Hydraulic Binder The invention relates to a hydraulic binder containing
CaS™4, blast furnace slag and heat-treated clays and marls. The conposition
and production of supersulfated slag cenent is based on the addition of
calciumsulfate to cenent. According to the International Standards

Organi zation (1SO, supersulfated cenent is defined as a m xture conpri sing
at least 75% by wei ght of disintegrated, granul ated bl ast-furnace sl ag,

| ar ge adq;tlon? of c%{0|un1sulfate (>5% by wei ght SGB) and a maxi mum of 5%
by wei ght Y6F8hked 195, Portland cement clinker or Portland cenment. For
the production of supersulfated cenent, the granulated slag, according- to
Ger man st andards, nust caontain at | e st 13% by wei ght of Al 203 and
cor r espond St o HHe PP mAS A€ )t RyBYITARSH3) PEIBST CTnéal%t%%rHFﬁ%“to
Keil, antameuntupfiadd 410¢2@%ai0kheat B0 des Sh@g davisng a m ni mum
nDdqus of (Ca+ CaS + 0.5 MgOt Al 203)/Si02 + Mh.0) > 1.8 is preferred_
According to Blondiau, the CaQ S102 ratio m st be between. 1.45 and 1.54
and the Ah203)ohBo02tLati enfustobecbesmeen &uﬁeﬁﬂdiflatgad | dhatencase,id i ne,
clinker or cenent |s added to increase the in the cenent paste and
enhance tHEEoPUbFIT t 7 Of - UM n&3i A theS ‘ﬂtﬁhé§€ﬁaﬁrlﬁ@c?ﬁ%nﬁydﬁhtlon

of the cementIntardeniong: Ofs&uﬂﬁrr@@ f ot gh iSl-a0 ceemeMo can shge ef fiecdad
wi t hout chem cal additives or special formng treatnent. In conventional
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phase free ofisdhssotyed algminnaatthencont entrdfcecahaiyymsubfateqisidddn ted
to a low percentage in _order to avoid potential internal disinte ratlon due

to the f&rnationtBf SFalféiGmSdff &l l)"l’?ijﬁgftes@%na{‘%t apHELPPy &€
consequeneegat tde allumena thad, has-poindi sseloved. Lii’h]&eﬂos%rceﬁ@ﬂtﬁané he
mai n i npact of cal ciumsulfate Tesides in its deceleration effect exerted
on the séft'fHG: tine. The basicity of hydrated cal ci um al umi nates and the
insolubility of the alum na contained in the alum nates are functions of
t he concentraklon of lime in the liquid phase of the cenment _durin

hydrat i on °%i FrEsBERt i vel S ¢ vaﬁ@teﬁef&lf%e%yﬁ%f&d SarcirERT Al Bt hat & ar e

present iaRcebyst@l ldonesd afdn oktkfiarmy phaust f eomknt he hasdenedsgengnt.
The concentration of line in the i UId phase determ nes the type of ‘i npact

of cal ci UME0Ff &te 6ﬁﬂ}hé“§%tFPﬁﬁe%9ﬂ%joFotHé“teﬁ%ﬁ?*%hd (FRe ﬁBxMﬁﬂnﬁanDunt

of cal ci umsyl/fkabe he, geneato Mayh LAY atdy W thout, £AaUSIRY 1isnter rzfd
di sintegration by the tinme* displaced formation of ettringite.

super sul PatBd ¢l agt ety FRELeang et t Et e Ipnefi ACt e*l%ﬂ%rﬁ(bﬁase i's

bel ow t hegbnsol Lth bgt/yolldgml ofncal upi na. g Lary geFraﬁiQfﬁécons aehogal €4 um,
sulfate for the p gose of activating the reactions of blast furnace sl ag
det er mi n@lﬁﬁél#“@r N 0R28f S1¢4 caltdicurmustl froaliiveate Thdvi mgida hidgh and
hydraul i grachi .t ysbased 98 hLhs: disselved |l hme and  he dissolved al um na,

wi thout | eading to potential disintegration. The addition of calcium
sulfate to granul ated bl ast furnace slag will not produce expansi on cenent,
but act ag am.accgkeratop.incihe forpption.of hydrated conpongnts. n
supersul fated cenent, Iarger portions of calciumsulfate are not to be
regardedpéslél§ﬁ@rbﬁﬁ@ﬂfTh@9¢%s%ﬂd|¢RPQWQﬁu¥N9 smishif oy upf natwsingoulnd, in
fact, confributg;tohacreasing,thehy a@y]! 1& aGtT VALY L gmer &hﬁ@m&qqfe
d|S|ntegrat|on as woul d happeh wth Portland cenent an convent i onal sl ag
cement. The dumictisal £ faketdi agaandehanderong 'of stpertsyl fat@dwenemnis 1
acconpani_gd. by ti.on,of .the hi fate formof calcium
sulfoaluﬁlnétev%ron1Q%g%éCaglconﬁghégfggaﬁgL%’e added cal cium sul fate. The
addition of Portland cenent to cenent is in this

In conventional - Portland cements and slag cements 1in which
hydration occurs in the liguid phase free of dissolved alumina,
the content of calcium sulfate is limited to a low percentage in
order to avoid potential internal disintegration due to the

formation o¢f calcium sulfcaluminate (Candlot bacilli) as a



3 case required to adjust the correct alkalinity so as to enable the
formation of ettringite. The nost inportant hydration products are nono-
and trisul foalum nate tobernorite-simlar phases and al um na Duri ng
hydration, supersulfated cement binds with nore water than does Portland
cement. It neets all standard regul ations of cenment in terns of grinding
fineness. It is regarded as a cenent having a low calorific value. Like any
ot her Port] andjor .slag cenent i;t Ca@hbﬁeq}&ed in tr(lje Lo&megf Qoncghet e,

pl ast eri ng WGFEEPCor Odr odtS ThE™equiFements t 3be ¢8RSt def ed “When Usi ng
super sul fatedteemerte aneindentdacal ¢0 thoseumhich fate deessiese in its

sel ecting, m xing, and applyind other cements, |0 qrder Lo ephance., oo

al uni nosil1iCaté® bt hders, "Gt has & r éady been pr 0seéd 't o activate the same
by an al kaldiraand, chbcpant atwhiarstesodad yé@eorincalsbitityeof Atkal &lactriavat ed
al Um nosi || (;Cate %AAAS kbi ncier sra%eﬁcerrentf-l i—‘Eem@tS i %ng \é@i CQ 9£§+-jf09~r med
by the réaCtoR0f i e siTiCa and® afumi nd"Sof 7'ds Wit h'an “alkal' - or "

al kal i -salft sohaut ion tthe proguce gehdse and ampstatidme donjpoundsdrTheon,

al kal i -activatiop.techni que ori.gi nal l evel oped between 1930 and 1940
by Purdon,” rﬁﬁgeapﬁ%%%r 8% t"'ﬂ‘\g;%?‘f} he t%’(?d?ﬂ %rnadcc?fd al kaii™ oé{\g ﬁélg“a?ﬁea ded a

f ast - set tdmegehinder cridntd Ke rsugersubtat edacermgniys &ogireah vaei phydafed
materials (natural or fired clay, sl fly ash, belite slurries, ground
Tock eto 5EEan: babtese b ouiriats o5t T2han HottT | LHRH et ePar s e AR G

al kal i salhgt itgps canibeawsedf tcalgener atefhar denig reacthgnsifal k@l ihe

hydr oxi de, silicate, sulfate and car bonfaj[ e .et
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a hi gh caneenthatwichcafc Crthuongy | int&endn xXtieénaed satorrt hey the time-

al um npsi | cates. ile.in Partl Ié_lnd or, supersul fated cenent paste, a pH >
12 is prdthiCed bechuds o't K& §5FGHTY1%S of cal ci um hydroxide, the pH in
the AAS systemis above 13.5. The anount of alkali, which in general ranges

from2 to 25% b i_ght of alkali (>3% Na20 is a. functi of the
bl ol i e GHEHa ST AOAPI CEHENE. The. rAbetTurty Bt o s 1 et
depends anqutis ehestcak andow neealneonposiitiyon,intihe odegneeiond. Larger

| assificatjon and the grinding fipeness. |n general, AAAS binders are able
Do atart TP RGeWPENTH LES T AUE68ESof Por FHG PARFAShaP Aef o ant S G1T ong
i ncrease #Adacstibepgtdr | mithe | onghdan. sThe seitdmgneeaché orandcibe of
hardeni ng process are still not very clear. The roceed under the injtial
| eachi nggf tCarkart é‘hhg‘f%é”%‘ﬁﬁﬁt i“é%/{”a‘ﬁ sl ;1%“@3/%%& |"3icr‘1ré"é<%ﬂr’clij“t‘ﬁffOIL
hydrosi | iGaties of skhevtObermoride 1greoup ss€aled um @hid nesithiccat esagi@yt to
crystallize in order to formzeolite-like products and, subsequently,
al kali zé&dl iREE TR Hééh’éﬁ?%%ﬁt’é{‘“‘r'eﬁét@n aﬁ%&ﬁé??i 8s Fﬁifh%mméi%‘y%tte‘fn are
attributeg @ 1bheast1ong srysial Id1zat lani capt agtodhetvesnzeabht esnamgd,
cal cium hydrosilicates. The hydraulic activity will be inproved b
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and the amyt.cof sal kal .85 vl Fadss the.presancgeof pzeekbte bh thechydrat ed
products have shown that alkalis do not only act as sinple catal ysts but

parti ci pat'dfidfier esct i BAS i%P the s&werRBANE asltiheiand ghpsumFsexhii ting
relativelyihi-gh;shrengths dugito & styang cationi eaénf | uepgeriany studi es
relating to the activation of silicoalumnate materials by alkalis and
their saF?%”ﬁé?é“Beeﬁh?epBV@éﬁ?llc activity rather than  cause dis-

integration, as would happen with Portland cement and

conventicnal slag cement.

The initial setting and hardening of supersulfated cement is
accompanied by the formation of the high-sulfate form of calcium
sulfoaluminate from the slag components and the added calcium

sulfate. The addition of Portland cement to cement 1s in this



5 like soda |ye or caustic lye while, at the sane tine, preserving the
strength properties of standard. binders. This could be achieved in that
alum nosilicates fromthe group consisting of blast furnace slag, clay,
mar| and industrial by-products such as fly ash were used with the proviso
that the Al 203 content was hi gher than 5% wherein blast furnace slag was
used in amounts | arger than 35% by meight and clay, marl and/or fly ash
were present in apmounts larger than 5%b ht, with cenent kiln dust
havi ng bé&éri®adddd-as" aﬁoaé‘fig‘v}%‘f of§ nC&hb Jgfalf%”tl&fl@(% BY W&l gt Hiid

cal ci um sukf aferhavidtg heen at&&dﬁgm@rmmﬂé lrger ithants5% bthagﬁton By

using cenent. kil n dust as an activator H coul d be accordin
| ower ed, PARAUFES t utifed TGOt hat tH@”é%FF@QEP%hF%VBC ﬁFmRFFEedﬁgT \fds

| ar gel y ipnseBssi inyetumitthe sel ection of the starting materials. Wth that
hydraulic binder, clay or marl was used after a thermal activation at

t enperatures between 600 and 850C, and it was possible to use any

gr anul at Qﬂrbh@Sthyfdtl’aaIﬂQQQ slagesuahrtbad thecaxaatirernpesit i esref the bl ast

furnace s lar ncritical. It is the object of the present
| vont on 28 HEgHi el L Tyir ST BiTiddiP e “domgRErERER, BF O i rSart e

further saemphtfuedthﬁm of yRaktihgukaiende qualiist )&e@f&rlﬂ@@ ssed ddnarace
slag being nerely of mnor inportance. At the sane tineg, is to bhe

f easi bl e Vﬂﬂgtﬁe drEh 9t IBrndért Ueo éﬁ§8r€“§céﬁ?ﬁindﬁvlﬂéﬁﬁdc§bt%k¥@
times andeaehtevead nproved stsength praeperbies Bf thecsale bi pdesterfiogol ve
this object, a h draullc bi nder contai ni ng CaSO4, bl ast f ur nace sl ag and

heat - t r e3PEG2EI &Y's HRH Erarite i %??%W%ﬁ@?tae§8l5ﬁbdc@6”ﬁW§9§fW§ﬁ@tqﬁﬂ“%nwnt
oi | shal eubsrusethiass heatertt eatedi ¢dayisanddrarlsse and drhat rOr gadi G vand/ or
inorgani ¢ al kali and/or, earth alkali conpounds are used as strengtheners.
By usi ng ‘BufRteoit Ehalie14d ﬁ@gtaQ9¥%ﬁﬂ€dOEP§§SC%ﬂﬁ§”ﬁhrIs super sul f at ed
cenment can be fornmed wi thout using any further activator such as clinker,
cement kiln dust or alkalis. 6 The use of burnt oil shale in the
conp03|tF&noéééﬁrﬁ?n%“?%PQQN?%W$&§ﬁP96hC%ﬁ9Ib%QﬁﬁﬁévelfhEaFaﬁer%%Q%ﬁﬁﬁQ¥ and
reduce shiropkage, twhileiaged t tionabye ashi evi pYxal 1 edueed: OXYFLNicular,
perneability, which in turn will lead to an enhanced dur abi ity. For
further iffprov¥ngt & tdfeltPes of the set binder, strengtheners in the
form of organic and/or inorganic al kali and/or earth alkali conmpounds are

used. Advantageously the hydraulic binder according to the present
i nvent i oRli‘g ?u#??kﬁaQﬁﬁuﬂ%ﬂﬂa?otélﬁﬁéb%fﬁ%%%“khﬁ%“@%@%ﬂa?% tsee i dfount s

of 5-20%hy-welght yhbtastrEurnagesshag drs Used tiiBnan@unt;s ofs 50-85%Ry
wei ght, and burnt oil shale is used in ampunts of 10-30% by weight, wherein

the i nveRtBAT sS@bVENtHddodd! v 1Kkar i heF dbvelioped tt 6otHe ! eF f et tPIIAICeNaSCOM
KAl(Scn)%elga@h@B%%ysggﬁbggé2@0&@&&@99)%Wﬁnq{ﬂ&ﬂtr%@?h@QQ{@@1£@%ﬁﬂf@ﬂ§ed in

amounts of 0.5-5%b ight as strengtheners. In general, inproved early
st rengt h"propereies %YI998@1@@%%h€§t¥¢9ﬁhéOEQdﬁaﬁlﬂ@46|ﬁdeﬂ%ﬁé@na hitggh

grindi ng dqge@%wd dhe: binderqacconding 1o.dhe L'&Vﬂht{ o, Lafg therefore,
advant ageously be further devel oped to the effect that the conponents of

t he hydr &gltFéndilwdeterare ground to Bl aine finesses of > 4500 Blaine. In the
followi ng, the invention will be explained in nore detail by way of an
exenpl ary enbodi nent. Table 1 conpares the conposition of a binder

accor di ngntoke heswimventliforretdo acoonposit i orreoft a Bicndér ae€orii g tad st he

prior art(natural or fired clay, slag, fly ash, belite slurries, ground
rock etc.) can be used as sources of aluminosilicate materials.
Various alkali solutions can be used tTo generate hardening
reactions (alkali hydroxide, silicate, sulfate and carbonate
etc.). This means that the sources of ARAS binders are almost

unlimited.



7 Table 1: Ganul ated blast furnace slag 84.5 63 Burnt oil shale 20 CaSO™4
15 15 Activator

During alkali activation, a high concentration of OH ions in the
mixture acts on the alumincsilicates. While in Portland or
supersulfated cement paste, a pH > 12 is produced because of the
solubility of calcium hydroxide, the pH in the AAAS system is
above 13.5. The amount of alkali, which in general ranges from 2
to 25% by weilght of alkali (>3% Na:0), 1is a function of the

alkalinities of the alumincsilicates.

The reactivity of an AAAS binder depends on its chemical and
mineral composition, the degree of glassification and the
grinding fineness. In general, AAAS binders are able to start
setting within 15 minutes, offering rapid hardening and a strong
increase in strength in the long run. The setting reaction and
the hardening process are still not very clear. They proceed
under the 1nitial leaching of alkali and the formation of
slightly crystalline calcium hydrosilicates of the tobermorite
group. Calcium aluminosilicates start to crystallize in order to

form zeolite~like products and, subsequently, alkali zeoclites.

The mechanical strength properties in the ARAS system are
attributed to the strong crystallization contact between
zeolites and calcium hydrosilicates. The hydraulic activity will
be improved by increasing the alkali doses. The relation between
the hydraulic activity and the amount of alkali as well as the
presence of zeolite 1in the hydrated products have shown that
alkalis do not only act as simple catalysts but participate in
reactions 1in the same manner as lime and gypsum, exhibiting

relatively high strengths due to a strong cationic influence.

Many studies relating to the activation of silicoaluminate

materials by alkalis and their salts have been reported.

WO 00/00447 proposed a hydraulic binder the activation cf which

was performed by largely avolding the use of expensive chemicals



0.5 Strengthener 2% 1DCS[MPal 2.4 11.5 7DCS[ MPa] 28.0 42.6 28DCS[ MPa]

like soda lye or caustic lye while, at the same time, preserving
the strength properties of standard binders. This could be
achieved in that aluminosilicates from the group consisting of
blast furnace slag, clay, marl and industrial by-products such
as fly ash were used with the proviso that the Al;03 content was
higher than 5%, wherein blast furnace slag was used in amounts
larger than 35% by weight, and clay, marl and/or fly ash were
present in amounts larger than 5% by welght, with cement kiln
dust having been added as an activator in amounts of 3 to 10% by
weight and calcium sulfate having been used 1n amounts larger
than 5% by weight. By using cement kiln dust as an activator,
the pH could be accordingly lowered, and it turned out that the
activation by cement kiln dust was largely insensitive to the
selection of the starting materials. With that hydraulic binder,
clay or marl was used after a thermal activation at temperatures
between 600° and 850°C, and 1t was possible to use any
granulated blast furnace slag such that the exact composition of

the blast furnace slag was largely uncritical.

It 1s the object of the present invention to provide a hydraulic
binder the composition of which can be further simplified with,
in particular, the guality of the used furnace slag being merely
of minor importance. At the same time, it is to be feasible with
the hydraulic binder to ensure accordingly rapid setting times
and achieve improved strength properties of the set binder. To
solve this object, a hydraulic binder containing CaSO4, blast
furnace slag and heat-treated clays and marls is further
developed to the effect that burnt oil shale is used as heat-
treated clays and marls, and that organic and/or inorganic
alkali and/or earth alkali conpounds are used as strengtheners.
By wusing burnt oil shale as heat-treated clays and marls,
supersulfated cement can be formed without using any further

activator such as clinker, cement kiln dust or alkalis.



516 58.6 The content of granul ated blast furnace slag in the binder
according to the invention could be reduced to the extent to which burnt
oil shal e was added, the content of CaSO4 having been nmaintained. In this
case, the burnt oil shale additionally functions as an activator such that
the addition of a separate activator can be omtted for the binder
according to the invention. By the addition of strengtheners in anpbunts of

2% the hani.cal- strength,properti.e fter 1, V. and 28 da
respectlgggyﬁgco%ld 56 "im lédI% ?npfove ovEFPPROEER fa%ﬁﬁVﬁ%@)&ﬁéﬁhe
bi nders. “Ewentﬂ@mlenzl umprsv@ppamemhtéhatremgKEKMMd|@edm@snamkmeage,

i nproved S JAropert in concrete | so the ox ability
of the bﬂhgég d%%gr On et Re" f%@%ﬁ%lon was %%?kéﬁﬂ?“?bdﬁ% eF 1£&$&e to

t hat of ah@ohventWQmalwumduibmdakosupemsmhhaéeddbradelity8 Aabl eahekype of
cenent Hl Ljasm fMedcrmm.( art ersul fated cenent
with burn?%§ §%éﬁ“§ G?Féﬁgtﬁeng (étco C%ﬁitﬁkf 8?%@%§ﬁﬁoﬂ} %%%E
content form of organlc and/or inorganic alkali and/or earth alkali

compounds are used.

Advantageously, the hydraulic binder according to the present
invention is further developed to the effect that CaS0s is used
in amounts of 5-20% by weight, blast furnace slag is used in
amounts of 50-85% by weight, and burnt oil shale is used 1in
amounts of 10-30% by weicght, wherein the invention 1is
advantageously further developed to the effect that NaSCN,
KA1l {S04)2, Ca(NO3)a, Ca(NOz)z, Ca(HCOO), and/or triethanolamine are

used in amounts of 0.5-5% by weight as strengtheners.

In general, 1improved early strength properties will be reached
if the hydraulic binder has a high grinding capacity. The binder
according to the invention can, therefore, advantageously be
further developed to the effect that the compcnents of the

hydraulic binder are ground to Blaine finesses of > 4500 Blaine.

In the following, the invention will be explained in more detail

by way of an exemplary embodiment.

Table 1 compares the composition of a binder according to the
invention to a composition of a binder according to the prior

art.



400 kg/ nB8 Water/cenment 0.53 0.52 1DCS[MPa] 7.3 7.8 2DCS[ MPai 16.3 14,4
7DCS[ MPa] 32.3

7
Table 1:

Granulated blast furnace slag 84.5 63
Burnt oil shale 20
Cas0, 15 15 B
Activator 0.5
Strengthener %

1DCS [MPa} 2.4 11.5

7DCs [MPal 28.0 42.6
28DCS [MPa] 51.6 58.8

The content of granulated blast furnace slag in the binder
according to the invention could be reduced to the extent to
which burnt oil shale was added, the content of CaS0, having been
maintained. In this case, the burnt o0il shale additionally
functions as an activator such that the addition of a separate
activator can be omitted for the binder according to the
invention. By the addition of strengtheners in amounts of 2%,
the mechanical strength properties after 1, 7 and 28 day(s),
respectively, could be markedly improved over those of

conventional binders.

From Table 2, it 1is apparent that, in addition to markedly
lmproved late strength properties in concrete, alsc the oxygen
permeability o¢f the binder according to the invention was
markedly reduced relative to that of a conventional industrial

supersulfated binder.



33.5 28DC3[ MPa] 40.3 49.5 02 perm|[E-16e] 2.44 0.81 9 Cainms: 1. A
hydraul i ¢ bi nder containing CaSO4, bl ast furnace slag and heat-treated
clays and marls, characterized in that burnt oil shale is used as
heat-treated clays and marls, and that gorganic and/or inorganic alkali
and/or earth al kali conmpounds are used as strengtheners. 2. A hydraulic

bi nder according to claiml., characterized in that CaSO4 is used in
anmounts of 5-20% by wei ght, blast furnace slag is used in anounts of 50-85%
by wei ght, and®bif ° oi | shale is used in anounts of 10-30% by wei ght .

Type of cement Industrial supersul- Supersulfated cement
fated cement (priocr with burnt oil shale
art}) and strengthener

{according to the
B invention)

Cement content 400 kg/m’
Water/cement 0.53 0.52

1DCS [MPa] 7.3 7.8

2DCS [MPal 16.3 14.4

7DCS [MPa] 32.3 33.5
28DCS [MPa] 40.3 49.5
O, perm. [E-16m"] 2.44 0.81




3. A hydraulic binder according to claiml or 2, characterized in that ‘
NaSCN, KAl (S0)2, Ca (\103) r Ca (NQ2) 2, Ca (HCOO 2 and/or triethanol am ne
are used in anmounts of 0.5-5% by wei ght as strengtheners. 4. A hydraulic

bi nder according to claim1,2 or 3, chayacterized in that

t he conponents of the hydraulic binder are ground to Bl aine finesses of >
4500 Bl ai ne.

Claims:

1. A hydraulic binder containing CaS04, blast furnace slag and
heat-treated clays and marls, characterized in that burnt oil
shale is used as heat-treated clays and marls, and that organic
and/or inorganic alkali and/or earth alkali compounds are used

as strengtheners.

2. A hydraulic binder according to c¢laim 1, characterized in
that CaS0O4 is used in amounts of 5-20% by weight, blast furnace
slag is used in amounts of 50-85% by weight, and burnt oil shale

is used in amounts of 106-30% by weight.

3. A hydraulic binder according to claim 1 or 2, characterized
in that NaSCN,  KAl{S04)2, Ca(NO3)a, Ca(NO3)s, Cal{HCO0O), and/or
triethanolamine are used in amounts of 0.5-5% by weight as

strengtheners.

4., A  hydraulic Dbinder according to claim 1, 2 or 3,
characterized in that the components of the hydraulic binder are

ground to Blaine finesses of > 4500 Blaine,



