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ABSTRACT
Thepropertiesof 525#gardesteelslagcementswere investigatedin the pres-
ent research,including:long-termstrength,sulphateattack,carbonation,sea
water attack, and alkali-aggregatereaction.The study shows that steel slag
cement is characterizedby high later strength,slight expansion,good resis-
tance to harmfid materialssuch as sulphate,carbon dioxide,and sea water,
reducing the alkali-aggregatereaction. Its pore structures have also been
studied.01997 Elsevier Science Ltd

Introduction

Steel slag cement (SSC)had been developedas a new kindof cementin Chinatwo decades
ago. It is a productof a groundmixtureof steelslag,fromLinz-Donawitzconverterprocess
(LDS) blast finmaceslag (BFS),Portlandcementclinker,gpsum and admixture.It can be
used in common civil and industrialbuildingsas well as many special structures,such as
roa~ underground,seaport,massconcreteconstructionand so on. Thetotaloutputof SSC is
aboutmilliontonsperyear.However,only325#gradesteelslagcementscan be producedin
most small cementplants,due to its poor productionmanagementand the low technology
level in thoseplants,resultingin the restrictionof applicationof SSC.Meanwhile,the disad-
vantagesof slow settingand lower early strengthof SSC are inconvenientin construction
work. In this study,a highergrade 525# steel slag cementwas firstly made by using high
qualityclinkerand steel slag higher finenessof grindingand specialadmixtures,and then,
the propertiesof suchcementweremainlyinvestigated.

RawMaterialsandExperimentalMethods

. .osltlonof Raw Ma&W. Convertersteel slag from QingdaoSteel Plant, quenched
granular blast furance slag, shaft kiln clinker from Laoshan Building Materials Firm
(Qingdao),gypsum from Shrmgdongand admixtureA were used in the experiment.The
chemicalcompositionof raw materialsis listedin Table 1.
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TABLE1

ChemicalCompositionof RawMaterials

composition CaO Si02 A1203 li’c203 SOJ

LDS 42.49 9.08 7.42 5057 -
BFS 49.71 33.29 10.17 1.23 1.69

Clinker 65.13 20.60 5.50 5.74 1.61

Mortar strengthtest was made accordingto GB117-85,abrasionresis-
tance to the criterionof road Portlandcement,corrosiontest to NationalStandard,and pore
test by Auto-60,mercuryscanningporosimetertlom USA.

ResultsandDiscussion

LDS, BFS, clinker,gypsumand admituresA were mixedand groundin certainproportions.
The fineness of SSC was below 2.5% (residueon 0.08nmsieve). Table 2 shows that the
mortar strengthof SSC. KOis the referenceof pure Portlandcement,K1-K8 are SSC with
differentcomposition.The experimentresult indicatethat the strengthof SSC at 28 days is
similarto that of pure protlandcementthoughthe quantityof clinkerof SSC is only 30’%0.
Not only early strengthsbut also the late strengthof steel slag cementsincreaseto certain
extendby addingadmixtures.The strengthof all specimens,exceptthat of K3, havereached
the nationalstandardand still rise after28 dayswith higherlongterm strengthaccordingto
abovetest.

Cementmortarspecimenswere madewith 40 x 40 x 160mmin size
accordingto standardmethod.Theywerecuredin waterfor 14daysfirstandthen, immersed
in differentcorrosivesolutionssuchas man-madeseawater, 3Y0NaJ30qand 3’YoMgSOqfor
another 28 days and finally subjected to strength test. Taking the strength of

TABLE2

TheResultsof MortarStrengthTests

KOis

NO.I CompressiveStrength flexuralstrength
3D I 7D I 28D \ 90D \ 180DI 360DI 3D I 7D 28D

kO 37.0 50.2 69.1 79.3 80.2 86.6 6.6 7.3 8.0
kl 30.8 46.1 65.0 71.2 78.1 79.2 5.1 5.8 8.0
k2 23.7 39.4 55.9 63.5 71.7 73.2 3.7 5.1 6.5
k3 18.2 29.9 49.9 66.6 64.8 67.6 3.4 4.7 6.2
k4 34.8 50.5 65.3 5.6 6.3 7.8
k5 32.< AO< A<2 <A &o X.1,J Y, .., “J. ., I I I I J.T “.. “

.5 I 49.2 \ 61.7 I 7.4 \ 8.8 I 9
0 AI-1 7 I An Q I I I Ln I 01 0

—
k6 44. 1.3
k7 40.0 [ -t7.J [ Uu.oI I 1 I U.7 I 7.1 I 3.2
k8 38.7 I 50.2 I 66.6 I I 6.6 ~ 8.3 9.7

the portlandcement, kl-k8 contain30’3’owtslag, 30Y0 steel slag, 33°?4poI
clinker,40/o gypsum,and30/o admixture.
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TABLE3

TheResultof ChemicalResistanceTest

Cement water Seawater 3%Na2S04 3%MgS04
Pc 10.2/58.4 9.2/58.4 9.2/53.6 8.5153.3

Sscl 6.4/55.3 10.2/55.7 9.2/53.8 7.8/52.6
SSC2 6.4/56.3 9.1/59.6 8.1/57.7 8.7/59.9

specimenscured in water at the sameage as a control,we can determinethe chemicalresis-
tanceabilityof steelslagcementsby the strengthreductionratio.

The strengthof pure Portlandcementdecreasesto variousextentsin these threekinds of
corrosivesolutions;especiallythe flexuralstrengthdecreaseby 17°/0in 3°ioMgSOd.How-
ever,the strengthof the two steelslagcementsmaintainor evenincreaseto differentextents;
especiallythe flexural strengthincreasesconsiderably.Therefore,steel slag cementshave
good chemicalresistanceability(Table3).

The numeratoris flexuralstrength,anddenominatorcompressivestrength(MPa.).

Carbo@ion R@stance. Mortarspecimenswere castwith 40x 40 x 160mmin size, cured
in water at room temperaturefor 14 days, dried at 55°C for 24 hours, and carbonizedin a
box for 10 days,and then exposedto air for 42 days.Finally,the depthof carbonation and
strengthwere examined.The strengthof specimenscuredin freshwaterat the sameage was
takenas a control.Theresultsare listedin Table4.

Carbonationis the resultof permeationof carbondioxideintothe openporesof hardened
cementand degradationof hydrationproducts,and it can result in the decreaseof properties
of concrete. If carbonationis slight, calciumhydroxidein cement store is carbonized to
CaCOJ,which filled in pores may benefit to increase strength and density. The strength of
SSC increase considerablyafter carbonationperhapsbecause the filling role of CaCOJin
poressurpassits destructionof hydrationproductandcompensatethe reductionof strength.

Abilitv to Reduce A~gate ReactAlkali- ion. The above SSC improveconsiderablyby
using admixtures.However,its effect to the deteriorationof concreteresultingfrom alkali-
aggregate reaction followed by volume expansionshould be given more attention. Two
kinds of aggregate,namely,opal and chert were used in this experiment.The expansionof
mortarwas determinedby a rapidmethodfor identificationof alkalireactivityof aggregate
(4). Cement/aggregateratioequalsto 10:1,w/c= 0.3.Theresultsare shownin Table5.

Table 5 showsthat the expansioncausedby the alkali-aggregatereactionin SSC is much
lowerthan that of PortlandCement.The experimentalresultsindicatethat steelslagcements
havebetterabilityto reducealkali-aggregatereaction.

TABLE 4

TheResultsof CarbonationTest

Sample Depthof carbonation(cm) Water(MPa) Carbonated(cm)
Pc 0.33 10.20/58.4 7.77/67.6

Sscl 1.01 6.38/55.3 8.22/71.1
SSC2 0.78 6.37156.3 7.10/77.4
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TABLE5

ExpansionValueof Alkali-AggregateReaction

Pc SLC1 SLC2
opal 1.324 0.704 0.362
Chert 0.170 0.060 0.080

Pore Structure. The volume of hydrationproducts is usually larger than that of clinker
mineralduringhydration.Previousspacefilledby water is decreasedwith the development
of hydrationand excessporescouldexistafterthe consumptionof water in the cementstone.
The porositypore size, shape and pore size distributionaffect not only the strengthof ce-
ment paste but also the resistanceand durabilityof cementas well. In general, if capillary
pores decrease,porositywill also decrease,but strengthwill increasewith the development
of hydration.The pore structureof SSCand controlPortlandcementdeterminedis given in
Table 6. The relationshipbetweenpore structure,strengthand durabilityof cementscan be
describedas follows:

(1) The total porosityof cementstonedecreasewith increasinghydrationtime, which cor-
respondswith the increaseof the compressivestrength.

(2) The porosityof SSCat 7 daysand 28 days is a bit higherthan that of PortlandCement.
But their pore size distributionis similarto each other. If the pore structureof SSC at
the age of threeyears is considered,the porositydecreasesconsiderably;the volumeof
pores isjust only50 percentof that at 28 days,andthe radiusof mediumpore size is de-
creasedfrom31.Onmand 25.Onmto 9.9nmand 14.5nmrespectively.It is noted that the
harmfulpore (>100nm)has almostdisappearedafter 3 years curing. It shows that the
pore structureof SSC is improveddueto the latehydration,whichmeansthat the hydra-
tion productsgraduallyfillup the Ilee spaceof cementstoneand increasethe densityof
the structure.All this couldcertainlyimprovethe durabilityof steelslag cements.

TABLE6

TheResultsof PoreStructureTests

Age 7 days 28 days 3 years
Sample Pc ssc- ssc- Pc ssc- ssc- ssc- ssc-

1 2 1 2 1 2
porosity(‘?/0 14.8 15.9 15.7 13.6 14.8 15.1 7.64 10.8
Volumeof 70.1 77.2 74.3 65.3 76.8 76.3 35.8 50.2

pores
~m30/o

(>1OOnm’??o) 13.8 12.5 11.8 10.0 18.4 14.3 4.3 0.0
100-50nm 3.8 15.1 12.9 6.2 18.3 7.8 12.8 17.9
50-100311 60.1 53.3 60.8 69.1 40.5 58.6 56.9 64.8
<1onm 21.9 18.8 14.4 14.5 22.6 9.1 26.6 17.3
Medium 21.7 29.2 28.7 26.4 31.0 25.0 9.9 14.5
size(nm)
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Conclusion

By using varioustechnicalmeans,especiallyby addingspecialadmixtures,525 grade
steel slagcementcouldbe made,andthe problemof lowearlystrengthand slowsetting
of SSC can also be solved.The pore structureand strengthof steel slag cementsat 28
daysare similarto thatof Portlandcement,but the latepropertiesare superior.
Comparedwith Portlandcement,the highgradeSSChas gooddurability,such as good
resistanceto sulphateand carbonate,andthe reductionof alkali-aggregatereaction.
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