FI RE PROTECTI ON MORTAR Technical field The present invention relates to
fire protection nortar and its use for fire protection. 5 Technical
background of the invention The Rf RAS fire curve is used in Netherl ands
for tunnel fire protection. It is based on the realistic tunnel fire caused
by a tank truck in a tunnel which may | ead to severe concrete spalling and
consequent|ly damage tunnel stability. The tunnel concrete |ining therefore
nmust be protected to ensure public nobility 10 and safety. During the Rf
RWs test, the fire curve reXdREPROTEQDION MRTARN ca 5 nin, then
progressively increase to 1350C in 60 mn, afterwards it slowy decreases
to 1200C-[%tcni]1?c(%| ﬁL_lh For imrersed tunnels, the test criteria allow the

maxi mum tenperature (rnmax) at 380C on concrete surface, and only 250C at 25
mm i nside the concrete surface. For drilled tunnels, the Tm' 15 shoul d not
exceed 20e2pbesdrdf invitotionetrelates tdNDeCenotestibor nfeirtar Redeils clige dod fifan et
al., Mnist of Public Wrks, The Netherlands). Today, this normis also

i ncr easi rP&P@ngOé‘d in other countries as criteria for tunnel fire
protections, such as, Bel gium Scandi navia countries, South Korea, and
recens! y TidetinldaAbadkgrogind-§iMheoimdiehtion is simlar to the R RAS curve,
applicable in France 20(Figure 1). Accordingly, the material used for
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Promat fire protection materials for tunnel fire protection are known on
the 20 ndFigstre 18P 1 326 811 of Prommt teaches a fire protection board in
conposition of alum nate cenent, xonotlite, functional fillers and
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Only_a few vermculite mnes are known as asbestos free, their deposits are
decl 2ni n@raenfeatprintof industrial exploration, market prices are soaring.

Only a few commercial sprays are available on the market capable of
withstanding such Rf RWS condition. They are the CAFCO FENDOLITE MII of



CN 101863640 A provides an environnment-friendly colored fire-proof coating
for tunnels, conprising the follow ng conponents in parts by mass: 10-50
parts of cenment, 40-90 parts of expanded perlite, expanded verm culite and
preci pitated cal cium carbonate, 1-10 parts of inorganic mneral fibers,
5-30 5 parts of flame retardant systens, 0.1-5.0 parts of rubber powder,
0.5-3.0 parts of water reducing agents, air entraining agentsbalnd expandi ng
agents and 0.5-2.0 parts qof inQrganic pignents. The tabl e bel ow

digscl oses PR, ifl'f'&@%ﬂ'ég'&rli:”éeSfiTﬂ‘ecrﬁ'@' RramiRs . anchiMensro Rreghiethda 3 of hese
ranges, tgpsp.otal anmount is 123.5 parts which has been 10normalized to
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mneral fibre iperlite/vermculite/ PCC (CaCla) Al (OH) 3/14g(OH)2 gelling
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EP 1 001 000 of Thermal Ceramics describes a spray which is claimed suitable
for tunnels and it contains saw dust that releases smoke at high temperatures.
This material has been on the market under the designation FireBarrier 135. It
employs aluminate cement and kaolin, with a cured density of ca 1100 kg/m3,

15 which is not only expensive, but also shrinks upon strong heating to such a
degree that the product becomes cracked, a thick 38.5 mm has to be sprayed
to survive the Rf RWS test, when tested by the TNO fire laboratory of
Nederland.

Promat fire protection materials for tunnel fire protection are known on the
20 market. EP 1 326 811 of Promat teaches a fire protection board in composition
of aluminate cement, xonotlite, functional fillers and additives. It has excellent
performance in Rf RWS condition, however it uses high aluminate cement as
binder, the cost and energy consumption of raw materials are high. On the
other hand, the CAFCO FENDOLITE® MII is a Promat spray fulfilling the Rf RWS
25 condition. It comprises mainly of OPC and exfoliated vermiculite. This fire
protection spray has been established worldwide, but supply of good
vermiculite becomes increasingly difficult. Only a few vermiculite mines are
known as asbestos free, their deposits are declining as result of industrial

exploration, market prices are soaring.



The object is solved by a conposition for the preparation of a fire

protection nortar conprising 45 to 70% by wei ght of cenent binder, 8
to 20% by weight calcite, 10 - 8 to 20% by wei ght m ca, 0 to 5% by
wei ght of xonotlite, 0.1 to 20% by wei ght of expanded perlite,

0.1 to 10% by wei ght of fibers, 0.01 to 2% by weight of air entrainer

and foam ng agent, 15- 0.01 to 4% by wei ght of processing aids. Description
of the drawings Figure 1 shows the test conditions of various fire tests.
Fi gure 2 @hoikla63640nAcpravides anpenvitanreent-fiiendlyi enleret foe-viragl coating
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freeze/thaw resistance in fully exposed condition according to EN12467.
Once fir@@rkg ofpvater ESlogng epentserihtentrAiBig agantsapbrt expanding aggather to

(&25) " and LA BRI e e Bt & 10 (" Ynge of 1250 1400C and

capable to provide with passive fire protection in Rf RA5 condition. It
denonst r dthes tathlat belowatlisclodeastde oandge claseribedan thec doeumengf Masing yheluri ng

afire test in ragnge of 1200-1400C. ual | re toriness. at ch_hi gh

fenper at aesede Go s rnges: timger calBon b b o 4en Bt cuhidh i Befhin cs.
The ¢or echorpiizedltoat€ightlionan the tidut rowventhotalsien dehydrate and/or react in
a stepwi se manner within a tenperature range of 70-1250C, therefore capable

10of absorbing the heat step by step and di m nishing the heat transfer and

tenper at (FF16IBE3BHgA | N L e substrate tg be protected,
range average average
total wt%

cement 10-50 30 24.3
inorganic mineral fibre 1-10 5 4.0
perlite/vermiculite/PCC (CaCO;) 40-90 65 52.6
AI(OH)3/Mg(OH)2 5-30 17.5 14.2
gelling agent 0.1-5 2.5 2.0
air entrainer/foaming :

lagent/plasticizer 835 - =0
| pigment 0.5-2.0 1 0.8

Average composition of CN101863640 (A)

It follows that the amount of cement after normalization to 100 weight-% is in
15 the range of 8 to 40 weight %. This material is intended to be stable up to
1100°C.

Disclosure of the invention

It is an object of the present invention to provide with a fire protection mortar

which overcomes at least some of the drawbacks of prior art.



The cenent binder of the present invention can be preferably selected from
the group consisting of Portland cenent (CEM 1), Portland conposite cenent
(CEMI1), Blastic furnace slag cenment (CEMI11), Pozzol anic cenent (CEM
V), 15 other Conposite cenent (CEM V) according to EN 197-1 and

conbi nati ons thereof. Because Ordinary Portland Cenent (OPC) is nade at
much | ower tenperature than alumnate cenent, it is available over the
whol e worl d, the use of the C reduces the cost, saves ener and reduces
ce- eni st olfs achﬁ;E'Fédo?lﬁ’CEOot fBepPERASAE KWEBEIoBN ta) BRRVide e Wl tSPreY her
hydraul i Gopepriding PGERAIR sEt6iRg 2%alciLfinC &hifdaten é‘éh‘\@h?,a&ﬁ'e?é‘%w frad ol fur
alum nate cenment; can also be uSed in place of Portland cenent” of the
present iVeFENEIER, With goad feeszesthaw resistainicgrand aThered alanisity bélowh200

w agoni ¢ Al Varr@eby PPRwlen 0RIE00 | ke, R B BrBEHal Peco

or prBci ponatredtions @ndrstealr stonctuee.PCC), used al one or in conbination
t hereof . The CaCO3 deconposes at ca 850C to form CaO and CO2. The CO2 gas

has | ower_thermal .conductjvity than air _at high tenperatures, it inproves
t her mal iTr{EeuPéﬁc > S Pvetdfahiﬁear ﬁPmPé’%PZb&E the, prepgya 'QQC?fgavﬁ"tehpE‘EﬁEnﬁ?” and
meca to frﬂbﬁhl’*%@ﬁidr%q efractory phases. Preferred average particle size
ranges up to 200 pm It CEMII, CEMIII, CEMIV or CEM YV are used which

cont ai n CaqPBralp9ady . whihht eRkElcht Hsddly of the conposition should be
H !

S5adapt ed accordingly to avoid residual CaO fromthe high tenperature

reaction.” 18 tq 0Ppyrweight calcitenark that hydrated |ine or Ca(OH)2 shoul d
not bg us_qu f’xpzb&}e ggvgénigﬂkwggenti on. The Ca(OH)2 facilitates formati on of

ettringite duri ngog ration, which affects formation of optimal

conbi nat i-or0 tf 5% By WBSHRR ABxoabtlaef ory phases at high tenperatures, |eads
to inferior t | insylation and/or stability during the fire test. The
third ingr @digﬂ&%‘gﬂ?mﬁ’ef%&ﬂ?)ﬁ?q@drﬁgﬁ?e'e. g. selected fromthe group
consi sting i tBUDRWY Reidht! sfogdrse or biotite. At tenperatures <1000C, the
mca |l eads to better mnmechanical properties and di m ni shes thernal

shri nkage, %P1 iteRferby weightiofoicentraingscu farpinghagentact s with cement and
CaO 15 f, i : j hlenite, therefore provides with
i8 PHMh %/o%&%%ﬁﬁﬂ%@c%a&%f 2

mat err al Stég”lty. I's high tenperature reaction
consunes al so | arge anount of energy which reduces the heat flow fromfire
si de to tDesceiptiongifdbe diawingsge of mica is 8-200l0, particle size is bel ow
3 mm Beyond of this range, either the mca shows no effect; or the

comr + sed 9ot shodS e bES &b of SPROERIRCSERE: G Vo, “The xonot I te

provides with both thermal insulation and thermal stability at high
t enper at riguee 12 shewsplthei takrfpaet tavhpsratace &y ratdrials yadceagingr tonthe

aut ocl avi.n\g ondition_as d'{.scl osed in the EP 1 326 811. However, according
to invention and comparative materials.

20 Figure 3 shows a photo of samples before and after shrinkage test at 1250°C
for three hours. The rows are MIX-1, MIX-2 and Test-3 from Example 3. The

left side samples are before the shrinkage test, right ones are after the test.

Detailed description of the invention

The product, after preparing a mortar and sprayed or casted and cured will
25 have satisfactory mechanical properties and good freeze/thaw resistance in
fully exposed condition according to EN12467. Once fired at above 1250°C,



25 the invention, needl e-shaped materials nmay al so be enpl oyed, such as,
for exanple, the by-product in the processing of the spherical xonotlite.
At high tenperatures, the xonotlite dehydrates at ca 800C and then converts
to wol |l astonite. This dehydration is a strongly endotherm c reaction and
consunes much energy. The wol |l astonite fornmed thereby has a theoretical
melting point at 1530C, it offers extra thermal stability in addition to
the aforenmentioned refractory phases. Presence of spherical xonotlite in
the i nvertheOﬁemsnt»pmiéas%ﬂ@yca@itghrqaqtntqge@l@er te fasep refactayt castialjaed

5sprayabi 4 : J | i i i I st
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kg/ n8, particle size below 6 mm for the best punpability and service life

of the sptsaplitaciefiastorinessoaghsudie Nialp dedereTgaunast & iobtaingdePyr pelinder

| i ght wei q}gsefjldnr{ ‘ﬁ{umﬁ’i%@@'&eﬁ*léﬂt‘?{;%e’f@bﬁi?.so be used, such as, e.g. pum ce,
foamed gl ass, hollow ceram c spheres fromfly ash of power plant.
Exfoliated vermculite can al so be used, though not the first choice of
present iTheeowiednmafterialhaccordimgotiethes invfentiom camdebydiata andfof irbaetsin dhe
fibers of _fhis invention.play,li [ i ) egy I pray
or ocess. ShreyBr BEBRet RuRnaL i TBEARES ralbf siml-Aasrke Shierag iamdbiEly o
20 ag0di ofodbddrbkng thpi kedgetdp byheyewfdrer dimitighingephd Heeatetranpferyand

pl ace, the trowel finish can easi |l \F/r be obtained. During curing, the fibers
hel p to reEREEARELINAEASRIN IREFMPSHABIRE RIALEEEE: cracks from the spray.
When cured, the fibers function as reinforcement to inprove material

durabi | i thhe d8@eht iBh8erbe thel SiEseat inentidie cahobe® prenshbly BSleefed frotn PP
fiber, PVA fiber, cellulose fiber, 25 glass fiber including alkali

r esi st antthgl @respf ¢ansisting @k Rastpne rcamery 6EEMob) Postlard conprosite peestr ed
fiber dogj [ a2 i M i n
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usedlbnsiatbenfCdrhposite taamemnt {EEN & )aagomdirgpridi BY bO7weerd tdoenkipatipnand
substratg to agvoid material fatigue during ageing. Commonly used additives
are pres H?rq “the invention to facilitate mxing, 5 slurry punping,
sprayability, setting regulation, and durability. They are selected from

t Ihe gr ouBeranse Dridigaryf PatlahdnQemene!(OPal) ds , magé taitngutleu@wdetems_age&we

pl asti ci zer, ter retention _agent, thixotropic nt, ing ai wat er
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m xi A9 aidbefradugt basas ag albminatesemert.f rost resi stance of cured spray by
creating snmall capillary pores to avoid the material danmage during freeze

t haw cycl . onglit i to

tonper ot (T LeL el (ERud celfesrRpeh PN TefRuoatihae rRaR My

t he st andaifdr Bumbhité¢6dem&ht qarehisor kel ubesdi ingplase dfPorBand cement of the
present invention, but the costs will be higher.

The caicite of the invention includes all forms of CaCOs; and its polymorphs
25 such as Aragonite and Vaterite, it can be either grounded calcium carbonate
(GCC) or precipitated calcium carbonate (PCC), used alone or in combination
thereof. The CaCO; decomposes at ca 850°C to form CaO and CO,. The CO,
gas has lower thermal conductivity than air at high temperatures, it improves

5



The conposition of the present invention is a powder m xture. Wen m xed
with water, it forns a fire protection nortar. Depending on the proposed
use, the viscosity of the nortar can be adjusted by adding nore or |ess

wat er . Typically, the ratio of dry mx to water is 30 to 70 wt.-%dry
mx and 70 to 30 20 wt.-% of water. For a spray application nore water

m ght be added than for the preparation of a product that is applied with a

trovel d, f ting, Afurth iment_of the invention is a fi
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ar easS Aladapterh acorditigy tasveid eesidualt Cad Srapriqg, higheemperaturei reaetibhon can
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non-limting exanples, further explain i nvention and 1tS enbodinents.
15 EXAVPLEerImFhiostkegioncampyesistability dndngdbe firedebt.s are in the tables 1-2,

all part by weight. The test-1 is according to present invention; the FB
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table 2. The thermal shrinkage is the average val ue of length, th and

t hi ckpesformithedAlitep Belita anddgeipeattenthenefonesprovigrs Wittneaterianstabity .

heat i ng requi trfamaer Ur g an ' [l 3. hr h ' [ on
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Accor di ngmaunthef eadrigy ®hidhhexdues shei mdatgtow fromsfirel sidientoettia oold sigel% in

contrast,. that of EB 135.i % The present, invention (test 1) _is.shown
superi or 1§ Pt of ey s _tssékﬁg/‘?'opaﬁéﬁﬁr?éé‘f)l@ l?‘#ﬁ?”o&e&“i“h %”‘él’ﬂfi ge.

The t her mahgeheithdagr icaslBbw PIBPEFEiY 0P the sgna{éﬁi|iﬂyeWi|pBé%mk€écﬁ for the
Fire btest. If it is too high, the thin spray will crack and fire will go

t hrough yia the cr%ck_openi ngs, leading to material collapse and poor
t her42l iIRsSAAE oW oﬁgﬁp@tsl:t?]gxggmp@spon comprises xonotlite, preferably not

more than 5 weight %.

The xonotlite provides with both thermal insulation and thermal stability at
high temperatures. It is spherical particles made by a slurry reactor in
autoclaving condition as disclosed in the EP 1 326 811. However, according to
25 the invention, needle-shaped materials may also be employed, such as, for
example, the by-product in the processing of the spherical xonotlite. At high
temperatures, the xonotlite dehydrates at ca 800°C and then converts to

wollastonite. This dehydration is a strongly endothermic reaction and



bendi ng strength MPa shrinkage 1250C/ 3hrs 0.914 FB 135 1.266 10Tabl e 2:
Test results EXAMPLE 2 Two further conpositions (test 3, test 4) of the
present invention (see table 3) and bal anced water are m xed together by a
pl anetary m xer to forma 15 honbgeneous cenentitious nortar, then sprayed
on a B35 concrete slab with 150mm t hi ckness on ceiling by a spray nachi ne,
the spray is trowel finished to have a good surface aspect with an equal
t hi ckness of 27.5 mm No netal nmeshes are used inside the spray. The 835
concr et e deasutes mMudhmemecaypl B swolasiondagfarmsd 3bengy Wasna dineetetigal 28

days at . i t ' . 1.
const ant Meuingl ph 80 S Ce JE (b3t e Sufliey 1F SRakeh, B e6L
850- 900 kgforéimantdoed 7(Hftadtespeastidases| yPrezenstionh sphdrival Tedriatlite iRulthescal e

Rf RW5 tests are made b aci ng the caqncrete slab on ceiling, side 5 by
S de. it AVERTET JAmtpPRONRIEY FlHtd TOpRaeea; Hreh: o «¢HttkaBd s Sape

27. 5mn E@eﬁbimwoard is known for tunnel fire protection, it usually
passes the test at 27.5mm thickness. It is used here as Benchnmark. The

Rf RW5 test (see fi q_ure_ 2) shows that the test-3 and test-4 conpositions
keep st atiPapdedeperlitg Wuri Hght reeighblagenér itbdrast law r eostednd disdavaitablef t er

10 cooli - T g}%\lw réhdobma.y) , e ug Ak
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t est -3, aneda@hik: freips tibetrast insuldtiqr;eaktiemipevainue crbover 8A0SECdthiespedit@oi nt
of view [test -3 and the PT. H board hav&lthe .agrrz thermal insul ation, .the
test-4 caf ggsa?ﬂeaq_tds Lixesqroé?(’t@au € tsm' ;ﬁ?'g‘s"%i}c wn éﬂ?ﬂngrﬁsn?é&tt-4
shows0 15rouMiad Ity foeieFefifadtor phlssesd of tthis BivieaeionofPrefetred patiitdodwdingt e,
it is estimated to pass the Rf RW test at 25mmthi ckness. )

is 1-20%, packing density in range of 50-200 kg/m3, particle size below 6

mm, for the best pumpability and service life of the spray machine.

Although the expanded perlite is a preferred lightweight filler, other fillers may
also be used, such as, e.g. pumice, foamed glass, hollow ceramic spheres
15 from fly ash of power plant. Exfoliated vermiculite can also be used, though

not the first choice of present invention.
Further components of the composition are fibers.

The fibers of this invention play important role in the material. During spray
process, presence of the fibers bridges surrounding mixture. Together with
20 action of thixotropic agent, they effectively keep the wet spray in place, the
trowel finish can easily be obtained. During curing, the fibers help to reduce
setting shrinkage and avoid surface cracks from the spray. When cured, the
fibers function as reinforcement to improve material durability. The fibers are
selected from the group consisting of, e.g. PP fiber, PVA fiber, cellulose fiber,
25 glass fiber including alkali resistant glass fiber, rock wool or mineral wool,
steel fibers. Preferred fiber dosing is 0.1 to 10 wt.-%, fiber length is below 15

mm.



After the Rf RAS test, fire side of the test-3 sanple is taken and anal yzed
by XRD. XRD quantification programidentifies crystalline phases Belite
(C2S) 16.4% Alite (C3S) 55.7% Cehlenite (C2AS) 12.8% others 15% M ca,
20 Calcite or CaO are not detected, as evidence that they have all reacted
at the high tenperatures. It is these refractory phases fornmed in situ that
turn the cenentitious nortar into a refractory nass with good thermal
stabilit that make it capable to pass the Rf RA5 test with remarkably
smal | t h%@hﬁ%s‘?%?s‘ﬂ’? .Ssﬁ'?nascéﬁﬁrp@rr@g thigkpesgr Mekalanesi ofyrlagkic Mmesheafet .

25Fr eeze ghayed Bidid@br the rhéthr 8o GRRBRS hiddY bén@mg%&%@ndéﬂags&% 467,

by placing the water saturated sanple int© a refrigerator, exposing
t enper at $LESHRLS §e avpshimaterialofatipoe gaingpoeiwg. 4 cycl es per day, total for
100 cycles. During the test, no surface scalling or material del am nation

are obsercéﬁq t t t ggtr i S e 1S
tested an r@solﬂﬁ sl%;grdeggld@@(r%gi Er]]'teteajtée%a fehggel 'ﬁqnlgg%ﬁsgr zﬁggtﬁsﬂ%gmﬁﬂpgri al
of prBsemsturrnvpatripimg haprayeabiliss eéttatg eegulatibuy,i agdt derdbitez e Thegwaey cl es.
OPC Cacite, |l Mc[_a Fi br es Xonl ae ..e{.lite addi t kes Itotal CEM i
seélected from the group consisting of setting accelerator, setting retarder,
super plasticizer, water retention agent, thixotropic agent, pumping aid, water
repellent, and re-dispersible polymers, used alone or in combination.

Commonly used additives in the field can be employed, dosing is 0.01-4%.

10 Air entrainer and/or foaming agent of present invention help not only mixing
and slurry pumping, but also the frost resistance of cured spray by creating
small capillary pores to avoid the material damage during freeze thaw cycles,
when tested in fully water saturated conditions exposing to temperature
change from 20°C to -20°C for 100 cycles, such as described by the standard

15 EN12467. The preferred dosing is 0.01-2%.

The composition of the present invention is a powder mixture. When mixed
with water, it forms a fire protection mortar. Depending on the proposed use,

the viscosity of the mortar can be adjusted by adding more or less water.

Typically, the ratio of dry mix to water is 30 to 70 wt.-% dry mix and 70 to 30
20 wt.-% of water. For a spray application more water might be added than for

the preparation of a product that is applied with a trowel or used for casting.

A further embodiment of the invention is a fire protection product which is
obtained by hydraulic setting of the fire protection mortar of the invention

after spraying or casting.

25 Once cured, the bulk density is below 1200 kg/m? and preferably between 500
and 1000 kg/m?.
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The material according to the invention may also be used as a repair or joint
mortar to fill in broken-off or burnt-out parts of the material, ensuring the

same or similar properties of whole protection areas.

Although intended as a cementitious spray, the current invention can also be
used to produce a board or panel, by spray or casting, followed by further
shaping to form a monolithic body by, such as, Filter press, Flow-on and

Magnani process.

The cementitious mortar of present invention is intended for the most
stringent fire test, such as the Rf RWS and Rf HCM condition. Obviously, it can
also withstand less severe fire scenarios, such as the Rf RABT, Rf HC and Rf
ISO conditions according to the standard EN 1363-1 and ISO 834-1, as

illustrated in the Figure 1.

The following non-limiting examples, further explain the invention and its

embodiments.

EXAMPLE 1
The test compositions and test results are in the tables 1-2, all part by weight.
The test-1 is according to present invention; the FB 135 is the commercially

available product Fire Barrier 135 spray.

The ingredients of table 1 and balanced water are mixed together by a
planetary mixer to form a homogeneous cementitious mortar, then sprayed
into a mould by a spray machine. After 28 days curing at 20°C, key properties
relevant to the fire protection, i.e., density, bending strength and thermal
shrinkage at 1250°C, are tested. The results are shown in the table 2. The
thermal shrinkage is the average value of length, width and thickness. It is
tested by placing the test specimens in an oven, heating to required
temperature and maintaining for 3 hrs. The dimension change is measured

after sample cooling down to ambient conditions.

% 63.8 13.6 9.9 1.9 0 9.51 1.5 100.0 test 4r-invention,

%



1.9 1%7.5 - 13.5 1.5 100. Table 3: Exanple 2 Rl RWS test for
2 hrs ceiling) density humdity

According to the table 2, thermal shrinkage of test-1 (invention) is 1%, in
contrast, that of FB 135 is 12.5%. The present invention (test 1) is shown
superior to prior art, in terms of remarkably improved thermal shrinkage. The
thermal shrinkage at high temperature is one of key parameters for the Fire
5 test. If it is too high, the thin spray will crack and fire will go through via the

crack openings, leading to material collapse and poor thermal insulation.

OPC | Calcite | Mica | Fibres | Xonotlite | perlite | additives | total

CEM

I
test 1 =| 63.8 13.6 9.8 1.9 1.9 7.6 1.5| 100.0
invention,
%

FB 135, | Commercial product according to EP 1 001 000

%
Table 1: Example 1
density bending strength shrinkage
1250°C/3hrs
g/cm? MPa %
test 1 = 0.914 2.8 1.0
invention
FB 135 1.266 4.3 12.5
10 Table 2: Test results
EXAMPLE 2

Two further compositions (test 3, test 4) of the present invention (see table 3)
and balanced water are mixed together by a planetary mixer to form a

15 homogeneous cementitious mortar, then sprayed on a B35 concrete slab with
150mm thickness on ceiling by a spray machine, the spray is trowel finished to
have a good surface aspect with an equal thickness of 27.5 mm. No metal
meshes are used inside the spray. The B35 concrete has the minimum
compressive strength of 35 MPa when cured at 28 days at 20°C.

10
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After 40 days curing at 20°C when weight the mortar becomes constant,
density and humidity (at 105°C) of the sprays are measured ca 850-900

kg/m3 and ca 7% respectively, as shown in the Table 4.

Full scale Rf RWS tests are made by placing the concrete slab on ceiling, side
by side with the Promat PROMATECT®-H board (PT-H board) at a thickness of
27.5mm. The PT-H board is known for tunnel fire protection, it usually passes

the RWS test at 27.5mm thickness. It is used here as Benchmark.

The Rf RWS test (see figure 2) shows that the test-3 and test-4 compositions
keep stable on ceiling during the whole period of fire test and even after
cooling down. The maximum temperature (Tna.x), an average value of 5
thermal couples, is measured 356°C for PT-H board (reference), 348°C for the
test-3, and 301°C for the test-4 of present invention. From statistic point of
view, test-3 and the PT-H board have the same thermal insulation, the test-4
can pass the Rf RWS test at equal thickness of 27.5mm. The test-4 shows
remarkably lower Tg,.x thanks to the effect of spherical Xonotlite, it is
estimated to pass the Rf RWS test at 25mm thickness.

After the Rf RWS test, fire side of the test-3 sample is taken and analyzed by
XRD. XRD quantification program identifies crystalline phases Belite (C2S)
16.4%, Alite (C3S) 55.7%, Gehlenite (C2AS) 12.8%, others 15%. Mica,
Calcite or CaO are not detected, as evidence that they have all reacted at the
high temperatures. It is these refractory phases formed in situ that turn the
cementitious mortar into a refractory mass with good thermal stability, that
make it capable to pass the Rf RWS test with remarkably small thickness of

<27.5mm, compared to traditional sprays on the market.

Freeze thaw test of the test-3 composition is made according to EN12467, by
placing the water saturated sample into a refrigerator, exposing temperature
change from 20°C to -20°C per cycle, 4 cycles per day, total for 100 cycles.

During the test, no surface scalling or material delamination are observed.

11



Table 4: Results of Rf RAS test Table 5: Results of frost
(EN 12467) Table 6: Mechani cal

(Test-3)
t her mal

EXAVPLE

CN101863640 A. 5 The nmter
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insulation is superior to an in-house board used for
applications in tunnels (PROVATECT-H, Tab. 6).
nortar can be inproved further
in Tab. 4) and thermal

Sul phur Al um nate Cenent (SAC).

in both thernal
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fast setting
As OPC is used according to the

invention, this was al so used for the 10 conparative experinments. Table 7
descri bes conpositions prepared according to the disclosure of CN101863640
A. They are based pn @¢er agéacienr milMek | onsFiblesscl iXnoiffe i In pefe docdsitent total
M X- 1 uses—a—conrbi-patron—pi—expapded—peptte—extoH e and
15Pr eci pliE@tedioal Ci Um &a[ bonatse| ( PCCle.s M X-AgUSES O . er i1 teno
and Precipitated Calcium Carbonate (P withg||1t (axfoll iated vermculite
Corrpa$i S_(é§t4,=_ir)y§nt,ion, %nA v 1 638 o 13.6 T 948 19 1.9 75 1.5 100.0
' Table 3: Example 2
Rf RWS test for 2 hrs (ceiling)
humidity Max.
density 105°C temperature
glcm?® % °C
test 3=invention 0.844 6.5 348
test 4=invention 0.890 6.9 301
PROMATEC-H board 0.947 6.7 356
Table 4: Results of Rf RWS test
10
humidity bending strength (MPa)
density 105°C after freeze thaw test EN12467
glem?® % Ref 25 cyc 100 cyc
test 3=invention 0.844 6.5 1.8 3.6 3.9
Table 5: Results of frost resistance test (EN12467)
density bending strength shrinkage 1250°C/3hrs
g/cm? MPa %
test 3 = invention 0.844 2.3 3.9
test 4 = invention 0.914 2.8 1.0
Table 6: Mechanical properties
15 When xonotlite is not present (Test-3), the results are already good for the
intended application and the thermal insulation is superior to an in-house
board used for RWS applications in tunnels (PROMATECT-H; Tab. 6).
When xonotlite is used, the mortar can be improved further in both thermal
insulation (Max temperature in Tab. 4) and thermal stability (thermal
20 shrinkage at 1250°C in Tab. 6). Xonotlite is a desirable component for the

mortar of the invention.

12



MX-2 24.3 OPC dass fibre 4.0 4.0
Exfoliated vermculite 0- 2nm 17.6 O.
Al (014)314.2 14.2 gelling agent2.0 2.

Cal ci um car bonate, 17. 6 D50=3 m 17.6

Expanded perflte O 2mm 17.6 35.1
0
0 foam ng/plasticizer2.0 2.0

EXAMPLE 3
Example 3 analyzes the properties of the product described in CN101863640
A.

5 The materials described in the reference are
- Ordinary Portland Cement (OPC)
- Calcium Aluminate Cement (CAC) and
- fast setting Sulphur Aluminate Cement (SAC).

As OPC is used according to the invention, this was also used for the

10 comparative experiments.

Table 7 describes compositions prepared according to the disclosure of
CN101863640 A. They are based on average formulations described in the

document.

MIX-1 uses a combination of expanded perlite, exfoliated vermiculite and
15 Precipitated Caicium Carbonate (PCC).

MIX-2 uses only expanded perlite and Precipitated Calcium Carbonate (PCC)

without exfoliated vermiculite.

Comparison test MIX-1 | MIX-2
OPC 24.3 24.3
|Glass fibre 4.0 4.0
Expanded perlite 0-2mm 17.6 35.1
Exfoliated vermiculite O-

2mm 17.6 0.0
Calcium carbonate,

D50=3um 17.6 17.6
AI(OH)3 14.2 14.2
gelling agent 2.0 2.0
foaming/plasticizer 2.0 2.0
| pigment , Fe203 0.8 0.8
total 100.1 100.0

Table 7: Comparative test

13



pi gment, Fe2030.8 0.8 total 100.1 100.0 Table 7: Conparative test The
products were prepared and cured at 20C for 28 days. Table 8 conpares the
density and the bending strength and the shrinkage of the nmaterials with
the material Test-3 of Exanple 2. density g/cm 3 bending strength Ma
shrinkage at 1250C MX-1 0.774

The products were prepared and cured at 20°C for 28 days.

Table 8 compares the density and the bending strength and the shrinkage of

the materials with the material Test-3 of Example 2.

. - shrinkage
density bending strength at 1250°C
glem® Mpa %
MiX-1 0.774 1.2 28.8
MIX-2 0.665 1.0 melted
Test-3 = Invention 0.844 2.3 3.9

5 Table 8: Results of comparison test
Figure 3 shows a photo of the material after the fire test.
According to the reference, the product must be able to withstand
temperatures of a hydrocarbon fire. These test conditions require resistance at
1100°C, i.e. lower than the RWS fire curve (see figure 1). MIX-1 and MIX-2 do
10 not withstand the RWS fire test.

All references cited herein are incorporated by reference to the full extent to

which the incorporation is not inconsistent with the express teachings herein.

14



12 28.8 MX-2 0.665 1.0 nelted Test-3 = Invention 0.844 2.3 3.9 5Table 8:
Results of conparison test Figure 3 shows a photo of the naterial after the
fire test. According to the reference, the product nust be able to

wi t hstand tenperatures of a hydrocarbon fire. These test conditions require
resi stance at 1100C, i.e. lower than the RAS fire curve (see figure 1).
MX-1 and M X-2 do 10not withstand the RA5 fire test. Al references cited
herein are incorporated by reference to the full extent to which the

i ncor por &latmsi s not inconsistent with the express teachings herein.

Claims 1. A conposition for the preparation of a fire protection nortar

gglrrgir ![ Z' nlg84 Eg&%ﬁ;%@kﬂgﬁﬁ%b?r@aec%en%f Q iﬁr}geﬂrbtgct}oon %%%at?'ycovr\ﬁblqgikg
- 45 to 70% by weight of cement binder,
- 8 to 20% by weight calcite,

5 - 8 to 20% by weight mica,

- 0 to 5% by weight of xonotlite,
- 0.1 to 20% by weight of expanded perlite,
- 0.1 to 10% by weight of fibers,
- 0.01 to 2% by weight of air entrainer and foaming agent,

10 - 0.01 to 4% by weight of processing aids.

2. The composition of claim 1, wherein the cement binder is selected from
the group consisting of Portland cement (CEM I), Portland composite
cement (CEM 1II), Blastic furnace slag cement (CEM III), Pozzolanic
cement (CEM 1V), other Composite cement (CEM V), and combinations

15 thereof.

3. The composition of claim 1 or 2, wherein the cement binder comprises
calcium aluminate cement, sulfur aluminate cement and combinations

thereof.

4. The composition of claims 1 to 3, wherein the fibers are selected from the
20 group consisting of PP fiber, PVA fiber, cellulose fiber, glass fiber
including alkali resistant glass fiber, rock wool, mineral wool, steel fiber

and combinations thereof.

5. The composition of claims 1 to 4, wherein the expanded perlite is partly
or fully substituted by fillers selected from the group consisting of
25 pumice, foamed glass, expanded clay, hollow ceramic spheres of fly

ashes from power plant, exfoliated vermiculite and combinations thereof.

15



0 to 5% by weight of xonotlite, 0.1 to 20% by wei ght of expanded perlite,
0.1 to 10% by weight of fibers, 0.01 to 2 % by weight of air entrainer and
foam ng agent, 100.01 to 4% by wei ght of processing aids. 2. The
conposition of claiml1l, wherein the cenent binder is selected fromthe
group consisting of Portland cement (CEM 1), Portland conposite cenent (CEM
1), Blastic furnace slag cenent (CEMI111), Pozzol anic cenent (CEM V),

ot her Conposite cenent (CEM V), and conbinations 15thereof. 3. The

conposi ti®n ofh ecF%mﬁP_SJt'@f‘ of amnene;of elaiensdnond, wihesein t@@nlprrqceesingaaids um
alum nate ce r a o o] The
conposition o g?#{éé(y frat'rgr@h'é ﬁoaﬁnﬁﬁﬁs'gﬁg rgpgéé;cﬁb lggtatrgg etlt' h% 20
group consi stacngleoatolPP $uar pIE’SﬂCIiemelpummhgulalxﬂ;,e wateer ,retﬁnt&m f adpenit,

i ncl udi ng al resistan ass fib ol , mngral st eel
fiber and co Pﬁ?éi'f‘tpd%sa‘-t g’& er5rep|aﬁ|§h5 (HYR b¢- ?%ﬁrﬁ\tp’? Hojymers
wher ebn t he erpiacsHbinaeidnsttheléofpart!|y or fuI I y substituted by fillers

sel ected fromthe group consisting of 25pumice, foaned glass, expanded
clay, hol]ow_ceram c spheres of fly ashes from power plant, exfollated

verm cul ite CYRBPAICNG a’t‘Ylé’r”@o?f clagns o Geriorriein she dibespyhayigeanf

clainme 1 to Hye firythYF 1IBECARIS1OInAI. s are sel ected fromthe group
consi sting of setting ret arder, setting accel erator, super plasticizer,

punpi ng aid, water retention agent t hi xotropic agent wat er repellent,
wat er borth r dhe spEPoBEion pHeEPHEeRe BErmRictEEI tmii onkeneirethefcaldte Tias a

conposi ti on gj r?ﬂ ig(&nég Bg%%ﬁh%) I)Plegs tﬁ@ﬁrﬁ Hﬁe fi bers have an average

| engt h of e conposi any one of clainms 1 to 7,
wherein the calcite has a particle size (d90 by weight) of |ess than 200
pm 109. %A fiA ﬁreppmtectibonnumara:btailntablmbblreixh'xyg h e icogngdsitioowp @iyt doe of

any one of clai 1 W. 1 h ter erably -30 to 70% by wei ght of the
conposition cgs"atsni?‘i%t‘g'té A EFfEBaeDJb% wat er . 10. Afire
protection product obtainable by spr aying or casting the fire 15protection

nmortar of cl a3 70% byheeight of the@tesipositidw 6fitiaimen @ giamdl0 wherein
casting incl ugz)s s?a(pi n rocesses selected fromfilter press, Flow on and
Magnani procé to 30

10. A fire protection product obtainable by spraying or casting the fire
15 protection mortar of claim 9.

11. The fire protection product of claim 10 wherein casting includes shaping

processes selected from filter press, Flow-on and Magnani process.

12. The fire protection product of claim 10 or 11 having a bulk density below
1200 kg/m?, preferably between 500 and 1000 kg/m?.

20 13. Method for providing a fire protection system comprising

- spraying a mortar of claim 9 and/or

- fixing a cast fire protection product of claim 11 or 12

on a substrate.

16



12. The fire protection product of claim10 or 11 having a bulk density
bel ow 1200 kg/ nB, preferably between 500 and 1000 kg/ nB8. 2013. Method for
providing a fire protection system conprising -spraying a nortar of claim?9
and/or - fixing a cast fire protection product of claim1ll or 12 on a
substrate. 14. The nethod of claim 13 further conprising enbeddi ng a net al
or plastic nesh in the nortar. 15. Use of a conposition of any one of claim

1 to 8 for preparing a fire protection nortar.
14. The method of claim 13 further comprising embedding a metal or plastic

mesh in the mortar.

15. Use of a composition of any one of claim 1 to 8 for preparing a fire

protection mortar.
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