04883 ' SPECI FI CATI ON

WET SPRAY- ON FI REPROOFI NG COVPCSI TI ON | NDUSTRI AL FI ELD O

APPLI| CATI ON The present invention relates to a wet spray- 24883
fireproofing conposition for use in steel-frame building structures,
plants, etc., with superior fire resi stance properties and application

efficiency. PRI OR ART ECIFIEQ4E i onal wet ‘spray-on
fireproofing conp03|t|ons for use |n steel-frame building structures,
factories, etc., in which the raw materials are m xed with water and

sprayed on as a slurry, require a thickness of 20 to 65 mmto attain
prescribed fire resi | # | hat the slurry be
gquite viscous to att W%ﬁ@?ﬁﬁ%@@%@@M?@gi@ i cations, and
further require high-pressure punps to convey this viscous slurry and
hi gh- pressure pi pi ng capabl e of handling such pressure, and nmachinery

I nstall at sive and as a result application
costs wﬁpéﬁﬁiﬁ%ﬁgL%eﬁegbgffC‘%wconvent i onal wet spray-on
flreprooflng conpositions, use rock wool, but jnorganigc fibers, including
rock .wool Thhgrseenh ERntiaRgElates 1@ 8 Wk Sray ap GerpeoatingicomprsiHan farise irseakfame

use is expected to be severely restricted in future. Wt spray-on

fi r epPoiltingyruchiiesoBlantsosts., with supgsior Bregicsistange) prapeTtes a4, applicadion sticicasyii r e

hi gh- pressure punps or hi gh-pressure piping, which can be punped at |ow
pressure and yet have good application efficiency, reduced cost, and do not
contain inorganic fibers such as rock wool. PROBLEMS THE | NVENTI ON
Al M5 TO SBRIBRART | n order to overcome these problens, the present

I nventors have proposed a nethod, in
Conventional wet spray-on ﬁreprooﬁng composmons for use in steel-frame building structures,

factories, etc., in which the raw materials are mixed w1th water and sprayed on as a slurry, require a
thickness of 20 to 65 mm to attain preseribed fire resistance properties, and 'thus require that the
-slurry be quite viscous to attain this thickness in one or two applications, and further require
high-pressure pumps to convey this viscous slurry and high-pressure piping capable of handling such
pressure, and machinery installation costs are therefore expensive and as a result application costs
are high. .

Mereover, most conventional wet spray-on fireproofing compositions use rock wool, but
inorganic fibers, including rock wbol, have been implicated as hazardous to human health, and their
use is expected to be severely restricted in future. Wet spray-on fireproofing compositions are
therefore called for which do not require high-pressure pumps or high-pressure piping, which can be
pumped at low pressure and yet have good application efficiency, reduced cost, and do not contain

inorganic fibers such as rock wool.

PROBLEMS THE INVENTION AIMS TO SOLVE

In order to overcome these problems, the present inventors have proposed a method, in
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Japanese Patent Laid-Open No. 6-92708, in which a slurry conponent, which
i.s" made by mixing oxides and/or hydroxi des of alkaline earth netals and
cepent’ .materials with water, and an aqueous solution conponent of water
soluble salts, which are reacted at roomtenperature with oxides and/or
hydr oxi des of al kaline earth netals, are each c'on'V"eyed by a separate punp

and transpo m xed and on. b ans, of

conpr ; danahsepaknt TeiaOh ne Sa0LE Hb‘Fh’F'é&a\C‘j‘Fé! EORMPORETr ¥ Elgle,fserxﬁﬁi& Jniging

pi pi ng, _and after. the highl -f|UId |.ow vi scosi t Jgurr has en S ra ed
on, i toxidesApprhydy Qiﬂ%‘@rﬁf kgl B%Cﬂmegb@aéﬂa et wales aP ngq ty,
enabl ing thick application, whi ch in turn greatly inproves handl | ng

ef f i cisehipn sprapeneaboiuatersolithls salts, WiHCharsdra aéé%‘?@ temperature with axides andfor s
met hod suffers fromthe problemthat the dry| ng shrinkage ratio of its

f i r epriy@roxidgs phalisaling eartly metasy pre| spchypaneyad bytrasepenate RUSHRY 2t rassport pipe, and
fireproofing material, and there is a heightened risk that the materi al

wi || |aré mergadymixed and speayetl og bywnsaks of compuessed aick Fhisimethadodaes ot teheire
material on drying, particularly if no inorganic fiber is added thereto.
Mor eovhigh-pressere fRounps| capiping; @ndk afteritbe highig-fhid, idve-visadsitylsbimi rag beert sprayet onf ine
strength of the fireproofing material becones excessive and stress due to
dr yi ngmsiediatehyagami-hariessdesomdsiisches) ahd tosesits fugdity) enabling thitlaspriivatiompivhichal
will lift anay fromthe steel work or that cracks will formin the

mat er iimturn greatly imgronesrhahdling effitiériey and enables oadustionscin hppdlingdodta construction
steel work, but when fireproofing material is sprayed on over rustproofing
coats, t hﬂdﬁh’%r itiis shle@iod deflerb froal tié probleatithat theldiying siinkugsratio v g8i fi cant |y
redum ng the adher ence st rength of the fireproofing material. Consequently,

i f a mépedflg mavkiidl ids ghﬂbhgﬁﬁtﬁ {}en Y doRkegensldrefrooBNe Mo HYICad theikgé H, and
hard properties is use as described above, it is necessary to apply a

pr ot eGiejgkienédAsk thf the GRMRAT will IFEAWaySHAIA {histed] QR bATHAE crabks?MEbim insHeh  as
a copolyrrer resin like ethylene-vinyl acetate, or styrene-acrylic or

St yr engnérisl 8A dBmgs, ph&iﬁbﬁaaﬂy 718 rinorgﬁlﬁc fibk iP4daed titdets O MoreSte?] Whe it t he
fireproofing material a countermeasure to the above, methods of

sof t erkmentas Qse‘&%- k}ﬁﬂhﬂﬁ b&ﬁtﬁnéﬁ’éﬁhhla{he sﬁl‘,ngtﬁ Bt ﬂ}gprbbﬁng ﬁhﬂcﬁaﬁec&rﬁé@ nt
bondi ng material added, to reduce the stress and deformation caused by

dryi an@d@Eﬂré‘KﬁgﬁreQ@&f‘e 19 RPing SRRKASY REteads) WaNEer indrBasiiglle B halfhe nldiGlf ' S

usual Il y not enough
will lift away from the steel work or that cracks will form in the material.

Generally, rustproofing coats are applied to construction steel work, but when fireproofing
material is sprayed on over rustproofing coats, the coat is degraded by alkali, and chalking occurs,
significantly reducing the adherence strength of the fireproofing material. Consequently, if a material
with a high drying shrinkage ratio, excessive strength, and hard properties is used, as described
above, it is necessary to apply a protective coat with comparatively superior resistance to alkali, such
as a copolymer resin like ethylene-vinyl acetate, or styrene-acrylic or styrene-butadiene rubber, over
the rustproofing coat before applying the fireproofing material.

As a countermeasure to the above, methods of softening and weakening the 'material, by
reducing the ratio of cement bonding material added, to reduce the stress and deformation caused by

drying shrinkage have been considered. However, in such methods, there is usually not enough
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- 2- bondi ng material, which instead results in reduced adher ence
to the surface of the steel work, and when no inorganic fiber, such as

rock wool, is included, there is a |arge decrease in strength due to |[|ack
of bonding material and reinforcenent; and if the fireproofing nmaterial is
exposed to fire, etc., the fireproof layer is too weak to remain on the

surface aof the steel. work and falls off. Consequent ly, an obj ect of
the pr %‘E’@H’g Wﬁwﬁw}aﬁh Wétee‘gfﬁavma%duaemhewagn% sprface by fterd work, and
conposi f\i on With ,s$eri or fire resistance properties, which does not

cont ai WIS} PoreARIC HPefs such gsirack waol, ispnclde, thereiisia dasgs degrenserin stgnathdlun i
superior punmping efficiency, yet ceases to be fluid after being sprayed
on, endth viRynding materiah pndrsinforgement anghif the fneproefing matkridiis expastd todirgretc.,
lifting away fromthe surface of steel work due to shrinking.

MEANS ‘291 aaf fgyerrisgoereslt fvsmain on the Firfacp of thersteel wodnsmt Bllheff.e consi der ed
t he above problens and, as a result of diligent research, have achieved

t he pr eserftonseanently, @n objecideishopresint inveiitian is hepmivitea wetaptayrom firaprobing ol ved
and that superior fire resistance properties can be obtained in a wet

spr ay-e@mpositiep withfsipegios Ginprssistanceprbpertiess phich-does apydontii inorgafctfiber, WEHig 9
and m xing a slurry conponent and an alum num sul fate conponent in agueous
sol ut i haghly fluid depingpumping ead has, supstior I]bﬁh-ﬁdigrm‘icﬁﬁlcy,f'ﬁt eedsed ol 1! fluGd ARG Veingonal
conponents of total solid content of the slurry conponent: (a) 20 percent
by weisprayedon,renatelingfthick ypysication, bad Which h4©nPHECE  bradking/6¥ Iilikg Sbayshakiesk | | me

and/or quick linme; (c) organic fibers and/or |ight-weight Fillers; and
wat er ;suffact ofgldengotkdueao Bhiirkingdf el ement's whi ch enhance fire resistance
properties after drying 20 percent by weight or nore. That is, the

wet spray-on fireproofing conposition of the present invention is
characterized in that in a wet spray-on fireproofing conposition for .

spray-on APPANSAF SOLMING THEPROBLEE M- xing a slurry conponent and an
al um num sul f ate conponent in aqueous solution in a spraying nozzle, the

total sol e ‘Ifaﬁd%éxﬁ hveiford iveTotidideted HERBEVI Yroblfnk UHE Sis aTe it HillgBht research,
conposi tional conponents: (a) 20
have achieved the present invention by discovering that the above problems can be solved and that
superio; fire resistance properties can be obtained in a wet spray-on fireproofing composition for
spray-on application after merging and mixing a slurry component and an aluminum sulfate
cbmponent in aqueous solution in a spraying nozzle, by including as the .essential compositional
gomponents of total solid content of the slurry component: (a) 20 percent by weight or more of
gypsum; (b) 5 to 40 percent by weight of slaked lime and/or quick lime; (c) organic fibers and/or
light-weight fillers; and water; and making the content of elements which enhance fire resistance
properties after drying 20 percent by weight or more.
That is, the wet spray-on fireproofing composition of the present invention is characterized in
that in a wet spray-on fireproofing composition for spray-on application after merging and mixing a
slurry component and an aluminum sulfate component in aqueous solution in a spraying nozzle, the

total solid content of the slurry component includes as essential compositional components: (a) 20

percent by weight or more of gypsum; (b) S to 40 pércent by weight of slaked lime and/or quick

-3-



percént by wei ght or nore of gypsum (b) 5 to 40 percent by wei ght -of
sl aked I'ime and/or quick

- 3- . lime; (c) organic fibers and/or light-weight fillers; and
water; and the content of elenents which enhance fire resistance
properties after drying is 20 percent by wei ght of nore. ' BRI EF

ol at1 GREHCH ORI LA REF Reitavsisht SlEr; e pid R EBiERY S derpeils which
al um %ums | fate added to the

appl i cabl e thi ckness when the_anpunt .o
sl urryeﬂhaﬁc‘bg'elTFR}%?H%PéOPCF*F%&QE‘{T&X‘“&é%&Q/H‘?TF% AEIEDPRIORY conduct ed on an

800 x 300 x 14 x 20 nmsteel Hbeamin the application experinent exanple.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS Here, the content
of elenments which enhance fire resistance properties after drying is

r epr esent e BREGF DESGRIPHI(PN.OF THE DRAPENGS (99 = Werr] (%9 - Werr] (%
wher e: Werr] (% is the reduction in weight of a dried, hardened
body (dri eHiguhts 4 grapk shestingthewelptignshipdetwesa dheoratip of aluminum swWfateeadded and the
percent relative humdity at 23[err]C ) after heating for 3 hours at
1000[ erpglicable thicknesswykenrthe munt of alaminuan suifateradded teethe shyrymixgifiinyehtive
flammabl-e materials added to the total dry materials before mxing with
wat er , Peothict hwa$ variedednt spraying comdusted oml anB00 x30§anl4£x 20 loen steeldd-daamdn the
light-weight fillers, such as polystyrene foam etc.; gypsum hardening

r et ar dapylication experdntyt examplever ; surfactants, etc. The al um num sul fate
which is nerged and m xed in the nozzle is included in the total dry
materials; and

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Here, the content of elements which enhance fire rcs.ista'nce properties after drying is
represented by the formula:

W; (%) = W, (%) - W, (%)

where:

W, (%) is the reduction in weight of a dried, hardened body (dried until a constant weight is
reached in an environment of 50 percent relative humidity at 23°C ) after heating for 3 hours at
1000°C;

W, (%) is the ratio in percent by weight of flammable materials added to the total dry materials
before mixing with water, and the flammable materials include: organic fibers; organic light-weight
fillers, such as polystyrene foam, etc.; gypsum hardening retardants; viscosity improver; surfactants,
etc. The aluminum sulfate which is merged and mixed in the nozzle is included in the total dry
materials; and

W, (%) is the content of elements which enhance fire resistance properties after drying.

The elements which enhance fire resistance properties are derived from: water of

crystallization contained in the hydrates of hydraulic materials and water of crystallization contained
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Werr] (% is the content of elenments which enhance fire resistance
properties after drying. The el enments whi ch enhance fire resistance
properties are derived from water of «crystallization contained in the
hydrates of hydraulic materials and water of crystallization contained

-4- inettringite (3Ca0O Al[err]Jerr].3CaSJerr].32Herr] 0, which
results froma ckiQn l.ci.um hydroxi de (.sl aked |i nd/ Qk

cal o uih ERELE AR PEAL OO OF ittt eSS L st BT B ARHeng
reacti ound 50[err] C t. 00ferr]C di spl endot her,m ¢ fects;
wator  Graked GOETnG SBleiir oo i Hrie) o A e B0k PR oRhUARRIE e
magnesi um hydr oxi.de, et oWhi ¢ch. under goes a hydratin react|on aroynd
200[ er FEPEHINS a%’(‘j‘flgﬁr(]: & 20 Cﬁ?@% HispBy erdhharmic siieots Patct ePerypalizaiondn metal

di oxi de, which i generated when netal carbonates, etc., such as_cal ci.um
car bonBdEoxidesgshel ag Aupinusnhydrexide, magnesiyp bxdrexide.ceten which vadergessey dahydrating
reactions_ between SQoggrrOC and 800[err]C Cal ci um carbonate

i ncl udkeaction aspund 209y 6 ¢ a0E Cragd eisplayy endethrsmin eifsatsoandcarban dioridengrhichi i n
surplus fromthe sl aked I'ine and/or quick Iine conponents of the slurry

af t er . gowgratedowhen mefal carhomites pta,usurl aecalcium carbomple, megnesiymegarknmnate, eiepr oof i ng
conposition of the present invention conprises a slurry conponent, whose

t ot al @issociatecdningrendothermicirsactiona petd@ep £0@€handBO0WEi ght or nore of gypsum
(b) 5 to 40 percent by weight of one or two species selected froma group
conpri si ngCatiafuadrtionate izohiies qaicivin darhopatedfonngdd)y @tbqneticreof caljuneényditing in

| ess of organic fibers and/or 30 percent by weight or |ess of |ight-weight
fill ersyplos fren the slikeddinerandfon gquick limeycompopemsof the sluny afterreaction withi ayi ng
nozzle by neans of a punp and conveyi ng pi pe, and an aqueous sol ution of

al um nalomiwinf satfete. which is fed to the above spraying nozzle using a
different punp and conveying pipe fromthat of the slurry conponent,

wher ei n t HEheswetrspyayamfirepreofinggetingosition @i @elresent invemivn@bmplisesiaslurrpul f at e
are nerged, mxed and sprayed together with conpressed air, and according

t o t hecopipoment] whoseaotal sulid cohensintlodes: (EPZPHIEHI bl amight bf BIR of dyipsiimy (Y5 di ty

and exceptional ly superior conveyance efficiency while being
to 40 percent by weight of one or two species selected from a group comprising slaked lime and
quick lime; and (c) 20 percent by Weight or less of organic fibers and/for 30 percent by weight or less
of light-weight fillers; mixed with water, the slurry component being fed to a spraying nozzle by
means of a pump and conveying pipe, and an aqueous solution of aluminum sulfate, which is fed to
the above spraying nozzle using a different pump and conveying pipe from that of the slurry
component, wherein the slurry component and the aqueous solution of aluminum sulfate are merged,
mixed and sprayed together with compressed air, and according to the present invention, the slurry
component has extremely high fluidity and exceptionally superior conveyance efficiency while being
pumped through the conveying pipe but within seconds of being merged and mixed with the aqueous
solution of aluminum sulfate in the spraying nozzle and sprayed onto the surface of the steel work,
ettrifxgite is formed by reaction between the aluminum sulfate, the slaked lime and/or quick lime and

water contained in the slurry component, whereby the viscosity of the slurry component rises

dramatically and thick application becomes possible. Furthermore, better fire resistance properties
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punped t hrough the conveying pipe but within seconds of being nerged and

m xed with the.aqueous solution of alum numsulfate in the spraying nozzle
and sprayed onto the surface of the steel work, ettringite is formed by
reacti on between the alum num sulfate, the slaked |inme and/or quick |ine
and water contained in the slurry conponent, whei'eby the viscosity of the
slurry cqnponent, rises . dramatical and thick applicati.on becones

D055 48 DerUTAGMR e Ee s TRt e Pulncs LRFc e ot neaties are 20 pecent by

-5- . can be obtai ned because the el enents which enhance fire

resi st HHEB FBYEr ti es are 20 percent by weight or nore. In the wet
spray-on fireproofing conposition of the present invention, the drying,

shri nkage Indhe wet gpray-on firgpepofing gpmpesition ¢fdhe present dnvspidpyy, thefinging shrinkage is
fireproof |ayer of enhanced flexibility in which visible shrinkage

def or ndlighBnlarge, heit isiprasible thereby de pbtain g Bneproes Jayer efaahanced fexibility in ydhidych
flexibility at roomtenperature, and in addition contains no inorganic

f i ber , visibleishuinkage deformasion innotdikely te loecurf iFughermoire,| exrgre thoygh p has snchdfexibiitent
strength to maintain itself in position on the surface of the steel work
even witenomxemparatutey ahd ipradditiop eoniiins ee incsgartic fiserssush es mickavdalrat allghe. The
preci se reason for this phenonenon remains unclear, but it is believed

t hat t fireepfooéiaytri displays isefficiepiostteagthldy niairtaif dtseif infposition ohltke sunface of thy stzek ween,
the crystals formed by the reaction between three conponents: gypsum

s| akedwbtkneveandtnexmisedio Highemparaturad, suchasthesel dfatfire, e dThopreciboreasaf for
hardening is presuned to occur by a process involving dissociation of the
cryst afhi phesbrinida eerhiindGrcldan butlitds belieVeaithattge AEEbHOS is imparted by Theform of, or
conpositional conponents of the wet spray-on fireproofing conposition of

t he prs éférplay beRndch,ahie diystalsToMnddebyakolaaticitibdtwedithtdtontpohéits: gypsum;
Gypsum The gypsumused in the slurry conponent does notyﬁave to be

any s pésiieditiméantipk Yuick HtheOirdl dhéfidium REIALD HAdIbMe Fernt bENArdeHidgdit Bresumed to
(Casgerr]1/2H err]O can be used. The gypsum used nay be obtai ned by

cr ushi Q@uiBpi Prod¥ R IWBNARRESsocRiibn of 8 GrysBldnd phafiOtrardsitio ¢RI Réutinf tikysbTum
whi ch can be used

The compositional components of the wet spray-on fireproofing composition of the present

invention will now be explained in further detail.

Gypsum:

The gypsum used in the shurry component does not have to be any special variety, and ordinary
hemihydrate calcium sulfate (CaSO,.1/2H,0) can be used. The gypsum used may be obtained by
crushing waste gypsum board, etc., and recalcining it. Examples of gypsum which can be used
include:

- gypsum plaster: plaster for boards prescribed by JIS A6904 (calcined gypsum to which
setting retardants, viscosity improver, etc., have been added);

- calcined gypsum: beta-CaSO,.1/2H,0 (dry calcined gypsum dihydrate (CaSO,.2H,0)); or

- alpha-hemihydrate gypsum: alpha-CaSO,.1/2H,0 (gypsum dihydrate (CaSO,.2H,0) wet

heated in water)



I ncl ude: - gypsum pl aster: plaster for -boards prescribed by JI'S
A6904 (cal ci ned gypsumto which setting retardants, viscosity inprover,
etc., have been added); - cal cined gypsum bet a- Cas( err] 1/2H[err] o]
(dry cal ci ned gypsum di hydrate (CaSerr].2H err]O); or

al pha- hem hydrate gypsum al pha CaS(err]. 1/ 2H err]O (gypsum di hydrat e

Voo o pritdhting Ferhaghs sre s Brasr dlaiiB €SB audin th prssen WP anc

|n t he presen,t I nyention prote| or ganic aci d, hardenin eta ts e
al'so aPRERHIC AEC FRRicaIng iR AR A ARy fﬁﬁ) L y&éﬂVF%@%&d{fﬂ@ﬁ%@ y1of a E’Hb‘?r’r oA
t he presence_of slaked or quick_ |ime, which are both gpsum hardenl ng .

accel ehauryinghe prasenss péplakedr quickinsy pichiajeb In S¥R hrdening acselainThg ti e
is to prevent the slurry conponent from hardening in the piping, and the
har denMegeavershemginohisebveorisetsing dka hardening tirag is do areventt the slufreompenent frapy y
conponent remains in the ng and does not have to be |limted to the
above hdrdenng in the plpmgnartdhge garé;emmg titne wapi tthesefore becsety {qpenurespendderibe e die
spraying and is used to maintain the strength of the fireproof |ayer, and
t he prslpwy tomporehtregnainsiinth Piping aneldoeb poilwivg ha belimited to thaskaevedimashe t ot al
solid content of the slurry conponent, and preferably 20 to 90 percent by
wei ght . Whiarth¢ peesenp inventidn, the gybswy bardensi aftel spraying) amd i2 @is@kbtoaraintaimthevstreyigth
superior strength after heating, which is a characteristic of the present
I nvent oftthe ficproudtayes aadtiwi prepbrtien eherdof it 2cpestane by ivieight or mora Basedper theustal | S
mai nt ai ned by addi ng other bonding materials, such as Portland cenent, etc.

When t sodid eooenr ¢ tbeislofry gympsiitng dfie greferatlP 20 eo 06 pérchit byeveiglit. Whenhe based
on the total solid content of the slurry conmponent, the strength at room

t enper propdigioi df gfpsum D RsSihiah 30 pyrcembyovaghtpyupetitiestegihtafienheitingNehiclols aa
m xture of two or nore, selected froma group consisting of Portland

cenent chadctéisiclo£MEdsent MéntibR Shnriot be 86Ringd,aven FttBelstidnath atap6m t&ifperhtbRNIt h
after heating will also be maintained. However, excessive addition thereof
IS undigshdirdihed Besdiiothér YoAGRE Snaferla®S Suchfas Pbflend ickmé, etc.
When the proportion of gypsum added is 20 percent by weight or more based on the total solid
+ content of the slurry component, the strength at room temperature can also be suitably improved by
the addition of one, or a mixture of two or more, selected from a group consisting of Portland
cement, alumina cement, and blast furnace granurated slag, and the strength after heating will also be
maintained. However, excessive addition thereof is undesirable because it causes a loss of flexibility

in the hardened body, and the upper limit should therefore be 50 percent by weight based on the total

solid content of the slurry component.

Slaked Lime and Quick Lime:

Slaked lime and/or quick lime are used because they react in an extremely short time with the
aluminum sulfate which merges and mixes therewith in the spraying nozzle during spraying, and the
reaction products thereof increase the viscosity of the slurry immediately after being sprayed on.

Here, the industrial slaked lime prescribed by JIS R9001, or the plasterer's slaked lime prescribed by
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in the hardened body, and the upper limt should therefore be 50 percent by
wei ght based on the total solid content of the slurry conponent.

Sl aked Line and Quick Lime: Sl aked |ine and/or quick |line are used
because they react i'n an extrenely short time with the alumnumsulfate
whi ch nerges and mixes therewith in the spraying nozzle during spraying,

and thgxts é&@gf 18” be%‘é&? Ih@%!?ﬁ&i 1B nﬂ?ﬁe ltnh@s?néi @ﬁ?%ﬁyprg{cn& b)fhgr ry

i mredi elng sp aye

S O S 49 3 i A S e

[ b d

o e g PR TR o CEneTT 2%
EARNCIREN NG B S RINNLLTENG S CF SRINEN 7

to 40 percent b ht based aon the total solid content_of the slurry
componBHEent i S1fig éaSﬁg 6p & totah solid conteat of th glugrysompentnt pYhae [RsROPITHoR § not
desirabl e, since the degree of increase in the viscosity of the slurry
conponiést tham & persentebyavaight, ihismet desirablusinceiihe degseqpl incrsaserip they visgosily ofghe when
the proportion is nore than 40 ?ercent by weight, it is not desirable,
since slurtpepmpenent dnedp reastiom with@luminym svlgae will be topHew dAlsprwheshthe mkta@euqrat i 0
will result. Further, when determining the mxing ratio for the slaked line
and/ or isqudre khanid@perdent bysweightei dumot degjrabisn sineroa deciease in strength aad @miinonease in

sul fate added, as described below, and it is desirable that they be kept
gr eat ethetdnging shniakgwiatim wmdheeswli. cFurtliey oviienrdetarmining tire siking ratio fof Hiesslaked lime
because alum num sulfate is strongly acidic and is corrosive to the steel
wor k, amifori quickdime, ités mdcesseryrte copsidarthe mtio ofipluetireiny sulfate added,zas described

Al um num Hydr oxi de and Magnesi um Hydr oxi deé: In the present

i nvent below, dnkidt is desitablanhad fthaystieaddephgrdatexihee the steickiomstrial vahierfomalimyihuoiduifete.

This is because aluminum sulfate is strongly acidic and is corrosive to the steel work, and it is

therefore necessary to completely neutralize it.

Aluminum Hydroxide and Magnesium Hydroxide:

In the present invention, the addition of metal hydroxides, such as aluminum hydroxide,
magnesium hydroxide, eté., is also effective in increasing the fire resistance properties. Aluminum
hydroxide is mined as a natural ore and can also be manufactured from bauxite by the Bayer method,
and either of these can be used, but it is particularly preferable that there be a high water of
crystallization content indicated by the chemical formula Al(OH),, such as that of gibbsite. The
particle size is acceptable if the maximum particle diameter is 1 mm or less, and preferably 0.3 mm or
less.

Also, calcium carbonate and magnesium carbonate obtained from a natural mineral ore or
industrially synthesized can be used in the present invention. The particle size is acceptable if the

maximum particle diameter is 1 mm or less, and preferably 0.3 mm or less.
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magnesi um hydroxi de, etc., is also effective in increasing the fire
r.esi stance properties. Alum num hydroxide is mned as a natural ore and
can al so be manufactured from bauxite by the Bayer nethod, and either of
these can be used, but it is particularly preferable that there be a high
wat er of crystallization content indicated by the chem cal formula
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- 8- .. .Nbreover, .if alum num hydroxide, nagnesium hydroxide,

cal ci uPATeeat Boaisht, itis Betauelarables sinerothg siengih of the fardengrhondly Willdlestsaint added
should be 5 to 50 percent by weight, and sufficient effects wll be

appar epartigarly afier beatingby wei ght or nore, but when the ampunt added is nore
than 50 percent by weight, it is not preferable, since the strength of the
har dened bodbe presant dwentisasi jis nesesseiydaladd hijlezst pae ofeither arganic fibersor| n t he
present invention, it is necessary to add at | east one of either organic

f i ber slight-weight)filersveAddling tithdr of thes\partg saitablecviscosity tocthe sumyaomponerit andise
viscosity to the slurry conponent and is effective in preventing bl ockages .
and preffechve iatpreventafg blodkiages dndgiretdpitation pf pilidg insidd thepipingand fif asxt ¢ffestivenin
preventing the slurry conponent fromsplattering during application.

Al so, predintiog dictshery eimpohes drans spslitteeingidueing appgliowsdon. ng the specific gravity
of the applied hardened body, is advantageous fromthe viewpoints of cost
and fire rAlso,sidding eithor@f ehicse Beffeativd ih fovastitigtthospetific gedvitg of theeappliedlisedaed i ng
cracking or lifting away fromthe surface of the steel work, because

shri nkagl, is a8vaatspecsrfraig tirJévagbints of esky ardifilRyresistandePrepeities, Bndineiddition is
flexibility. However, the addition of these inorganic fibers or

| ihg ht - efRic@¥d in fpkdvieRtirfy drackilpf or GRS SRy from kheBukface 6the Bleyl Wik, bitaieahriniaie
there is no
stress during drying is reduced by an increase in overall flexibility. However, the addition of these
inorganic fibers or light-weight fillers is not necessarily limited to only one thereof, and there is no

problem with using both simultaneously.

Organic Fibers:

Various organic fibers, such as rayon, vinylon, acrylic, polyethylene, polypropylene, cellulose
pulp, etc., can be used as the organic fibers in the present invention, but paper or cellulose pulp
which has been dry pulverized and made into fiber form or flock form is ideal. Also, it is not
necessary for the paper or cellulose pulp to be new, and used paper, such as old newspaper, etc., or
recycled cellulose pulp made from the same, or remnants of cloth or old clothing of cotton, hemp,
etc., may be used. The merits of using old paper and recycled cellulose pulp are great from the
viewpoint of cost and the reuse of resources. It is preferable that the amount of organic fiber added

be 20 percent by weight or less of the total solid content of the slurry component. When the amount
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probl em w th using both sinmultaneously. ' Organi ¢ Fi bers:

Various organic fibers, such as rayon, vinylon, acrylic, polyethylene,

pol ypropyl ene, cellulose pulp, etc., can be used as the organic fibers in
thée present invention, but paper or cellulose pulp which has been dry

pul veri zed and nmade into fiber formor flock formis ideal. Al'so, it is not

necessafdkq %eeh Qﬁ p@fc%ﬁ{ b}p\'ifelgﬁtl 1t 1?0%? l’%b aFiﬂc@\gat@ %rgigg d?ér@%e? ﬁxﬂ?{heresik‘ﬁ h

as old news erécyc ose pu rom-t same
rermant ng of cotton, henp, etc., may be used. The
mer i ts ! att% ?W&%%iogrﬁ &P 1'=gycl ed cell uI ose pulp are great fromthe

Vi ewpoi nt of cost and the reuse of resources. It is preferable that the
anount of organic fiber added be 20 percent by weight or | ess of the total

solid conten h | urry conponent. Wen the anount
-9- E E“%&t}‘ glﬁc’ésed 20 percent by weight, it is not desirable, since

water retention reas nd there is,a, risk that the slur W log in
the pi pi nglnorganic lig t~WEig§hﬁ %lsﬁﬁt}l aspyeppicplite, P“Ete Q}“T“\% E@l}ﬁ?inﬁ’ aﬁ%@fﬁ? L%@"&T’It
fillers, such as vermculite, perlite, Shirasu balloons, alum na. balloons,
etc., . 8ic-OF GERPE hgb&gwslgweﬁl&m sech gsqolystyseneH{ons PEAICES: 5)¢-efal W&H‘?‘b&?‘é‘m es,
etc., can be added as the ght-weight fillers in the present invention.
When uhgh’sgwaghs rﬁé}arﬁmtheupgwnmwnpnf ep using iinorganiglight-ayeight Sllers,ihis preferable
anount added be 30 percent by weight or | ess based on the total solid

cont enthabthetamouny adde be 30 persemtrhy. weAgm ior iles basied ¢ tizptopad selidrontsnt aethgsturiys
possi bl e, but excessive addition may reduce the specific gravity too nuch,
and nagomponsniadiddiden abolve 30 persentttiyeveightdnprssiblef betrexiessive ngt%uqmgxaad@iw the
of polystyrene.foamparticles is particularly effective fromthe vi ewpoi nt
of r edspecifig gspyityitdo mugh,aud may havmativetse sffectann e sticrgdi aftar beating bbe additiorby
wei ght or less, preferably between 0.2 and 10 percent by weight, a range
whi ch of pdlystyrenefdamrpaaiclesds particularhyeefecties fremithd wiewpoipt afredudingsspecific gravity,

and these can be mixed in at 10 percent by weight or less, preferably between 0.2 and 10 percent by
weight, a range which will not adversely affect the fire resistance properties.

Furthermore, the use of organic fibers and light-weight fillers together is effective from the
viewpoint of improving the surface smoothness of the sprayed-on refractory, énd a combinatioq of
perlite and polystyrene foam particles as the light-weight fillers is particularly effective. From the
viewpoint of improﬁng smoothness, the preferred ratio of organic fibers and light-weight fillers
added is 5 to 10 percent by weight of organic fibers, 5 to 10 percent by weight of perlite, and 0.2 to
1.0 percent by weight of polystyrene foam particles, based on the total solid content of the slurry

component.

Aluminum Suifate:
Aluminum sulfate is merged and mixed with the slurry component in the spraying nozzle and
the vicinity thereof as an aqueous solution. The aluminum sulfate reacts with the slaked lime and/or

quick lime in the slurry component immediately after being merged and mixed, and raises the
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Furthernore, the use of organic fibers and light-weight fillers together is
effective fromthe viewpoint of inproving the surface snoothness of the
sprayed-on refractory, and a conbination of perlite and pol ystyrene foam
particl'es as the light-weight fillers is particularly effective. Fromthe
vi ewpoi nt of inproving snoot hness, the preferred fatio of organic fibers
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-10- . .viscosity of the, slurry conponent within seconds of being
spr ay QWoriscosity sipy, W SUPSTIOE conyey IRty H&fgeﬂﬁgd@}isgiﬁmtﬁ FIECNHEr deni ng
time has been regulated by nixing in a hardening, retardant, and causes the
| at t erSolwionHf glumimym pyliatesds ihissprazed oy 2pd ds Kiseqsity is immediafly raiy Soaﬁ'ebmm’b
to the wet spray-on fireproofing conposition of the present invention, a
| ow viapptied thickly, itrwill notBew ler fllk apdin asiditionnihe hamtening ¢f thesgypaimgsdll Beid ni xed
with the agueous solution of alumnumsulfate as it is sprayed on, and its
vi scos¢ampléted withindheuaial 3G mintes to one howit Eveewhen applisplionomust navaidably e v | |
not flowor fall off, and in addition, the hardening of the gypsumw || be
conpl epexfdrmed twaor merettinoes) the@bavecharasteristicsraowdhe secend andwubsequent layess fodre
must unavoi dably be perfornmed two or nore tines, the above characteristics
al | ow ¢ompleted omthezanie day) sed eHicientyis ¢hezefore inprovedapd epplitation mhsagsment day,
and efficiency is therefore inproved and application managenent
faci | i freilimttd. Aot hee adeaitagatisthet the applint niateriah dodsi not! remdiee in 2l undertenetbt r enai n
in an unhardened

condition for long, and the risk of it falling off due to vibrations, etc., is therefore significantly

D!

reduced.

There is no particular limitation on the aluminum sulfate used, and aluminum sulfate for
industrial use, for paper making, or for water treatment, as prescribed by JIS A1423 or JIS A1450,
can be used. Generally, aluminum sulfate is available in the forms of a hydrate, an anhydride, or as
an aqueous solution, and any of these forms can be used.

The ideal concentration of the aqueous solution of aluminum sulfate used in the present
invention is 35 percent by weight or more as Al,(SO,);.18H,0, and the higher the concentration the
better. When the concentration of the aqueous solution of aluminum sulfate is less than 35 percent
by weight, it is not desirable, since the amount of solution which must then be merged and mixed in
order to add the prescribed amount of aluminum sulfate becomes excessive and reduces the
concentration of solids in the slurry, so that suitable viscosity of the slurry after being sprayed on
cannot be obtained and the occurrence of splattering during application is increased. The upper limit

~ to the concentration of the aqueous solution of aluminum sulfate is the saturation point of the
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condition for long, and the risk of it falling off due to vibrations, etc.,
i.s therefore significantly reduced. There is no particul ar
limtation on the alum num sul fate used, and al um num sul fate for

i ndustrial use, for paper making, or for water treatnment, as prescribed by
JI'S A1423 or JI'S A1450, can be used. Generally, alum num sulfate is
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concentration af the aquepus sglution of. al.um num sul fate used . ipn the,

or e ento PIORIFBHE i AREo 50 IPR 8P EBNARLIAER ibfn fipersaurated state including sold
Aferr](SOerr])[err]..18H err] Q..and the _higher the concentration the.

bet t er 2R ulfate peaddsd thak if ividhin & Foge Jhichfocs BRt Advertely st sonyrYANCE YT at e
is less than 35 percent by weight, it is not desirable, since the anount
of sol tEiPYMPwhi ch nust then be nerged and mixed in order to add the
prescribed anmount of alum num sul fate becones excessive and reduces the
concent r at Jtdrpreferably thatsthe amopnt of jalwminum swfateyaixed in beinl the vange 065 tg/ 3@ percend
slurry after being sprayed on cannot be obtained and the occurrence of
spl at t by Wrightdgpiverted fom Ab(SQh). 181,00 8y mumuer. peTtentageoé thel total solidieontentof the
concentration of the aqueous solution of alumnumsulfate is the saturation
poi nt slrry bemponent. When the amount mixed in is less than 5 percent by weight, it is noetidesirable,
alumi num sul fate, that is, about 50 percent by wei ght when converting

Al [ er r §ijc8Chevisdosite of fhe SRiryewill nGr bdraised hefficiently amiche caibmrofiefentehis wateteous
solution of alumnumsulfate is in a supersaturated state including solid

al um nenmsael fire resispanoy prdpertichovll also fall tovrdabh DO percenmdsy weiglitlordaes, daadtwhen the
adversely affect conveyance by the punp. It is preferable that the

anmount amduni iixadrin is ot ft Bdne30pexexht byrwlighi, it ik A6t deingide,Glinch theoproperfiey ¢fané by
wei ght (converted fromAl[err](SOerr])[err].18Herr]O as an outer

per cenlidsned bodysuch @k tHe cﬁﬁhg shrivkageratio Gtrehfid, etsl, will ¥e pedponent . Wien the
anount mxed inis less than 5 percent by weight, it Is not desirable,

si nce the Mitsepeidny invéntiodCohbitweNkitbwh addifived @ar Bé addbdvediliésahemtdwe and the
content of elenents which enhance fire resistance properties will also

fail temipgacis0r HOHHPRY) Rris@%ity%ﬁﬂ&/eﬂhcm Rethg1\G11Wa8E) poliRthyRAP BRide,Modfich | N

is nore than 30 percent by weight, it is not desirabl'e’” since the

pr oper pdlfpphosphate) Sodium alginate, etc., water retainers, or surfactants such as dodecylbenzene
sulfonate, alkylsulfate ester salts, alpha-olefin sulfonate, etc. The amount mixed in should be about

0.1 to 2.0 percent by weight as an outer percentage of the total solid content of the slurry

component.

EFFECTS OF THE INVENTION

The present invention enables the provision of a wet spray-on fireproofing composition which
has superior fire resistance properties, which is highly fluid during pumping and has superior
pomping efficiency, yet ceases to be fluid after being sprayed on, enabling thick application, and
which has no risk of cracking or lifting away from the surface of a steel work due to shrinking

despite containing no mineral fibers.
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har dened body such as the drying shrinkage ratio, strength, etc., will be
poor . In the present invention, other well-known additives can be
added besi des the above conponents, for exanple, viscosity inprover such
as et hyl cellul ose, polyethyl ene oxide, sodium polyphosphate, sodium
alginate, etc., water retainers, or surfactants such as dodecyl benzene
SU|f0nateQ§§A$ﬁl fate ester salts, al pha-olefin sulfonate, etc. The
anount m uld be about 0.1 to 2.0 percent by weight as an outer

per cent age_of, the total solid.confent of the slurr conponent .
EFFECTS PE’?“N%WFW Be exPlam"FffE%ﬁ@é@ﬁ@ﬁibﬁmglﬁga“e%%&e@he provi si on

of a wet spray-on fireproofing conposition which has superior fire

resi st%???é’ﬁ’fﬁropert ies, which is highly fluid during punping and has
superior ponping effjciency, yet ceases to be flujd after being sprayed
on, enabl ih%(jﬂr,ﬁh% ratesiglsishewn sl ablml werghnixad Hes theg the gsuling dryJmikfusg wgs
lifting away fromthe surface of a steel work due to shrinking despite
cont ai agitatgd froa mriorier mixef fayapproximately two minutes while adding water to the ratio prescribed

-12- EXAVPLES The invention will now be explained in
f ur t hein Tabledi tp nakeshuaries (012 perceahbpwieightof methylaniiiless and 0.2 perr¢nt by iweight né
materials shown in Table 1 were m xed dry, then the resulting dry m xture
was agribctems byrowenperdeatagarespectively, wensraddedtmt eakly of the shirmes),emd wheh &f theldi ng
water to the ratio prescribed in Table 1 to nmake slurries (0.2 percent by
wei ghtshatiesreaswanveyrd byl ppaspingria aGuitbep pressunt hdse of85 gl difmeteoveng teagthsof 100
outer percentage respectively, were added to each of the slurries), and
each ah byhagisted pump,sapplied t6 anpryiag nbyzlpategeheditd the and obihe rulfbee pressuee hassge of
35 nm di aneter over a length of 100 -

and at the same time, an aqueous solution of aluminum sulfate (concentration 50 percent by weight

as Al(SO,),.18H,0) was conveyed through a rubber pressure hose of 12 mm diameter by a

diaphragm pump, the flow being adjusted so that the ratio of AlL(SO,),.18H,0 added with respect to

the solid content of the slurry was that shown in Table 1, was injected into an inlet disposed 150 mm

from the orifis of the spraying nozzle, was merged and mixed with the slurry, and sprayed together

with pressurized air onto 5 m lengths of 800 x 300 x 14 x 20 mm steel H-beam, and the pumping

pressure and applicable thickness of each slurry was measured.

Next, separate spray-on applications of 50 mm thickness were made (where application to 50

mm was not possible in one application, two or three applications were made) on 2.5 m lengths of

800 x 200 x 8 x 13 mm H-steel to which a rustproof coating (JIS K5621: general rustproofing paint)

had been applied, these were left to room temperature, and after two weeks of curing and hardening,

were dried for three weeks at 40°C % 5°C (until the water content was 2 percent or less), and the

presence or absence of cracking or lifting away of the applied material from the surface of the steel

work was observed. In addition, these were placed in a furnace and a fire resistance property test

performed in accordance with JIS A1304 (method of testing refractories for building construction

parts), and the fire resistance time, the presence or absence of falling off of the applied material
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m by a piston punp, supplied to a spraying nozzle attached to the end of
the rubber pressure hose, and at the sane tinme, an aqueous sol ution of
al um num sul fate (concentration 50 percent by weight as

AlTerr](SOerr])[err].18H err] O was conveyed through a rubber pressure
hose of 12 nmdianmeter by a diaphragm punp, the ffow being adjusted so

the. sofeasadland eTopr b Ltk s Rhert ReTSRFE 1 shoe PRRS e
I nt

) ] ' { he. oritis of the . . le,.
ror gea Sl R RREEth AR e Motd 8 BBl ler Bl maEraR P Apabtefein
i .5 m.]engths of. 800 x 300 x 14 x 20 H b d th
purmi e i GPeUTe g el PR AR VT RO 1 1r y whs. measur ed.

Next, separate spray-on applications of 50 mmthickness were nmade (where
application to 50 mmwas not possible in one application, two or three
applications were made) on 2.5 mlengths of 800 x 200 x 8 x 13 nm H st eel
to which a rustproof coating (JI'S K5621: general rustproofing paint) had
been applied, these were left to roomtenperature, and after two weeks of
curing and hardening, were dried for three weeks at 40[err]C 5[err]C
(until the water content was 2 percent or less), and the presence or
absence of cracking or lifting away of the applied material fromthe
surface of the steel work was observed. In addition, these were placed in
a furnace and a fire resistance property test performed in accordance with
JI'S A1304 (nethod of testing refractories for building construction
parts), and the fire resistance tine, the presence or absence of falling
off of the applied materi al

- 13- during heating, and the conpressive strength after heating
wer e neasured. The above neasurenments were conducted based on the test

nmet hods shown in Table 4. The materials used in the mxtures in the

i nventive products and conparative products are given in Table 3.
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'Table 2 (Conparative Products) Slurry mx (%) 1

2" 3 4 5. Ordinary Portland cenent 72 25 Gypsum
42 92 92 Sl aked |'ine 20 20 50 Organi c
fibers: 8 8 8 6 6 . Silica

47 . Perlite Pol ystyrene foam particles ' 2 2
Wat er 1.5 1.5 1.5 1.5 1.1 (wei ght

conpar ed %ﬂgéa(eam(%m%ﬂ’?duﬁ%m num sul fate-(outer percent age; %9 15 15
15 Sl kg/ 1 11 60
Appl i §§m9éngﬁgp%sgsgressure (k9 crr[err]) 5§ é’S %5 50 Bulk density of

har dened hody ( (Q 0.46 0.44 .4 0.55 Drying shrinkage ratio (%
0.6 0.5 Ordiparygort I19""2““"1’_t|fted away #r orfPsur f ace of steel work Yes No

Yes No No Cracks forned %No Yes No No
Corrpresm@é’l’@’cmength after heating (kg/cnf er|4]2) %B. 192 0.5 0.7 Fell
of f during heating Yes No No Content of
refractorglak%hmm ng el enents (% 20 20185@ 18.2 Fire resistance tine
(m nut es) 170 173
-16- Organic fibers 8 8 8 6 6

Silica 47

Perlite

Polystyrene foam particles 2 2

- Water mixing ratio 15 15 1.5 15 11

(weight compared to solid content)

Aluminum sulfate (outer percentage; %) 15 15 15
Slurry pumping pressure (kg/cm?) 11 10 9 11 60

* Applicable thickness (mm) 65 55 65 15 50
Bulk density of hardened body (g/cc) 0.49 0.46 0.44 0.48 0.55
Drying shrinkage ratio (%) 06 05 10 01 0.1
Lifted away from surface of steel work Yes No Yes No No
Cracks formed Yes No Yes No No
Compressive strength after heating (kg/cm?) 0.1 0.5 0.7
Fell off during heating Yes No No
Content of refractory-enhancing elements (%) 18.0 18.2
Fire resistance time (minutes) 170 173
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Table 3 Materi al Details Gypsum JI'S
A6904 pl aster for boards Odinary Portland cenent JI'S R5210 Bl ast
furnace granurated slag "HAI MENTO' (Hi tachi Cenent KK) Slaked |ine
"Special Linme" (CH CH BU SEKKAI KK) Organic fibers

"JETTOFAI BAA" (JUUJOO MOKUZAI KK) ' (dry used
paper cel I.ﬂbqgg pul p) Polystyrene foam particles particle size 2.2 nm or
| ess; . bul k specific gravity 0.02

(canpagt ed. pol ystyrene fo ste cellulose pulp) Perlite

expand&%&ﬁléfl ite gl particle size 0.5 - 2 mm

bul k specific gravity 0.1 ! oxi de B- 53 (NI PPON KEI KI NZOKU
KK) Bypsum 1S xgg@‘gl’r?ﬁgéd%éﬁ?q@f e size 50 [err]mSilica
S et 2y Borifiad coment  J1S R5210

Blast furnace granurated slag "HAIMENTO" (Hitachi Cement KX)
~ Slaked lime "Special Lime" (CHICHIBU SEKKAI KK)

Organic fibers "JETTOFAIBAA" (JUUJOO MOKUZAI KK)
(dry used paper cellulose pulp)
~ Polystyrene foam particles  particle size 2.2 mm or less;
bulk specific gravity 0.02
(compacted polystyrene foam waste cellulose pulp)
Perlite expanded perlite
particle size 0.5 - 2 mm;
bulk specific gravity 0.1
Aluminum hydroxide B-53 (NIPPON KEIKINZOKU KX)
average particle size 50 pm
Silica "~ sifted through 250 mesh
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Table 4 Itemand Method: Slurry punping pressure The maxi num val ue
of the changes.in pressure caused by the reciprocating piston is read by a
pressure gauge attached i mmedi ately after the discharge outlet on the
pressuie punp. Applicable thickness The thickness (mm of a single
application is nmeasured i nmredi ately prior to observing dripping or falling
of . Bﬁﬂ# ﬂensity After drying at 40[err]C until ‘constant weight is
reachetf> 't he outside dinensions are nmeasured-by vernier calipers, and the
voLh cal *ﬁlwﬁ then the weight is neasured, and the follow ng

calcu de: specific density of hardened body (g/cc) =

wei ghtS gmpmpm@rgsmt Drying shrinkage rati'o The length of a 40 x 40

x 160 nmt f Wi th
e ) & Bl Sald oFRRTHAR RELOLE ANl ahe Mo Qg RRGCLIARSE &
due t ressursrganps aitqghq:d)nnmqhmtﬂy fierftbe dmvhar@e Q;alet:qm thei pyessizs pyge:

dryi nga, b gm_{l%tlo(% (L[err] - L[err])/L[err] where L[err] is
the | en rying, and Ll[err] is the ] ength after drying

Conpr essi vEhedhicknegs (nm) oics single appligation is meznisedimmedintely paiar (OF‘)bSF'é’“l%HWﬂ’éd

by rreet;}qa]gf,%lgﬁl oad gauge attached to a 30 x 30 x 2.3 mmiron plate which is

pl ace e upper surface of a beamtest sanple after heating, and to
V\hlchgigﬂé‘%ﬁ’}ﬁre |l oad is applied manually at a | oad acceleration of 2 - 3

kgéI cni er r |Aftertdrying let0°€stintil domitant lwregaaks ﬁea:heu theoiitside dimengiofisiire whabired lby s .
made: 0 e.stre ea el = maxi mum | oa
(P o verrir splBePeyaBie Enieé Sbieted uheiont S ighl A b Sire b ol o1
comermaleniation isfmddeat i ng until the average tenperature at six points on a
steel HDb %?FPA on applied) reaches
350[err] C %ﬁé'\%%ﬁa%nﬁ ?dﬁé‘\gﬂrrg{;dj gle%geg’%f]e%ﬁq accorg&zce with the JIS A1304

standm&@_&&/e and the tenperature of the steel work is measured by

six chr ormfeqéxg@gbfud »48 x 180 2nr)est Mﬂ]@ﬁ%ﬁ%k@r@d boMdrd £l AHer BR4AE MNds of the
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- 18- water absorption, and:ﬁ& taﬂdi\eﬁlg|chlcu]hﬁorﬁi§ﬁha|de seen from Table 1 that Inventive

Product s L&k e high fluidity which can be conveyed at
| ow pr ess@f’@ng%}gﬁ &ﬂ S(&hdi’a{lﬂl ng al um num sul fate with

where L, is the length before drying, and

L, is the length after drying.

Compressive strength after heatin

The maximum load (P) is measured by means of a load gauge attached to a 30 x 30 x 2.3 mm
iron plate which is placed on the upper surface of a beam test sample after heating, and to which a
pressure load is applied manually at a load acceleration of 2 - 3 kg/cm? until the test sample breaks,
and the following calculation is made:

compressive strength after heating (kg/cm?) = maximum load (P)/9
Fire resistance time

The time (minutes) is measured from commencement of heating until the average temperature
at six points on a steel H-beam test sample (with fireproofing composition applied) reaches 350°C,
when the test sample is heated in accordance with the JIS A1304 standard heating curve and the
temperature of the steel work is measured by six chromel-alumel (JIS C 1602 K) thermocouples,
buried at both ends of the lower flange of 3 crosssetions taken along the center of the beam and at

- points 50 cm to either side of the center.
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them they can be applied to a thickness of 50 mmor nore, and they are

t herefore vastly superior fromthe viewpoint of application. Al so,

al t hough the drying shrinkage ratio of each is slightly |arger than usual,

t he hardened bodies are nore flexible, so that no cracking or lifting away

fromthe surface of the steel work was observed after drying, even under

t he wor st G | L e tihA i y
.Aégxf}t%%ﬁ{) &ecaﬁ 8¢ géefn ﬂ%(')ﬁ?'l‘%&?@&%ﬁ If&%{r’?{(ﬁﬁfdu&% tb I'\i/g Ap@Surrfes ?v‘i'htgl%g‘ﬂ

been applie e surface e stee reover,

hoat | gt oS ARG I bl frbliuct b B gt bbb SFpinY STBIVAET |

af ter heating. 1 t ot he and. the har e odd es S
Such 4050 shiEken e pepise 0N ac RERRT s ARt O, A BRI ARGl vl SREBRED o
a bi n;i‘:{efr I acked.ﬁuffié{semt flexibility, and exhibited cracking and

i fti FPhs P Of8PRIGPY% e of the steel work, even though they had the

sane | evel,.of dryi hri nkage ratj o ,as .the.lnventive Products,.

Thon t e ity altfohieR e SieaaRGet Hlobrtacul Sty it Gan v Siehngene
ordinary, Portl an cenent, as in.Co rative Product 2, t t endencgi es of
o batict Sre A Jeribl, Skt 1 $raoning SHT0s AvEHErS hsurtics PEHERIELRPRIEEY onse

in strength after heating, and the fireproof |ayer fell off duripg

heat i rgserved after dryjing, eyensunder-the seorst adherenge;cpaditippyivhere 2 rustprogh FRa{Ing\iad ym
light-weight fillers and organic fibers were nerely applied by
converrevielsly hegr prrdisd to hesurfareplitkasgedl jpsk.20 percent by wei ght of el enent s
whi ch enhance fire resistance properties and therefore had inferior fire

r esi st anc Mareeres, the freprqafdayerestainesrusficiand plaengileto hoddrjsalicayen afterrheating; @pd i ve
products, and where, by conventional nethods, the fluidity of the slurry
had t dholrepwgfilazer was nod @bssirved to il ofiduring wrfafigpheatingi xed in to enabl e
application approaching 50 mm as in Conparative Product 5, the punping
pressur e Qustbe otheyhand; therhatdened bodies of samples such as Comparative Product 1, which used
-19- As a separate application experinent exanple, the
anountontyfordinanyi Routlangl demanteas acimdtr,tlacked sufficient flexibility, and exhibited cracking and

lifting away from the surface of the steel work, even though they had the same level of drying
shrinkage ratio as the Inventive Products.

When the strength of the sample was reduced by reducing the amount of ordinar_y Portland
cement, as in Comparative Product 2, the tendencies of Comparative Product 1 were alleviated but
there was a significant decrease in strength after heating, and the fireproof layer fell off during
heating.

| Slurries such as Comparative Product 4, in which gypsum, light-weight fillers and organic
fibers were merely applied by conventional methods, contained less 'than 20 percent by weight of
elements which enhance fire resistance properties and therefore had inferior fire resistance times and
fire resistance properties compared to the inventive products, and where, by conventional methods,
the fluidity of the slurry had to be reduced by reducing the amount of water mixed in to enable
application approaching 50 mm, as in Comparative Product 5, the pumping pressure rose

significantly.
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slarry mx of Inventive Product 4 in Table 1 was varied and spraying
conducted on 800 x 300 x 14 x 20 mm steel H beans, the resulting

appl i cabl e thickness was neasured and the rel ationship between the anount
of alum num sul fate added and the applicabl e thickness was as shown in Fig.
1, and it is clear that the applicable thickneSs increases significantly

when_t he apRuRtpRiteApplitatichepetimehtexampPRIthelatounfst .iﬁﬁm’sluﬂﬁbgﬂée% tHO' €

as an outer percentage of the total solid content of the slurry.
- 2__0* slurry mix of Inventive Product 4 in Table 1 was varied and spraying conducted on 800 x 300 x 14 x

20 mm steel H-beams, the resulting applicable thickness was measured and the relationshii: between
the amount of aluminum sulfate added and the applicable thickness was as shown in Fig. 1, and it is
clear that the applicable thickness increases significantly when the amount of aluminum sulfate added

_is 5 percent by weight or more as an outer percentage of the total solid content of the slurry.
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VHAT IS CLAIMED IS: 1. A wet spray-on fireproofing conposition for
s‘pray on application afte m,mm"ml ing a slurry conponent and an
al-um num sul f at e aqueous Eﬂmnm in a spraying nozzle
characterized in that, the*total* sdlid cdntent of said sl urry conponent

i ncludes as essential conpositional conponents: (a) 20 percent by
wei ghty AT ERsum (b) 5 to 40 percent by wei ght of slaked
i me ng/or qui ck Tine; (c) organic fibers and/or |ight-weight

fill ; .
flre tosi & ancgfa?r n f1% f?é‘é"%?mee“ﬁ?@?%é%i?af%ﬁ%”%%%%tﬂeﬁﬁf%&% i ERafgnr ance
2. Sl coRBOA A i AGRRATLR SAIRAS Kb ARERIEMN o Bril@iBde Wher i

said Or ers one ecies sel ected

from a used

o o s ?%ﬂﬁlg AT I . s%ﬁi%“fé’ai%&ns& 5t %ﬁﬂ?&raé%ﬁ“ 3

conposi t|o ordin to either of Clains 1 or 2, wherein the total solid
conteﬁ?mB?SIéoéﬁa oﬂﬂ?r"??} ‘conponent includes 5 to 50 percent by weight of one
speci es ofr éﬁo rmreﬁﬁpem es Pf addi ti ves whi ch enhance fire resistance
properti e P&E"f%b}?‘?’ﬁ LPT QTG BT 8PSy i si ng al uii num hydr oxi de, magnesi um
hydr oxi de, _and nesi um cay ban { _spray-on fireproofing
conposi ti &> é&@gafgf"ﬁ@t Poveig ﬁ‘i‘f%l“ﬁﬁa‘ld/? Vﬁ&m%rel nsaid slurry
conponent contains one cies or two or nore species of binders sel ected
froma gr 6STSaSEREISANGPT Eiéhtt‘l"ﬁghﬁ@éfﬁent al umi na cenent, and bl ast furnace
granurated slag. 5. The wet spray-on f| repr oof i ng conposition accordi ng
to any of 2t WREE 1 to 4, wherein the anmpunt of aluminumsulfate added is 5
to 30 percent by weight as an outer percentage of the total solid content
of the sl andthe é@ﬂfﬁ@irﬁ%ﬁlﬁﬂwtsc}’dh@b?@ﬁm fire snsismnpepropesics after) dryiag i 20 paspant r | O
6. The wet spray-on fireproofing corrp05|t|on according to any of Cains 1
t o 5, byweight or mared

-2.  The wet spray-on fireproofing composition according to Claim 1, wherein said organic fibers
comprise one species or two or more species selected from a group comprising fibers or flock
obtained from used paper, used clothing, or remnants of cloth.

3.  The wet spray-on fireproofing composition according to éithcr of Claims 1 or 2, wherein the
total solid content of said slurry component includes 5 to 50 percent by weight of one species or two
or more species of additives which enhance fire resistance properties selected from a group
comprising aluminum hydroxide, magnesium hydroxide, and magnesium carbonate.

4.  The wet spray-on fireproofing composition according to any of Claims 1 to 3, wherein said
shurry component contains one species or two or more species of binders selected from a group
comprising Portland cement, alumina cement, and blast furnace granurated slag.

5.  The wet spray-on fireproofing composition according to any of Claims 1 to 4, wherein the
amount of aluminum sulfate added is 5 to 30 percent by weight as an outer percentage of the total
solid content of the slurry component by conversion from Al,(SO,),.18H,0.

6.  The wet spray-on fireproofing composition according to any of Claims 1 to 5, wherein said
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| ight-wei ght f] one species or two or nore species selected
froma group H‘“ﬁ“@‘@mﬂmte vermiculite, and pol ystyrene foam
particles. 7% L gpray-on fireproofing conposition according to any
off daims 1 to 6, wherein the total solid content of the slurry conponent

i ncl udes: S to 10 percent by weight of ohemSpecies or two or nore
32%3' g Vet Bert O dPeci S O Bt e bt 6 b Bl

. ' . of lit d 0.2to 1.0 t b
it ghtPD ‘°’p‘g ’;’%Pé‘r%e%’gﬁrﬁﬁrp%a%g’?}é‘é’%%spggi::l g gﬂt-v\ei gh? fillors )
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7.  The wet spray-on fireproofing composition accordiﬁg to any of Claims 1 to 6, wherein the
total solid contcﬁt of the slurry component includes:
5 to 10 percent by weight of one species or two or more species selected from a group
_ comprising fibers or flock obtained from used paper, used clothing, or remnants of cloth as said

organic fibers; and

5 to 10 percent by weight of perlite and 0.2 to 1.0 percent by weight of polystyrene foam

particles as said light-weight fillers.

-22-



