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[ Name of Docunent] Specification [Title of the Invention}y MFEE%?
‘MATERI AL FOR KNEADED AND FORMED HYDRAULI C MATERI AL, AND K g&FMED
ARTI CLE [Detail ed Description of the Invention] [Industrial Field. of
Application] The present invention relates to- material for a
kneaded and formed hydraulic material, and a k éﬂﬂ&dﬁggd rticle.
[Prior Art] It has been conventionally investigat ' as a
reinforcing material for a hydraulic material, gypsum
For exaﬁpWNamHPoﬁ-bécahéﬁildisgbeificatibher-reinforced paper - manuf act ur ed
cenent plate m xed wi th polyvinyl alcohol based fiber having a fineness of
from 15 tqmx1& oF theenavn®iod]g/d or nore, and an elongation of from5
to 10% In the case where a paper-nmanufacturing nethod is enployed, in

whi ch a sl urry peamroRTNG MaAreR1N0 FOR VA(EADEDS AND eFORVMED HPPRABUICH wat er
I s paper-manufactured, the fiber is two-dinensionally oriented in the

di rect i on \axi:aRdirng ANie KiNeaTR® AD FORMEDOARTTEEE! vely exhibit the
rei nforcing effect’. wever, 1n the case where a kneadi ng and form ng
method is enployed, in mhich the fiber is blended in a matrix and is
uniformy m xed, since -2-

[Detailed Description of the Invention]
[Industrial Field of Application]

The present invention relates to-a reinforcing material
for a kneaded and formed hydraulic material, and a kneaded and
formed article.

[Prior Art]

It has been conventionally investigated to use fiber as
a reinforcing material for a hydraulic material, such as cement
and gypsum.

For example, JP-A-54-31421 discloses a fiber-reinforced
papér-manufactured cement plate mixed with polyvinyl alcohol
based fiber having a fineness of from 15 to 25 d, a strength
of 9 g/d or more, and an elongation of from 5 to 10%. 1In the
caée where a paper-manufacturing method is employed. in which
a slurry comprising fiber and a hydraulic material dispersed
in water is paper-manufactured, the fiber is two-dimensionally
oriented iﬁ the direction extending the formed article, to
effectively exhibit the reinforcing effect. However, in the
case where a kneading and forming method is employed, in which

the fiber is blended in a matrix and is uniformly mixed, since
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the fiber is three-dinensionally and randomy dispersed, dispersed, it
“difficult to exhibit sufficient reinforcing effect practically and
therefore to obtain a kneaded and forned article _having a high toughness.
JP- A-56- 125269 di scl oses a paper-nmanufactured cefrggig @Hgﬁeggsalia_&l —kneaded
n i

and formed article using PVA based fiber having & fi 1to 4
d, a strength of from8 to 9 g/d, and an el ongat} Yo

Al t hough a paper- manufactured forned article obtained by this nethod has
excel | enttipefiderais ehrsesdimea sk paadilggand dandomlygdigpénsed s iaongduct ed,
probl ens such as formation of fiber balls occur due to the small dianeter
of the fidBfficilt tbexdiiffitcsenticeent PednForeingtdf Eadnpirabeicdipit ed.
JP- A-59- 8664 di scl oses a hardened hydraulic article obtained by kneadi ng
and for m awa WHdrdP¥reb@sesbtatiela kabadd@ahineoensa Hriim Haing 4, 000 d
and an aspect ratio of from30 to 150, and JP-A-63-303837 discl oses that
obt ai ned Ry, iieand formng with PVA based fiber having a fineness of
from1, 000 o 9,000 d and an aspect ratio of from20 to 150, which show

Hovever | whon Sy 10 BRP 1o w5 S Pr G CorBerty ARrete S Al aRbke
el asti ci L) koo SIIPLY WiseheaObnhNEoARbESL AN éfet‘rn%r{@w da3dd'¢igazed. he

t oughnes and T orne artlc e can c I ent e”i nproved

because Woed gy HEMNAA XL §85¢+sm PRI & 00! DErkRGRH S 3 & Todgarticle,

g/d. and an elongation of from 5 to-6%. Although a paper-

(=)

manufactured formed article obtained by this method has
excellent performance, when the kneading and forming method is
conducted, problems such as formatioﬁ of fiber balls occur due
to the small diameter of the fiber, and the sufficient
reinforcing effect cannot be exhibited.

JP-A-59-8664 discloses a hardened hydraulic article
obtained by kneading and forming with PVA based fiber having
a fineness of from 100 to 1,000 4 and an aspect ratio of from
30 to 150, and JP-A-63-303837 discloses that obtained by
kneading and forming with PVA based fiber having a f£fineness of
from 1,000 to 9,000 4 and an aspect ratio of from 20 to 150,
which show that fiber having a high tenacity and a high medulus
of elasticity. However, when only fiber having a high tenacity
and a high modulus of elasticity is simply used, or the adhe.sion
to the matrix is increased, the toughness of the kneaded and
formed article cannot sufficiently be improved because when a

bending stress is applied to the kneaded and formed article,
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3- the PVA fiber has a tendency in that the fiber is broken before the
“fiber exhibits its inherent strength. [Problens to be solved by the

I nvention] An object of the present invention is to pro
material for a kneaded and formed hydraulic natef ﬁ' HQ'HAﬁdﬁﬁﬂ-o and
formed article conprising a hydraulic material tha

i mproved in uniformdispersibility and reinforcifg
obj ect of present invention is to provide a kneaded and forned article not
only del ayhengVAhiiter masi antafddrdwy finr shatrthekfiber id brokehni beforg a hi gh
stress even after the formation of the first crack. [Means for solving the
Pr obl ens]thEhe€ibare eikhdbitel dttes ihhefrghtAsteengonci ng naterial for a kneaded
and formed hydraulic material conprising fiber having a fineness of 5 d or
nore, an aspect ratio of from 10 to 500, a breaking tenacity of 5 g/d or
nore, an elongation (A) of from6 to 20% a flexing tenacity utilization

factor (Bprefb1al @b Bar 8o19ed 6?) ther thvéhfeon{2) A reinforcing material

as clainmed in (1), wherein said i s polyvinyl alcohol based fiber; (3)

A reinforcing A@Pt@ﬁfb taéfc'ﬁiéreﬂrégeﬁ%) 191"ve§1%)mn""fh?§ exB sdrfddes has a
fineness of from 30 6, 000 d'and an aspect

reinforcing material for a kneaded and formed hydraulic

material, and a kneaded and formed article comprising a
hydraulic material that are considerably improved in uniform
dispersibility and reinforcing effect, and an other object of
present invention is to provide a kneaded and formed article
not only delaying the formation of the first crack, but also
exhibiting a high stress even after the formation of the first

crack.

[Means for solving the Problems]

The invention relates to
(LY A reinforciné material for a kneaded and formed hydraulic
material comprising fiber having a fineness of 5 4 or more, an
aspect ratio of from 10 to 500, a breaking tenacity of 5 g/d4
or more, an elongation (A) of from 6 to 20%, a flexing tenacity
utilization factor (B) of 35% or more, and (B) = 4(A):
(2) A reinforcing mater.ial as claimed in (1), wherein said fiber
is polyvinyl alcohol based fiber;
{(3) A reinforcing material as claixﬁed in (1) or (2). wherein

saild fiber has a fineness of from 300 to 6,000 d and an aspect
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ratio of from35 to 100; (4) Areinforcing material as clainmed in (1) or
(2), wherein said fiber has a fineness of from5 to 100 d and an aspect
ratio of from 20 to 500; (5) A kneaded and forned article conprising a
hydraulic material having three-dinensionally and uniformy dispersed
therein, followed by fornmng, a reinforcing material ¢qmig iSHEED HASLBEEN
having a fineness of 5 d or nore, an aspect ratio of from 1ﬁEchAC§QO a
breaking tenacity of 5 g/d or nore, an elongation (A lef—F+em-6—to0—20%" a
flexing teaasbt ypfuErbinzasi 88 {@gior (B) of 35%or nore, and (B) [err] 4(A);
(6) A kneaded and formed material as clained in(5), wherein said fiber is

ol yvi nyl (alycahptiResSLE: il a er. cl ai med
Pn %/5) gr (?E)S) ﬁ%ierel n slgéljgﬁfﬁeg'(elra)l éggqagﬁgﬁegg g?’%m(%%)o v{rgé%agbo d and

an aspect aialﬁﬁg QML a0, ag(}q, ) d?q.ﬂj da L85 dmterial as
cl ai med |ﬁ clarm Srfgra 6, ﬂeérhel n ggl f“%eir:&hl?g’ea n%%e%sﬁoggfq:r om°5 to 50
d and an p ragi 0,0 fom 20 to 500. Wen a hydraulic material is

kneaded aﬁg ?gﬁ)ﬁegb gofit-’ 6 rei nforcing rraterl al is three-dinensionally and

h
ancorly B TOEkaE AR e 8¥“?§'ﬁ‘%§& RoeRdodi4 BERrbRu BT, e
ensile OhLgohyoRyELb bLnghoug, &), Al Vo SHLBLLS o1 oIS LS

effect,

followed by forming, a reinforcing material comprising fiber
having a fineness of 5 d or more, an -aspect ratio of from 10
to 500, a breaking tenacity of 5 g/d or more, an elongation (A)
of from 6 to 20%, a flexing tenacity utilization factor (B) of
35% or more, and (B) = 4(A); |

(6) A kneaded and formed material as claimed in(5), wherein said
fiber is polyvinyl alcohol based fiber;

(7) A kneaded and formed material as claimed in (5) or (6),
wherein said fiber has a fineness of from 300 to 6,000 4 and
an aspect ratio of from 35 to 100; and

(8) A kneaded and formed material as claimed in claim 5 or 6,
wherein said fiber has a fineness of from 5 to 50 4@ and an aspect

ratio of from 20 to 500.

When a hydraulic material is kneaded and formed, a fiber
reinforcing material is three-dimensionally and randomly
dispersed in a matrix. When a bending stress is applied to the
formed article, although fiber oriented in the directions

similar to the tensile direction (fiber group a) easily exhibits
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different fromthe tensile direction and fiber in bent condition (fiber
group b) involve a problemin that they tend to be bl_m

sufficiently exhibiting the perfornmance of the fiber,) and %‘B(Hﬁﬁ 8EEN
fiber oriented in the directions nmaking a | arge angl ith Eﬁt to [ he
tensile direction is higher in this tendency. Wen a stress |s apprted to
the fiber group b, the tensile direction and the tensile stress are not
uniformw thin one fiber, but the stress is concentrated at a certain part.
The fi bertnegparéinfdrsing P¥AFBaged fibeal ) olbented cenfientie t@ivectEdks agai nst
a bending stress, or the tensile breaking tenacity under a bent condition,

and t hus ditf fexe®dSfiom Bhekathsile@ite Stidh @nAtiBereXhivenitl denetEfdei ent
reinforcing effect. Therefore, when a hardened hydraulic article mxed with

the rei nf(¢iYeR0gPBES W12t 810E U BPoBY ehOltF thet SiH&P tenliltd DeObSGHkaed t hat
many fibers oriented in the directions di fferent fromthe ten5| l e direction

behavi or o hG LEAr RanE SKRAEUEERy' O BMEERSERRITER BberT 2 been
cons der s I i@l drews bebeb haying gkal &EP@&%{,% B’{"ﬁmian i

el ongation i s p € presen |nven I on

et oS i, BT 1 ey BS PR L sTUERELOPAE Ml O

-6-

this tendency.

When a stress is applied to the fiber group b, the tensile
direction and the f.ensile stress are not uniform within one
fiber, but the stress is concentrated at a certain part. The
fiber (particularly PVA based fiber) has a tendency to be weak
against a bending stress, or the tensile breaking tenacity under
a bent condition, and thus it is easily broken without
sufficiently exhibiting sufficient reinforcing effect.
Therefore, when .a hardened hydraﬁlic article mixed with the
reinforcing material is broken by tensile stress, it is observed
that many fibers oriented in the directions different from the
tensile direction of the hardened article are broken on the
rupture cross section.

Only the behavior of the fiber group a has been intensively
studied, and it has been considered that highly drew fiber
having a high tenacity and a low elongation is preferred. In
the present invention, on the other hand, the inventors has
found that it is necessary to investigate not only the behavior

of the fiber group a but also that of the fiber group b in order
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to obtain an excellent reinforcing effect in a kneaded and forned article,
and has reached the specific range of the elongation gnd the flexing

tenacity utilization factor. Specifically, the inventi OFHIS'SS?-FEET W]BPQ?” ng
an elongation (A) of from6 to 20% a flexing tenacit31 u Aﬁﬂ act ¢r
(B) of 35%or nore, and (B) [err] 4(A), as a rei nforc-ng—aaEeL -7 _Suchla
reinforcing material exhibits an excellent reinforcing effect in not only
the fiber group a but also the fiber group b, and the toughness of the
formed ardd digtdih C&P%ﬁ@éﬂ!ﬂt | FRIPAGE fhg W fEt N Td befeadd@natli®

el ongati on and the flexi ng tenacity utiliZation factor are out5|de t he

degad f £ ben Qb d
rﬁngezyst em 1n \/ﬁ%&hi t he bﬁeéénr]gél’gn %ﬁﬁllgé Cé]?gcff*&l S un or m gh‘g. gglepged
0,2 AL tn A O Yo e sl [0 5RhAgAEh! Gk okathn | HagtogLoun @ hos

been stu aV| ng a enaci ow e ongatlon has

:ggggvgfe?r]fegreg R lh%l ”Eﬁ&%'f %&@ﬁ”ﬁféﬁ%ﬂﬁ%?% s er, the
the 11 ber TRRF PR kD 17 fi'd ac%ﬁ%ﬁ?ﬂ?iﬁeﬁ@ q’erBFﬂgﬁ%@?‘?B g oup

b does not exhibjt a suff|C|ent relnforC|ng ef f In the present
i nvent i or'f'aciﬁp I d&e s Mp% 9F MOS8 n@CedBdi By4 &f‘gh 35t ‘P‘oﬁei‘a PEFLBE the

fiber, the reinforcing effect of the fiber group b, which has substantially
not been mademidleq, Spgh a reinforcing material exhibits an excellent

reinforcing effect in not only the fiber group a but also the
fiber group b, and the toughness of the formed article is
considerably improved by using the fiber. When the elongation
and the flexing tenacity utilization factor are ocutside the
r.;anges described above, a sufficient reinforcing effect cannot
be obtained in a system, in which the fiber reinforcing material
is uniformly dispersed in a matrix.

So far only the reinforcing effect of the fiber group a
has been studied, and fiber having a high tenacity and a low
elongation ha.s been used for improvement in reinforcing effect
of the fiber group a. However there is a tendency that the lower
an elongation of the fiber, the lower a flexing tenacity
utilization factor of the fiber. And thus while the fiber group
a exhibits an excellent reinforcing effect, the fiber group b
does not exhibit a sufficient reinforcing effect. In the
present invention, by increasing the flexing tenacity
utilization factor of the fiber, the reinforcing effect of the

fiber group b, which has substantially not been exhibited, is
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7- greatly inproved, and as a result, the toughness of the formed article

"is considerably inproved. Specific nmeans for inpr ’ ' tenacity
utilization factor of the fiber group b is not pdr I 3 , a
met hod of increasing the el ongation of the fiber lcan b&ERKAGERr abl y|enpl oyed

because there is a tendency that when the elongation is 1 ncreased, the
flexing tenacity utilization factor is also increase. The reinforcing
effect of the fiber group a is decreased by meking the el ongation | arge
because i J?F]S}“iﬁ: Fbakke & £orphe EX “eEoHagaf i ber
havi'ng théere ongat Pon alr}d tﬂ%%ﬁ é‘x?%éguffehaélltetyogpl Fzgt%n ac?or evithi n

t he rangeas%{%]%é;?% i&&ﬁ%egﬁgﬁa%ég%%\é%%on exhi bits an excel | ent

reinforcin as a resu se e reinforcing effect of the fiber
group b, which,h een_substantially not exhita.ibte i reatly Lpproved
t hough t he reirgrﬁe%r%ﬁr?g g‘f%‘Fg’gt g?rt h?‘éa(?If ‘Q’n%ro ea%?ls,exgg%emgé?xF%ggred. In
the present.jnventio t.he fl exing nacity utili.zation factor (B) is
necessar il %%&o%%ﬂﬁtoﬁr é’{fgr fti ogF\éng ,1ﬁDP8%pP8F§}gB11§ri§% or
nore, and particul arl eferably 50% or nore. Wien the flexing tenacity
Ut 1 2ot T or Hethdh SEnbarrdantnd Hhe S oagRt 5on S5Re BIIRERER and
the reinforcing effect becones insufficient. Wien the flexing tenacity

utilizatith K ably epglrygd berange; there okiichdendencH kBateWReBr ci ng

effect of the fiber group a is decreased. In addition it is practically
di ffi cul tthe elongation is increased, the flexing tenacity utilization

factor is alsc increase. The reinforcing effect of the fiber
group a is decreased by making the elongation large because it
becomes liable to pull out from the matrix. However the fiber
having the elongation and the flexing tenacity utilization
factor within the ranges defined in the present invention
exhibits an excellent reinforcing effect as a result because
the reinforcing effect of the fiber group b, which has been
substantially not exhibited, is greatly improved though the
reinforcing effect of the fiber group a is somewhat lowered.

In the present invention, the flexing tenacityutilization
factor (B) is necessarily 35% or more, preferably 40% or more,
more preferably 45% or more, and particularly preferably 50%
or more. When the flexing tehacity utilization factor is too
small, the fiber group b is easily broken, and the reinforcing
effect becomes insufficient.

When the flexing tenacity utilization factor is too high,
there is a tendency that the reinforcing effect of the fiber

group a is decreased. In addition it is practically difficult
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-8- to increase the flexing tenacity utilization factor above the certain
“range. Thus the flexing tenacity utilization factor i e Ly 80% or
| ess, nore preferably 70% or |ess, and particularly pi éSé%EﬁT@ﬁﬁp

The flexing tenacity utilization factor referred in tfe praqgmhe' %
which is a value that can be an index of the reinforcing ce off the
fiber group b, can be neasured by the nethod described in the exanple. The
el ongation (A) is necessarily from6 to 20% and preferably 7% or nore, and

it is prefenabhkate’eé fRS6indReaablelehedl yzd¥PewitdtoT abbdepatidi cul arly
preferably 13%or |ess. Wen the elongation is too high, the fiber group a

i s easi| YodldimO¥hngé Orirdie tHBI £1 &oirf ¢ ehB@ 11§ i Of L2 Y Qe oefid he fiber
group a is substantrally not exhibited, to decrease the toughness of the

kneaded i CLe. e Joralob=Net hGet I t hgna
rei nforciadr%affe%%i(;:m'ét(‘Sir géfdsiti hgff ill?g%\y)g?hgﬁ?bﬁ}i:s sub%glan??gl 93 dli(%‘,i/:‘si'culi‘nrt1 to be

exhi bi te%alﬁ{ﬂ:&l@iﬁﬁt ?‘?‘re‘i%?a@ﬂf ig%%egyr (j_ggggt be obtai ned. The fl exing

tenacity utilizatro actor r s not always determ ned by the
I ti b . h i f i '
of ‘the 1 ber. T nokiRe LoBaSRER PR Pl sk ol fiiiror, JBALERNTLL Tap TOPSS
titut] the.fibher.and so. gn. Theref Lf two, kind fib
have t he ARSI SRESRESAR- (TG iy RAVL W FPEFErn va BEcToek PaFRG -

tenacity rUti'nlf zation_factor. Howe e l%«i%ause t he el Oré%ato'eor?leasured

einforcing performance o er group b, ¢
by the method described in the exampile.

The elongation (A) is necessarily from 6 to 20%, and
preferably 7% or more, and it is preferably 15% or less, more
preferably 14% or less, and particulariy preferably 13% or less.
When the elongation is too high, the fiber group a is easily
pull out £from the matrix, and the reinforcing effect of the fiber
group a is substantially not exhibited, to decrease the
toughness of the kneaded and formed article. When the
elongation is too low, the reinforcing effect of the £iber group
b is substantially difficult to be exhibited, and thus the
desired effect cannot be obtained.

The flexing tenacity utilization factor of fiber is not
always determined by the elongation but depend on the species
of the fiber, the production process of the fiber, the fineness
and -the polymerization degrée of the polymer constituting the
fiber and so on. Therefore, even if two kinds of fiber have
the same elongation, they may have different values in flexing

tenacity utilization factor. However, because the elongation
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is one of the inportant factors determning the flexing tenacity

“utilization factor, when the elongation is too | bis
difficult to exhibit the sufficient reinforcing efHicSHEBetASs hly
stretched fiber having a low elongation is stiff{and hRgppAQRDfl exibility,
when a stress is applied to the direction differé udi na

direction of the fiber as in the fiber group b, it is difficult to exhibit
the sufficient nechanical perfornmance and reinforcing effect. Wile the

rei nf or Ci 1\YoRk FCtn@impbe thhR¥actdiiPastbERfsiAS the f eImiteRdcity
I ncreasi ng t he el ongati on, particularly considerabl e reinforcing

ef f ect C%i?%oéﬁ]iﬁxﬂ%gc%rde&ﬁémﬁﬂ%‘%eltgltﬁ%gf%&%%gi‘%: £60 Wl Rukhesgert ai n

range even e reinforcing e er group a i s sonewhat

i Tzari iy SR PSR ool ol AR SRS er
cvo- vl SnghleRoifaaeatbebR R PR gl hdieent & vo”
o the fiE g Ana heR e Gr g i e BB A bes IS PERi S ER Y Pox g
feneel i ueation (gplec () et e Bl and apecllcally e

nore preferably 6 tines or. nore, as Iar%e_as t he el ongati on Fromt he

A) .
st andpoi MtiRAT @Feifr Bt Treh FFWmncd tol St REEFIHlt Goheyhd P‘%ti tBearly

sufficient mechanical performance and reinforcing effect.
While the reinforcing effect of the fiber group a tends to be
lowered by increasing the elongation, particularly
considerable reinforcing effect can be obtained by determining
the elongation within the certain range even though the
reinforcing effect of the fiber Qroup a is somewhat decreases.

In the invention, the elongation (A) and the flexing
tenacity utilization factor (B) necessarily satisfy (B) = 4(A).
That is, when the elongation (A) is made high, the reinforcing
effect of the fiber group a is 1owere@ as explained above, and
thus the lowering of the reinforcing effect of the fiber group
a must be compensated with the reinforcing effect of the fiber
group b. Therefore, when the elongation is higher, the flexing
tenacity utilization factor (B) must be higher, and
specifically the flexing tenacity utilization factor (B) is
preferably 4.5 times or more, more preferably 6 times or more,
as large as the elongation (A). From the standpoint of the

practical performance of the fiber, they particularly
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-10- preferably satisfy (B) s 15(A). In the invention, the breaking

“tenacity of the fiber is necessarily 5 g/d or nore, and preferably 6 g/d or
nore. Wien the breaking tenacity is too |low, the sufficient reinforcing
ef fect cannot be exhibited by either the fiber groug mor-the i ber group
b. Fromthe standpoint of the production cost of th mi’s’&HvEETtHNSSBEENb

preferably 30 g/d or less, and nore preferably 20 gfd or REMacrFhe Young's

nodul us of the fiber is preferably 150g/d or nore, and hD eterablly 200

g/ d or NyreFeduthl g@tg_ggyst(ggldgoig?pf t he production cost, it is
preferably 500 g/d or lesS. Since the reinforcing material of the invention

|5 subj ected g Rgadhaneldn! O Mredilsd/ YoriBakiDBE gKECELEEE 44 uniform

dispersibility. 1In viewo hese factors, ér has fineness of 5 d or

, ; t

"ot To ChBeeiaraly § la B fiord) et ket i) g d o fbrl Gmdl 2oRes
ti ' 0 I, bly,. 40 I . . ' st

Gl 1 or Wik EBakifE; teRREL BV I o AW kBR0culERIALRE SelieReReidg (00

ect _cannot be obt.ai ned due

o the T ERRRTORBROF R S BarLe o PY g WA Ea TRy CORT (G AoPoRaME  when
{he aspochil Lok3 b2 S lnel UEohb01 8L chOSh Bl ocl g pouI LEcipnt o1 noe
suffici er%:th’e %E‘.ge;[*:r,]eitbg.isd Ji:'engez?g.gfyc t30 g/d or less, and more preferably

20 g/d or less. The Young’'s modulus of the fiber is preferably

150g/d or more, and more preferably 200 g/d or more, and from

the standpoint of the production cost, it is preferably 500 g/d

or less.

Since .the reinforcing material of the invention is
.subjected to kneading and forming, it must be fiber excellent
in uniform dispersibility. In view of these factors, the fiber
has fineness of 5 d or more, preferably 10 4 or more, and more
preferably 12 4 or more, an aspect ratio (AP value) of 10 or
more, and preferably 20 or more, and the aspect ration is 500
or less, preferably 400 or less.

When the fineness is too small or the aspect ratio is too
large, the uniform dispersibility becomes .insuff icient, and the
sufficient reinforcing effect canﬁot be obtained due to the
formation of fiber balls during kneading. On the other hand,
when the aspect ratio is too small, the reinforcing effect is

insufficient since the specific surface area is too small to

make adhesion to the matrix sufficient, and the bridging effect

This Sheet Has Been Repiacec

R T ’




cannot be obtained. The fineness can be adjusted by changi ng the dianeter
of the spinning nozzle and the draw ratio, and is preferably 9,000 d or

| ess, and particularly preferably 6,000 d or | gss—fremthe—stangdpoi nt of
adhesion to the matrix. The aspect ratio (AP vdl Uy SHEEErHASIBEEN { he

I nvention nmeans a val ue obtai ned by dividing the | en§EPLAZEDt he filber by the
di aneter of the fiber (the dianeter of the circretravimg-—thesane area as
the transversal c¢ross section of the fiber). The reinforcing material of

t he invergdn?ﬂ,trr@é %t@iﬁ%'de- t hread obtained by bundling plural pieces of
fiber, but fromthe standpoint of the efficiency of the production process

mater i1 wi ot Bindneag AR salesed By Sl & alspetRr 6 107 19
crack 1 Sinapsehind nidiie Bl ok BRERY, AR L SRR 0hod o
Dref or abity Ofs TBF SR ac RAECRPLEL T Fhatrh St dd oF Rere, Bhaf
21 bl O R 5 BB 5 b BT B 50 L3 Bl
toughness of the forned article is considerably inproved. The addition

anount ofvale ) igrfenred, & &b inventdqn Meapsog pyaLee uRBtai®ed el he fi ber

exhi bits excellent uniformdi spersibili t¥,
dividing the length of the fiber by the diameter of the fiber

(the diameter of the circle having-the same area as the
transversal cross section of the fiber).

The reinforcing material of the invention may be bundle
thread obtained by bundling plural ﬁieces of fiber, but from
the standpoint of the efficiency of the production process and
the production cost, single fiber is preferably use_d as the
reinforcing material without bundling.

In the case where it is an object that the uniform
mixibility of the fiber is increased and the formation of the
first crack is suppressed, the fineness is preferably from 300
to 6,000 d, and particularly preferably from 3,000 to 5,000 4,
and the aspect ratio is preferably 35 or more, and particularly
preferably 40 or more, and is preferably 100 or less, and
particularly preferably 80 or less. By using such fiber, the
formation of the first crack is suppressed, _and the toughness
of the formed article is considerably improved. The addition
amount of the fiber is preferably from 0.2 to 2% by volume.

While the fiber exhibits excellent uniform dispersibility,
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- 12 - it is liable to pull out in the case of fiber group a because of |ow
"adhesion to the matrix due to its small specific surface area. Thus, the
el ongation is preferably set relatively low within_the range of the

i nvention. Specifically, the elongation is pref I Yo\ and is
preferably 13%or |ess, nore preferably 12% or Ie:,gﬁﬁgrﬁg#ﬁscm y
preferably 10% or | ess. Wen inproving the inpact lresis EEQfter Lhe
formation of the first crack is an object, the fineness is preferably from
5 to 100 .an 1,01 S e -

1% :T%hgi%@ieaé&’gﬁ.flsf %‘?th ih Bﬁ{’/ %%é%%’ F1pP %%RB‘B 2%ecd

parti cul ar, nenes eféera or “nore, nore pre %r abl y 12
d or nore nd I referab 50.d or_.less, .and r ef.er.abl 0.d or

| ess. Thedfagﬁgc%é}egiji%l e ﬁ%f’@rtgﬂﬁld??ézrﬂ Qgst%“r%%]g .S%Ietc’l' &cnﬁ‘gxééﬁeef erably
60 or nore, further preferably 70 or, nore, an articul ar ef erably 80
or nore, SHef s&'ﬂﬁfe tﬁ“’ef LI 5 prefe: agerg’t Rer 5?2?&*5%#‘39 g‘% or

| ess, and p% cul arlg referably 200 or less. B usi_ng such fiber as the
r ei nf or ¢i%id etPgl eoftfy the r ePWEBELPRg ef PRECLEACRRLYFi bER® group b
i s considerably inproved, but also the transm ssion of the stress is easily
conduct e®1ORFRE 1000 L SoRFSERFRLIH 1 roRose - t 3RA i Prefera@bliys 138K essed,

but also the |owering of the bending | oad of the hardened article after the

f or mat i orR-&5¥S 4 MereRERferally 132 Qppessseand Parrddcalard vkpegadersakd f or ned

10% or less.

When improving the impact resistance after the formation
of the first crack is an object, the fineness is preferably from
5 to 100 4, and the aspect ratio is preferably from 20 to 500.
In particular, the £fineness is preferably 10 d or more, and more
preferably 12 4@ or more, and is preferably 50 4 or less, and
more preferably 30 d or less.

The aspect ratio is preferably from 20 to 500. It is more
preferably 60 or more, further preferably 70 or more, and
particularly preferably 80 or more, and is more preferably 400
or less, further preferably 300 or less, and particularly
preferably 200 or less. By using such fiber as the reinforcing
material, not only the reinforcing effect of the fiber group
b is considerably improved, but also the transmission of the
stress is easily conducted. Thus, not only the formation of
the first crack is suppressed, but also the lowering of the
bending load of the hardened article after the formation of the
first crack is suppressed, to obtain a kneaded and formed

article excellent in impact resistance. When the fineness of
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article excellent in inpact resistance. Wen the fineness of -13 - the
“fiber is large, effective transm ssion of the stresg-en-the_fiber is

difficult due to the small specific area and the nufJ&IS SHEET AS BEEASl | .
Thus the inpact resistance after the first crack isjnot cmrm_lAg any
i nproved conpared to the small diameter of the fiber artThough—t+re—o+imation
of the first crack is effectively suppressed. Therefore, in the case where
t he i npact resistance of the forned article should be inproved, it is

pref err eqpleOs i i§3f£r§év' R Er%%ﬁgé Eh&ﬁéé%,ebngﬂwp b

break due to ocallzatl of stress, br| glng effect 1s not

suf 11 ¢l ety pdye; L 0y L@ygRshhe o Eﬁ%%h?&?r%éé’é‘ﬂkﬂé Sleagha kY

mul ti pl e ¢racking es not occur e bendi ng test it
e ?erfﬁé&?:%ée ere b (E‘é nﬁégééroués@n %f%%?—'”‘éﬂ%ﬁ%l%*‘%xheﬂ?{'e
by Ay, %%8&& ¢ e\/\ﬁ?‘P%rt Qe Bhe %ﬁ“%ft% Bgrﬁ?%%&EFttycg? Hne

fi ber, because the nunber of flbers can be increased in the case of fiber
havi ng aiSn&fEegtiveds, suPHEeﬁ?%ﬁresTsh%?efc‘F@ff iims they gage; whgrevthted by
i mprovenent in integration of many pieces of tenacity exhibiting

di st ri buMPRSthTaeseraRee ff EF?tfﬁW% arii¢ler gheyld be improved, it

is preferred to mix fiber having a small diameter.

When the fiber group b break due to localization of stress,
or when the bridging effect is not sufficient due to low tensile
strength or low frictional resistance, multiple cracking does
not occur. As.for cracking on the bending test, it is preferred
that many cracks (multipie-cracking) are formed on the tensile
side. In the case where both the fiber group a and fiber group
b exhibit the reinforcing effect, not only the formation of the
first crack is suppressed, but also impact strength is improved
because of stress dispersion prior to fiber breakage resulting
generation of bridging effect by many other £fibers. While there
is a limit in fiber tenacity of one fiber, because the number
of fibers can be increased in the case of fiber having a small
diameter, the progress of the first crack is prevented by
improvement in integretion of many pieces of tenacity
exhibiting distribution in demoldation distortion, and cracks
are formed in the other regions of the matrix to formmulti-crack.

An article which breaks in such a process is excellent in impact

’ i
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are formed in the other regions of the matrix to formnulti-crack. An
“article which breaks in such a process is excellent in ngasc}EE :
REPLACEMVENT SHEET -14 - resistance and seismc resistgnce: SrifAS BEEN
standpoi nt of inprovenent in seisnmic resistance, it id_pref BEPIALEDO
I ncrease the nunber of reinforcing fiber, and it is preferably added—Tm an
anmount of from1 to 4% by volune. A fine fiber has a | ower absol ute
strength(g) (not nornmalized to g/d by dividing by fineness) due to its

smal | di a6 LUDALEH L0 AnfO &6 JiHfke . S?%%{%@ &-‘géiﬁlé <I§€Ch a

fi ber depends on tenacity to a certain exten erefore I ne fi1ber

pr ef er abl ) é}aoi, | r ' LEy( S |

Speci fi ca%‘/“f i ie?"ég{rtg §r§'£ %‘?#a%%&g?%ﬁ%%n%‘é g)s ér%%e]glr'ée;c?goa ?J;#%%é%/ d or
nore, an articularly preferably_11 g/d or .nore. The u [ _ljm.t.is not
particul a %/n Praﬂla II’%’EJE%E‘%'&QIF%EQ/%“‘%FQFﬁs?r%‘i%%%?%%fi Wnen a

defl ection, at ich the first crack is_formed on conducting a bendi ng
test, is %ﬁ?@éﬂ%%ﬂg}% L %e#di Y V8AY™&t that time is assumed B kgf,

the deflection, at which the bending | oad becones B kgf after fgr mat i on of
the first cradk, Fi8epffamiphas 18 IRWeF ABFQLIULS: STHTHRAA)Y BAEmm or
nore, further preferably 13A nmor nore, and particularly preferably 15A nm

or nore. "RFEMLLzAG Mé%/t'dartﬁﬁ AiFidingy by FdRenpFs) nPuet tat ibfgFMabicause

bending load the article keeps at
diameter compared to a coarse fiber, so bridging effect of such

a fiber depends on tenacity to a certdain extent. Therefore A
fine fiber preferably has a higher breaking tenacity(g/d) than
a coarse fiber. Specifically, it preferably has 9 g/d or more,
more preferably 10 g/4d or more, and particularly preferably 11
g/d or more. The upper limit is not particularly set, and is
generally 30 g/4d or less.

Specifically, when a deflection, at which the first crack
is formed on conducting a bending test, is assumed A mm, and
a bending load at that time is assumed B kgf, the deflection,
at which the bending load becomes B kgf after formation of the
first crack, is preferably 11A mm or more, more preferably 123
mm or more, further preferably 13A mm or more, and particularly
preferably 15A mm or more. Such a hardened article is excellent
in impact strength because bending load the article keeps at
high value even after first cfack. The upper 1limit of the amount
of the deflection, at which the bending load becomes B kgf, is
not particularly limited, and is generally 30A mm or less.

While the specific value of the bending load changes
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hi gh value even after first crack. The upper limt of the anount of the
“deflection, at which the bending | oad becones B kgff particul arly
limted, and is generally 30A mmor less. Wile thg¢ Té‘b%c&HEET: HASl BEEND
bendi ng | oad changes - 15 - depending on the shape, SRBF&.A@ conppsi tion
of the hardened article, it is preferred that the or-nath on of
the first crack is 100 kgf or nore, and particularly 150 kgf or nore, and
it is also preferred that the bending | oad becones | arger after the

for mat i oeplenidi@gf bhASthE' 88 Js? e Thei JBVENAI B RGoh0dE the heF@smddY 1.2
times or nore, nore preferably 1.5 tines or nore, and particularly

pref er ablygehc el FESLPIp ﬂ’é‘fre%rehhghi:{?aﬁh tlota*aeatgx;ﬁ@tfo&ala%fmhhsff thst crack,

and it is generally 5 tinmes or |ess. The point the formation of the

first cr fif%:srteéﬁééﬁ‘is' 1od ngpéleﬁﬁ% V&g%ﬁ:ﬁﬂcﬁg df%tlg;%tlggf e!"“' ch the

| oad exhibits maxi num val ue as far ctlon

A furt he ot B B ft’ir%?i%ﬁ "Bt ne‘ﬁf‘%ﬁ §ggaﬂ§50u%*$§€. stance
?Eo?nzll g %%’tﬁ‘:mﬂgng?fﬁ 43 b e L ”hr#aﬁ; 'bSEﬁy g&wﬁ g%ﬁé?‘:rlé%t:?ol i ng
caci Ty, BOACLT HHRE AR 9 o (e B= By RoTer LRt et bk lavspiPeta

or more, and particularly preferably 1. 6 times or more, the load

at the formation of the first crack, and it is generally 5 times
or less.

The point of the formation of the first crack referred in
the present invention means the éoint at which the 1lcad
exhibits the maximum value as far as the load and the deflection
exhibit a proportional relationship on the bending load-
deflection curve.

A further considerable effect can be obtained when the
pull-out resistance as an index of bonding (affinity) between
the fiber and the matrix exhibits from 1 to 10 N/mm* and
preferably from 2 to 9 N/mm?’. By controlling the bond within
an adequate range at which a fiber can not be pulled out so easily,
but a fiber can move to some extent, stress can be dispersed
easily due to the freeness of a bent fiber and breakage of a
fiber before stress dispersion does not occur easily. Therefore,
the reinforcing effect of the fiber group b is increased by the
above means in synergy with improvement of flexing tenacity of

fiber. This tendency is increased particularly in the case of
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easily due to the freeness of a bent fiber and breakage of a fiber before
" stress dispersion does not occur easily. Therefore, the reinforcing effect
of the fiber group b is increased by the above neans in_synergy vvith

I nprovenent of flexing tenacity of fiber. This tendenc THSS ig £
particularly in the case of -16- fiber of 100 d or less. &5& E@S Wfﬁ“y of
the fiber and the matrix is preferably controlled by s

species, and in sone cases, their affinity is preferably decreased. Fo
exanple,f&%erbaseqobiaebrhggggg a fineness of 100 d or |ess has high
affinity to a hydraulic material and exhibits an excell ent reinforcing

effect as therheb@krahth af RHk 23pbP hHE thEGhafFLPid prefdraSby | S
concentrated at a part since the fiber is firmy adhered to the matrix, and

a_probl e@o%‘t'r%@-ie'd”b{r @%tlécttihfa théPt GBS, PARK R NGhOLRsERS SidASS IS

di spersed. However, further excellent effect can be obtalned by suitably

Georens) Mas %?’%?e{f%"?ﬁed%%‘%ﬁ e S e TR R e o
coat i ng_ g, ;ﬂgg@%fef | EFo0 SHC: "8 SRSk AU VLS 10 .

resin, a po Ky eneoxi de Testn and a uorine conpourd

Do ot A AL PR AL TR S 20004 8 s Sl e of (e
by wei ght as #:ﬂt hgj(f Sre g\Apoel:Ipea but as in the fiber group b, a stress is

concentrated at a part since the fiber is firmly adhered to the
matrix, and a problem arises in that it is liable to be broken
before the stress is dispersed. However, a further excellent
effect can be obtained by suitably décreasing the affinity to
the hydraulic material.

Specific means for decreasing the affinity to the
hydraulic material include applying or coating a hydrophobic
substance, such as an epoxy resin, a polyolefin resin, a
polyethyleneoxide resin and a fluorine based compound. PVA
having been modified with a hydrophobic group may be applied
to the surface of the fiber. The attached amount to the fiber
is preferably about from 0.1 to 10% by weight. In the case where
fiber exhibiting a low pull-out resistance (fiber having high
hydrophobic property) is employed, on the other hand, the bond
of fiber to the matrix can be incre§sed by chemical methods,
such as activating the fiber surface using plasma treatment at
a low temperature, or by geometrical demolding, such as etching

and indentation.
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fiber exhibiting a low pull-out resistance (fiber havi hydr ophobi c
"property) is enployed, on the other hand, the bond of flibH8 SHEE h.?Ang X
can be increased by chem cal nethods, such as activating theR,'b 05 BFEN,
using plasma treatnent at a | ow tenperature, or by geo ' | din
such as etching and indentation. - 17- The species of the reinforcing
fiber use is not particularly limted, and is preferably pol yvinyl al cohol
(PVA) based fiber fromthe standpoint of weather resistance, mechani cal

performance anghebKabies oF 4818 nrdtdiny £856r WAIELA Rl htdht Yoot ween

the PVA based fiber and the hydraulic nmaterial is decreased, it is

f bl I | v I h i j :
Dol yot hyl Snenr qderearalaZly) M A i Mol NIRRT SRAY N . 4 s
a moder atg Affdni {xa (BoLhs BRGaUl deTRLer | 8o 3B hRUS 00dafasy! t can

be obtain ase ber use nventron i s not partrcularly

limted as far, as it satisfies the_val ues nenti oned.above. The vinyl

al conol  BREAP YN PeEHABCot: PREORBEPOR BAScALERbor SRS EFERAEFY has an
aver age degree. of. pol ynerjzatiqQn ohtai ned by the viscQsj thod in an
Sieode Solut s taR e where G APEIndGy netuaEn e ik Yastl EPSeF) 5 000
or nore, an articularly preferably 1,500 or nore., By, using _such PVA, PVA
fiber hamﬂ’g i BRrRuttesmatertasi iei dpcretssd e w%m*gﬁﬁ’éablY

controlled by applying a polyethyleneoxide resin. The
polyethyleneoxide resin has high affihity with the PVA based
resin and has a moderate affinity with the hydraulic material,
and thus good result can be obtained.

The PVA based fiber used in the invention is not
particularly limited as far as it satisfies the values mentioned
above. The vinyl alcohol based polymer constituting the PVA
based fiber preferably has an average degree of polymerization
obtained by the viscosity method in an aqueous solution at 30
°C of from 500 to 24,000, more preferably 1,000 or more, and
particularly preferably. 1,500 or more. By using such PVA, PVA
fiber having a high modulus of elasticity can be easily obtaihed .
In view of the cost, it is preferably 5,000 or less.

The saponification degree is preferably 99% or more, and
more preferably 99.8% or more, from the standpoint of heat
resistance, durability and dimensional. stability. PVA to
which other modification units are introduced can also be used.
The introduction of the modification unit can be conducted by

either copolymerization or post-polymerization. The amount of
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In view of the cost, it is preferably 5,000 or |Iess. The saponification
"degree is preferably 99% or nore, and nore preferably P9—8%-er—nnre,  from
t he standpoint of heat resistance, durability and di neln§118 rSHEES t kg IBEEN -
PVA to which other nodification units are introduced dan al 88Pipgrpsed. The
I ntroduction of the nodification unit can be conduct ed Dy E&rther
copol yneri zation or post-polynerization. The anount of REPLACENMENT SHEET
-18 - the nodification unit is preferably 30% by nol or |ess, and nore

pref er ablohelMdaPy i 68L16A UiTS1s iR fedat1Y S0 9By hOEor $e89] anRckssari|ly
conposed of only the vinyl alcohol based polyner, but other additives and

ot her poloUEHeS-AY A9 ¥etho120¢ hlsdBY be conjugated fiber or

sea-i sl andf i berw t'hot her pol'ynmers. 1tisnorepreferredthat PVA having high

t heri i . lyi. X esi i f
the fiber . Thas SAEREBR0 Ay Ber T8 AR R e e T B0 1
the i i ON .l hcul arl inited h | b duced b
the wet SBniRT Bteat rabeR b ushihy i BERsh Sadte veS B rBER 0 Y
e P BSOS G L R ARLT (2

u [ i

bet ween 2PN gzl £,200 3,508 O A Dy w2 SPERS Sl Eige Mol © of

PVA having high weathering resistance and alkali resistance is

present on the surface of the fiber."

The production process of the PVA based fiber suitably
used in the invention is not particularly limited, and the fiber
can be produced by the wet spinning method, the dry spinning
method, and the dry and wet spinning method. The dry spinning
method is a method in which spinning is conducted with providing
a space (air gap) filled with air or an inert gas between a
spinning nozzle and a coagulation bath.

The shape of the hole of the nozzle is not particularly
limited, and may be circular or other profiles. Examples
thereof include a flat form, a cross-shaped form, a T-shaped
form, a Y-shaped form, an L-shaped form, a triangle form, a
square form and a star-shaped form.

In the case where fiber having a finenesé of 500 4 or more
is produced, because it is difficult to remove .water froma thick
stream of a spinning solution (wet spinning), when an aqueous
solution of a vinyl alcohol based polymer is used as a spinning

solution, spinning is preferably conducted by the dry spinning.
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limted, and may be circular or other profiles. Exanples thereof include a

"flat form a cross-shaped form a T-shaped form a Y]

L-shaped form a triangle form a square formand a '21 - ’F‘E;ﬁJeHASCBEEN I'n

the case where fiber having a fineness of 500 d or re i REBLAGHACed, _
i Ng

because it is difficult to renove water froma thick streamof—as
solution (wet spinning), when an aqueous solution of a vinyl al cohol based
polymer is used as a spinning solution, spinning is preferably conducted by

the diy SPdUYAE exampids inditde 4 eRRUEPLA S iRl 4 SRBellRicNOG Py g1 Ch @

Spi nni ng st onBr|5|ng a aqueous solution~having a A
nozsl o 1 ik dad Uik, hyetds Yol Ol e o 8GR CEAMALIRLINTD, |
pr oduced By S A CheORebH TR o s e Rph A eRReRERE APHERS rom
100 to 200[err]C_1In the, case where fiber hayin fineness of, |l gss than
500 d i s PFtiuted@She g?"ﬁer"_si sgwaé‘rl%l‘f%%{o Jc et by IPHe @d sgﬁ‘ﬁni ng
Tot hod | rFIRSTA S PR iy 9851 1R PRSEBIGY IS S At ha0aous A BPLERLRS
containing PVA is wet-spun into a coagul ati on bath at roomtenperature
cont ai ni kR TTGAGARE PRATOMEATYY ArPERg dtle itsFuldAG thRead Fhe
o T nparature preferably fram 100 to 2060, M9 Setution

In the case where fiber having a fineness of less than 500
d is pfoduced, the fiber is preferably produced by the wet
spinning method or the diy and wet spinning method.

Specific examples include a method in which a spinning
solution comprising an agqueous solution containing PVA is
wet-spun into a coagulation bath at room temperature containing
an inorganic salt having a dehydration function. The
concentration of the PVA based polymer in the spinning solution
is preferably from 5 to 30% by weight, and more preferably from
10 to 20% by weight, depending on the degree of polymerization
thefeof.

Other additives can alsoc be added thereto depending on
necessity. For example, one or more of surface active agent
or inorganic substance may be added to the spinning solution
to increase the life of the spinning nozzle and to increase the
stability of a drawing process. Boric acid and a borate may

be added to the spinning solution.

The coagulation solution is not particularly limited as
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by weight, depending on the degree of polynerizatiopThze
additives can al so be added thereto dependi ng on negessi
one or nore of surface active agent or inorganic sub nlvElbe added to
the spinning solution to increase the life of the spinning nozzle an
increase the stability of a drawing process. Boric acid and a borate may be
added to the spinning solution. The coagul ati on solution is not

Cangul at 1oF FOnEE G RacPRESERr Lot Aoteior: 8 ot SRS thallEted o ¢
Corvent (29 6FB ¥hRooRbafe Gome pElRlys"SrElsitatl & FHORAR. 20 0 °

havingadera(gj{att.ionf n‘gtion such .as sodium sul fate auber's salt),
ammoni um St ae]?fﬁﬂs%j;‘ﬁ_ 1R BEFBEYARET 352 IORRH: FARTST SR S e ous
sol ution be selected from 100 g/ L or re to.the satyrated . .

Concent r SIRSHLELERIIYS B SAEPRHFPU T AR et ASphELERRE% S deREITAFLPR! ed
concentration since such a solution_has a high dehydration and coagul ation
funct i on. THEYHAhe SUCTh @FoiSAiom sRTate dLdAupest St faLh) oc 8YRORANT: he
cost, a saturated aqueous sol ution coa%ul ation bath is preferably used. A

net hod cdliaks ard soddiamersbengtey edhe eongerEration ofi e 3graPRsn

cont ai ni ng
solution may be selected from 100 g/L or more to the saturated

concentration, and is preferably as close as possible to the
saturated concentration since such a solution has a high
dehydration and coagulation function. From the standpoint of
the efficiency of the process and the cost, a saturated aqueous
solution coagulation bath is preferablyused. A méthod can also
be preferably .employed, in which a spinning solution containing
boric acid in an amount of about from 0.1 to 3% by weight is
extruded into an alkaline coagulating bath containing sodium
hydroxide and so on. The temperature of the coagulation bath
is preferably from 20 to 70°C, and particularly preferably £rom
30 to 50°C. The thread released from the coagulation bath is |
then wet-drawing and drying to easily obtain a spinning base
thread.

In the case where fiber of 50 d or less is produced, because
such fiber has high toughness and is difficult to suffer stick,
it is preferably produced by wet discharging a spinning solution
obtained by dissolving PVA in a solvent into a coagulation bath.

Preferably, the following method can be exemplified.
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boric acid in an anount of about fromO.1 to 3% by weight is extruded into
“an al kal i ne coagul ati ng bath contai ni ng sodi um hy e on.. The
tenperature of the coagulation bath is preferably 'EE&UASQ&ENr]C and
particularly preferably from30 to 50[err]C. The I read?EPbA@E@ed frjlomt he
coagul ation bath is then wet-drawing and drying to easily 2 Spi nni ng
base thread. In the case where fiber of 50 d or less is produced because
such fiber has high toughness and is difficult to suffer stick, it is

preferabl v pr e, RcaEly P SRoEELAGCR1SR! OB IR, RRbAE OB AR Y

di ssolving PVATIn a SOT ven coagulati on réfer

foll d . | vent d i

br oduct | SPIHERHBEF Ty flféﬁ’%bmr@fsm&muﬁf 8RG RBOBOK TP er abl y
d, d a_pol I | f d di npt hyl

o s e B 4 oA, it rete LIBA ooy oo A 2

glycerin and et hyl ene_glycol, are exerrpllfled A mxture of two or m)re of
t hem and EMathydr cltdagaliney, janfed RAOLHIEIFHY u@e8°h ety n§UChe 25
solvents, DMBO is a preferred solvent since it can dissolve PVA at_a

rel ati velSANCeFine @pdr gthréene gleceht FehteXxfldddechon AnBiebreeie® of the
PVA solution. Since DMSO has a relatively high freezing tenperature, it is
pr ef er r edW OFeBOTgs 0t Haem oard| mmisrtunenedr Makes andt KbeBod@Ml ak$on bat h

by addi ng nethanol in a | ow concentration. The
be used. Among these solvents, DMSO is a preferred solvent

since it can dissolve PVA at a relatively low temperature to
prevent heat degradation and coloring of the PVA solution.
Since DMSO has a relatively high freezing temperature, it is
preferred to decrease the coagulation 'temperature of the
coagulation bath by adding methanol in a low concentration. The
concentration of PVA of the spinning solution varies depending
on the pclymerization degree of PVA and the species of the
solvent, and is generally from 2 to 30% by weight, and preferably
from 3 to 20% by weight.

As the coagulation bath, an organic solvent having a
coagulation function to PVA ié used. There is no limitation
as far as those having a coagulation function to PVA, for example,
an alcohol, such as methanol and ethanol, and a ketone, such
as acetone and methyl ethyl ketone. Among these, methanol is
preferred since it is cheap, it has a relatively moderate

.:_coagulation function and can easily form a uniform fine crystal
;tructure. In order to obtain fiber having a high tenacity in

the invention, the solvent for the solution may be contained
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concentration of PVA of the spinning solution varies depending on the

“pol ynerization degree of PVA and the species of the solvent, and is
generally from2 to 30% by wei ght, and preferabjy om 0 _20% by wei ght .
As the coagul ati on bath, an organic sol vent hayvj SaSHﬂHgMAQtBE?H function
to PVAis used. There is no limtation as far gs tho:ﬁgp;_ png a ¢oagul ation
function to PVA, for exanple, an al cohol, such as TmE ang hanol , and
a ketone, such as acetone and nethyl ethyl ketone. Among these, net hanol is

f el N I
?Lﬁctelrgﬁ‘iéﬁ Jﬁ’%an 2 gxﬁ]a 2P bath. f‘?hé E§L@éh¥e$¥ gpgeéaiseﬁeasf ghé On

b ‘ orma un ormftTine cCr tructure I n Orderhto
gof E't POE'%% %%“cﬁgfﬁ?%e *be?‘%&%&iiééeh%nﬁgéﬁ%@ £Re °#§%‘%Z°°%§§8% Lo otﬂ ©
T
sSte?.esbl RO B b bEBREO PR Sn e Sk ”“%#‘%%#ﬁg?&fﬂp CREC eb
0 50% 1 5%
e o 5 PhiBhn dmt Rore tertatbase 10Ga TS Bobl St Belredahte B Epa?ure e

the coagul ation bath is preferably 20[err]C or |ess, and when it exceeds
20] er r | C,ah dRidadmh Glc £2guiPs BESLd¥c APSaBPePr ecedi ng phase separ ation of
the coagul ated thread to becone opaque, and fiber having h tenacity

cannot be obt &NhfeBemperaturgaf Eﬁl%f%’ﬁgéﬁ-attﬁ-&ﬁl ?%Ehtlér@E?ﬁ?G? 120 fe

or less, and when it exceeds 20°C, non-uniform coagulation

occurs by preceding phase separation o0f the coagulated thread
to become opaque, and fiber having a high tenacity cannot be
obtained. It is more preferred that the temperature of the
coagulation bath is 15°C or less, and particularly 10°C or less,
from the standpoint of obtaining a uniform coagulated thread.

The spinning method in the invention may bé the dry and
wet spinning method in which an air gap layer is present between
the nozzle and the coagulation bath or the gel spinning method,
and .it is preferred to employ the wet spinning method, in which
the nozzle is in direct contact with the coagulation bath from
the standpoint of performance of the fiber and efficiency of
the spinning process.

The resulting bundle of coagulated threads is soaked in
an extraction bath to wash and remove the solvent of the solution
contained in the bundle of coagulated threads. The extractioh
bath is preferably constituted by an organic solvent having a
coagulation function. The bundle of ethreads is subjected to

wet thermal drawing at from 2.5 to 5.5 times. The bundle of
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coagul ation bath is 15[err]C or less, and particularly 10[err]C or |ess,
“fromthe standpoint of obtaining a unifornlcoaguIaLgd thread. The spinning

method in the invention may be the dry and wet s -QH% BFgN\hich an
air gap layer is present between the nozzle and t}h q%ég? on a h or the
gel spinning nethod, and it is preferred to enpl qu_the Laning net hod,
I n which the nozzle is in direct contact with the coagulatlon bath fromthe
st andpoi nt of performance of the fiber and efficiency of the spinning

process. tHiedfsuld g dang %bcefalsotaggbﬁhﬁﬂnghsaeésthfeéeaked in an

extraction bath to wash and renove the sol vent of the solution contained in

the bundl e of sgpag giﬁﬁfﬂ gﬁre% Q:a‘ff(faé%%tﬂaﬁ e aﬁ% w)a?u@ifsflﬁé@ﬂ

constituted by an rganl vent aving a coagu at | nction T<|’¥'Ie bundl e

f eth t .
'(I)'heebuilglaéegsgfa%c}&%?ég& gaagf& r| eae){g&,&o#]gh%]ta{{s%@nﬁpgaa ase hlr 21:13.
Th th b obt th d i bed
Shove’ amiy ecacserm%%"a” wlﬁ'gr‘aﬁto?ii’wéﬁ%s°5§ﬁ%ﬁz$"cﬁaﬁagﬁé% ermal
d ' t h t t d d [1izati
from t be SEEREAAD oPotnoPEvFEaLERESEERR ortiiibe 08 1 SBERIPEIPE ctFarly. i n
the case where the nethod descri bed above is enp i n, which the

spi nni ng EWRAYIRE EHﬁt%ﬁ’?ﬁ‘?ﬁ“%ﬁF%Pﬁa%’rlbe%ol \?élff'ile-yLG§3réf i1 e Faseng

excel I ent nmechani cal characteristics can be obtai ned . .
where the method described above is employed, in which the

spinning solution containing an organic solvent is used, fiber
having excellent mechanical characteristics can be obtained
since sticking of the fiber is difficult tooccur. Specifically,
fiber having a tenacity of 9 g/d or-more can be obtained.

The method of thermal drawing of the fiber is not
particularly limited, and a n.on—contact type or contact type
heater, a hot air furnace, an 6il bath and a high temperature
steam may be employed. Among these, it is preferably conducted
in a drawing furnace of a hot air type over a period of time
of about from 20 seconds to 3 minutes, in which the thermal
drawing may be conducted in two or more steps by controlling
the temperature to plural stages. The thermal drawing is
preferably conducted in such a manner that the drawing
temperature is 200°C or more, and more preferably from 220 to
250°C, and the total drawing ratio is from 8 to 25 times, and
more preferably from 9 to 18 times.

In the case where the general fiber having a high tenacity

and a low elongation is produced, drawing has generally be
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since sticking of the fiber is difficult to occur. Specifically, fiber
"having a tenacity of 9 g/d or nore can be obt ai f thermal
drawing of the fiber is not particularly limte(d, '§n§|HEEETnHASCBEEN ct type or
contact type heater, a hot air furnace, an oil bath RESLACHED gh tdnperature
steam may be enpl oyed. Anong these, it is preferably Comducted-- a draw ng
furnace of a hot air type over a period of tinme of about from 20 seconds to
3 minutes, in which the thermal drawi ng nay be conducted in two or nore

steps by &ffddctidd wabgﬁttﬁrgﬂ?%@ttwfoi 0 RhUfd lﬁ%aﬂﬁonT%et&ﬁm dr awi ng

Is preferably conducted in suc manner that the draw ng terrperature IS

2001 o711 G PorEREEan30d; IRAEGPLENES 2 £50 224 (fORhEr thnagithihe total

drawi ng rat times, nore preferab rom9 to 18

ol ongat | o PEeErEiatHatshda %Se“h;tiivgee#éra Faev%&%aat g8 EEREhida g ) o
fo from 28" ? 8 %ﬁ%’s&a{-ﬁéh29%%”?&?}%5%5 § 080 el et vely
e et S o S 4 L0 AT, v
treat nent Pr ef er abl f| ber is maintained in a heating furnace having

a tenperé"tzi?raé:“’rﬁnd:heri;?ﬁgﬁr?ﬂgdr%ﬂﬁ o R dish JeitAd0edodnr A Re3tIRI 5[ err] C

under the condition in that the fiber ] .
furnace having a temperature higher than the drawing heating

furnace by from 2 to 5°C under the condition in that the fiber
is suitably relaxed (i.e., including the shrinking amount), and
then the heat treatment of the fiber is conducted under the
conditions, to increase the elongation. The elongation can be
_increased by increasing the shrinking amount. In general, the
shrinking ratio is preferably £from 3 to 20%, and more preferably
from 5 to 15%.

By increasing the drawing ratio, the tenacity of the fiber
is increased but its elongation is decreased. By increasing
the shrinking amount, the elongation is increased but the
mechanical performance is decreased. Therefore, it is
preferred that the various conditions (such as the discharging
amount of the spinning solution, the drawing condition and the
shrinking condition) are suitably adjusted to obtain the
desired fiber.

While the elongation can be increased by increasing the
shrinking ratio, there are cases in that the .flexing tenacity

utilization factor cannot be increased by increasing the

iThis Sheet Has Been Replacec

LU I




Is suitably relaxed (i.e., incl

udi ng the shrinking amount), and then tﬁe

"heat treatnment of the fiber is conducted under the conditions, to i ncrease

anount .

the el ongation. The el ongati on can be increased by in a.s-l—ﬁg v 1CHEN
In general, the shrinking ratio is preferabl TS BHE '{?1%0@0
nore preferably from5 to 15% By increasing the draw h

tenacity of the fiber is increased but its elongatio

i ncreasing the shrinking anount,
mechani caell

var

tenacity th
el ongati on dependi ng on the conditions,
t he degr dbf G

ng r KEPIAC

Therefore, .i

f s jg.d d. i
lous e ol eBendnts ok Mitcerns i FRESR atinh BF hE SBsaR
| uti ,..th ] diti dth hri nki diti, i
S0 Ust od s BOTERGE | Hbedeated of BolmeRi FEH IR Lpe MR nathedi e eaved

by increasiqngpt_he shrinking ratio, there are cases in that the fl exi

$8p18g qondidriensmbhe firaning sepdifbions (dnaaing rakio

the drawi ng conditions (drawi ng ratio and draw ng tenperature) and t
shri nki nd-emrenatne -t ciperafore, thesefeonditinn® shovdid bensuitiably be
suitably adjusted to obtain the desired flexing tenacity utilization

factor.

aT.

adjusted to obtain the desired flexing tenacity utilization
factor.

The fiber of the invention has excellent performance as
a reinforcing material for a kneaded and formed article. The
volume fraction of the fiber can be suitably determined, and
it is preferably 0.01% by volume or more based on the amount
of the matrix, more preferably 0.1% by volume or more, and
particularly preferably 0.5% by volume or more, from the
standpoint of reinforcement, and is preferably 10% by volume
or less, more preferabiy 5% by volume or less, and particularly
preferably 4% by volume or less, from the standpoint of uniform
dispersibility.

Because the fiber of the present invention is excellent
in reinforcing effect, the reinforcing effect can be
considerably increased by adding an extremely small amount of
it.

A kneaded and formed article excellent 1in wvarious
performances such as toughness can be obtained by mixing the
reinforcing material of the invention. As the specific forming

method, for example, the spray forming method, the injection
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The fiber of the invention has excellent performance as a reinforcing
"material for a kneaded and forned article. The volune fraction of the fiber
can be suitably determned, and it is preferably 0.0%% Tl e
based on the anount of the matrix, nore preferably O.IQf%;yggégggngmgure,
and particularly preferably 0.5% by volume or nore, firom.i dpol of
reinforcenent, and is preferably 10% by vol une or | ess, nore preferably 5%
by volune or less, and particularly preferably 4% by volume or less, from

the standppiniinPimdtiddr Ml SPEEsddiid if%’:fxnﬁféc%@tﬁ:é&_e fhderinfatiieg present

invention is excellent in reintorcing effect], the reinforcing effect can be

consi der rgnr'ix{bcrnm byu%%jdf&qn erfféﬁ'%@ldtﬂ@inf‘%%g?%b%%(ﬁekneaded

and fornme Icl'e” excelle I N varil ous performances s Ss can

poci {1 SRS et RoRaRFEF A8 i qR aia, Okab A hBLER, KiPnsd 17

- 26~ formi i hod, th i ho_ the vibrati
For m o MACRSE: S FPBEHOR, SHENBA BECRPD) ROy FORabKbRIGTON o obtfad, the |~

R G S
o ALY ShelyEh) S nRYe2RRLVEEY Ty b8 uSfuRbas eI
is includRF - 0¥ applying p g

in the invention.

The term kneading and forming used in the invention means
a method in which a matrix in the form of mud and the fiber is
uniformly mixed in the system, in which water is present, and
the mixture is formed into the desired shape by the forming
method described above, and is clearly distinguishéd from the
paper-manufacturing method conventionally employed. In the
invention, superior effects can be exhibited even in the case
of.a mixture obtained by mixing the solid content and water in
a ratio about from 100/15 to 100/60, particularly from 100/15
to 100/40, i.e., amixture having a lower water content and thus
lower flowability than that for the paper-manufacturing method.

The hydraulic material used in the invention is not
particularly limited, and examples thereof include dJgypsum,
gypsum slag and magnesia, with cement being preferably used.

A representative example of cement is portland cement, and
portland blast cement, fly ash cement, alumina cement and

mixtures of them may be used.

The reinforcing materiel of the invention also exhibits
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in the invention. The term kneadi ng and form ng used in the invention ﬁeans
“a nethod in which a matrix in the formof mud and the fiber is uniforny

m xed in the system in which water is present, and fifgs Tixte+e. s forned
into the desired shape by the form ng nethod descri @ﬁ& Hagd

clearly distinguished fromthe paper-nmanufacturing hod‘?ERhng@mt ly
enpl oyed. In the invention, superior effects can be exhi bITetu—ewe t he

case of a m xture obtained by m xing the solid content and vvate inaratio
about from 10Q/15.t0.100/ 60 articularly from100/15 to 100/ 4 L.e., a
ture R axcslish Ratdrofdne dekact |58 |%%€ajf5 | SR fg?f“gr?lﬁ%n t hat
for the paper-anufacturin t hod. .The draulic terial ysed.in the

i nvent i o935 AR @tﬂgf%gg‘%ﬁi ﬁglaéd}sa:}réabiﬁnﬁf’eggt ﬁ@f“@gf’gi ARfEudE gypsum
gypsum slgtgq%g:d magnesi a,, W th_ cenent bei I’_l% preferably used. A

r epr esent Whms exibddndhe reipsercing e&f8Rt: and portland bl ast

cenent, fly ash cenent, alumna cenent and m xtures of them may be used.
The reinforci ftf fatine| agg9regrte nekieonsamdo e&ai spRpd., lapgpeandneENT
SHEET -27 - an excellent reinforcing effect in nortar and concrete

cont ai ni riFeghedGangaead ganshed| stone awe Rmploiafbd antt assadreParsalt to

exhibit the reinforcing effect. As a fine aggregate, river sand, sea sand,
| and sanddggregate, cobblestone and crushed stone can be employed.

Furthermore, artificial light-weight aggregate and filler may
be mixed, and specific examples théreof include slag and
limestone, as well as foamed perlite, foamed obsidian, calcium
carbonate, vermiculite and Shirasu balloon. Furthermore, a
flowing agent, An air entraining agent(AE), superplasticizer,
a water reducing agent, a thickener, a water holding agent, a
aterproof agent, an expanding agent, a accelerating agent and
a retarding agent can be used in combination as additives.

The fine aggregate referred in the invention means an
aggregate, 95% by weight of which passes through a sieve having
an opening diameter of 5 mm, and the coarse aggregate means an
aggregate, from 0 to 10% by weight of which passes through a
sieve having an opening diameter of 5 mm.

The composition of the hydraulic material is not
particularly limited. In the system mixed with a coarse
aggregate, fiber having a £fineness of from.300 to 6,000 4, more
preferably from 3,000 to 5,000 4, is preferably mixed since it
is stiff and its mechanical characteristics are difficult to

be lost, and further it has good dispersibility. The fiber
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crushed sand and crushed stone are enployed, and as a coarse aggregate,
" cobbl estone and crushed stone can be enpl oyed. Furthernore, artificial
| i ght -wei ght aggregate and filler may be m xed, and gpecific—exanples
thereof include slag and |inmestone, as well as foaned?ﬂ&iBHEE[kﬂﬁamﬁm
obsi di an, cal cium carbonate, verm culite and Shirasujbal | oRFPLAERBDt her npr e,
a flowing agent,; An air entraining agent (AE), superplastrcrzer—a wat
reduci ng agent, a thickener, a water hol ding agent, a aterproof agent, an
expandi n ; elerall d i n used in
o1 nat Poatazaptd; RACCHE Aildit 38T, B8 o B, MoRd ey

conbi nation as a ne aggregate reterr I on

nmeans an e , %, | ght whi.c asses. thr I gye. . having an
openi ng &?’g%\:&tg&%f %? gea%%#ﬁg gégr 28 g%%?'eé“asree %%%ggggligger{e%gte, from
0 to 10%.by weight of which passes throuygh a_.sieve_having.an_openi.ng

di oot or S A7 e Dk P il S8R, BenBler PaFTr SBREN
particularly |imted. In the systemm xeqd with a cqQarse aggregate, fiber
havi n ol RARERE o1 HRRRF TSRS, Q0B dOTHB e b it S FT G SLR0 ¢ o
5,000 d, is preferably mxed since it is stiff and its nechanical

char act eMafErd@lapghdpits | bridobrg etecthid fhe AFFteM RihZeqd bt

di spersibility. The fiber -28 - preferably has an aspect ratio of 35 or
nmore, nofe GRAAISE AAIFARIR . e, lendtpref k| yeinborringsmatepial

preferably 80 or |less. By using such fiber, the formation of the first
crack should be long to a certain extent. In the case of fiber having

a large diameter, a high reinforcing effect can be obtained
since excellent dispersibility can be obtained even when the
length of fiber is made certainly long.

In the case where the main object is to improve the impact
resistance after the formation of the first crack, it is
preferred that the sysfem substantially does not contain a
coarse aggregate so that the transmission of stress is made
smooth, and the transmission of stress can be further
effectively attained by mixing fiber having a fineness of from
5 to 100 d and an aspect ratio of from 20 to 500, so as to obtain
further excellent effect. In the case where a coarse aggregate
is mixed, there are cases where the transmission of stress is
inhibited, and the fiber having a small diameter is damaged on
kneading. The fiber preferably has a fineness of 10 4 or more,
more preferably 12 4 or more, and preferably 50 4 or less, more
preferably 30 4 or less. The aspect ratio of the fiber is
preferably 60 or more, more preferably 70 or more, and

pérticularly preferably 80 or more, and is preferably 400 or
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is effectively suppressed. In order that the reinforcing materi al exh{bits
“a bridging effect in the systemm xed with a coarse aggregate, the length
of the reinforcing material should be long to a certaj pyf>
case of fiber having a |l arge dianeter, a high reinforging &
obt ai ned since excellent dispersibility can be obt ai hed_ev8Bpyire
| ength of fiber is made certainly long. In the case where n obj pct
is to inprove the inpact resistance after the formation of the firs
[t 1S Prefesd eddeauddl, eX8ARethaY 3Ud4ld Yn Wb Rl Ay PE oRnEpar S
aggregate so that the transm ssion ol stress 1s nade snooth, and the
transm ssg f g (‘ﬂ]T'Re : r.effectively attained by mxing fiber
havi ng a%ﬁee]ﬁe%és&lotfgs%r om (gl%grifq%ra'nd an aspect ratio of from20 to 500,
so as to obtaig further excellent fect. 1ln the.case where_.a coarse
aggregate is % ,blt%ere@:aé'fpeleésasé’? vﬁgﬂge tcl?g'ptols&ﬁ&%nssilgﬁﬁ‘gfiest Pg'ggs S

I nhibited, and the fiber _having a small djanpet i s damaged qn kpeadi ng.
The fi berCPPRYZHEAIT R they | Thus dlBr%é‘,'e%‘P% ePEbPy 12 d
or nore, andlgieferabL%EEO,d or, | ess, nore preferably 30_d or |ess. The
aspect rat?eIeIh LGN At i BEBW L% - nSPECHdCEL Y of EPabPE 70 or
nore, and particularly preferably 80 or nore, and is_preferably 400 or

=29 - | es¥YSEEM CORLEINING-NP| FRATRY AFITEISFS AMLEHBT hat? GRMRPERAEdPRer fi ber

having a | arge dj aneter.
comprising from 80 to 120 parts by weight of cement and from

40 to 80 parts by weight of water is preferred, to which other
additives may be added. For example, at least one of from 80
to 120 parts by weight of siliceous sand, from 10 to 50 parts
by weight of silica fume, from 0.1 to 5. parts by weight of methyl
cellulose and from 0.1 to 5 parts by weight of a superplasticizer
is preferably mixed, and more pref eraﬁly all of them are mixed.

In the system containing a coarse aggregat_e (concrete),
a composition comprising from 80 to 120 parts by weight of cement,
from 120 to 200 parts by weight of water and from 200 to 400
parts by weight of a coarse aggregate is preferred, to which -
other additives, such as é water reducing agent, may be added.
It is further preferred that from 20 to 100 parts by weight of
a fine aggregate is mixed.

As specific examples of the kneaded and formed article of
the invention, it can be used as all the cement or concrete formed
articles and the secondary products thereof, such as a slate
plate, a pipe, a wall panel, a floor panel, a roof plate, a

partition wall, a paving material, a tunnel lining, a slope
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SU|tabIe exanpl es of the conposition include the conposition of the
"speci nen used in the neasurenment of a toughness coeffrgjge heExanpl e.
Specifically, in the systemcontaining no coarse aggregat
conposition conmprising from80 to 120 parts by weig
to 80 parts by weight of water is preferred, to which other Tt may
be added. For exanple, at |east one of from80 to 120 parts by melght of
siliceous sand, from1l0 to 50 parts by weight of silica fune, from0.1 to 5

parts by ﬁ\ﬁéﬂé”ﬁtﬂfn mehdver££l | uhpge and ddgupdkel tf)aét&?itsfabb!dﬂéi:ght of a

superpl asticizer is preferably m xed, and nore preferably all of themare

m xed. | NpghenSusd Rhag Ene 03¢ xﬁé’n@%{)y 1% ((eR218k8) abdve,

conposition conpr|5|ng rom80 to 120 parts wel ght of cenent, from 120

to 200 paghs }meava@agahdﬂéoﬂ@éd&%ﬁa%&yﬁ@@%g 98§990836£x§ btéyﬁﬁgiﬂ@& of a

coar se aggregate s preferre itIves, such as a water

reduci ng agaNte A 90130ded by | 0 HELELoP S TRL AR L oun2hgt 0 100

parts by weigh rne-aggregateis n1xe specific exanp of the

kneaded and, f f th t ) d th

cgregnte o?n%%%%%f@"ﬁ)%‘éﬂn%‘?’f‘?ﬁ’g%ﬁn . Ior}sec%ﬁﬁgﬁﬁmg?%%gcjttgscﬁﬁe#’s © such
| at t fl I f _plat
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SHEET -30 - .
grounding of a machine, a pressure vessel of a nuclear reactor

and a vessel of a liquefied natural gas.

The present invention will be described in more detail with
reférence to the following example, but the present invention
is not construed as being limited tg the example.

[fineness 4]

The weight of the donstant thread length of the resulting
fiber-like substance was measured, and the apparent fineness
was calculated at n = 5 to obtain the average value. The
fineness of which could not be measured by the measurement of
the weight of the constant thread length (fiber with a small
denier), the fineness was measured with a vibroscope.
[density g/cm’]

The density was measured by the density gradient tube
method using carbon tetrachloride and n-hexane as solvents
(measuring atmgsphere: 20°C).

[tenacity g/d, Young’'s modulus g/d, elongation %]
The fiber to be measured was allowed to stand under the

conditions of a temperature of 20°C and a relative humidity of

dThis Sheet Has B

i ’



protection material and a concrete factory product. Furthernore, other than
"the cenent products described above, the kneade ral e of the
i nvention can be applied to a structural materi exterior
finishing material and a construction material. |Furt hgFpaGED it chn be used
as a nortar for plastering, and al so can be use s—a—grounding of a

machi ne, a pressure vessel of a nuclear reactor and a vessel of a |liquefied
natural gas. The present invention will be described in nore detail mﬁth

referenc 0 e I r n |

onstruegst% %% ng‘f)lll{ﬁyf gﬁ(&t esg(l #%I %%F?l ?\’%%essbg‘]e% do\r/}\:/edl g of t he
constant _t hread | engt . esul t fi ber-Ilk was asur ed,
and the HSGSP&Rmept n‘éﬁe%gl\tﬁﬁ: %5?3&?‘!%’%1 t & gﬁugeS 0?%%'[ e rage
val ue. The flneness whi ch coul d, not red he nmeasur e nt of
e vl gt YBRBEHE RehInat Ay BSRe LR gAe PEOL) /ﬂfrat%am ERTER), the
fineness was neasured with a vibroscope. [density g/cnferr]] The denS|ty
was neasteEFeBy ARECGEARRR: PagREiarERTed UBE HRIPRYZYSTHEP carbon tetrachl oride
and n-hexane as solvents ( neasurln atnnsghere 20[err]C). [tenacity g/d,
Young' s nodul #&egrdongpsignt was % ¢H%3F¢ ebPYt Ehece@aakierd was al l owed to

stand under the conditions of a tenperature of 20[err]C and a rel ative
hum dity of

single fiber breaking elongation (cm)
X 100

gauge length (cm)

When the length of the fiber was shorter than 20 cm, the
measurement was conducted with the length as long as possible

of the sample as the gauge length.

[flexing tenacity utilization factor %]

The fiber to be measured was set vertically in a form of
40 mm square and a mortar of cement/siliceous sand/water =
1/1/0.4 (weight basis) was cast into the mold (embedded length
of fiber: 40 mm), followed by sufficient vibration. The mortar
was cured at a condition of 2.5 C and 65%RH for 24 hours and
then in water, to obtain a hardened article. Ordinary portland
cement (Ordinary portland cement produced by Asano Cement Co.,
Ltd.) was used as the cement, and silica #4000 (Blaine value:
4,000 cm?/g, produced by Keiwa Rozai Co., Ltd.) was used as the

siliceous sand.
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REPLACEMENT SHEET 65% for 24 hours, and a single fiber was subjected to t he
“measurenent of a fiber tenacity at a gauge |er Young' s
nodulus at a tensile rate of 10 cmim n by an t%§@g§‘£ﬁ§ﬁ%1 ogr aph
manuf act ured by Shi madzu Corp". The el ongatior] was BEPMEBt ed by the
equation: single fiber breaking elongation (cm X 100 gauge |l ength (cn)

When the length of the fiber was shorter than 20 cm the neasurenent was
conducted with the length as | ong as possible of the sarrpl e as the gauge

R L
?ZﬁEEGZhﬂ' ST 4TbeR T B0THFLRY of %”ﬁggh% W A oSG B ESh. The

nort ar cured at _a conditiqn _of 25 [err]C and 65%RH for 24 hours and
then in ESCTHAD 86t Hhe, enbrddgdnkiber ﬁtcPetefGi&%E?’y}edb? |- e CBHR Nt
(Ordinary portland cenent produced b%/ Asano Cenent ., Ltd.) was used as
t he cemeY UgAa9sf| tensile e steral Astograeh Aﬁ'(ﬁ%)o@rr[“épfl}fﬁstuﬁﬁéd%ed by
Keiwa Rozai Co., Ltd.) was used as the siliceous sand. -32- The fi ber
enbedded SHmagzy GoRRd Jar tticclobtads $hej breaking stress (g/d) as the

flexing tenacity.

The ratio (%) of flexing tenacity (g/d) to the fiber
tenacity (g/d) was measured and designated as the flexing
tenacity utilization factor.

[pull-out resistance N/mm?]

Ordinary portland cement (Ordinary portland cement
produced by Asano Cement Co., Ltd.) was dry mixed with the same
amount of silica #4000 (ﬁlaine value: 4,000 cm2/g, produced by
Keiwa Rozai Co., Ltd.) in a Hobart mixer for 2 minutes, and water
was added in such an amount that the water/cement ratio was 0.4,
followed by wet mixing for 2 minutes. The mixture was cast on
a polyethylene £ilm having a thickness of 0.2 mm in an aluminum
vat and screeded to a thickness of from 5 to 10 mm. Partition
flames made of thin wood (3 cm x 3 cm) were embedded thereto,
and one fiber was embedded in one flame, respectively.

The embedding of the fiber was conducted in the following
manner. A mark is applied to a needle at the depth, into which
the fiber was expected to be inserted into the matrix, and the
needle was inserted into the matrix in the direction

perpendicular to the surface of the matrix. The fiber was

’ il
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atensile test at a flexing angle of 45[err] to a | ong}THth SHEETWHABCBEENN of
"the enbedded fiber at a tensile rate of 0.5 mmm n by JSIng R‘?EPQ_QO§0|G
tester (Autograph AG 5000B manufactured by Shimadzu CoFpr)—toobtarntie
breaki ng stress (g/d) as the flexing tenacity. The ratio (% of flexing
tenacity (g/d) to the fiber tenacity (g/d) was neasured and desi gnated as
the flexing tenacity utilization factor. [pull-out resistance Nmjerr]]
Ordi nary portland cenent (Ordi nary portland cenent produced by Asano Cenent

vai heL:d %b%@&rﬁge?irr{g PS% pro Egse'% 158 dg?ga@%haﬁftgléﬂiﬁg’%)%% %Blt

et or / corii TR ﬁ“Sﬁ%@é?%?%%ea | ?@&%%%ﬁ@ﬁ% hf}ﬁ-‘te‘r*f

' 0
g’:ﬁﬁn"ﬁﬁm : f%ﬁ%rs‘é“w@sﬁdeyfaﬂérﬁm% AR EReCte PR e i@ﬁ ﬁﬁsiaﬁ’e sr§95‘“o'f” b
wee. embedtREH 1Ph e L6 G b fgt&?\g%?ﬁe BnEEAaPHE of he Tiber was
conducted in the following manner. A mark is applied to a needle at the
depth, itiFsihiaEiler dipdetdd & Ffoamedn §d88NFhserted into the matrix,

and the needl e was i nserted into the matrix in the direction
per pendi cRAERPINY MRELAK fdc Cast e argfiodme.  The fi ber was 33

Thirdly the mortar after curing is thinned by grinding if

necessary. The embedded length of the fiber can be suitably
changed, aﬁd it is preferred that the embedded length is from
l to 2 mm or less in the case of fiber of 100 4 or less.

After inserting the fiber, the xﬁortar in the aluminum vat
was sealed in a plastic bag, and was subjected to the first curing
at 50°C for 20 hours, and then further cured in a room at 20
°C for 21 days kept in the plastic bag. After curing, paint
was sprayed on exposed part of the fiber, which enabled the
measurement of the embedded length Lb after the pull-out test.
Then the mortar was demolded and separated into several
specimens. A pull-out test was conducted at a rate of 2 mm/min
by using Autograph (5000-AGB manufactured by Shimadzu Corp.)
to obtain a load-displacement curve.

The maximum load Pa (kgf) was read from the record of
load/displacement of pull-oﬁt, and the pull-out resistance was
calculated by the following equation. The test was conducted
for 5 samples (n = 5) except for the case where the fiber was

‘broken on the pull-out test, and the average value of the

33 This Sheet Has Been Replace:




inserted into the matrix to that depth (to the bottomof the matrix |ayer
‘in the cases other than fiber having thin denier). |p=the case where a

fiber is too fine to be enbedded by the nmethod descr
enbedded as follows: First a fiber is set inaform/|n advu
nortar is cast in a form Thirdly the nortar after cU
grinding if necessary. The enbedded | ength of the fiber can be sul y
changed, and it is preferred that the embedded Iength is from1l to 2 nmor
|l ess in the se of fiber of 100 es After e,fiber, the
ror car | PR A VAR Ll Ehed gt cubradgd et RS (BS ec o
to the first curlqg at 50[err]C for 20 hours, .and then further cured in a

room at MP§ & Y3Ea &btﬂn@gyg MeASYLing, the embedded, lengfh ATY&E £R§  pai nt

was sprayed on exposed part of the fiber, which enabled the neasurenent of
the enbed®ibkl1¥Hytestwather UHE 9f L/30tmRend thengifth dolin) Was

denol ded and separated into several specinens. A pull-out test was

conduct eccakculatad fspmtheraverage §inageastRyldeniesioandddenfhbestct ured
by Shi madzu Corp.) to obtaln a | oad-di spl acenent curve. The ﬁBXIﬁUﬁ]|Oad Pa
(kgf) wasdensity rdm giemtedyr thef equadidins l.2ddremny (90 MD? oan, thad t he

pul | -out resistance was cal cul ated by the foll ow ng equation. The test was
conduct edassmpst sampihest (thes drjosex it ifaar dfhéheafd belrewast kertilber was
broken on the pull-out test, and the average val ue of the

Pull-out resistance (N/mm?) = 9.8°Pa/(L x Lb)

[toughness index N/mm? (systems containing no £iber reinforcing
material of 100 4 or less)]

193 kg of ordinary portland cement, 113 kg of a fine
aggregate (pit sand from Kisarazu), 611 kg of a coarse aggregate
(crushed stone #6 from Hachioji, maximum diameter: 13 mm), 350
kg of water and 0.88 kg of a water reducing agent (Pozzolys #70)
were éut in a bi-axial forced mixer, and kneaded for 1 minute
to produce plain concrete. Fiber was added to the plain
concrete in an amount of 0.75% by volume, followed by kneading
for 1 minute, and a sample (prism .of 10 cmx 10 cm x 40 cm) was
produced by using the resulting slurry according to the standard
of Japan Society of Civil Engineering JSCE-F552 “Method of
making specimens for measuring Strength and Toughness of Steel
Fiber Reinforced Concrete”. The specimen was subjected to
curing at room temperature of 20°C and a humidity of 65%,

followed by demolding, and then cured in water at 20°C for 28
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REPLACEMENT SHEET - 34 - resulting values was cal cul ated. The enbedde ‘
"lenght Lb (nm) was a val ue obtai ned by neasuring the enbedded | ength after
the pull-out test with a unit of 1/10 mm and the df ﬂig—

calculated fromthe average fineness Dr (denier) a fH'%eg&E&F' AMBERN {y A
(g/cnjerr]) by the equation 0.2(Dr [err]/ (90 A))[enr] onREPACERsunpt | on

that the cross section of the fiber was circle. Pull-out resrstan N m®)
= 9.8,Pa/ (L x Lb) [toughness index NNmierr] (systens containing no fiber

I nf f
1y S Y R %&C%afzze“t
t d t #6 .1 hi d , 350 k
S0 P B e MR MY AT Pl
L ﬁ“meade%@&g.%cgﬁr G 2o ettt g e

fol | oned pg kneadi n or. 1 mnute, and a sa rismof 10 cmx 10 cm x
40 cm) was q’éﬁloﬁspﬁgl@-h%ngb%%ﬁlﬂfﬁ% % c destig g Yethedst andar d
of Japan SOCI ety of G vil Engineering JSCE- F552 "Met hod of naki ng speci nens
for nmeasu?f iflesturay St rengthoaghnteadness «f Handk Fakesw Beéeforsadret e .
The speci men was subjected to curing at roomtenperature of 20[err]C and a
humi di ty @Pnesetet ol Mhedulgherithe toushnessdindasof iheoformedastigle20[err] C
for 28

is, the more excellent the toughness (impact resistance) is.

The flexural strength was calculated by P:1/(b*h?), and
the toughness index was calculated in such a manner that the
area Tb under the load-deflection curve from a deflection of
zero to 1/150 of the span was obtained, and the toughness
coefficient was obtained by (Tb/Stb)-(1/bh?).

P represents the maximum load shown by the tester (N), 1
represents the span length (cm), b represents the width of the
rupture cross section (cm), h repreéents the height of the
rupture cross section (cm), and Stb represents the deflection
to 1/150 of the span (cm).

[toughness index (systems containing fiber reinforcing
material of 100 4 or less), flexural load-deflection test]

The composition of the hardened product used in the test
was as folléws. Specifically, ordinary portland cement
(ordinary portland cement produced by Chichibu Onoda Cement
Corp.), siliceous sand #7 (produced by Toyo Materan Corp.),
silica fume (produced by EFACO Corp.), methyl cellulose

(Himethollose 90SH30000 produced by Shin-Etsu Silicone Co.,
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-35 - days. The resulting speci men was neasured for toughness index by
‘third point bending test by using a multi-function tester manufactured by
Shi madzu Corp. according to the standard of Japan Socpety-of—Ctvi4

Engi neeri ng JSCE- G622 "Testing Method of Fl exural Streﬂ#éhsﬁﬁfﬂ o Rl ds of
Steel Fiber Reinforced Concrete". The higher the toughness RERUAGEDDf t he
formed article is, the nore excellent the toughness (Impact resistance) is.
The fl exural strength was cal cul ated by Plerr]lI/(bh[err]), and the

t oughness ,index was, gal cul at ed a_Tb.under the
| oad- def Iigé]qdn Ftr FPBF?‘FBE §FF8&FFBna(§$B%§‘r (?IE%%"E%?P’& E?ﬁﬁ oL¥in was
obt ai ned,  and the toughness_caqefficient was_obtained b

(Tb/ St b) [(%8-(l/ Bﬁ?é"’% hased fdbedspredy¢rd H’H&#ﬁﬁﬁ%&é - sHdiir bfeTde tester
(N), 1 represents the span length (cn), b represents the width of the
rupture &S%s section (cn), h represents the height of the rupture cross
section (cm, and Stb represents the deflection to 1/150 of the span (cn).
[ toughness index (systens containing fiber reinforcing material of 100 d or
| ess), flexural |oad-deflection test] The conposition of the hardened
product @amenth the test was as fdl0i0oparts Byewefigbdl |y, ordinary portland
cenent (ordinary portland cenent produced by Chichi bu Onoda Cenent Corp.),
si | i ceousSisldmotis (sancddkded by ToydOMpaetanbowpightsilica fume (produced
by EFACO Corp.), methyl cellul ose (H netholl ose 90SH30000 produced by

Shi n- Et sBidiildac dhumeCo. , 0.4 part by weight
Methyl cellulose 1.5 parts by weight
AF, superplasticizer 0.75 part by weight
water 60 parts by weight

The PVA based fiber was added to the matrix having the
composition described above in an amount of 3% by volume.

The composition was mixed and kneaded in an omnimixer (OM-5
produced by Chivoda Giken Co., Ltd.) and then poured into a
forming flame of 4 cmx 4 cm x 16 cm, followed by being allowed
to stand at room temperature for 24 hours, and then subjected
to curing in water at room temperature for 6 days, to prepare
a sample. In the case where the hardened article was larger
than the size of 4 cmx 4 cm x 16 cm, the sample was cut into
the same size for evaluation of performance. The toughness
index (I) was measured according to ASTM C1108-94. The higher
the toughness index of the formed article is, the more excellent
the toughness (impact resistance) is.

Three-point flexural test was conducted by using the same
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- 36 - Ltd.), an AE superplasticizer (SP-8N produced by pozzolys Corp.'),
"and PVA based fiber (produced by Kuraray Co., Ltd.) were used. Cenent

100 parts by weight Siliceous sand #7 100 parts by weight Silica
funme 0.4 part by weight Methyl cellulose B~ parts
by wei ght AE superpl astici zer 0.75 part by wefgR

60 parts by wei ght The PVA based fiber was added tpo ) havi ng the

conposition descri bed above in an anmount of 3% by cOf [

was m xed _and kneaded in. an _ommi m xer 5 produged b | yoda_G ken Co. ,
e ) ancaile BOG BH vhuts 2taRang prafaceh Y GinaRah bR B a1 of | owed
by being allowed to stand at roomtenperature for 24 hours, and then

subj ect ecFRER ¢ERIRY Gfnl R Mevand o beRd eBRpdFatire sREedol 4 s MR epare a
sanple. In the case where the hardened article was |arger than the size of
4 cmx 4 ¥M38 1 PFEPAFE SafprEurad 4opdrAeSlerEioRnEUSYSe for eval uation
of performance. The toughness i ndex (qle%e”]) was neasured

accor di ngt oASTIRS1 Pednysat whish §herleark exbifpdtesthe masdmm vad ueorded
article is, the nore excellent the toughness (inpact resistance) is.

Thr ee- poifiar fasxtihel loadt ands thendieflattiyonisxhyihite aaproportional

relationship on the bending load-deflection curve was
designated as the point of formation of the first crack, and
the deflection A and the load B at this point were read from
the curve. The deflection C showing the load B was similarly
read. The load-deflection curves were prepared for three or
more specimens, to measure A, B and C, and the evaluation was
conducted by the average values thereof. The maximum flexural
load was read from the curve, and the average value thereof was
obtained.

In the case where two or more points, at which the load
B was exhibited after the formation of the first crack, were
present, the point exhibiting the largest deflection was
adopted as the point for C. The larger the C/A is, the more
excellent the wvibration resistance is.

[Example 1]

PVA having an average polymerization degree of 1,700
measured by viscosity method and a saponification degree of
99.8% by mol was added to DMSO to prepare a spinning solution
(PVA concentration: 18% by weight). It was then extruded from

a round nozzle having a hole diameter of 0.2 mm and a number
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-37- sanple and by using Autograph produced by span Iength of 150 nm and a
| oad application speed of 0.5 nmmn, so as to prepare a flexural
| oad-defl ection curve. the point at which the | oad exhibits the nmaxi num

value as far as the | oad and the deflection exhi bi | :
rel ati onship on the bending | oad-defl ection curve '\Ag‘sgégfgagééo%gl t he
point of formation of the first crack, and the deflectio the load B

at this point were read fromthe curve. The deflection C showi ng the |oad
B was sim I The,l.oad-deflection .cuny rep [ t hree
or nore ggpéegilro%ns;fa%?écﬁeggﬁ?egfg@‘ﬁ%ﬁ(f’pabna *%ﬁ’za‘}é@a‘ﬁ tjaagt ?gﬂe\%gghgénduct ed
by the average val ues thereof.. Th I mu ral s read fromthe
crve. oG Ak Asietghf FAtieLPE O VRARTR IR 70790, B0 cBR ek o or
nore points, at which the | oad B was_exhibited aftey the for i on_of the
(rretor st <hanBladls offe Tomntiane vaki of otHElataldiiaris B8 on vas
adopt ed as thec'stfm nt for C. The larger the CCAis, the nore_excellent the
vi br at i orf RIS eth & dravwipgapf) & HimesAlh & iR zﬁ%faé{(}é\gaé’étﬂopﬁﬁélﬂﬂzat i on
degree of 1,700 nmeasured by viscosity nethod and a saponification degree of
99. 8% by #HBLX}AS Right ratned retpaephs/RMI0 of 9% hgndar femperabyre
concentration: 18% by weight). It was then extruded froma round nozzle
havi ng a 9%I50 @i aapd &hepf DMSQ was extrachediand removed by making into

contact with a countercurrent of methanol, followed by drying.
The threads were subjected to thermal drawing at 230°C to a total
drawing ratio of 10 times, and then subjected to a shrinking
treatment of 10% at a temperature of_ 235°C, so as to produce
fiber. A polyethyleneoxide oily agent ("VOS513" produced by
Takemoto 0il and Fat Co., Ltd.) was applied to the resulting
fiber in an amount of 0.5% by weight based on the fiber, and
the fiber was cut into the length shown in Table 1, to obtain
areinforcingmaterial. The results obtained are shown in Table
1. |

[Example 2]

A reinforcing material was obtéined in the same manner as
in Example 1 except that the drawing ratio was 14 times and the
shrinking ratio was 7.5%.

[Example 3]

PVA having an average polymerization degree of 1,700
measured by viscosity method and a saponification degree of
99.9% by mol and boric acid were added to water to prepare a

spinning solution (PVA concentration: 16.5% by weight, boric

This Sheet Has Been Replacec

" AARA




-38 - of holes of 100 into a coagul ation bath having a tenperature of
‘5[err]C and a weight ratio of methanol/DVSO of 70/30, to conduct wet

spi nning. The resulting bundle of coagul ated threads| yg§ m”emgé Elg
drawing of 3 tines in a wet drawi ng bath having a mxing ralE| of
met hanol / DMSO of 95/5 and a tenperature of 50[err]C,i

extracted and renoved by naeking into contact wwth a countercurrent of
met hanol , followed by drying. The threads were subjected to thernmal draw ng

f?ﬁ[fﬁ%[ ﬁé@%ﬁi@ﬁﬁ%ﬁ'ﬁé&?ﬁ gty Ib%%}%i’a?@a%%%@??g tczf*; fa;%"t?%ﬁﬁfo?‘dcid
' . A ' ' " VOS5 T a
ot Co. . CRTEOThAALf ERIRD HHET LA R a1 ROLF TR S aD 617 506 by

wei ght based on the fiber, and the fiber was cut into.the |ength shown in
Table 1, ?%odt er (f fYheS RF a0 dPtoTRe cPagRLAL1oB: Bﬁﬁgdaﬁré shown
in Table 1. [Exarrpleo%] A,reinforcing material was obtained in the sane
manner ast¢MPEAHIT® of 42ceRnd PaVingea(rAHRRY ratS3d tWaonERnErAEdOBnd t he
shrinking ratio was 7.5% (Exanple 3] PVA having an average pol ynerization
degree ofof 38D 9fdadnfecd $9AiNm AFinoxigde: geacaniratiapef f1 &/Tontlegree of
99. 9% by nol and boric acid were added to water to prepare a spinning

sol uti on ¢PRAUEHEeht SRiINBENG 16. Be byese]l ting berdle of threads was

subjected to roller-streching of 2 times ,washing with water
to decrease boric acid concentration to 0.4% by weight based
on PVA, wet drawing of 1.5 times in a wet drawing bath of
saturated Glauber’'s salt at a temperature of 75°C, followed by
drying. The threads weré subjected to thermal drawing at 230
°C to a total drawing ratio of 14.5 times. A polyethyleneoxide
oily agent ("VOS513”" produced by Takemoto Oil and Fat Co., Ltd.)
was applied to the resulting fiber in an amount of 0.5% by weight
based on the fiber, and the fiber was cut into the length shown
in Table 1, to obtain a reinforcing material. The results
obtained are shown in Table 1.

[Examples 4 and 5]

PVA having an average polymerization degree of 3,300
measufed by viscosity method and a saponification degree of
99.9% by mol and boric acid were added to water to prepare a
spinning solution (PVA concentration: 12% by weight, boric acid
concentration: 1.8% by weight based 6n PVA). It was then
extruded from a round nozzle having a hole diameter of 0.2 mm

and a number of holes of 2,000 into a coagulation bath at a
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- 39 - acid concentration: 1.8% by weight based on PVA. It was then
extruded froma round nozzle having a hole dianeter_of 0.2 nm and a nunber
of holes of 2,000 into a coagul ation bath at a teny F—Apte+r+} C and
having a 4G auber s salt concentration of 380 g/L ard em;gusr ﬁr#%ygﬁﬂ\k de
concentration of 12 g/L, to conduct wet spinning. & ’-tAiCﬁ@ bundf e of
t hreads was subjected to roller-streching of 2 tines vvashi ng wth (er to
decrease boric acid concentration to 0.4% by wei ght based on PVA, wet

: %%“é??t Serbgrdnl o 6§°“'“%t“§dm§¥}%ﬂg %ﬁh‘%eﬁﬁ t”%‘%egé’gﬁgﬁggéﬁgf’é?'t ed to
4.
LOF;Z? i é‘ﬁwéibgazio??g S s hl“(m ltOt 5. ShECeRer)EiaR 132f- EofE Fat
Co., L ' 0. 5%
wei ght t b I fesr%’fa‘(?) I%edrtgﬁlf %ﬂ%‘?{l berct:lﬂn‘?ﬂ? on?hghffgﬁﬁ?hwgﬁom in

Tabl e 1, to obtaln a reinforcing material, The results obtai ned are shown
in Tabl e SEbIastathit qirad’ﬁd‘%]o VA FiReS BPRNTaL LR (ST BLDHeARIatE8R degr ee
of 3,300 neasured by viscosity nethod and a saponification degree of 99.9%
by mol arfPHIRGEEREY %Rdr arandBg 08 hab cF1MRS piefae R §f fatAgaserut i on
(PVA concentration: 12% by weight, boric acid concentration: 1.8% by weight
based on Gpben s \iadlt [9&n 2 keMpEEAtRESNPE 7Bihd SRddovwed By A5YANHel e

di ameter of 0.2 mm and a nunber of holes of 2,000 into a coagul ati on bath
at a The threads were further subjected to thermal drawing at 238

°C to make the total drawing ratio of 21 times. The threads
were then subjected to a shrinking treatment of 4.4% at 242
°C , to prepare fiber. A polyethyleneoxide oily agent ("V0S513”
produced by Takemoto 0il and Fat Co., Ltd.) was applied to the
resulting fiber in an amount of 0.5% by weight based on the £iber,
and the fiber was cut int.o the length shown in Table 1, to obtain
areinforcingmaterial. The results obtained are shown in Table
1.

[Example 6]

PVA having an average polymerization degree of 1,700
measured by viscosity method and a saponification degree of
99.9% by mol was added to water to prepare a spinning solution
(PVA concentration: 41% by weight). It was then extruded from
a round nozzle having a hole diameter of 0.1 mm and a number
of holes of 2,006 into the air at a temperature of 95°C, and
dried to the completely dried state. The resulting bundle of
threads was subjected to thermal drawing of 12 times in a drawing

furnace of hot air type at 243°C, and then subjected to a
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-40- tenperature of 65[err]C and having a G auber's salt concentration of
350 g/L and a sodi um hydroxi de concentration of 12 g/L. to-corduct wet

spi nning. The resulting bundle of threads was sub RIS IHERT HASWMEGY jof 2
times by roller drawing and then subjected to wet}|draw Lg(;gu 5 tijres in a
bath of saturated 3 auber's salt at a tenperature; owed by
drying. The threads were further subjected to thermal draw ng at 238 [err]C
to make the total drawing ratio of 21 times. The threads were then

subj ected_to shrlnkln treat f_4.4% 242 r epare fiber.

A poI yetkﬁ}?rejrfgﬁﬂ ?@“%fen?gegv&ﬂ " ﬁ%%‘uc@% % ?%Ti%n%ng & | énd Fat
Co. , Ltdi ffﬁé_ledtotheresultl I n_an apount. of 0.5% by

wei ght b §94jde oL hy 3988 ts s%ﬁs pEednced byhkakemritOdhown in

Table 1, to obta| nareinforcing material. The results obtained are shown

in Tabl e @Rd FE%&PpI l'td- PYASHRRE R ko é%r%‘%%?—??ﬁtw 8BgERE of

1,700 nmeasured by viscosity nethod and a saponification degree of 99.9% by

mol was Rffi&d Stobvatedightobased ane theshiber ngndothe ifdherrwas @Hcénteati on:

41% by weight). It was then extruded froma round nozzle having a hole

di anet er ©ie denghin shdwa infaddeol , o ebtefin2a qEinfiancingemnateriala

tenperature of 95[err]C, and dried to the conpletely dried state. The

resul ti ndgfsincgsuldfs tdtrisside dvasres Hijoant dat Tabfleednal drawi ng of 12 tinmes in

a draw ng
[Example 7]

The same procedures as in Example 6 were repeated except
that the oily agent was not applied to the fiber.
[Example 8]

PVA having an average polymerization degree of 1,700
measured by viscosity method and a saponification degree of
99.8% by mol was added to DMSO to prepare a spinning solution

. (PVA concentration: 18% by weight). It was then exfruded from
a round nozzle having a hole diameter of 0.4 mm and a number
of holes of 100 into a coagulation bath having a temperature
of 5°C and a weight ratio of methanol/DMSO of 70/30, to conduct
wet spinning. The resulting bundle of coagulated threads was
subjected to drawing of 3 times in a wet drawing bath having
amixing weight ratio of methanol/DMSO of 95/5 and a temperature
of 50°C, and then DMSO was extracted and removed by making into
contact with a countercurrent of mefhan_ol, followed by drying.
The threads were subjected to thefmal drawing at 230°C to a total
drawing ratio of 14 times., and then subjected to a shrinking

treatment of 7.5% at a temperature of 235°C, so as to produce
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furnace of hot air type at 243[err]C and then subjected to a -41 -
"shrinking treatnent of 3.0%at 248[err]C, to prepa :
pol yet hyl eneoxi de oily agent ("VOS513" produced by Wsesw{tgq
Co., Ltd.) was applied to the resulting fiber in .
wei ght based on the fiber, and the fiber was cut i hewn in
Table 1, to obtain a reinforcing material. The results obtai ned are shown
in Table 1. [Exanple 7] The sane procedures as in Exanple 6 wer e repeated
except that the qily_agent _was not applied to the fiber. [Exanple 8] PVA
havi ng anf&R&¥agd SBIWEI’SPY%&PPB?PG@Q? Y Agenty do VRSEIA e dngfuged: By ty

met hod and a saponi fication degree of 99.8% by nol was added to DMSO to
prepare alafgmekePisoland Fat( oA cbhdeht ¥as i P Lisgd ity the gvspltindwas 't hen
extruded froma round nozzle having a hole dianeter of 0.4 mmand a nunber
of hol es HibapOln @ apopddg@fadi- 64 b¥t wehaht kpsed apdbe Fideat. 8pdrr] C and
a weight ratio of nethanol/DVSO of 70/30, to conduct wet spinning. The
resul ti ngtheinfiibemwasogytl dntad the e'lamgﬂashsmj intBable dr 4w wytefin3 ti nes
in a wet drawi ng bath having a m xi ng weight ratio of nethanol/DVSO of 95/5
and a tenpeednfiorcdhghiftemilal. aThe tdesuliESid vaineak aracthewnain Tabieved by
maki ng into contact wth a countercurrent of nethanol, followed by drying.
The threatls were subjected to thermal drawing at 230[err]C to a total

[Examples 9 and 10 and Comparative Examples 1 and 2]

Reinforcing materials were obtained in the same manner as
in Example 2 except that the cut length was changed. In
Comparative Example 1, the aspect ratio was too small to obtain
sufficient reinforcing effect. 1In Comparativé Example 2, the
aspect ratio was so large that dispersibility was decreased and
sufficient reinforcing effect could not be obtained. The
results obtained are shown in Téble 1. |
[Comparative Example 3]

The same procedures were conducted as in Example 1 except
that "RMU182" produced by Kuraray Co., Ltd. was used as the fiber.
Because the diameter of the fiber was too small, to form fiber
balls on kneading, and alsc because the flexing tenacity
utilization factor was too small, the reinforcing effect was
low. The pull-out resistance in Comparative Example 3 could
not be measured as the fiber was broken before it was pulled
out. This is because the adhesion of the reinforcing material
to the matrix was high, and the fiber was liable to be broken

due to its small diameter. The results obtained are shown in
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drawing ratio of 14 times, and then subjected to a shrinking treatnent of
7.5% at a tenperature of 235[err]C, so as to produce fiber. A
pol yet hyl eneoxi de oily agent ("VOS513" produced by Takenoto O | and Fat
Co., Ltd.) was applied to the resulting fiber in an anount of 0.5% by
wei ght based on the fiber, and the fiber was cut | . own in
Table 1, to obtain areinforcingmaterial. Theresdlms’tﬂ}ﬁEhéﬂfﬁr BEEb Wi nTabl e
1. (Exanples 9 and 10 and Conparative Exanples 1 jand 2RgPMeiQfDor cin

hat the

mat eri al sl;1 obt ained in the same manner as in
cut | engt was changed I'n Conparative Exanple 1, the aspect ratio was too

small to | reinforcing effect. In Conparative Exanple 2,
t he aspec[;{botrﬁésr(?%\%ié;se s%(})‘aﬁ? ﬁhat di spersibility was decreased and
sufficient reinforci ng effect coul d not The results_obtai ned

L feeﬁﬂaafaﬂwhm AP e R ggﬁe B PRS2 Ser o
t 1 t that_"RMJ182 "
(U0, vas HORRRPIS.L PREET BBEh,LRe (0RAEhRdiad 1o e GORPUER FAs foo

small, to formfiber balls on kneading, and al. so because the flexing

t enaci ty imad andithe sREinkingTatds wamchangrd GPht or"éliq'lﬁugﬁ'-%?nhas | ow.
The pull-out resistance in Conparative Exanple 3 could not be neasured as
the fi berreiRf IGREhebEeet cquldpat be otrbnad berpyspsthredaneathenadhesi on

of the reinforcing materi al
and the flexing tenacity utilization factor were too low. The

results obtained are shown in Table 1.
[Comparative Example 5]
A reinforcing material was obtained in the same manner as

in Example 1 except that the drawing ratio was changed to 13.5
times and the shrinking ratio was changed to 0%. The sufficient
reinforcing effect could not be obtained because the elongation
and the flexing tenacity utilization factor were toco low. The
results obtained are shown in Table 1.
[Example 11] |

- PVA having an average polymerization degree of 1,700
measured by viscosity method and a saponification degree of
99.9% by mol was subjected to control in humidity to have a water
content of 52%, and was melted and liquefied in a screw extruder
having a barrel temperature of 140°C. It was then extruded from
a round nozzle having a hole diameter of 3.0 mm info the air
at 95°C to dry to the completely dried state. The resulting
threads was subjected to dry thermal drawing of 11 times in a

drawing furnace of hot air type at 233°C, and then subjected
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to the matrix was high, and the fiber was liable to be broken due to its
smal | diameter. The results obtained are shown in =43 - Table.l
(Conparative Exanple 4] A reinforcing material was |omigSHEaT iHAS BEEM e
manner as in Exanple 1 except that the drawi ng ratifo vvangn_anmgd to 1}4
times and the shrinking rati o was changed to 0% The—stf++crent—rerf orcing
effect could not be obtai ned because the el ongation and the fl exing
tenacity utilization factor were too low. The results obtained are shown in
Table 1. (Conparative Exanple 5] A reinforcing material was obtained in the
sane mannéP 8sShRlmking|traatmendpoft At aha derpergtiurs 0fwddShaffed to
13.5 tinmes and the shrinking ratio was changed to 0% The sufficient

rei nforci 3§ &¢ pnadussufibast Rhebesihbingdtihesewaiecwt dadat & drengtdr t he
flexing tenacity utilization factor were too |ow. The results obtained are
shown in Fhows in Tablkernd ¢olépt@iM reinfurcimemmetegdapol yHire izesulds degr ee
of 1,700 neasured by viscosity nmethod and a saponification degree of 99.9%
by nol wasbialinedt edet shownt Lol TabléuZi dity to have a water content of 52%
and was nelted and liquefied in a screw extruder having a barrel

t enper at uf&xafmpléOfienr]C. It was then extruded froma round nozzle having a
hol e dianmeter of 3.0 mminto the air

PVA hawving an average polymerization degree of 1,700

measured by viscosity method and a saponification degree of
99.9% by mol was subjected to control in humidity to have a water
content of 52%, and was melted and liquefied in a screw extruder
having a barrel t.emperature of 140°C. . It was then extruded from
a round nozzle having a hole diameter of 4.0 mm into the air
at 95°C to dry to the completely dried state. The resulting
threads was subjected to dry thermal drawing of 12 times in a
drawing furnace of hot air type at 235°C, and then subjected
to a shrinking treatment of 10% at a temperature of 238°C, so
as to produce fiber. The resulting fiber was cut into a length
shown in Table 2 to obtain reinforcing material. The results
obtained are shown in Table 2.

[Example 13]

A reinforcing material was cbtained in the same ganner as in
Exanple 11 except abole dlameter of a round noxzle was changed

3.0 mm to 4.0mm. The results obtained are shown in Table 2.

[Examples 14 to 16]

Reinforcing materials were obtained in the same manner as
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at 95[err]Cto dry to the conpletely dried state. The resulting threadé was
subjected to dry thermal drawing of 11 tines in a drawi ng furnace of hot
air type at 233[err]C, and then subjected - AT b nktog—t r eat nent
of 10% at a tenperature of 235[err]C, so as to pr%ﬁgc@‘sﬁdﬂs b&m resul ting
fiber was cut into a length shown in Table 2 to jobtai REPAGEDor ci n

material. The results obtained are shown in Table 2. [Exanple IZ] PVA
having an average pol ynerization degree of 1, 700 measured by viscosity

met hod a | o eg, of gecontrol
in hum din:ﬁl g\%e %meg{éee&pccgﬁgé fh Fh%ga}?‘ﬁ% was rr%‘l ?ﬂghg&éeﬂ, t1%ef led in
a screw extr. der aying_ a.harrel te ur err] C t hen
extruded T amprlgu;% gagﬂ Hamcﬂbar}gg%gttg g?g P‘%‘PJ‘% 1#1‘3%?8 ‘the air
at 95[err dr t he et el rj ed . esul tin reads was
Ubj oot e T, TEAUT RO G SRR ot C3 L FR St LangtByPRONE i 3ab 18T hor
air type at 235[err]C, and then subJ ected to a shrinking treatnent of 10%
at a tenper atiit®e T 2‘§§[ &re] ebowy 48 £8PHPoduce fiber. The resulting fiber
was cut into a length shown in Table 2 to obtain reinforcing material. The

resul ts obtempRERElte FAmPies ®adie 8 [Exanple 13] A reinforcing material

was obtained in the same manner as in Exanple 11 except a hol e dianseter of
a round nozsl ReEREFRIRERaterials were obtained in the same manner as

in Example 12 except that the shrinking ratio was changed to
0% (Comparative Example 6), 20% {Comparative Example 7) and 30%
(Comparative Example 8). Because the elongation and the
flexing tenacity utilization factor in Comparative Example 6
was too low, and also because the relationship between the
elongation and the flexing tenacity utilization factor is not
within the suitable range in Comparative Examples 7 and 8,
sufficient reinforcing effects éannot be obtained for the fiber
group a and fiber group b. In this case, as a result, the
toughness of the molded article was poor. The results obtained
are shown in Table 2.
[Comparative Example 9]

A reinforcing material was obtained in the same manner as
in Example 12 except that the drawing ratio was changed to 13
times, the temperature, at which the shrinking treatment was
conducted, was changed to 245°C, and. the shrinking ratio was
changed to 15%. Because the flexing tenacity utilization
factor was too low, sufficient reinforcing effects cannot be

obtained for the fiber group a and fiber group b. In this case,
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3.0 nrmto 4.0mm . The results obtaided are shown in Table 2. (Exanples 14
to 16] Reinforcing materials were obtained in the sams-nmaner._as -45- 1in
Exanpl e 12 except that the shrinking rate was in ExaffdS SHEEFRMAS BEEAR
changed to 10%in Exanples 15 and 16, and the resultiing fi Qepia cut
the Il ength shown in Table 2. The results are shown i
Exanples 6 to 8] Reinforcing materials were obtained in the sanme nmanner as
i n Exanphas d2esxtept thdadoudhhedy bkt foginea awsiclwmgedpdor 0%The
(Conparative Exanple 6), 20% (Conparative Exanple 7) and 30% ( Conparative
Exanpl e BpsulBscoveginbe &rengpbirnidntatie 4] exing tenacity utilization
factor in Conparative Exanple 6 was too | ow, and al so because the

rel ati ongbbRphehrees g;agmﬁj_gngg?i on and the flexing tenacity utilization
factor is not within the suitable range in Conparative Exanples 7 and 8,
sufficient reinforcing effects cannot be obtained for the fiber group a and
fi ber grodprpisforcimgsmatenialavag ohiadped ithshe AARM B3B0ET 3%dR p| ded
article was poor. The results obtained are shown in Table 2. [Conparative
Exanpl e 9]E38mudp idraxaeptnibatithe rawdag satde wast ahangade tRahder as in
Exampl e 12 except that the drawing rati o was changed to 13 tines, the

t enper at ureBesy G dher RRTIRE NG FASLe AR FBRROZ SO 153, Becsuse
the elongation and the flexing tenacity utilization factor

were Dot in the suitable ranges, sufficient reinfoxrcing
effecty cannot be cbtained for the fiber group a and fibex
group b. Iz this sase, as a result, the toughness of the formed

article was poer. The results obtainaed are shown in Table

2.
[Comparative Examples 11 and 12]

Reinforcing materials were obtained in the same manner as
in Example 12 except for changing the cut length. Because the
aspect ratio was too small in Comparative Example 11, the
performance of the formed article was low. Becausé the aspect
ratio was too large in Comparative Example 12, the
dispensability of the fiber was lowered, and thé performance

of the formed article was low. The result obtain are shown in

Table 2.

The reinforcing material of the invention exhibited the
superior reinforcing effect in the fiber group a and the fiber
group b, and formed articles excellent in toughness were

obtained. Among these, the formed articles obtain in Examples

46
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conducted, was changed to 245[err]C, and the shrinking ratio was changed to
15% Because the flexing tenacity utilization factor was too Iow
sufficient reinforcing effects cannot be obtained f e ota and
fiber group b. 1In this case, -46 - as a result, BgENthe
formed article was poor. The results obtained are hovvn iRk %QEIDe 2.
[ Conpar ati ve Exanple 10] A resinforcing material was obtalned In The sane
manner as in Exanple 19 except that the drawing ratio was changed to 13
times, ang,the hrlnkl s, ch dtol cause .t | ongat i on,
and the ”f%}a Falliatt ke, 1R et Cactormet o %@5&%& :
ranger, ficient.reinforcing eftects cann t be_obtained for_the fiber
group a dh g‘ ?’b‘@ &Tea‘iﬁ strpes budhay naaréem‘mq D BGHAESs of the
formed article was poor The results obtained are.shown in Table 2.

[ conpar at?RRIE ARkl em ig,Fhes) DRERAFS ERAGEHERG i AL G dSoBOHi #Bd in the
same manner as in Exanple 12 except for changing the cut |ength. Because

t he aspecPoEdy @Wpttd@nsﬁﬂpptﬂ-ﬁnw‘ﬁ)d@aim?g 2T E am impREtpEFPEr nance
of the forned article was | ow. Because the aspect ratio was too |arge

in Conpa?trese. andhprauselthe ippssfibdseAsmolAptjonfaneient iisesmadd. | ower ed,

and the performance of the forned article was |ow. The result obtain are
shown i n the breakage is liable to proceed abruptly. However, even when

a stress is applied to a formed article having a high toughness,
it absorbs the stress and exhibits superior impact resistance.
The formed articles obtained in Examples shown in Table
1 (particularly in Examples 1 to 5) are extremely high in fiber
tenacity, and exhibit an excellent reinforcing effect in both
the fiber group a and the fiber group b. Thus, the formed
articles are excellent in seismic resistance, in that the
reinforcing effect is maintained after the formation of the
first crack, and have excellent performance. Particularly in
Examples 2, 4 and 5, because the fiber breaking strength is high,
a further excellent effect is exhibited.
[Brief Description of the Drawings]
[Figure 1]

It is a schematic diagram showing the shape of the
hydraulic formed article used in the measurement of flexing
tenacity utilization factor, ahd the tensile direction thereof.
[Figure 2]

It is a schematic graph showing an example of a

deflection-flexural load cuﬁe of a kneaded and formed article.

This Sheet Has Been Replace 47

T




Table 2. The reinforcing material of the invention exhibited the superior
reinforcing effect in the fiber group a and the fiber group b, and forned
articles excellent in toughness were obtained. Anong these, the forned
articles obtain in Exanples REPLACEVENT SHEET =47 -_12 to 14 were
excellent in toughness. A forned article having |ﬁhggng§xhqun1fh Xi ng
stress but having a | ow toughness brings about prOb“§#&A¢k aecause
the formed article is lowin energy absorption fdfrete DS wedk agai nst
an |npact(ﬂ9peT§NS§bE DERECTEOMUSEe t he possible denol dati on amount is
smal |, the breakage is |liable to proceed abruptly. However, even when a
stress i s{appl RBINFORGINGrMETERIAL cl e having a high toughness, it absorbs
the stress and exhi bits superior inpact resistance. The forned articles
obt ai ned {8) EXHOLDEDB HBYDRAULIC Ta¥x-ile (particularly in Exanples 1 to 5) are
extrenely high in fiber tenacity, and exhibit an excellent reinforcing
effect in(opt hFIxepfper group a and the fiber group b. Thus, the forned
articles are excellent in seisnic resistance in that the reinforcing

effect is(spi nb@FrRECr PN SFLE Qfrgre first crack, and have
excel l ent performance. Particu arIy |n anples 2, 4 and 5, because the

fiber br egbi NoMEk F et FL, ifuRi 0 rther excellent effect’ is exhibited.
[Brief Description of the Dravvrbrilrgﬁgé‘I

(7) FORMATION OF FIRST CRACK

(8) DEFLECTION C
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-50 - [err] [err] [err]

[err]
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material for a kneaded and forned hydraulic materilal

HIS SHBET HAS BEERG
comgPLAGRpO fi begr

having a fineness of—5 Tayio 1T on-I 1
breaking tenacity off g&t it o ETg of 1r¥m &'tlo 2pYsta
; . : 0
flexing tenacity utlg 38 o8 g4, dandg(Bg [lerr] EA) .
[Caim2] A reinfor& ph|cdal @ 1, swWhed el re qai dj flinber
I's polyvinyl al cohgi< B & lemnf @gigpg|natergl ap
clained in claiml ] has a findness ofl frdm3 to
6,000 d and an aspect o] fn 300. |[[Cl pi mj4] A rejnfareing
material as clained #n I @ Lo iiInFsai ¥ fidgr —has™a) f,egeps| of
from5 to 100 d and & e& | B " 2(t8 b5@.| B)a8m B |Akpeaded
and formed article [conmprigingfa hydrlaul {c raterial | havi ng 2
t hr ee- di rrens_ionally arg—un- oty —drspetrseq—therer—fotH-owedr-by—f-orm |ng,
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.ratio of from 10.to 500, a breaking tenacity of 5 g/d or nore, an

el ongation (A) of from6 to 20%

of 35 ) [err] 4(A). [Caim6] A kneg

as cl mmmﬂm““ﬂmw wherein sai d fiber i s polyvi rlylHI& St Hiva sk
[Cainf7]° A'kndadéd &and formed material as clained i n cl aREPEAGED 6,
said fiber has a fineness of from300 to -52 - 6,0000and an aspect

ratio of from35 to 100. [Claim8] A kneaded and formed material as clained
inclaimb or 6, wherein said fiber has a fineness of from5 to 50 d and an

aspect

r

a flexing tenacity utilization factor

i3 from 20 to 500. REPLACEMENT SHEET
[Claim 1] A reinforcing material for a kneaded and formed

hydraulic material comprising fiber having a fineness of 5 4
or more, an aspec;,t ratio of £from 10 to 500, a breaking tenacity
of 5 g/d or more, an elongation (A) of from 6 to 20%, a flexing
tenacity utilization factor (B) of 35% or more, and (B) = 4(A).

[{Claim 2] A reinforcing material as claimed in claim 1,
wherein said fiber is polyvinyl alcohol based fiber.

[Claim 3] A reinforcing material as claimed in claim 1 or
2, wherein said fiber has a fineness of from 300 to 6,000 4 and
an aspect ratio of from 35 to 100.

[Claim 4] A reinforcing material as claimed in claim 1 or
2, wherein said fiber hés a fineness of from 5 to 100 4 ana an
aspect ratio of from 20 to 500.

[Claim 5] A kneaded and formed article comprising a
hydraulic material having three-dimensionally and uniformly
dispersed therein, followed by forming, a reinforcing material
comprising fiber having a fineness of 5 4 or more, an aspect
ratio of from 10 to 500, a breaking tenacity of 5 g/4d or more,
an elongation (A) of from 6 to 20%, a flexing tenacity
utilization factor (B) of 35% or more, and (B) = 4(A). |

[C.'L;im 6] A kneaded and formed material as claimed in
claim 5, wherein said fiber is polyvinyl alcohol based fiber.

[Claim 7] A kneaded and formed material as claimed in

claim 5 or 6, wherein said fiber has a fineness of from 300 to
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6,000 4 and an aspect ratio of from 35 to 100.
[Claim 8] A kneaded and formed material as claimed in
claim 5 or 6, wherein said fiber has a fineness of from 5 to

50 4 and an aspect ratio of from 20 to 500.
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