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PCT/ CA97/ 00943 SURFACE TREATED ADDI Tl VE FOR PORTLAND CEMENT
CONCRETE FIELD OF I NVENTION 5 The present
i nvention relates to an additive for incorporation into a cemantiti ous

conpound conprising Portland cenment and water. The invention er
relates to ap @g% for preparing the additive and a procé’§'§"q5f97’°‘}3f‘%par| ng
a cementitious corrpound corrprl sed of the Portland cenent, water and the 10
additive. OREMRE IR PORTLA
cenmentitious corrpound S knovvn as one of the nost 15 versatile and nost
w dely produced building materials in the world. Concrete is a gel,
being a p%ﬁﬂ‘ﬁ:#ﬁiﬁvgkﬁgm hened ceram c-matri x conposite nateri al

conpri sed regate. Mrtar is typically conprised of a

hydr aufi c cement such as Portland cenent clinker, together with water
and sand. Thus, in The preseiCinetrtion belatesn aaruzﬁdsw@eorbiae@n@raii&pﬁwed

particl escéxﬂeﬁﬁb\k& &orﬂpéﬁﬁ QEHﬁrf%irﬁ?Po% an3lel AR AENERRL. PR ‘%i%%“‘\‘h Ch s

conprised 0 e, cenen
cenent cl fither relatessioz PIASesP fap RyRaSHS téaeﬁdttwatanidta PRIGESS bePrePameave an

affinity aaewntitioudkompowhd roniirisedict thelPeftldne ddnterd) waleerandtthe cl i nker
react ;QWI tAalhgR. water to formthe cement paste. The chemical products of

this reactlon whi ch are found in the cenent paste, provide strength
and cohe5|veness to the concrete. As tinme passes, the cenent hydrates
further, BACKGROUND Q8UNMENDIGNTr eacti on products. Therefore, the
strength and cohesi veness of t he cenentitious conpound or cenent

typically inprove th the passa It is
known that alt houg&%‘&ﬁﬁ‘éﬁee? ée’i“§ng'€?‘é€t F%P?/“’E‘%'r‘%HBOY"H as one QfRETRH| on, it
t ends 160 lversatilaaamhmmem@rly ipnoderedi lonildisg chatdrims imtHel wearldn Concrete Al t hough

| nor easi ng e DY HarlulfR Rithg méne&%m%cMﬂk%&ﬁ%@&ymamgcemt i tious

materi als, as d| bel. ow, rove. t he 35 ensile

t
and 11 exuFSRPESFE ﬁgmrtaaﬁaﬂ@gmsa*er lofighireecelietur? diaplic
concr et e, cement sushds Rartland semenhdinkepstogeihehisitht water and semg. Hdupriobl emat i c

to I t 'E'@n&@ienﬂ%nﬁﬂgearml; st@nﬁﬁ@é&rﬁ@ﬁ% ﬁ rath‘dT@é”'xh 4 Ahil@ hg&f m'a'&t%% agcf’h it
S, B S L A A ek G R v 1
for every desired strength
Portland cement clinker is relatively anhydrous such that it tends to
have an affinity to water. Thus, when water is added to the clinker, the clinker
reacts with the water to form the cement paste. The chemical products of this
25 reaction, which are found in the cement paste, provide strength and
cohesiveness to the concrete. As time passes, the cement hydrates further, which
produces more reaction products. Therefore, the strength and cohesiveness of
the cementitious compound or cement typically improve with the passage of
time.
30
It is known that although concrete is relatively strong in
compression, it tends to be somewhat weaker in tension, and thus in flexion.
Although increasing the amount of cement clinker or supplementary
cementitious materials, as discussed below, in the concrete may improve the
35 tensile and flexural strength, along with the compressive strength, of the
concrete, this tends to be somewhat cost prohibitive and may be problematic to
the maintenance of a desirable water/cement ratio. For instance, it is well
known that in conventional concretes, the flexural strength tends to be about
15% or 1/7 of the compressive strength. Therefore, for every desired strength
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PCT/ CA97/ 00943 unit increase in the flexural strength (such as 1
Mpa), the conpressive strength nmust be increased by 7 strength units
(7 .Ma). As a result, the industry has sought other
approaches twobpgissésorcing 5 concrete in order to inprovepcrEAstoonsgt h,
and in particular its tensile and fl exural strength. One approach is

to i ncorporate steel reinforci bars into e.cqncrete . to ovi de the
oqui  od TuRerrisE iy ERRR BereR Eni L MR s v e a
hi ghl y al ¥oaist beinspeased kg ritrepgtheunits (7cMpgpht i bl e with the steel and a

physi cal barrier to protect the steel from exposure to the

envi ronnment. 10 . In.mpre necent years, the i.ndustry has
‘al'so devel oped a ndifteFesst the {“d%até? P &8 & ber ARPROghes Emgreng

i ncor por at®Wretain orderdodamipee isistrengtileand én particularpgisoiensilecagiich flexymbperti es
of the cogedrpile., Orecdpitbatdh 6 iM@RPdlaky stbél@¥iNFcirBhrs into tROTBRE@SERI Ve
strengt h'tos {0%9&;[ E‘el rgﬁn& ﬁ?ﬂ%l L1 yes %r gr 1510| | dﬁ whi ch tt end .t.o get 15

ei ther inert, such th 1 & Ing_ prefEftE U ¢ e CORES 8 PLOUER OO it

st r engt h, a bighly alkalimgeanvitenmeqt whiehnis edvepatihde withethesstéehwot\eephysical he

f or mat i onbartiek fﬂ@gﬁ’@t&@ﬁih@fbteel fromd eRPORIre tVheCbn@iotin&@ncrete its strength
and other desirable properties. WAst e products, such as

fly ash, blast furnace slag and condensed 20 silica fume, are one such
group of reactive 3B MH§IRCAN LS Hy industry Desalapidereloped agyanksrtadn added
to concr;ai@ditﬁ@w@ﬁhﬁ drecidded t6,UrhinvGipoeatid aHturihe dopbte i:\oorﬁeﬁlttcvﬁl . the
armount of. [ : p et cancy et e ch may
rosult i rinP e vab By Bty bPd bk e MOHIG s B PE SR B 1O e
have few compregsiee strppgiinedtipngth imamying additiveepee solids whishftend tobe he

envi r thme¢ithezdnédoesushshat air mpreqshasdrive aif €hd ERRERORAUS & it8sReAgtis 6F Ul
produce rnaetapéf-&e,tsﬂ@ﬁ' th& %k r&dﬁ@ti‘ﬁéf ﬁqﬁ§@ilved in the F&ﬂﬁgﬁh ofRE N8RFiHDS! .
significantly, 'the properties of the concrete, and_ I n particular its
strength, Pfogx‘dtst‘@h’ﬁg %{’)@ﬁ‘i"ﬁrﬁt&hﬁslsﬁe%% gibgther desirable properties.  However,
many of the additives, including the waste products 30 noted above, are

silicates which teWast@gR?dJEYs‘,jEQHhﬁé fiff adtf bYRY HirR9c G S8F cortferBed

resul uslelcaoguthese addi t] ves ofEen requires gn 1 ncreasge. ln t 6’6 ter

contefit of me,are Off SHeh rowR, of FrActive ARen@il RPsP ARG Additives Whishcal | y
fine or vaeypffenreldedwdeoscrete. Thetidslitian efstchorestes psoduts teateto reddgue r ement
of the coerphsusiis dfeﬁxehh?éc{ui}e@r BCthe mix BYWrb86& MeC@Rcreld)SURERMRay When
t hese addltl\ées ar e, | ncor pg %bedtf\nto trge concrete, .35. a grggt el vguantlty
of water WSt R PHOEHPTRF e PUHAEY oIS BRI lichothrEYBsdave feW it he
wat er / ceneses, pecome wiefulrndcthwer ticee is/a hendfitrtiontvaersritanenttasrthe wasteor a

pr ef egy edprodn@R HF IM@rBE/ERIRIG al@ehDrodsee BEHEr tREh Fulih®WidpBEalP Oper
hydrati o of t.he cenent apd LR, perm t t.he Goperete £o be. wor kabl e.

nlapgfeg?%‘&eglaps most significantly, the properties of the concrete, and in

However, -2-
particular its strength, tend to be significantly improved.

However, many of the additives, including the waste products

30 noted above, are silicates which tend to be hydrophilic to varying degrees. As a
result, use of these additives often requires an increase in the water content of
the concrete. Further, the waste products are typically fine or very fine powders
which also increases the water requirement of the concrete due to their large
surface areas. Thereforc, when these additives are incorporated into the concrete,

35 a greater quantity of water must typically be added, which results in an increase
in the water/cement ratio of the concrete. A minimum water/cement ratio, or a
preferred range of water/cement ratios, is required to allow for proper hydration
of the cement and to permit the concrete to be workable. However, preferably,
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PCT/ CA97/ 00943 any excess water is mnimzed as too high a
wat er/ cenment ratio will decrease the strength of the concrete and have
ot her adverse effects on its properties. The

wat'er/ cementwoagesse{ t he ratio of mass of water to mass of @Cy/CAS70@EneNt)
I's one of the nost |rrportant pararreters i n determ ning the propertles

of the hardened congrete. enen ratl a xi mat el y
0 23" "y BREsRet & Sinirid £l Br kGr ERERL il SeBBRURE (he
total volatrengtf of the copgrate and haue otriadvetse egfetts p@rl&pmeﬂiﬁé concrete

I ncreases the required water content by approximtely 0.19, resulting
in a theoretical m. 10 er/ t ui repent of
approxi mately O. 42%%%‘ ag%)r% rét 'ﬁm(? ergtlg masslqg\‘/\‘}ea\?eer t%qn :}?&'l ce,
due t & a gemant) isgnef tb@r@ostaamcxrta@ﬁ@laramt&s incdesenmining the pr@aartreéd to

produce aofak kabdéhetli concrbhe Methesiys @ We4ter fcainkft FaRIdLAf Rréamatdy a

wor kabl e is neeH{f'c? {‘orb orxgﬂgw.%f k&c{rth&? %? lttgee&?nq@f gﬁé)v\%]vter (}ﬁ&?g}/ ver S€

effects exces e concre n rati os.
15 water contained ifytie grb RS WA tha congrate ingigages élm:r@qtuserémaﬂr in the
Spgces bedoneit Byhgpproximaxelydd.08| reelBRAtin ﬂ&hbdnfélheﬂ totd rbmmaﬁﬂ tﬂe ﬁemenlt
an e e t he ge
but r ‘gg{ef,gc?eﬁeélte’&gﬁéo??m e?rﬁ%(f %proxn@g ely blﬁ fSr Q@mgfe M%Hmﬁ jon.

wat er .
stated, |Howeverain pmlée,ta@daaeﬁ @rmngwbﬂmfefacms taﬁéltmal @@Fﬁ?rlépg‘et‘o provi de

for a wordeglired i Yroditel .ewbtiabhs ix) gThd 16 aea Pednheit ¥afd® kfuired to prétice a

bal anci ggaap%egfog glﬁgngﬁtbwa&fp@ MM&Q@ kmm& @h@%;ag{m&&e%?eagkgecwe

concr et e. of excessiysatey & th eoﬁﬁ’é‘cfeée@ ey veter/ fFW&P{“éﬁ?ﬁlqsrc properties of many
addi tisves, the probl ens rel at ed to the presence of capillary pores,

and the problens ag 3@%,%&5% %‘S‘t Iﬂlﬁhngcrghﬁé’{dﬂ'&léthﬁ thé EIQJ?:E RQ@J%QI R Oar e

typically worsened ves t n of

mor e wat eRTigIRRIFCRANt tPG“;‘J§ betwrgp K%%F’é“"dﬁr%‘rd&r@’ a%egate %’t‘?ﬁ? per cent age
of fine pgratescde natfillicomgdetely with tbageldbuhmtiernwfitrer a networgiof dtdpillary

required Pos8 D" QAVGRING Mkahk%ta%d(tlyfsede@ﬂ%ﬁWﬁdd%ﬂ@u%\%%ﬁ%‘qgrm@t ratiois

i ncrease of the

cin
Lo o8P S Carretn o pravide for g aska L PR RS P e AAE DEK BRFE- o e
assi st ed Thuss erbalabeingeis requirdtbbetwwen the wokkakdlityrof thel aoareteagdrthe and hi gh

range Watc?étnh%%'éi‘ﬂcta&eﬂ%%a 1llar fn§fé@%%@§>%%r%@£ Y] the%h@xtét@re typically
added to Igihe concy et e

rrior .to the
pl acement BV ¥ fe (‘:‘SﬁBrtg?f é‘aé“fﬁle@gﬂﬁﬁt‘g\‘ WEH?@’F?\B a?do ives, Beise the
conponentproblemsirelated ¢o theepresence efgepitlaty pores andpbe p@@ldem@sw@rated hus

reduczmg whR a‘&ﬁie@fngjﬂiéﬁlﬂi%ﬁt Walire, Ez‘éﬁ? pRABy moesedéamrthu Aalflves tédl & ef f ect
I t cLl Sieion'Ys morterwatgere fsnuclnrder at ro‘f’cliulcg1 L95 e(?:ro%lcroe e. OI\ t he wat er

r edu0| ng 588’(’1'? fagdi opP

WO 98/ 2588 percentage of fine particle additives is increased, more water is typically

PCT/ CA97/{3@8#8d to produce a workable mixture and thus, the water/cement ratio is

increased.

and

30
The balancing of the workability of the concrete mix and the

water/cement ratio of the concrete mix can be assisted to some degree by the use
of water reducing agents and high range water reducing agents
(superplasticizers), which are typically added to the concrete mix in liquid or

35 powder form prior to the placement of the concrete. These water reducing agents
cause the components of the concrete mix temporarily to repel one another, thus
reducing the water demands of the concrete mix. Unfortunately, this effect is not
selective, with the result that a large proportion of the water reducing agent that
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I s added to the concrete mx is used to produce the effect in conponents of

t he concrete m x, such as coarse aggregate and sand, which do not
ot herwi se pl ace hi gh wat er denands on the m x. Since these conponents
typically nake up a | ar ge percentage by wei ght of the overall m x
design, it oppogssseseen that the 5 conventional use of waPer/CAUIR43Ng
agents is not an efficient way of reduci ng t he wat er demands of a

t t h th t d
oont o ( faped f Pre G0 Bixdh b ot BRStneE] S Rpenents SR o PTAD) 0
si de ef f gonsrefemdik sush aecoardeaggregate andrsang, whichivo nefrthemvdseplaye
r esul ti NGhikh Qfatbh@émakds ofl EROASL.N BirRE thé® BaRdnbAls §Pically Q{dk@tu:p geans for

d t t kabl
15 i L Sk L PR S b RS 1o
for ad ad@nveméoraduse of watwwdp@ngtag@ntsnﬁn@t an effieiant mmfsredmpsahq

conpri si r\gat&aabiraﬁas @)ﬁﬁ&ﬁhczﬂfkdmiaé 'm@t @)rgeth‘ékle\htlﬁﬁleQﬁQE c8dtdf sbidt | nproves
t he propert,jes gt h, but

oes nop Skbtef Tl SgdRERotaRN SurolacticisBf) ahf the sappBgh L °"0 0 OV
associ at athdesirable sirleceffactmisichasiretandation of curing ohthe mcméemIX) for

i nc (r]I eas?ﬁe&ﬂ&ﬁé{fﬁ&ﬂ&ﬂ&zrﬁﬁ& |dé&16r@trﬁfe@dld€@e@d W&ﬂbﬂt&n}?&{ﬁﬁ@&m%r lnt ot her 20
WOr ds e.a | ve 1 esu S | | es e C Ntit1 ous
oo oha eRBRRE Y TSR Reglfbed SPAGRERBRP Pl o FreRhc AW EREBIRL | 01U

wat er / cerfORErate miy. SpeC|f|caI ly, there is a need for an additive for
I ncorporation into the cenentitious conpound that is |ess attracted to

the vater in the  The:eGQTRAURS. dcelitn e sRhAGSTENL, dhalie gprPOUNd. el s

capabl e of participatl he curing of the
conpound, INFHPLEAGT e & @snermf@@érﬁsmpownﬁ CRRPRIIDG OF% cgrgent din the
i ndusts y Water,asuph @ eefciet, tiktdpgrove the propettis aﬁtk&ohdsrﬁpomdaladdanpr ocess

f g;eﬁ{ep%%rﬂgcllgr g‘;gﬁ&%h Q&ksd&e%&)uaﬁacé g %5%%%% : gfor 1 and
ve 85 (B8

The pr esdtfPbichife BepigAly %SSS‘F‘F@ét"@H EPMEERtioNg dh%mre%fh
into a cdoeiridrédsed svaternfeement adiop to produdear whrdatcempiurel)d Invatler t hat

Y QXte St“’hgﬂépwﬁ‘%‘%‘? sl R TR PropRitics S SSHUEDR Snal “adai 11 ve
use, ”5@ TP ﬁ%@ﬂgﬁ%‘g dP?FCPéa%”Z’dt @Y/‘%‘éﬁ%”'ﬁt the tequieed; o oduce a

wor kabl e water/qemmommb $pecifidally, theralis,a nevsl foddntaddétiver fof éncuippgratiesul ts in

i npr ovgd into theme%rtitﬁ'oﬁ§ cBin bbﬁdQEmgtlésts'aQHﬁct&PW&}maiéP@ﬂ tRaIr | ngf but does
oo B duing the placnént ol tnl STRpb&Ta Fo ¥ Rl le fthballe' ",

WO 98/ 25888h the compound, during the curing of the compound, following its

PCtT / Qvifsﬁ?/ F18&4rent. In adHMEANHRE id asnééa %&%dn@ﬁst%ﬁfd’i“i%xbhéé@ f&pgsrelpaﬁa poration
Into e ce IS | ess

Lt P act caueh apaddiBeand & REroR SnishaRns 2 ceienagts REmBPRdIent Cof i he
conmpound,copprised afdheBoetlasid gpamaritcvpteriand the mdditive.

SUMMARY OF INVENTION
30
The present invention is directed at an additive for incorporation
into a cementitious compound comprising Portland cement and water that
improves the properties of the compound, such as its strength, but does not
attract the disadvantages typically associated with conventional additive use,

35 such as the need for increased water/cement ratios to produce a workable
compound. In other words, the additive preferably results in improved
properties of the cementitious compound upon curing but does not substantially
increase the required water/cement ratio of the compound. Specifically, the
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conpound, during the curing of the conpound, following its placenent. The
5 additive may participate with the conpound during curing of the conpound
either by reacting chemcally with conponents of the conpound or with

i ntermedi ate reaction products contained in the conmpound, in the case of
reacti ve addwbiogiesmes or by physically bonding wth the conpearsAomnomsse case
of ~inért additives. In addition, the invention is directed at a

process f.or preparing.l t he i tive and a process for preparing a
cenentit i’ﬁ'ﬁg&é%ﬁj)soﬁlﬁgctsgr%rﬂf‘saé@q@\(e ko lnC?r}Qgrqsng\[ 1“2%311%8%%?9 ¥t er and the
addi t i ve.compound that is treated so thatdt {si lesst attragted tto diie whteriinhecoropounde

i nvent i ondiiSng eHEplas&flet ofdRe compoafld] fdtVec sph'blé SCPArBeiHatihg Wit i a
cementitious coxi}go nd cQnprisin 'Sgrt | 'and % 1%ement.t apgd vvaertxgr rior to the
setting o & ﬁg‘éﬁ}% t $Y& | BF\FEMPSHEEr (llogng its plaement. Ie o4t e
addi t ive adddtiee mayhparsigipfase withothetoempegadt d wingcuring e thedcompounad

subst anceejiMelr &y feasting thanhy witly &5APSRNLE of tHeC@mPiurid\er @i tive, which
ef f ect . tee araril; rel%ﬁers thgtia%'nt ve nore hydragphobic . for a tine
period forfSH @Sﬂ ! PTOHEEP SOPRTShTo e PR 1 &S 7758 % he conpound
such t hatrea¢tivapdditives or byrghysispiy bendingomith trricamspowt irathercase el t o t he
addi tive iauftiaagﬁiﬁf@. Flhaitaﬁiﬁmﬁ, the invefitioh h@dﬁ@&muf\ﬁ p?ﬁéifé mﬁtﬂwg?jﬁﬂgi lable to
provi r I o : and..suc a e additive

r egai ﬂg it lgﬁtaaftﬁ‘%ea%{n%rgc? rg%slgg(ssip&)ép g%% ra]gcegllegglgﬂ%sn D%Poumi COTHES%%I’%ound in
order to thefartland semgnt, traper andd Preradditipéite with the conpound during
the curing of the conpound. 25 In a second aspect of the

i “V.e“.t ion, t h_e i nvflj\"tai tiz:?pe(c\fgp{hiesiﬁgexﬁgo & the inveR{igg?bs(s.Ol'Lﬁ{i?#)C{ SP%{I ng an
additive for .incorporation“into a cement vious conpotnd conpri si ng
Port| and adstitive femmcRERQIRtion inip & errpentitinustqompamd; epmprising doafenshd. The

procets ooyt sad witer priep tothd setthg of tiheompiiral; ake additive c3thpriadid tive
wih a SUbSIafeq il Qdﬁ'@i%e%vﬁerr@iﬂsthg Qe PO DG hEF el Wit 2

addi tive, I ch eff CB tenporari]y renders the addityyve nore hydrophobic
for a  subpliapge ﬁ@‘&b ag g tagdieRYy Y%‘QP?‘H'&’SFS{SF%?‘} B¢ astditive wigheffge i nto the
conpound tsugierarily rehbets theadditvermommiydephgbit fer a timoperdod ollweingat t r act ed
to the actﬂbtihy&ggwtmgof the additvdinds BEAmBsuld SudOfmewdwangd s thus

avai l gbl e to pr.ovide workarrljgéllllt'3 to 35 't cagr,oun,,anﬂ@s ch that the
addi 120 e SOMPHTRS the comporag i ledyatiried to the adgltivg,during fe BiRsEmsiint of t he
conpound ofrthe redempotadpewdnistthth evaitidhie tovprovide workapdlityitoithatempbtthdt he

anpound T 00 %Q?tk@'ﬁd&EVQE%%g% #ORRRAY D roperties following placement of

-5 - A 98/ i . .

PCT/ Cao7/B88amPound in ofder 10 eIt the addiif g Pagfsirate 3yith e SAMRIMIDN, t he
i nvent i orduring tepeuringlobthegcompoungk. ocess for preparing a cenmentitious
conpognd conprised of Portland cenent, water and an additive

gggip{ : \S/gngvi t Ee aStsﬁ Sflg%ecg\qﬂ;ﬁpgﬁt (Ffatge 6ix(né'lgntiotnt ?}%} fnr\lignttigne isscl:Jornflgxggesd (())ff a the

process for preparing an additive for incorporation into a cementitious
compound comprising Portland cement and water prior to the setting of the
compound. The process comprises the step of treating the surfaces of the

30 additive with a substance which has a transient hydrophobic effect on the
additive, which effect temporarily renders the additive more hydrophobic for a
time period following the incorporation of the additive into the compound such
that the water comprising the compound is less attracted to the additive during
the placement of the compound and is thus available to provide workability to

35 the compound, and such that the additive regains its natural properties
following the placement of the compound in order to permit the additive to
participate with the compound during the curing of the compound.
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transi ent hydrophobic effect on the additive to produce a surface

treated additive; and (b) incorporating the surface treated
additive into the Portland cenent 10 and the water in order
to formthe conmpound; wherein the effect tenporarily renders the

addi tive nor udwsisgghobi ¢ for a tine peri od foll ow ng »p¢IBCA97/00943

I ncorporation of the surface treated additive into the Portl and cenent

and the water such ihat I he wat er iﬁ | ess, attracted.to the additive 15
during the pl acement® Bihirf&sperhed ihe ingegtion, thejavertign somprised i de
wor kabi | i tprotess tfowe prapapiogredcenaerditioms rrotrtypmint enastitietl of Partigrad nements nat ur al
propertleswgtg{. LRWaH%dWxﬁF@E@H%x%gttﬁ@st%ggB und in order to permt the

addi t to participate th~t he and cenment and the water during
t he curlng of the conmpound. 20 In the first, second
and thisrd aspe€a)s ofrestiseg tHrevsamfacenof tietddditife with a substaadelmthichehdsoa t he

cenmentitious COWPOU&Qné'EE:){t 2 ﬁ&nc‘éﬂ@ct'thﬁl'étdd‘antnPeStor%Huce a suMa&f ul and
beneficial where th ve 1s pnaturally at |east somewhat
S ffgaa‘fef A

hydrophilic. Furthe may be conprised of any substance or
material 25 capable of performng the intended function of the additive,

and speCI fical lpy, mcor Bﬁﬂé %@guﬂfiﬂért?é‘a'téwactiaﬁw@rlﬁfbetrh@l‘?ﬁtl&fld téRent
cenentjtious conpound d enbod |ge the additive is a

silicae, which is tef ﬂi\eea’aPedr t(ﬁgelp{o ffor SOBPO¥Y he' within i nvention as

any mneral or other natural or synthetic sol id substance contai ni ng
si | icon anghéirCthe &feeh QMIp@Eridy Eédd'eﬁs'iﬂ@ acﬁ@hve more hydrophoblc for Bemsi | i cate

may be co rj ednof .a reactive mater ntary

Corent i 1 dsiogepuhife WEF iR bl e Sfile Baafhg saaiesd Bl RHET B
materi al iRpriand cemant anshithenwaigr sugh theh éhcswateg iplesnaitwagted) tarthe additive

hydr aulsi ¢ dairgys il plafeinmv@fuhes:om@»@nﬁafandﬁbehﬁs bmabﬁe feprogide0 be conpri sed

of 35 an |08 bafipts thebombBud el SIEN e RO IPAL L hE Sidiagate [

corrprlsedo erlia rern OI‘C ng ecems{ltlous
conpound. AvBPertiepdellewing plpcement ofithe cgmmelad en.osd@omqrgétjﬂwf additiue ci um

silicate, taparticipateatithahé Porbindrdeftiht @hd ahe waterclriig/ther®Rirdgi dfithat e. I n
t he prefercf%gp dinent, the silicate is conprised of

VO 98/ 25865
PCT/ CAB7/ 00943 wol | astonite. Further, in the preferred enbodinent in
whi ch the silicate Irsthe first,cecqtd sedl tldfd nqidc&SGthehﬁveﬂtm slhg@ggnanyray be

further coppp én?eefjor%e%emennPﬁHP%x?xBBHﬁ& fﬁé’ﬁ@é% %lﬁxie%‘bﬁr%%os‘ie' ect ed

fromthe gro SI'S ozzo IC material and
i xt ur es t%é&@&ﬂg%@e}maig where the addifive Priataral é’taéﬁ%"ét feRrendabny subst ance
capabl e ofhysirophitie. Fuether,the hldditive may be tompsisad of ey adibtdnce @ranateritl ch has

a trang S fwd ro@gﬁ_%mufg ﬁ@%tmea Hnction oﬁﬂglahuytﬁ,e, BR&fspE@hlatyy, t he

subst ance 0 east organi ¢ _oxid
capalgl improving tﬁe properties of the cemenntxous compound In the

preferred embodiment, the additive is a silicate, which is defined for the
purposes of the within invention as any mineral or other natural or synthetic
solid substance containing silicon and which is known as a silicate.
30
The silicate may be comprised of a reactive material such as a
supplementary cementitious material. Preferably, the supplementary
cementitious material is selected from the group consisting of a pozzolan, a
hydraulic material and mixtures thereof. The silicate may also be comprised of
35 an inert material. In the preferred embodiment, the silicate is comprised of a
fibrous material for reinforcing the cementitious compound. More specifically,
the silicate is comprised of a calcium silicate, and is preferably comprised of a
calcium metasilicate. In the preferred embodiment, the silicate is comprised of
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having at | east three carbon atons. The substance may al so be conprised of
a 10 surfactant conprising a hydrophobi c conponent conprising an organic
oxi de having at | east three carbon atons. The
substance is preferably conprised of a polyner conprising at | east one
al kyl ene oxiwi@ogizseesng at | east three carbon atons. The al kpCEEaIWMRP4de i s 15
preferably conprised of propyl ene oxide, and the pol yner nay be further
conprised o | ene_oxide., I n the preferred enbodi olyner i's
conpri sed”, 811“%9’#1’5? eﬁ@rtg‘feﬁldﬂlthe QFWT""&W%FHE‘“ %fg;e t%mgﬁrg Sne’ or

oxypr opy | esmepiiises elewollasionitd, yhe compound swaybke fotipricospriskd af @i xt ure of any

of these gligikMahry ébmentitious matenal selected 'Font YRS g?&ﬁﬁc&{éfsftﬁgeoftar eats the
additive sO a effect "on the

‘addi tive.P Wé’faé\’gbli‘)gpra’t‘h%ms%‘ffﬁ ;fﬁ‘ 1:’85{‘? LP‘%’@ dd| tive but does not

chem c%lly bond to or otherwise chemcally react wth it. As a result,

‘the tL agSl ent bhydr apeebbstakde By bgra]g\ylslt@mwaﬁhmeroea&%& t&éh@m%q]ﬂéi 'h ve 25

mor e hydr g er ol | owi n corp ion o e
u%'ace+§ %1 %dlhggggg J’ugh has'a transmﬂt;l (?I‘Oppl %Cﬁgﬁ;—:?v) BH”y amount  of

additive
the substzddiiveaBeaierably, the substange i campeisedraf at least ong ongamiciaxide t he

surffgces Rivihpat Reel &hé@cdrboz@ﬁfﬂin@(erﬁét;&ﬁsfaﬁaéhﬁﬁtalwﬂé edh !séa @ﬂ‘ag ect 30
may use st anc upon
the oi st%x‘%éaec a“n%&?r‘ﬁ e 4 “&H%P Pobic HRBAE shEH o1 bsankBiE The
fineness having ah a§hﬁ}5€¢ eirbpRate@eli ti ve. However, in the preferred
enbodi nent, the additive is treated with an anount of the substance

such that the resuhyl gabayﬁéeaﬁg %{ega%a)ggomﬁ{mﬁgf%go§§ér%8%%r"§f' ogd of

bet ween about two toO
- 7- least one alkyleng\pxinlg }'Qngg%at east three carbon atoms. The alkylene oxide is

PCT/ CrO7/ Pefetdbly comprided Alf I;EBpﬂE&CE&IHIJ a@}sl the polymer may be furthed he present

i nventio to a

cement it P%Jn?‘pﬁ&gg%ﬂuj QIeRIa O%Q?FE(}{% an en‘en@tt andp%g{ner 1glpr ior to 5
the sett |W§“Eﬁ’sqdh‘éf co @tﬂﬂ‘?rmnéeﬂ’éﬁﬂ YiereapHnePrar e typical |y
m xed oxylpmowlededmm&m: eTimnpolpatt enayalsd becomphiged 6f R MixfAae lof ahg

typi cal | yoiing&d Nt fagand to produce nortar, and is further mxed with
aggrﬁ%]ate (such as rock stone or gravel) to produce concrete. Thus,
int wi thin invention, the cenentitious conpound may be cenent

paste, nortar, conH’heisabsmma:rgurfatélareatscthpaddﬁivlz&o asito limghartca framdiétnd cenment
and wat erpydiBPRYBIE effebteort GRBIRAGIR O Uke R BIP URH shiBstance coats the additive
but does not chemically bond to or otherwise chemically react with it. As a
result, the transient hydrophobic effect only temporarily renders the additive
25 more hydrophobic for a time period following the incorporation of the additive
into the compound.

Finally, any amount of the substance capable of effectively treating,
or coating, the surfaces of the additive to achieve the transient hydrophobic effect
30 may be used. The minimum amount of substance required will depend upon
the substance, upon the nature of the particular additive and upon the fineness
and shape of the additive. However, in the preferred embodiment, the additive
is treated with an amount of the substance such that the resulting surface treated
additive is comprised of between about two to five percent by weight of the
35 substance.



preferably concrete. Concrete is a particul ate

strengt hened ceram c-matri x conposite material. The sand and aggregate
conprise the dispersed particles in a 15 nmultiphase matrix of the cenent
paste. The concrete, as well as all of the cenentitious conpound, are
gel's, bei ngwowasesse m xtures of solid hydrates and | PCECALT00943 Wat er
contained in water filled spaces referred to as interlayer spaces or

gel pore i ld rm pores of the cenmentitious conpound are

subst anti t hi ghly al kali ne sol ution having a pH of between
about 20 12.6 and 13. 8. For the purposes of the within

invgntitfm the terrrheli%génmdvemmn i§ RBBPrised Mlaao&mlwrorlﬁc mmny known
as or an

t h
whi ch ex ity £ FRaupLE SShpafRa, Biprised of TSk Sty sihalsn. ﬁf!gﬁ T nker
Typi cdl | ythe P@ﬁrttﬂga@fdhé@ﬁﬁmouéﬂi rterPartiand eersenteanst witer are tyama}lcrrmu@doxu des,
primaril yotprodateh dament pasid. eFtﬂr@BerS)head@:ﬂ\eﬂlt 9&&@ |1$Jf§ip$dallly(}ﬂix@d(v@a1 $ind

‘with | essy ci,um
al um no-f erprggaw}n%ra}éf[ d ?—‘%&% ggx)(/egg cﬁ f?&% YHEF P* anount s of
magnesi urgra¥elyite produce C%F%’(Ssﬁ@h‘ﬁa‘ﬁ’dthgmf m@@ﬂ%@u rthe cemgntitious
Upon m xi dd@npdithd aiag e enent Qaste] ifdrivd! @ncicte bPaRy bﬁ@r(‘c@ﬂ@’&md paste,

the Cid nker uQYrgé]%ﬁfand:‘? nl?é’nq td' it (?fo%edn &, tth‘lgl e%ﬁ?x grhﬁ{)ﬁ%? B 1o

progressi ve om un ed cene
produce Pre erablrﬂ@as@tmm X of hydratlon reactlon products referred to as
the gel. The 35 hydration of the clinker produces a cement paste conprised

of several reacti Oboucrere I PEMRIcHIad UaANEN @e%g,&@c-@trﬁr EdBbblile conpr i sed

of calciumsilijcat I Uim Si els primarily
responsi bpaterigh Th%szsrtdf W pERTeBate Kampaise ghe dispergedy pagtisl e@eﬁ@nt i ng
propers i esultifhase enerik o sisd eemequas& Chhedongfde, @b vedll 8 altrof the

-8 84
i cagr RSO compi S I e e et e T o
signifi camtqr&?ye’bmﬂﬁr &“‘B‘%&i in watef PP%‘W@F#GHF thas t‘gﬁﬂ?ﬁe‘ﬁﬁéﬁf‘é OTThe

hydr at i orgegbpocess sTypsicedlyt, Hee gedpondsi afithecementitiduseconggutinidoarepr oduct s, whi ch

i's known s%%btasusiy%ned%ma tashlwgrhlﬁﬁﬁleas%ﬂhidn%\ﬂﬁ a pH o%gﬁ&eehoabton? clinker

and re conpl etion many years, or a
The |t]|%<ﬁeari‘gf ?rcorporat ed into the cenentitious conpound prior to

the setting of the conmpound. Prior to reaching a hardened state, the

cementitious conpopaﬂtnmgsiéﬂyg@ssoﬁt&r@ﬁum nﬁkhit&ﬁ%@%&ﬁs‘%it%‘a‘j with the

hydration r r | r [
rg? e?}[. eg cte Gagt L0 Sdege\f tnl com%nonr}y now%earge portﬁ atcement dsaner?gse %vsell S

as any other hydraulic cements which exhibit properties similar to those of

25 Portland cement clinker. Typically, Portland cement clinker includes several
anhydrous oxides, primarily tricalcium silicate (C3 S) and dicalcium silicate (C S)
with lesser amounts of tricalcium aluminate (C3 A) and calcium alumino-ferrite
(C4 AF). The clinker may also include small amounts of magnesium, sodium,
potassium and sulphur compounds.

30

Upon mixing the cement clinker with water to form the cement
paste, the clinker hydrates. As hydration proceeds, the microstructure
progressively changes from unhydrated cement clinker, air and water to produce
a porous matrix of hydration reaction products referred to as the gel. The

35 hydration of the clinker produces a cement paste comprised of several reaction
products. The cement paste is primarily comprised of calcium-silicate-hydrate.
The calcium-silicate-hydrate is primarily responsible for the strength of the paste
and its cementing properties. The cement paste is also comprised of calcium
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In the present invention, the additive which is incorporated into t he
cenentitious conpound is a solid material which is surface treated with a
substance whi ch has a transient hydrophobic effect on the additive. The
specific 15 additive may be any additive which may be added to a

cerrent i t i ousypegRRENd in order to inprove or enhance @aE/CA97/00943
properties-or characteristics of the cenentitious conpound. The

addi tive may even be Portland cenent clinker. 1n tgf preferred

embodi menfySEHIGRIENY PHIET T QOrGROBH i PBER A9 PO LsiaBicenty comEPUtEst t he
strength efe sthanptiewfthe téemerst matg olinehydmtioppebasabing theSotmatior of or
f1exural &Qere%ﬁ&mgﬁr@duc% ﬁcﬁ*}@k%ﬁﬁ?@t ﬁ gngwﬁ dporntihk &Qli@shRbe I ender i ng

the additive orardw?% nor e e |nvent|on s nost
useful and#abHerthgichpker an (Y F%*‘ f°§ AR S PP AL least

sonmewhat hydrophilic, and may not be necessary where the additive is
natural |y somewhat ﬁi@é&@iﬁ@@h@ incofporated 1nto the cementﬁicﬁfsecr dbndt BRoaddi tive

is corrprlse of a silicate Vi nat y rophlllc
nature. F& SR¥HRg Bk) COCF‘FPCE‘H@%, HRE §9 ‘ieﬁ&éﬂg P&"?rd‘f’}?gn?a € tthFer m"silicate"
conpri ses cemymmixm admpound bedergaes n Pradual syiffehizg assesated with thesubst ance

whi ch cont3hiRfiodl leh&bhs?throRLES i sh&mtf;ﬁs@ Smlég 835 is 3&¥erred to as
The silicate my, conprise ‘a reactive material such suppl ement ary

cenent'Pt i otRUAGt eri al . Suppl enentary cenentitious nat erl al s are
materials which either react with the products of the cenent hydration

r eac]t ions or which I;ﬂr ?e%ééﬂ‘ﬂ”xh@eﬂf@r\e rtk'\éi!aédxrtxk}@ Wﬁkﬂ@sslr}[cb (ﬁ"éﬁgrmﬂlpr ds, .
suppl enent.ar i tiQus er i Ve pl ement ary
35 cemsn:t ¥ Wﬁfﬂ r‘ioén%o‘g%nlglasﬁ‘)]lgfmfl gu‘/"cch&ﬁb‘ osfur%ﬁ %Ids Liﬁcﬁ‘zzol ans
and hybh’camnen whirchthasiaatransientihy drophabieelfgct lonrthe ﬁdéﬁt‘fﬁo i hetspecific

SUDD' gRE nhé&bﬁve may 6€ m?ta!duhwwﬁﬁzh%hﬁbﬁ ad8¥d l%?a %Qﬂn@ﬁ&ﬁ’é’lﬁ éd?ﬂ@&\hﬁi group
consi stin azzol an drauli c mat rePtthereof

W t hout S%} Pé%eg tB lglcﬁl‘%%?r S?hif}ﬁzg o Or more proper 1es or C aracFn rlSElC

-0- cementitious conpppwgl.2FBesdditive may even be Portland cement clinker. In
PCT/ CA97/ @_&9 ?aferred entooRRh e Bh AW tHRTR Reletted UShith eIl @lhantd oR Gfcéddance
comont 111 ShE a6 The Slneninions BEYFRHLL br g%rgbhg 38 PR A S 0 L he

cenentiti US oun tron O er water
to t haoceﬁtmgth &JQCQ:thuﬁwtsW@rISf%fected at repdering thegsiditiBe e and may
of t en r esdhpodfarily engredtidrophaebis,obiedheshtioneis anbsthusefull and beneficial

I
Pozzol ans .4, S Bl LERAYS iBhardirdih 80BN DRUBHIR, Shi Thay wﬁaey oact

possess | € or no c 5 ﬁ g’ﬁl wever
with the necess?”é!a‘t‘k‘?r@rf Bra Eitfb‘{eslsé‘la“f’ﬁ y sememthahh H Ric. More specifically,
pozzolans tend to react wth the cal ci um hydroxi de (Ca(O—D 2), which

contrigutes no si gnpser&mhIcgdggawgtéaﬁtglsw%f%m;ﬁté b RHS 2GR gmly

produce furt her does i,

C
cont ri but éO'F‘SWB‘HEgé’ﬁF‘H%ﬁ‘F\“éme c&RE R °S?~°nef the W“BEhEWFP i ’é)'u corrpound.
As the poreni siicatehtorhprises any mirersk oroiyieh nandal or syrgiwtessadid of t he

cementiti QUSs&UIPRHRA, conBind LS aRd WIBFERHN kﬁcﬂvﬁ B8 a silicatec€MENL I i OUS
conpound may be reduced. Further, pozzolans tend to be waste
30 The silicate may comprise a reactive material such as a
supplementary cementitious material. Supplementary cementitious materials
are materials which either react with the products of the cement hydration
reactions or which are hydraulic materials themselves. In other words,
supplementary cementitious materials are reactive additives. Supplementary
35 cementitious materials consist of two groups of materials: pozzolans and
hydraulic materials. Thus, in the within invention, the supplementary
cementitious materials may be selected from the group consisting of a pozzolan,
a hydraulic material and mixtures thercof. Without surface treatment of the
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15 products in the formof a fine powder. For instance, pozzol ans include

vol cani c ash, fly ash (the waste produced from burning coal such as in
coal -fired power plants) and silica fume (the waste fromthe
production of silicon or various silicon alloys). 20

Hydraul i ¢ nmageossdses tend to react with the water directly troTfa9Tieosss
further calfciumsilicate-hydrate, which significantly contributes to the
st rengt h and cohesi on of the ceiment i tiqus conpound. As the hydraulic
mat er i al SSUPPleMeRiary cementitigus matera %H@PFF‘HHEF‘??OWE*E‘ He withinpiavertieht i ti ous
conpound, incéwporation afrthase mdterielsdnto the ctehemmaatcotnpouadaypnanyﬂd may be

reduced. b%f%éﬁ&a@@ihuﬂ%ﬁﬁhﬁbﬁﬁa%'tHQPzer: BOALh RO Mun DI PR o€
hydr aul | o 8 D8 MorkEBlE R ey often resull g problems|asep gﬁﬁ%ﬁgwgfromthe

produciion of pig iron). Each of the suppl enment ary
compound by el tfar oo aa Bl IREHRs r MicebilF AhE AT Th el R o The
Port | and E%ﬁ?%ﬁ?thtﬁfar? Jtodﬁfrg‘“?‘lf‘t’;?é‘lst ai“l’q @‘emé;ﬁ Jves-e H(ﬁ%ever, "?‘eﬁé?‘iqté\%h &eent |
prior to mddiorgpmatuets ofothprcevhenthydmtiornividrespetificallyi, poezdlivesiend to

suppl errertteattywﬁﬁrtﬁ@wchﬁy EzHPJﬁ&é (9¢§(O?-t)§) SAHIEK BodYibWRS o sﬁgﬁ@tv&tts whi ch

requi e disposal, Jn ad on to cin [ OVl roperties of
RIS CRBRIR o sl cERRANAR PRI o Grptics RBReY GBS e | { | ous
conpound hydrateatvhtchpd@slsmgmﬁmiyr@mmmtalto tlemstirerigsh and cohesion of the

- 10 - cement1t1ous compoufi@. 9 aﬁsﬁ&zzolans contnbute to the stre th and
PCT/ CA97/ O d; th gggrl se a
subst ant i ?opncgrtperfg{rgappgpugﬁgwpggn € %?Wét e and fine

concr et e cegrpnéijioue compopotimiymhbe eedurey. é’lusﬂaeemzbolans tend tod¥ezwhstai ¢ or

hydr agj i Cpmg@srxhltﬁé fGuRdl orraxﬁﬂetpm@& MR Ghdt¥:Ede, ekﬁrm&r?sl muae%@éah&r

natural or S nth C nminera L .Subst ances each

whi ch- eyt 11388 (ihE 57 Wy el bl S SRS L oA BBy ¢ her

addi ng i tpleots) pad silica vEeelthe pastedrom the predudtiongfsilicomeorpearidusnd cenent
prior to smajmgumt)er to produce t he cenent paste.

Preferably, the silicate is conprised of a substantially inert fibrous 10
material, for reinforci ng the cenentitious conmpound and for inproving its
f1 exut®al st rengt h. Hyksauliomatesiajsiend ta reacs wi vespsdisentlyr toqraduee di scret e
fibers, mrthee@mmmhllﬁaw-mydrhtw whitls sigalfikahtlp eofiributenitethe stfenptlte cement

paste. ¥ cohesiory 6P{h‘ésceﬁ{eﬁuhﬂﬁé3%’& Eﬁ% 'A[?;t the tgaﬁm;@gﬁgte&t afys conpound

such that F\“y ’}515 e stre enentitious
conpound. C°R§r1§‘t‘t§tt8cf e steagth 3 F%hets 1"\15“e cenepbtigs fRPPPYndrthgubst anti al | y
i nert in drhatnt dfegercbmt o the banertitidug coagriundi by beaeduced. oilhdraudianponent s

of thgy CenBRlald MR PRAMME corRBAd 6Lt ofhdfwlsTRERY &ffbe waste products in
the form of a fine powder. For instance, hydraulic materials include blast furnace
slag (the waste from the production of pig iron).

Each of the supplementary cementitious materials is preferably

30 incorporated into the cementitious compound by either adding it to the cement
paste or mixing it into the Portland cement, in order to partially replace the
Portland cement, prior to adding water to produce the cement paste. Since these
supplementary cementitious materials are generally waste products which
require disposal, in addition to enhancing or improving the properties of the

35 cementitious compound, their incorporation into the cementitious compound
also provides environmental benefits.
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properties of the cenentitious conpound, and in particular its flexural
strength, are a direct result of the presence of the fibers in the
conmpound. Thus, the specific effect of any fibrous material on the
properties of the cenentitious 20 conmpound will tend to be dependent upon
one or nore @iodghassehat ural properties of the particul aaCTICA®0943 t he
fiber content (percentage by volune of the cenentitious conpound) and
t he manner of incor oraltion of the fibrous erial into th
cenentitious conpoun siligage may also Compnsea?ﬁlést?m udertgpaterial s "ng‘yasbe

i ncor por at@dwentippalt dvarseearehfing consete aggrepgahg dripadli évhahymay alye exhitér t o
setting g;a %ib?arﬁeﬁp chuﬂig Jirb?&%’)és BRdRASy USSR ¢ actxveWc{Jérfzﬂ@ aRardthand

cenent . er.a ve I's incorporated into ound so
that the PRUEH %%&Weﬂq et S ub s S PP AR, £ree Whi BRAmnsi ons
so t haf tbeinmrpdrated ingo el emmnt&ms:ot@whé lyaeitherrmadding ditodbe i ons. 30

The fi broaéném st@tl)r manget W OhE PRt A &&ﬁ&ctﬁmrqsr&aamgtwm& tgormpound in

any manner roc fibrous material is
pr ef er abl ‘E{H?ﬁrq‘ tﬁaséeal ciumsilicate, and is nore preferably
conpri sed of a calciumnetasilicate. In the preferred 35 enbodinment, the

cal ci um et asi | i calfgefe?alfl@ e s8RAteqb c¥Rpkided 8Ph %@bstﬁxt‘i@ﬁyﬁh@it'ﬁbmus

occurrjing
VO 98195 ggtenal Jfor reinforcing the cementitious compound and for improving its

PCT/ CA9 7 | 8ean3l strength. The fibrous mateyial isgaetenably compaisae wb discrste fibers,

pyr oxenoi &;ﬂ@@&@lwﬂﬁ QHP m&treﬁkalme e bdridddr rufttﬁe cl@ﬁ%hngagt@e ThBsM cal
fornmul a and 51. 7%

o ovibias drg AekEeHdd B35 s EORPIMds aariioundsush bRl ety T o
magnesi umncmgah%st@emgthstf the céroentitiousswbytaundt eAs siatesl teeseffibess tenthe

cal ci ysn  Wphé gﬁm{ﬂxy ®r 'sﬁb&ﬂ@ﬁ&l@nﬁeﬂl ihtheth@ey Gl hot ch@&xﬁéall?ﬂ@a&iaﬁxt}@ gat ural Iy

hi gh pH. Te|n st.anite and 1ts aci Lity make

wol | ast onf gl 0';\% %’r(?f thﬁscgpulnglggu%c?‘é\lpﬂ%‘?cﬂganh%a% luC’Vﬁc‘{cemant i tious
corrpoundspmpp@tles of the cementmoumemp@umi,sanmrqwtlcu@avhgf@xyraipsérieng

wol | ast onhfeen Bire@keswloVWNthe preséi¢e iof ghe FibEBiin thedsngointli Thud, the | at he- or

splinter- {;ﬁé&%ﬁ?‘éff&?%g Llﬁ}é?l%?{ﬂfsd!fnta eE%E ?n the gr ert?@sr (Ef' t?\}e%grr@m%{@ﬁy 'ng

acicul ari defi ned by
t hei r29 engqrnpwm willgend &\ @ eaﬁwé&ponrcmem mam&wthagta@% a&%tles
rat i 0). Fobthespdrtivilag fibeys, tHeztbea ROnRAP Gldrcantdgetbymaylubee ofsed in the within

| “Ve“%éfx{e?%h rth??}@e%’o‘?ﬁe%odxﬂd)ha?ﬁt ﬁxeerﬂaﬁﬁé%r& 1}1@&?&4}{%@&5@ e/l 1n terms of

|nproved cenmeng it conmpound are achi eved by
mi ni m zi ngatern s‘F‘E‘bﬂtﬁ C‘f‘ﬁ%“f\’/&ﬂ‘}sa%‘{“aﬂ‘i“f fibers and by maxinizing their
aspect

25 The fibrous material may be incorporated into the cementitious

compound at any stage prior to setting of the compound or it may be pre-mixed
with the Portland cement. Preferably, the additive is incorporated into the
compound so that the fiber orientation is substantially random in three
dimensions so that the reinforcing effectiveness is the same in all directions.

30 The fibrous material may be incorporated into the cementitious compound in
any manner or by any process.

The fibrous material is preferably comprised of a calcium silicate,
and is more preferably comprised of a calcium metasilicate. In the preferred
35 embodiment, the calcium metasilicate is comprised of wollastonitc, a naturally
occurring mineral.
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rati o. For exanple, a cenentitious conpound containing wollastonite fibers
havi ng a nean by weight width of 40 m crons has been found to exhibit
better 20 flexural strength properties than a cenentitious conpound

cont ai ni ng wol | astonite fibers having a nmean by weight width of 100
i crons. Furyoasssess, wol | astonite that is crushed to pprTatA9en09ss zes
during preparation tends to facilitate greater separ ation of

wol | astonite fibers from gangue materi t hus | eadi ng ' nor e
effective purificatVeHagpniipds dorember fbepyweeal%mfékm Furg

consi der atwailastonite, hasinpebe chemiwl tdratuld aSEoEypichllypbioa |cbmpdapoa|dfs, t he
OpLI UM MaR By a1 W, B, ObioWi N dIBSIRHEE rafrb@qf ofinflSn #9@te 75

m crons, |'astohite fibérs crus an typically

S| Z
be separ af&® P@fi 2GRy dnggnesium,manganese oy SFPBHP@‘aW@MéU ityis §4r some ¢lan be
crushef t ¢thd bal&um chrlhisanuMek pubstantidlyocremically inertlanidshapa inaturally dt h may,
however, ggh\/g PR &eveﬁaégmté% ﬁ@@&éﬁ&&ﬁ%ﬁ lg%&mé te deposit,
fe

since ever osit o ast FQIte nma rent

char act er w&llag thcﬂarB% prly disgiyl @s 70 O%%%Ptﬁ%a IMGERenHtieNSishi ng t he
wol | ast oncdmpbandss desired size to preserve as high an aspect ratio as is
possible, in order to enhance the fi ber reinforcenent properties of
t he WollastoniteirkB m?ntltlous CQ F

as bedf found that ‘jef‘h%luﬁ ‘T’f‘daﬁ%PF%Rﬁr aﬁP&‘tSbreaks do¥Fent i ti ous
conpound daringecrnshing andsgrinding dretd 1hidne- | nspllxmtephktsenheedie-ehapamfxbers t he

flexural gf beRd &fvam\?)\\é‘%fﬁ%it%' THE 1CRRRAWEF GRTHRSs b P4 BYREis and

pg/ cag7/ §683ed by their lenel @GF o %r}&sh ALttt e (knayues theasRgeth. 1n

par ti cul argtigorfibare begingaany sitvoand aspect taligtmathbe fubek i thie withisngt h of a

cementyist | %nﬁ@@qqme@é}nltq{a@&gn 3@&1‘@-%t&ﬁ@9§§485u1ts 1nV@1lrh§l§I= onite is
exural sStr.en ementitio

superi or to the conp

SO iR ASIHEP LSRR TP, Sl B RIRTLLLOUS SOTRN vy
agent s 5mlamelzu@tha sizehof thenvelastorsiméibers and Hyameximigingstheiaraspeett when
wol | ast oniritg.i For exampu%ed ceeABHBNASrhPOuNd kbntathi Iast@iuté fREemENt ary

cementiti g\gi nggt e é‘y wexglat wn&:t?\ o%%%%ég\&f r\;}jﬁstbre%n found’ Jadts\bxlig t%lh of the

cenentiti subs NCr ease
requi Png flenarad @trﬁeg@ommgnw@aealseememtttwes compqyeﬁlpﬁoesenm st rengt h
pr evi ousl wdllasmite diberahaviag tah@earmbi; cheigitwitth af 106 veidropg. Firtharmorgound

cont ai ni ng, SULLARE t{l&teg %hwltb%ﬁ{al?l@f %ﬁepa{u{lﬂg?f%ﬁ@&p ke@xtgls o facilitate

suppl ementary cene
shown a p@reaen separasioncefEakastonytest l%ﬁﬁr@ahaénwamwhg emqaémg t0r eat ed
wol | ast OHMcﬁe&tﬂﬂécn@mE&ﬂﬁEm of gt wdlldstoniss hBised prmale@nobids eases of up to

30 %mqgmaggs engeseénr!fomaan@fomsmnws@st&a &g}o@,téﬁagomar ed to

cemsntzl ti ditives or as
conpar ed Pptimum %@m i 'é&?hﬁﬁmmoumwmﬁ fiberg @ﬁb%& Atraicgons,
cement i ti einge aillasioalta fibetsycrushed toAhishdzigdnant fiypiallybe cepatatedevelatiaelyst r engt h

has been @Ffb:k&\f E%H @qﬁatkflaaédwen be cruSRby td BEs Yok k@%@& te and not
a

t he su Ierrenta, Lous nateria even enef results
my b poSETERRCHY -« AP RRRELPRHG DoV HhHEvShoY Ay SRgRREiRe upon Hie

30 source of the wollastonite deposit, since every deposit of wollastonite may exhibit
different characteristics. For best results, care should be taken in crushing the
wollastonite to its desired size to preserve as high an aspect ratio as is possible, in
order to enhance the fiber reinforcement properties of the wollastonite in the

It

cementitious compound.

35
It as been found that by incorporating wollastonite into a

cementitious compound in the manner as provided for in the present invention,
the flexural strength of the cementitious compound can be improved, and
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20 and the supplenentary cenmentitious material in accordance with the

W thin I nvention. The conbination of wollastonite and a suppl enentary
cenmentitious mat eri al has al so been found in sonme cases to inprove the
finishability of the cementitious conpound. 25 As

stated, the wodshssge i s surface treated. Specifically, thepreumdaanesssof

t he addl tive are treated with a substance which has a transi ent hydrophobic
ef f ect on the.additive. .Thus, the substance.is s ifically sel ected
of | choserPtHeIagE HRdONS teri; AEGHRLatehaf BF Raticoiasr 1OBE ot Bite ShebtH cul o
addi tive that tie fleamakbstrengih @if ldetementitions campotihg cadtiining susface treatedubst ance

must be cRERMbRieis édbetri@tt@ tﬁ@ﬁef@@&?Q&@:ﬂ;tﬁme aséﬂ?ﬁérﬁﬁfb%s% obdcapabl e of
causi ng the transient ger gg%ﬁ Fect on th gd addi ti ve upon

treat rrentco&taxpmg Q?}P ]sg o[quf;eeven where water re ucmg aggnt[s he
addi tive are usatundiokly nkiytely. ofdmhe ttes;s hdwe alsasiwoventhdtydhephobiastonite is ef f ect of

the substgneein éom&haaeﬁ%&w 2h RO df 30 (p??é?ﬂ@'ﬂtai Sgeexﬁgqmdaéemagggaé gg The

hydrophob| c 1 SUG at i ni
DGl 1 ve Sueh el he FgxPiah sarath ol 1S Ty B BRE PUBEHMEREE | ¢ has no
affinity stzbsmrellyancraa$ed (withowjgequiniggdbe icorrespangiing instease rir the/dr ophobi ¢

than it 'ébrh ekdibe B&éﬁlgtal revidusly dlscusséﬂ?%M% that whiéh Rirebe aabeed bt the

surf treated a lve have a
a compoun con auting) grgg{e':d woﬁasttom{e but not containing

PCT/ CA97/$)QQzlgnentary csrubstxtama mlatam},}r de poftiqwaty spmelestiresultssaviehe effect is

i ntended smbvhe at;ﬁimqmrm; cemenmmmmmﬁmmgmmaé ki¢agRldt er E Ee
us.e i n e

nat ur al hilic

Wthin i nYRHERO Fhd Hointate BRUEN oot g prif W ioRBles Rt 00" 1o
addi ti ve persentoandabigher én icéganeﬁnufi@undtsmeagﬂpmmw@d toicementitigsits 5
natursg haHhpeinds xeotnat:luaehg any strengthening additiveBok lasicbmpapartd i ¢ substance

o By By SRR ey ey LIS B,

period ofA th%gh &hip dPERVadhdexuielottirneth hanbem aghieveddnt Wéaqerfmfm the

cerrgnt i tienly thempsilaseonitehand) hetitiey supplerasmidny cahertittousubateaiad, eevteha';] is
to t
T, B ] e AP LR,

deperdf updi fh?esupp emsﬁ@mﬁtcexaﬁnftﬂilw xmreew i aﬁféﬁémcsawaﬁ tﬁ%wﬂa{m e to
perm t thiavpni@er Thexiongpiaatbn of wollagiositenhdad stpylementaty iceinentitioaspound.

|0 other. ida hhbSich!len I6EA®Th Sotme ShK ' hipON e thiaiRANg T | Od

during whic e cenmentitious compoun During the
time periSEIHHOUSHEPERONE ve is tenporarily rendered nore
hydr ophobi ¢, the water conprising the cenentitious conpound Is | ess

attragied to the addidiyg; thE’ LahRNNs XuFfKHestre%fthﬁcﬁ éMflchllfﬁhéEuHHEésrb@ t he

| t of th tit hortl
2o ETent o e LI S, SRR T ot LR Bl oo

pr opert i esn dredadditive. Thus, the substance is specifically selected or chosen to have the
transient hydrophobic affect on the particular additive being trcated. In other
words, the additive and the substance must be compatible, in that, the selected
30 substance must be capable of causing the transient hydrophobic effect on the
selected additive upon treatment of the surfaces of the additive.

If the additive is naturally hydrophilic, the transient hydrophobic
effect of the substance is intended to temporarily render the additive more
35 hydrophobic such that its affinity to water is lessened or decreased. The additive
need not be rendered fully hydrophaobic, such that it has no affinity to water at all,
as long as it is rendered more hydrophobic than it is in its natural state.
However, it is preferable that the surface treated additive have a significant or
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begin to participate in the curing of the conpound as soon as possible.

The participation of the additive wwth the cenentitious conpound

during the curing of the conpound, may be by any nanner, node or process by
25 which the additive contributes in any fashion to the properties of the
cementiti ousypQgpspnNd. However, typically, the additive w lpcrimasreedser
reactive - or inert. If the additive is reactive, it will typically
part|C|pate with .t cerrenltlou und .duri.n e curing of the
conpound BybstaRial; Jg&%qfﬁ‘ydm}’h 1‘*E‘Wer ﬁ'@%ﬁ'bﬁ iptg ?‘gé‘? ﬂ%tft’?ﬁéoré ound or
wi th the sebstanas vphxohhpcetmaﬁﬂ\tlypammed\amraf byd&@hﬂ;cxtgrcﬁvtheusldita&ct i ons

bet ween t hﬁo@ﬁ"ﬁdta&dué\e@mﬁ%e ahthihNRvention. Vﬁt&{senc’enox?{edéageﬁ@d betime urt her

reaction uct ve 1S Inert Bﬁ{l on W|th

t he cerren P8§?§ W%Im‘ﬁshbe phle t@é?ﬁql?lgtsé‘la“frﬁépwpem‘??ow

t ypi cabl y nbearhl hydmphilmc patwedi ng a further conponent or el enent to

the cenentitious corrpound such as a reinforcing material, so that the 35

cementitious conpo ts a rdens ahout the additiv The esence of
it safitds B ditbe gt of e P

the inert additive € SpFt stancg gnglitae amoyet of the Siaﬁ‘éet’

-14 - treat the additive al>ed@t&b86temporarily render the additive more

PCT/ CA97/ anﬂo?phoblc for a penod of time fEh@w ttlel ﬁ’t@oxﬁ%i‘at% %Eaagﬁlﬁ\feeﬁtt@d with
t he Sr]rg cein an%j r(lineJB éusmg ?f?/qiﬁp O?etéGaqﬁ 8dfor sur face
treat fﬁda%ntbtr sygopppound. “flg greafer the agjount £ &“B‘ﬁﬁ Udice and the
addi tive luee:dnga tregtothecaddiives tee Jonger theppericst afblime befree shbbmasient treats the
additive ihgefrécs v&HEJ@f@eﬁ“h@‘r\EcéséariQﬁﬁc ﬁ@xtmd %nf&éﬁ&\&@bbﬁ ﬂb@nd to or

h h I
Subst ance AR EE e 1T is Heiredd Br AEBtebla & pdrh R PoRY rising Hodhpat b

process oplarement of Bieecanentiasigtompaainte dni atbert wyeds, dhe time erbxt ance over
subst apti ahémolz;kﬂova{e i adegudtapesiod dmmg which the cemenuﬁoﬁy E%?Bﬁﬁd whi ch

chemi cal | add | v he chemi cal
bondi ng i X"'ﬁ 1E;lkra)}f sucﬁnflgtﬂ’?e g{ne Q’ er‘r‘@v%‘? I%dddtrw'f Wyte% rarélﬁem cal

bondi ng démdemml rmrnérmrgﬁhcpmc,ethﬁe/r@temmmprlwegtthaﬁsmntltmwﬁ@pﬁ@%ﬁ\fb

ef f gct Hy\RYLittraclRato ARt adQitieN Préfbrablie dt}ﬁsléﬁéc@'ﬂﬁﬂ ekt ahﬂngdl@b tive rrft%
render e r |ng e

L ong. ¢ er mPseREaR 8 ke KBRS bR HBsin, %g‘*@%hcs?*e{r not
per ni i ngharpfterdsiardgita enable thepdditivy tostegaipy lttf’nnftfﬁéald?fﬁﬁ%ﬁél agd r| ng its
curing. A&e?mrteqiﬂrﬁcxpalébﬁtthé\e&ﬂng\/ﬁf eite compoutidess sbahlas passitllel 0 the additive
are generally not conpatible for use in the within invention. This
effect is believed to have been exhi bited where certain oxysi | anes
have been tested forhepatigipatioppidheiagdditiypwithrbe cementitiprsemppuddi ng of
20 the addring\the cutihg of kite carnpdind, mady seibg bay eemnennhadaonproorssshy ane

01 0UPSs MY RGN the addifiGe BhirbRkS: %%mgﬁlﬁﬂ t% e g&%&ﬂ f?&gmg; on. A Ty
i ther o 6YBERRURHARIMP I e HoWasPh iy Bigally, the addicive will be efffer reacifve
or inert. If the additive is reactive, it will typically participate with the
cementitious compound during the curing of the compound by reacting with
either the water comprising the compound or with the reaction products
30 produced or formed by previous reactions between the Portland cement and the
water, in order to form further reaction products. If the additive is inert, its
participation with the cementitious compound during the setting of the
compound will typically be limited to providing a further component or element
to the cementitious compound, such as a reinforcing material, so that the
35 cementitious compound sets and hardens about the additive. The presence of

the inert additive alone contributes to the properties of the compound.
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of the additive or may al so render the additive permanently hydrophobi c,
and may therefore also not be conpatible for use in the within

i nvention. 25 The transient nature of the hydrophobic
effect of the substance may be achi eved by any nechani sm or chem cal
reaction. Favobgseesnce, the substance may break down ecr/dagmnopBse in
sone manner over time such that the deconposed el enents of the

substance are no | le to msu th hobi ¢ effect and
therefore the hydrﬁ%‘%ﬁ%‘f@%ﬁ‘?@’c?e oft ?Gr‘?ér%aﬁfffgi"’é%ctgeeé einany Al ternately,
t he substmarger yyusingrphy predesnioe methaed forfsuoface heatsmmfta:oaq:aﬁbletdvéh

addi ti ve yobh &@T%eeﬁm?éatﬂ.geshbssaﬁ& asd 8e dddativd Banﬁfi@atéd\/%ﬁem | onger

ted d th b t
o oo ooy the Subiare teats A3 s BY (poge s Ueaes DUtLIRRs Mposi i on

or rebeasbemigpllyeondutoatt, otbertveine ebervicaldp redeawiith thataelditive. t Tiee edatingi ne
fﬂ\e“ Eggg%gfthé;iulig,?égéé endf bd A;tlf‘psltfelﬁ%rthé %mgs@s oP m&zﬂm?ve by anf%mﬁé&%ig'yfen'en
oxi de- | PPt REGAGah abRdD spied e eretuy Ber b TER P BRI ATerof |t b
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PCT/ CA97/ 00943 cenent gel causes the poI yrrer to becone insol ubl e and

s 51252 170 AGurnce SNESRUEAAA 0, SR S RRLT B Lhe
treat thenlpwhemithe chemicalhondingisttempordryisuchibhas it is revensileoothepr oduce t he
desi red tchamsdaebbndm dé@éd{demmms@fﬁtmére%tﬁwtraﬂén&mqw(ﬁ{; Agictive. In

ot her wor n 0 effectlvely treat
subst ant APy AP PR R ?%%ﬂé@ﬁ' o U lerle et r Gubva e by 4

excess aﬁ%ﬁ# ﬁwemm@ne@y frepholie dhes seisaliving the long termgr eat er t han

t he requibenetidialndffedts gfre atditpeat! the b@n@y@i@eﬁoﬂ;{ér@mﬁg the ad@itivel t8i m ze the

f d
ngst)r g V\Hag%é#{‘fg %ﬁ&h e g&:ﬁ? gn 1t(.2;r q mga d\ds 2 pésgltv\%% [sltn'an(gﬁ Which perio
In the prBemsigly b@ﬁédﬂ.%ﬁé lta’ﬁ aéﬁﬁaﬂ%faBY noh compptible ferusesinthed t o

produce avishinfineentioreaTkid effddi isi betiecedpy hawdberh didibieewhbfutertaw to five
percent 1ovsi Bxeg mee%f teg.ga féi"Q% mg% Hhcé) rlsffed H@&h@%&)y wei ght

of the (é(hl t&ﬁ oac “eve YRe Fran
hydr @Bhotie2 1¢l«¥é¢Wl fip degnt that subsiziges coptainiag oXyRlNe BFONP/RIRY MOt may
adver sel peisajtable fopage irhéhestithin irafenttion. A sibsedrge lwlith okeeragseent i t i ous

compound cnfitall¥es i fth fdaREtld hd§ LS cause brllildoléit'ht db@rbffiflle. bef or e
|t|S|nc?g{)P0%$ |ntotece ii aasco nmpoun “mi ni mum

amount of {H¥e oF &eAN g TeR ot e peditivamsamanently hydiophabis, il

pr opert i emyothetdferesalbs nahbe canmgbatible fod dist iiv ¢heandthirp vvenkienf i neness and
shapgsof the additive. Preferably, the maxi num anmount of the substance

uced Should be Sucfy Pl SUELAcS Lrsated gl Live S SLILA Lo .
be achieved by any mechanism or chemical reaction. For instance, the substance
may break down or decompose in some manner over time such that the
decomposed elements of the substance are no longer able to maintain the

30 hydrophobic effect and therefore the hydrophobic effect of the substance ceases.
Alternately, the substance may simply release itself from the surfaces of the
additive in some manner over time, such that the additive is no longer coated
with the substance and the substance no longer has a hydrophobic effect on the
additive. In either case, the decomposition or release may be caused, enhanced or

35 facilitated by the alkaline environment or nature of the cementitious compound.
For example, in the case of substances consisting of polymers comprising
propylene oxide, it is theorized that the severe alkaline environment of the
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25 The substance is preferably conprised of one or nore
organi c substances, and in particular, is preferably conprised of at

| east one organi c oxide having at | east three carbon atons. Typically,
it has been found that organic oxi des having | ess than three carbon
atons tend twoersgse hydrophilic than 30 hydrophobic in nadves7beause of
the rel atively Iarger proportion of hydrophilic oxygen included in

t hese oxi des. her organi ¢ oxi des, havi three or nore _~ carbon

at ons, coFﬁfﬁ?—rht ﬁPBr?fért £ GRAREH foOdRsPmed H‘?lff@mdotk%é#ewr?whéf ore
tend to badditive, lexdingpthe aidditiveaumndogthdoyphtie polymenat ur e. Thus, subst ances
contai ning only organi c oxides having |less than three carbon atons tend to

be 35 unsuitable f'ﬁ‘} use as the sub tﬁ\nce in the wt h| n invention due to
their hydr ophi T1ScTARTTHR ampd e sHpstanissieghred fafreat &8¢ conpri se a
surfacg aedditize is an aagmntt, wiiich suialflado anhnpvdn ev pngduvetthe desiyett trphsibmtc
component gy ;@.ob%déf%&h bhitRat p amcﬁsgp@ahﬁ% 1 Bttt o8 S5h amBiinfidr ophobi
E:(igP onen requ1 ﬁ 18 gv%onp gtge%y treat substantially all of the surfaces of the

PCT/ CA97/ 8ddidize. The userofamgexcess aamdwle disubstgna, ok eastndunt sebstantiadiy at ons,

Wm le the faé&rrthlthe re uueacm&nﬁﬁtamtcmw B RBYdAY Y Syl lt+0 conponent
sul f gnat.es f ates,

ty suc at es
o condfs navwaf—’ihe mﬂé‘aﬁw itadk BRueaiet B d3h Gt EBRGEL ARG T ever
than t hr epetied beforewdiieh theshydrophobic effect on the atdéiver wears offoxi de havi ng at
| east three carbon atons may be derived from sat ur at ed, unsaturat ed or

aromat i ¢ hydrocar bgn rj.ved m I vatives th rom
Cowever - the subst didbe pedpired Stpdingn, o ampunt B Y iRlench ds bS8 el ont
hydr ophobpmdetct@cﬁtur&qe tieatedchgidifivecontprisedpfdretiveen slmm two todivgarercendxi des
nmay bes ung weaé}ht%fftaé stibandet Q(ld@&oﬁﬂf‘éit lb%hﬂﬁ%ﬁ?ﬂéiﬂcﬁrtﬁe unable to

ﬁéﬂhefvﬁutn%%sﬁirfc%ﬁ%g B ifteculip o, TR, B BPidhl Ve R

hydr ophob#moupt geeatessthin 5%y wy&hﬂ e adyersely dmpdet eparethershory ferpar ti cul ar,
oxysi | anestrérgahasd the kbashBndlLcotipsurdd, |0 May eendtenhe ddhitiveappear s to

provi de ng.da k?&ﬂaagfe%fw&m%o&&t%ﬁ G N HARAL DoboldlE.  egai n

cenentitiQus coO
i ts néd ur &he geie mmgguma FBpwRl efgsybstance requizag ngh rirrp@nc% #POTERbe ef or e,
or gani c onaites and prepértiag ob Miessubstagicg and Rhe BaYitivetanbaipon thesﬁﬂeha@ e for use

th |
T S e e e R e
may t hems#$adeshowdd e guch thatmsgﬁfaé%r@gw rASIddEvR larsu%éargmart Bn@e%fs ise the

subst anceadditiee dnbstlaappedrance and ior ledreilinigl chacegristised of a pol ymer in order
to preyide a nolecular weight for the substance which is high enough

to facilitate econ eﬁ"&b and ef fect |ve surfa ? treatnent of the
additive. In the p?fge BARE QP IRTRY cORBrieof G BF morg organic
substances, and in particular, is preferably comprised of at least one organic oxide
having at least three carbon atoms. Typically, it has been found that organic
oxides having less than three carbon atoms tend to be more hydrophilic than
30 hydrophobic in nature because of the relatively larger proportion of hydrophilic
oxygen included in these oxides. Higher organic oxides, having three or more
carbon atoms, contain a proportionately small amount of oxygen and therefore
tend to be more hydrophobic than hydrophilic in nature. Thus, substances
containing only organic oxides having less than three carbon atoms tend to be
35 unsuitable for use as the substance in the within invention due to their
hydrophilic nature. However, the substance may also comprise a surface active
agent, or surfactant, having both a hydrophobic component and a hydrophilic
component. In such case, the hydrophobic component is preferably comprised of
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pol ymer conprised of propyl ene oxide units. Further, in the preferred
enbodi nent, the polyner is a surfactant further conprising an organi c oxide
having fewer than three carbon atons, such as ethyl ene oxide units, or a
surfactant further conprising an am ne, a polyanmne or a glycol. 30

I n"the prefay6oghsgegrodi nent in which the additive i s conpripeestA97/00943

wol | astonite, the polyner is preferably conprised of at |east one of the
four pol yners e crjbed bel ow, including m xtures t(lier of . 35

First, e SBBiCoee ymseafé%ﬁ%#h@e&a nta@eyYBHe dhe By S?Pgﬁhf gl ycol
The cheniwatparenp owiyt ¢conpose o hpdiophiirecaphpent ics moiktyasudhl asne gl ycol
”DQObUt Y caBl 3§ atéd) ';ﬁxl&sﬁﬁa‘%eg RE1£5R 1O Wultates NARBHA, glytol hikines,

PCT/ CA97/Rfp¥gines or organic ox1c{es ?mvmg fewe@ﬂlgt &p&@@?n){'ﬁt?mz CH(CH3)] yOH
This ol ymer is manufactured by Union Carbide Canada Inc. and is

commer ci al | y qcuabkgdqh@oﬁaaefav tmtﬁfea@sfmréfoﬁ xﬂm\é Lubri cant
50- HB- 660 anc

d of
ool yrer HerReg o srated, unsg RIS of atolfasi RE ST ol Pow 10 e§a| kyl
et her amfrmm ckra@tnves thexefrom. However, the substance must plsb)becmp(lbﬂetdﬁyl

2 et haneq %'t%ﬂﬂéﬁf HydropHbbic effect on the additive. Consequently, some

ot hyie: (mwesm@%ﬁm B s %}3 & g iniPadeg function berguse they s | o
manuf act wredléto adhinvertha desited effentmber examply, andhiag indicated abovgniddwast he
JEFFAM Npdeh a6 @ndahat &@sdﬁ@i%ﬂp&ﬁ EEH‘EQaer @k@ additive permanently Third, the

subst anc .CO r| sed o] nm ne. The
chemi cal %U%B‘g&flf oSt "5 *y%&?/&?ﬁﬁ%ﬁ’&%fﬁﬁ fgdjtive 20 P R,

oxi rane, mysiiane tregied Wﬁil stanits, kpsi & lave waltrglepandolput appears to provide no

ani Noyy Ofihg t&iM Sicrease in tﬁblf&xﬁfﬂlmhgﬁﬁomtﬁeﬁfe&\ﬁkﬁds Bym ﬁhar verand i s

comnerof Ayt Abhbiite is yralR bl AEREAMINGObEAE MBily Aoy PP AV \E

ED- 600. g e conp sed of a
pol ymer dfydmphlhs;tx/prTbssﬂfweqwgémCrwdwnémmgc@mémﬁpsi@ppﬁ &Ryorot be
pol yoxy prsambRfofl uséThdthe substance. Other organic oxides may be unsuitable for

similar reasons.

20
Although some of the higher organic oxides may themselves have a
high enough molecular weight to comprise the substance, the substance is
preferably comprised of a polymer in order to provide a molecular weight for the
substance which is high enough to facilitate economical and effective surface
25 treatment of the additive. In the preferred embodiment, the substance is a
polymer comprised of propylene oxide units. Further, in the preferred
embodiment, the polymer is a surfactant further comprising an organic oxide
having fewer than three carbon atoms, such as ethylene oxide units, or a
surfactant further comprising an amine, a polyamine or a glycol.
30
In the preferred embodiment in which the additive is comprised of
wollastonite, the polymer is preferably comprised of at least one of the four
polymers described below, including mixtures thereof.

35 First, the substance may be comprised of a polymer of alkylene

glycol. The chemical composition of polyalkylene glycol is polyalkylene glycol
monobutyl ether which has the following chemical formula:

-17-



is: poly (oxy(methyl 1-1, 2-ethanediyl)), alpha-(2-

30 am nonet hyl et hyl) onmega - (2-

am nonet hyl et hoxy) This polyner is also manufactured by Huntsman and

is conmercially avail able under the JEFFAM NE trade-mark as JEFFAM NE

D230, 35 wo 9825865 I n JEFFAM NE pol yners, the |ettprcT/assmodat ed

with the JEFFAM NE trade-mark (D or T) represents the functl onality
di- or tri-) of a give roduct

‘. ) of & OV B3 x (0CH;CH(CHy)] yOH

PCT/ CA97/ 00943 whi | e the nunber designates the approxi mate aver age

mol ecul ar g 9.1]_ RUSanufacturd® by VAR Carbile 30245 BIC SRT S &nﬂ‘le‘%ﬁ'&e

about 230 ny ot stances that are
capabl e 0‘1“’%4“ ‘i“@v@ﬁ PN fsadsrmarksas Hm peant e{éét escri bed above

may be5used as the surface treating substance Such ot her substances
may include pol ynmersa.GR{h ﬁ&%&@'n&(a é‘ed%‘f'aﬂ Bol mer oFEI ethep! YMers

Bng
east ¢ S5 Do SATOHE] Capp s?éragfaﬂ{ygﬂ% R AT MO

ot her organi c oxi des having at | east three car bon atons as the

hydr ophobi ¢ conponent 18] £8 1]1321339139.@& diBh&hwdRiosphat es,
sul fonat es, sul fates o hol ( W me Ees y Rflyam' nes, organic

oxi de¥¥ havi ng f ewer thaﬂmteﬁ?ez Bg?%‘ﬁﬁ @t‘?fhﬁ")@rﬁt er W‘Btt 2r hydrophilic
noi eti es as the hydr ophethyt-2dbyguwegmethyl)-1, 3-propanediol (3:1) It shoul d be
under st ood that the exact nature of the chem stry 15 involved in this

invention.,s not conplete Therefore the practice of this

i nvent i onﬂ“§ HP@Y’“%E%@*‘PH ‘g\gﬁ}e}t—l s ndysonppercially Avagablegnt ai ned
herein. under the JEFFAMINE tmée—mtrk@ JBEF AMENEI ©e4@%Rrves to nore fully
illusygate the 20 inventi on In the Exanple, the foI | om ng paraneters for

m x design are CO cont ent -
956 grans Thir dn ?he subftance gbaairl%eeméxé%r'x%&aqf & polymer op none 25
cont ent oxyalkyleneamine. Tig chentiral costpasisinrent polyoxyalkyleneaning igr ans

4. cenent content- 306 grans
oxirane, methyl-, polymer with oxirane, bis (2-
20 aminopropyl) ether

This polymer is manufactured by Huntsman and is commercially available
under the JEFFAMINE trade-mark as JEFFAMINE ED-600.

25 Fourth, the substance may be comprised of a polymer of
oxypropylenediamine. The chemical composition of polyoxypropylenediamine
is:

poly (oxy(methyl 1-1, 2-ethanediyl)), alpha-(2-
30 aminomethylethyl) omega - (2-
aminomethylethoxy)

This polymer is also manufactured by Huntsman and is commercially available
under the JEFFAMINE trade-mark as JEFFAMINE D-230.

35
In JEFFAMINE polymers, the letter associated with the JEFFAMINE
trade-mark (D or T) represents the functionality (di- or tri-) of a given product,

-18 -



5. wol | astoni t e- 42.5 grans

(where present) 30 6. air entraining- 0.5
millilitres adm xture

- 19 - WO 98/ 25865

PCT/ CA97/ 00S4g 98/25865 EXAVPLE 1 PCT/CA97/00943
Wl | as- ) Wl | aston Wl | ast on Wbl | ast on

tonite

-ite treated -ite treated_-ite

) Control . i
treated tadledte nimber cses1gga;es(th6 apPIRIMaLR Ypragh melesylar welght, Ehys,  with
5% wi t Forséample, D-230 repebaxds o rliamiicl afsbont 2P emblarithe welght ani ne

Jef f am ne
50-HB-660 Air 7% 7% % . 7% .
7% content (9% FI WY §4her substanags that are gapahle of prodpsipg, the transieng o,

125% 5
0. 39
1.91m

10

15

20

25

30

UCON ite) ite D- 230 T-403 ED- 600
7%

hyd&phtobic affectd¢scribed abgrve3may be usedasithe surface Geating substange.39
Sligb %gﬂ\e%ﬁﬁ%nééétﬂxﬁ)y iMMdde p¥¥hirs comprisihgBHly propylertelGtidze 1 91m

. 2. 13rﬂ ret()jum ng agent. dos ge o iy
units, polymers or other substances comprising oth8r organic oxides comprising

at least three carbon atoms, or surfactants comprising propylene oxide or other
organic oxides having at least three carbon atoms as the hydrophobic component
and comprising carboxylates, phosphates, sulfonates, sulfates, alcohols, glycols,
amines, polyamines, organic oxides having fewer than three carbon atoms or
other hydrophilic moieties as the hydrophilic component.

It should be understood that the exact nature of the chemistry
involved in this invention is not completely known. Therefore the practice of
this invention is not to be taken as being limited by the theories contained
herein.

The following Example serves to more fully illustrate the
invention. In the Example, the following parameters for mix design are

constant:

1. sand content- 956 grams
coarse aggregate- none
content

3. fly ash content- 119 grams

4. cement content- 306 grams

5. wollastonite- 42.5 grams
(where present)

6. air entraining- 0.5 millilitres
admixture

-19 -



Super - 2.51nm 2.51m 2.51m 2.51m 2.51m 2.98m

pl astici zer dosage 7-day 31.8 28. 4 30.2 32.7
31.9 29. 3 conpress- ive strength (MPa) :

-20 - WD 98/ 25865

PCT/ CA97/ 00S¥4ig 98125865 28- day 48. 3 41. 4 4B8CPICA97/009832. 6
52.0 43. 2 conpr ess- Ive strength (MPa) 7- day
30.9 31.8 35.0 : 33.2 34.5 fl exural
strength (kg force) 28- dagmw%. 8 39.1 49.1

47.7 49.1 44. 1 fl exural strength (kg Wooltas)

NOTES: The pRdLA$S L MivioRlabford WHREsBAO i aspect
rati o, 200 nesh , x .0 rade |'] ast onite Ergduced by
M nera NYCO S. A deongrol -ite treate _-%_e t{ﬁat%%ﬂt% freated treate

Mix (no  Untreated with 5% with 5% with 5%  with 5%
wollaston- wollaston- Jeffamine Jeffamine Jeffamine UCON
ite) ite D-230 T-403 ED-600 50-HB-660

Air 7% 7% 7% 7% 7% 7%
content
(%)

Flow (%) 124% 129% 124% 126% 125% 131%

Water/ 0.37 0.42 0.40 0.39 0.39 0.39
Cement

ratio
(W/C)

Water 1.91ml 1.91ml 1.91ml 1.91ml 1.91ml 2.13ml
reducing

agent

dosage

Super- 2.51ml 2.51ml 2.51ml 2.51ml 2.51ml 2.98ml
plasticizer
dosage

7-day 31.8 284 30.2 327 319 29.3
compress-

ive

strength

(MPa)
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The air entraining adm xture is Daravair (TM,

produced by WR G ace and Co. 10 The water reducing
agent is WRDA (TM, manufactured by WR G ace and
Co. The superplasticizer is WRDA-19 (TM,

mahuf act ur edydvysr2ss6s WR Gace and Co. REI/CA97/00943

The sanples tested for flexural strength are beans _
measuring 12.7 mmx 19.1 mm x 152.4 mm :
-21 - 28-day 48.3 414The enmdfolli nent $26f t he BAlenti o3z which an

excl usi veopkedsl ege or property is clained are defined as foll ows:
1 A surface treated additive conposition for incorporation into a

5 cemeh¥$tious conmpound conprising Portland cenment and water prior to the
setting efrenglr conpound, wherein the surface treated additive conposition
conpri segypg) addi tive having surfaces which have been treated with a

pol yner, wherein the polyner is a surfactant and includes a

~hydr ophobi ¢ conponent conpri sing propyl ene oxide units and a

hydr ophi Pidayconponerdf? wher eBh8the 13.0 hydr&pfi | i c c8kBonent 345

posi tiongdy@tajone or nore ends of the polyner. 2. The
conposi tion a3, claimed in claiml wherein the additive i conpri sed
of a silPEERE™ 15 3. The conposition as clainmed in claim?2
wher ei n {kgfoged)i cate is a substantially inert material. 4.

The conposition as clainmed in claim2 wherein the silicate is

conpri seg%ggya fibr gg%]mat erk&l_l. for rfd,ﬁf or Ci NG he ce@_rﬂti ti ou&'lcorrpound.

20 e conpoSition ds clainmed”in clarm 2 wherei'h the

si | i cat eflesural conprised of a supplenentary cenentitious naterial .

6. strendthe conposition as claimed in claim2 wherein the silicate is
25 con'ﬂgré éfge)Of a calciumsilicate. 7. The conposition as
clainmed i'tfclaim 6 wherein the silicate is conprised of a cal cium

netasilicate.

NOTES:

- The wollastonite is an HAR-200 (high aspect ratio, 200 mesh
x 0) grade wollastonite produced by Minera NYCO S.A. de
5 C.V. of Mexico

- The air entraining admixture is Daravair (TM),
produced by W.R Grace and Co.

10 - The water reducing agent is WRDA (TM), manufactured
by W.R. Grace and Co.

- The superplasticizer is WRDA-19 (TM), manufactured by
W.R. Grace and Co.
15
- The samples tested for flexural strength are beams
measuring 12.7 mm x 19.1 mm x 152.4 mm
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30 8. The conposition as clainmed in cl ai m 7 wherein the
silicate is conpri sed of L0 BEen Replaced O The
conposition as clained in clai Vn\?léilg i e elMC(e)rrpound S further
conprised of a supplenmentary cerre ]BIE“ Bﬂl al. 35 10. The

conposi ti on awowsasssed in claims8 olymer is PCTICOPhdo3ed of
a copol yner contai ni ng propyl ene oxide units and et hyl ene oxi de units.

-22- | n_-as ned in claim2l0
wher ein the hydro hl'fﬁle' embodlmen-@%f %Rg?r?\ﬁeptu?ﬁ ﬁucl\ %%%}Yesgglvg]ﬁgeam ne
group posi PT BFRRET ISG}ﬂéméFi %Idﬁ fined as follows: of the poI yner . 12.

The conposition as clained in claim11l wherein the polyner is a

pol yoxyal ky| eneam neAﬁQﬁdW FernE(;}gaMﬂ;rfﬁhé Ia'c%m %W%Eg@%%ﬁ%i?ﬁtg e pol ymer

conprises two anine OURS position 10 13.
The conposFPMBHSE I%‘?’é‘? gemgntpnd water prier to) thesaiingyofrthp spmipound, the
conponent additive qooiprisitg & surfaces reatad hditiveyheretlthefdcéPdrgeat one or

nore ends gidittﬂ%@ a@ﬁ kr%gﬁﬁ with a subgéfge Wthih h%ghe rSRHPr&%{ dr&r:]lé% & %(‘:I réT)E(lﬁ ![ Ee

claim 13 ﬁ rzﬁ ene
hydr ophi [ i eadfitEneRih st E&mely fen ewhsrad sveomermbmmpypbsgrpr
posi tioneda ahn@perleddobdwtrfgethpahym\pbratlon of thtadditive into Th€c&a tion as

cl ai megg i ng }la%h'g}ﬁ\ fe?'cBg_lEJ? Hér@?);nrﬂcﬁma is lesiéth%éfé)d(g(P{ gam ne and

wher ei n thﬁ’B \é ﬁg C CO conpr 8si ti oned
at one or fBFB8LRES FEMEREC ey??é?Pou“ and !LSGthus availablgq ﬁ@PE@ﬁé@m tion as

cl ai med i nwoirkabilityStovihe rcoinpoting, mod yoe tHas tiee add1t1v§@ég(aaﬂ1§<ué néfupgll’ am ne and
wher ei n t hgrdped ﬁ&OMIBWin% m@%m lhetéb‘?n %réier to f)gi%g{t RE Tk e am ne

t d
22%‘;82. 'to .Oif? ' %@@fpaﬁ el ecq%gfmshu?@ Mé wglao‘aﬁ $igeromround.

pol yox¥pr opyl enedi am ne and wherein the hydrophi lic conponent of the
pol yner copprises tviheHddi8@vdaPERINAPH LI Qﬂqdw re} 194 id

\e,\:ﬁﬂﬂ ymar.
30 18. ‘f]roc?&ig conposi tion as clai rre I n Cr%ll m rern ﬁ% po yrrer

does ¥ise oxysi | ane groups.

3. The additive as claimed in claim 2 wherein the additive is
20 comprised of a silicate.

4. The additive as claimed in claim 3 wherein the silicate is a
substantially inert material.

25 5. The additive as claimed in claim 3 wherein the silicate is comprised
of a fibrous material for reinforcing the cementitious compound.

6. The additive as claimed in claim 3 wherein the silicate is comprised
of a supplementary cementitious material selected from the group consisting of a
30 pozzolan, a hydraulic material and mixtures thereof.

7. The additive as claimed in claim 3 wherein the silicate is comprised
of a calcium silicate.

35 8. The additive as claimed in claim 7 wherein the silicate is comprised
of a calcium metasilicate.

-22-
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19. The conposition as clainmed in claim8 wherein the surface
treated addi tive conposi tﬂh@@hdeﬁHﬁ@ﬂTmes@dd of between about two to five

percent by 35 weight of the po A process for
preparing an additive for incor
r

cenentitious conpound

conpri si ng. Ravolosaseds cenment and Ior to the PCT/CA97/00943
-23- setting of the corrpound the additive having surfaces,
the procegs conpri t t he,.syrfaces of the
hdi L1 ve 8 th a’ pol Pieadditipe e 5 <im'd GBbeRE iid St i FiRedred g
i ncl udes af madlasywimdtei c conponent conpri si ng propyl ene oxide units
and a hydrophilic conponent, mherein the hydrophilic 5 conponent is

posi tioned at one ends The
process agocl ai msdofl?’l’ %‘F‘ﬁf‘ﬁ? 236 ‘Wﬁ‘g é’i‘ ﬁpaﬂ%‘ggaﬁ’&‘&fet’f‘\ﬂée F%mp‘)““d “%onpri sed of
a si | i Bat éurtherli@mprdsed of a suppleffientasy sementitisus iraterisd selectet dfromzhe wher ei n
the sili Cg}&? §or?515tmg of & P8SARH, iadhy dtadifiiratd¥Rl %ﬂﬁ@hrxtures therecd3-

The proceSs as clained in claim21 °wherein the silicate is conprised

of a fibrous material for reinforcing the cenmentitious conpound. 15

24. 11. The pr cBesadditive harclaimied in claith 3 whexgire the substaaceid i cate is
conpri sedcomprised®@bf 8t REAIRBIBARIC oxfR A Ving hOMastER dabon atoms.  25.

The prqQcess as clained in cl a| m 21 wherein the silicate is conprised 20

of a ¢4l ciumsilicate. The process as clained in claim 25
wherein tA@ silicat®d %ddibﬁplﬂf’ sl@emed in clgimd losheseimthesgubstanceist e. 25  27.

The procegsmpgised af H%ly:ﬂexcéo&h}ﬁméiﬁg\é/ﬂ&ragﬂ She dlRyRhk okRlethdving @Meadtsed

of wol | as}%rnl te. ) The process as claimed in claim 27
wherein t 85&5}’5’6}1%:0@ further conprised of a supplenmentary
cementitious material. 30 29. The process as clainmed in claim
27 whagei n3t he pol YI‘lﬁradditwe as cOfpd iis CRiaf12avEeRn {HERilkylend akideng

propyl ene OXI gseéjgkt )gééene oxi de units. 35 30. The
process as® al m ‘wherein the hydrophilic conmponent of

t he pol yner conprises an am ne group positioned at one or nore ends of
t he pol ynaa. The additive as claimed in claim 11, wherein the substance

comprises a surfactant comprising a hydrophobic component comprising at least
20 one organic oxide having at least three carbon atoms.

15. The additive as claimed in claim 13 wherein the polymer is further
comprised of ethylene oxide.

25 16. The additive as claimed in claim 11 wherein the substance coats the
additive but does not chemically bond to the additive so as to interfere
significantly with the transient hydrophobic effect.

17. The additive as claimed in claim 13 wherein the polymer is
30 comprised of alkylene glycol.

18. The additive as claimed in claim 13 wherein the polymer is
comprised of alkyl ether amine.

35 19 The additive as claimed in claim 13 wherein the polymer is
comprised of oxyalkyleneamine.

-23-

AR O )



- 24 - 31. The process as clained in claim30 wherein
the polyner is a pol yoxyal kyI eneam ne and wherein the hydrophilic

conponent of the pol yner e‘alﬂi‘k‘-pﬂecegroups positioned at two
ends of the polynmer. 5 32. as claimed in claim 29
wherein the hyghgpssss i C corrpon yrrer corrplrbsmmob%droxyl

group positioned at one or nDre ends of the pol ymer .
The process, as cl ai ged cI aim32 n t he .polyner is a '10
pol yal kyl efé gl ycol r{i\‘i Ry clptmae Bﬂllﬁ whergiabsaplymser she pol yner

conpri ses mpnseﬂo&wympmbnp@emmened at one end of the pol ymer.
34. The process as clainmed in claim27 wherein the polyner is a

pol yoxypr opyl eneami and.wher ei.n, t he, hydrophi |l i c copponent conprises an
15 am ne %’/oup pos::tﬁ oaﬁ IV agtlaimgd ipglaing B@’P@Fe‘f‘ﬁgpﬁwf?%‘ireate 35.
The pr dtesaddiive Istomprised of betweSuabdu twiortotfive peadentiby wedglit of the pol yal ky!
et her am neubafhcwher ei n the hydrophilic conponent of the polymer

conprises three am ne groups positioned at three ends of the polyner. 20
36. The process as clainmed in claim34 wherein the polymer is a
pol yoxypr of#/| enedi adi procasadfonipeepsiring dreadijitive ftni incorpoeationizwsd aof t he

pol yner cctrmtezﬁnﬁmbwauqmu&\a Wn@%kﬂdﬂ‘@@néﬁ atxMOw%? E@B'lﬁ? pol ymer .

25 37 0 rel pol ymer does

not 10 sett ng -gr 8)%%&?6\ nit ga B}eoaﬁ)étess compnsgg me step OF tr?fhtén
cl ai med i nO d giadditivewithel substasce sdiich has a Sranmemitle;c&rophobmreffhcttdietheoI ymer

to produceiduifi, vakieh leffead @ﬂxp%@@h 'x’éﬁd&@ "RO3H hjﬂtﬂ/@ xﬁmycﬁsgg&;m £ 2 bet veen

b A
P ooess T B GR ie U8 ?Pooagh% e ditp i1'gdhe spmpoundsgeh | and

cenent, é?t henyatgr swa@@gt thea‘pwoaddus lese attavpskiot therad ditiwepd isngng
the st¥ps thé pldfement of the comp&ind bh@ ¥ {HiG atvﬁﬁalﬁé' kb ﬁg&ﬁdé’fwé}ﬂalﬁﬂ§) {dve wth

a pol ymer 4.0 -8 mﬁ@%ﬁﬁ Eﬁﬁ* such that the addmve rggams ﬁs na urg‘lt ed ggeltst !

COITpOSI tion ant and
i ncl udes af°H9WF%Hi95?‘Be’éb%%‘ﬁéﬁfnR%Wﬁrmsqrﬁlgr to permit the addltlve

- 25- participate with the compound during the curing of the compound.

20 23 The process as claimed in claim 22 wherein the additive is naturally
hydrophilic.

24. The process as claimed in claim 23 wherein the additive is
comprised of a silicate.

25. The process as claimed in claim 24 wherein the silicate is a
substantially inert material.

26. The process as claimed in claim 24 wherein the silicate is comprised
30  of a fibrous material for reinforcing the cementitious compound.

27. The process as claimed in claim 24 wherein the silicate is comprised
of a supplementary cementitious material selected from the group consisting of a
pozzolan, a hydraulic material and mixtures thereof.

35
28. The process as claimed in claim 24 wherein the silicate is comprised
of a calcium silicate.

R



propyl ene oxide units and a hydrophilic conponent, wherein the

hydr ophi | i ¢ conponent is positio 0 e ends of the

pol yrmer; and 5 (b) {(::h i HRl e Rep CLrtland cenment, the water
and the surface treated 1 [ﬂ“ﬂl ﬁl

cormpound.  wo 9825865 - The |

ve corrp05|t|on to formthe
med i n cl aiPOT/CY7/0424¥ ei n

the additive is conprised of a silicat e 10 41. The
process clalned n cl ai m 40 wherein th icate is.a. . ,

subst ant ?gq ly inert hﬁﬁr&:‘?sélas claimed in glaim 8 where! ﬁ@ liGtecomprisedi ned in
cl ai m 40 ofhercaiciun meetsdilicadat e i s conpri sed 15 of a fibrous material for
reinforcing the cenentitious conpound. The process as
clainmed ijf, claimd4Q,wherein th S|I|ca%bm2§ ﬁrrlp i

suppl ement'ary cenentTHBHES AAL ’PS? mnc gyherem e m’i‘ﬁ"elspcr"mdas

cl ai mnedl i of wbahstpnﬁev\herei n the silicate is conprised of a calcium
silicate. The process as cl al med in claim44 wherein the

silicate js corrprl

The proc as cl aﬁﬁﬁc?rf’ﬁesﬁ Iaﬁl lrﬁ‘gd\l\ﬂémé’ig‘? e‘?l'rf hl?a‘foénf?%“%ﬁprl sed
of wol | asfusthier eomprised of & supplementafih cempentiténs mateciahsetected firopt shem 46
wher ei Nt heypatReidads iof a%sbzzmaht a%dmrmﬁeﬁamn&nﬁm&@mmr y

cemeniitious materia he process as clainmed in claim
46 whefrein the pol yrrer S corrprl sed of a copol yner contai ni ng

propyl ene3%xi de unilhe panckserhylaimed dix cldém 24 whepint the sgbstance $9. The
Process agrpAsddEsk dtledst dnBlorgdhidBRILeINAvinpeat¥sbt ARtek lchfbon ato@MPonent  of

t he pol yner ‘conprises an am né group positlioned at one or nor e ends of
t he pol yner. 50.

The proce¥s as cl ailiedrpeess aaickmimed i elaim 32t wiergin %mubﬁtgn%? is

15 comprised of a polymer comprising at least one alkylene oxide having at least
three carbon atoms.

34. The process as claimed in claim 33 wherein the alkylene oxide is
comprised of propylene oxide.

20
35. The process as claimed in claim 32 wherein the substance comprises
a surfactant comprising a hydrophobic component comprising at least one
organic oxide having at least three carbon atoms.

25 36. The process as claimed in claim 34 wherein the polymer is further
comprised of ethylene oxide.

37. The process as claimed in claim 32 wherein the substance coats the
additive but does not chemically bond to the additive so as to interfere

30 significantly with the transient hydrophobic effect.

38. The process as claimed in claim 34 wherein the polymer is
comprised of alkylene glycol.

35 39 The process as claimed in claim 34 wherein the polymer is
comprised of alkyl ether amine.
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pol yoxyal kyl eneam ne and wherein the hydrophilic conponent of the polyner
conprises two am ne groups positi onegl af.f R nggq{%p@edt he pol yner. 5

51. The process as clained in in the hydrophilic
conponent of the polyner conprises a H m B‘E positioned at one or

nor'e ends of wiovsngsssyner . 10 52. cess as MimCApzdos” cl aim
51 wherein the polyner is a pol yal kyl ene glycol and wherein the

hydr ophi | i ¢ conponent of the | yney, . onpri,ses one hydroxyl group
posi ti oneégat one e B’F°CF?§eaSB"3?‘¥‘P‘Féi1.“ claim 34 rein the polypgr 18r ocess as

cl ai med i romipaised 66 oxpaliylemetdneinpol ymer is a 15 pol yoxypropyl eneam ne and
wherein the hydrophilic conponent conprises an am ne group positioned

at one or re ends,of the polyner... . n4. . Th rocess as cl ai ned
inclaim ég'owher ei m%@‘ffﬁ?%?e&a‘in?dam claim g%l"‘ﬂhﬂr?&lth%?ﬁ Y ne and wherein
t he hyé@r oghinprised efwxypropyénedimninel yner 20 conprises three ani ne groups
positioned at three ends of the pol yner. The process as

53.
clained in.claim53_ wherein the polyner .is . _pol yprQpyl enedi am ne
and wher e t he hy dFRBRTICEE RcrRIBHRANE Qi f wherein B dddiive ibrerteds ¢ wo
am ne gr owth flesiubistameel tapradase ersdsfact tremted pdiditiver con@grised of be6yeen The

Process agpGh@dwl b five perrbi BPwMlpdk BF thel sfanke/mer does not _conprise
oxysi l.ane groups. 57. The process as clained in claim46

whereilfl the additive is treated 30 with the polynmer so that the surface
treated additive colyeressdor prepeung i cegbnditious compeungenmpbised of wo to five

percent byoy@irdhterRént] WRtRUNER additive coRPrising the sfepa@Fent i tious conpound
conprising Portland cenent, water and an additive, wherein the

additive has surfaces which have been treated prior to 35 incorporation of
the additive if@o tieatinghetsurfacssofdberpdditiyewith agupetagerewhich haswherei n the
polymgg is a surf aciramdiera droshbiestfect bndhe nhakive t6 Pro@I@NY surfaceCONpri si ng

propyl ene oxi de uni& atgﬁ'(AdaithEr?cPhi | ic conmponent, wherein the
hydr ophi l i c conmponent TS positioned at one or nore ends of the pol yner.

-27- 59. The conpound as clainmed in claimb58 wherein
the additive i @) incorporpting tie nirfate Stchteticddrlitive irtto thé Portland cemelite

conmpound as cl ai ”Edax{c{‘{rﬁe' %{Lﬁﬁo\éﬁlﬁrtﬁifﬂr&ﬁﬁe binp6ahg; 'S 2

substazgtl ally inert naterial.
wherein the effect temporarily renders the additive more hydrophobic for a time
period following the incorporation of the surface treated additive into the
Portland cement and the water such that the water is less attracted to the additive
during the placement of the compound and is thus available to provide

25 workability to the compound, and such that the additive regains its natural

properties following placement of the compound in order to permit the additive
to participate with the Portland cement and the water during the curing of the
compound.

30 44. The process as claimed in claim 43 wherein the additive is naturally
hydrophilic.

45. The process as claimed in claim 44 wherein the additive is
comprised of a silicate.

35
46. The process as claimed in claim 45 wherein the silicate is a

substantially inert material.
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61. The conpound as claimed in clai m59 wherein the silicate is

conprised of a fibrous materi "lihls ghort Hre nf g the cenentitious conpound.
10 62. The conpou cl ai m 59 wherein the
silicate is conpri sed of y cenentitious material.

63. - Theoosbdagsnd as cl a| 9 wherein the ecricast/esdss 15
conprised of a calciumsilicate. The conmpound as cl ai ned
in claim63 wherein the silicate s ri-sed of a_cal cium

metasi |l i caf®. 20 @He process as Cm@eédﬁrﬁlﬁj Aot awherein theysilicate isssompusegher ei n
the silicabgaifibrous matenqirfos eeinfifrcinvgl thagementittous compoid. The
conpound as clained in claim65 wherein the conpound is furt her

conpri sed é a suppl ntary cepentitious material. 25 The

conpound ag ¢l ai med ﬁ‘h’— RIosesh a8 Slaimerddn clalmedowherein thessilicate lkz‘f‘ﬂmlil%ﬁéid of a

copol yn&r obatsapplengenparypeemtitions deaterialtseleated fediaythe peowX coltsisting oftdi t S.

30 68. zolarl, "hehg@ﬁﬁﬁl:”?ﬂatgﬁalczirﬁi HRftubdh kAl 67 wherein the hydrophilic

conponent B “fhe ” polymer conprises an am ne group positioned at one or nore
ends of the polynmer. The conpound as clainmed in claim68
wher ei n t h#9.pol yner The w&&smld@mdliﬁﬂﬂmﬁmhermmmmmﬁs ¢dmeprised

hydr ophi | i gf & eReRIE BilicRfe. t he pol ymer conpri ses two am ne groups
p05|t|%|ed at two ends of the pol yner. - 28-

The conpound as clainmed in claim67 wherein the hydrophilic
conponent B9. t he polEhegprocensmsickamed ihylhioxdd wherinp theosilitdte secbraprisede or
nore ends gf alchRiuR!M&MEilicate. © 71 The conmpound as clainmed in
claim70 wherein the polyner is a pol yal kyl ene gl ycol and wherein the
hydrophilic conponent of the pol yner conprises one hydroxyl group
posi ti oned5ht one erldhegproress asciaimed. in claim 507@herein the silitate isorquaprisedas
cl ai megsi nof hWallastohiteherei n the polynmer is a 10 pol yoxypropyl eneanm ne and
wherein the hydrophilic conponent corrprl ses an am ne group positioned

at one or nore ends of the polyne
52. The process as claxmed in claim 51 wherein the compound is

further comprised of a supplementary cementitious material selected from the
group consisting of a pozzolan, a hydraulic material and mixtures thereof.

20
53. The process as claimed in claim 45 wherein the substance is
comprised of at least one organic oxide having at least three carbon atoms.

54. The process as claimed in claim 53 wherein the substance is
25 comprised of a polymer comprising at least one alkylene oxide having at least
three carbon atoms.

55. The process as claimed in claim 54 wherein the alkylene oxide is
comprised of propylene oxide.

30
56. The process as claimed in claim 53 wherein the substance comprises
a surfactant comprising a hydrophobic component comprising at least one
organic oxide having at least three carbon atoms.

35 57 The process as claimed in claim 55 wherein the polymer is further
comprised of ethylene oxide.
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73. The conpound as clained in claim72 wherein the polyner is a
pol yal kyl ether am ne and wherein ﬂheghay(;tﬁmgi RdpGic@onponent of the pol yner

15 conprises three am ne groups po ee ends of the polyner.
rein the polyner is a

74. The conpound as clalned

pol yoxypropylmggh% ne and wherei n C conponepcTRi9T/jend3

pol ymer conprises two am ne groups p03|t|oned at two ends of the polyner.

20 7 }E ound as %l ai med n cl aj %65 wherein the pol ynmer
does ot conpr %Pc‘i § RS Hamedipglaim 5 Whef%m e substange.cog und as
cl ai ned i mdditiverbétdodsanatichemiieally lhohddeshehdditive2d asaddnterfesr» have been

{rieat ed wighfnRei e BDe kit BybiofobR! GRA DY wel ght of - the

5 59. The process as claimed in claim 55 wherein the polymer is
comprised of alkyleneglycol.

60. The process as claimed in claim 55 wherein the polymer is
comprised of alkyl ether amine.

10
61. The process as claimed in claim 55 wherein the polymer is
comprised of oxyalkyleneamine.

62. The process as claimed in claim 55 wherein the polymer is
15 comprised of oxypropylenediamine.

63. The process as claimed in claim 53 wherein the surface treated
additive is comprised of between about two to five percent by weight of the
substance.
20
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