st Bherdal tROdLP8E therace

other end of the piping material is

and the inner surface of the fire-resistant expandable layer,
wherein

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-

resistant materials.

16. The multilayered fire-resistant piping material

according to any one of Claims 9 to 15, wherein



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
end of the piping material before burning on the
heating side and a pipe inner cross-sectional area S2
at a mninmuminner dianeter of the piping nateri al
after burning satisfy a reiﬁéionship: (S2/ S1) x1 00 5
50. 17. The nultilayered TiteZresistant piping
material according to any one of Clains 9 to 16,
wherein the covering layer is provided on each of the
outwdrers (htfeagel minty et e minel i s wrdraserwitédieso as to pass
fire-resi stant expandabl e | ayer.

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 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 Sl 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:

(52/81)x100 < 50.

17. The multilayered fire-resistant piping material
according to any one of Claims 9 to 16, wherein the covering
layer is provided on each of the outer surface and the inner

surface of the fire-resistant expandable layer.




