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ABSTRACT

The effect of triethanolamine, CaCl, and complex accelerator on the mechanical properties of steel slag-slag
powder is studied. Hydration products of the pastes are investigated by XRD. Compared with triethanolamine and
CaCl,, complex accelerator can dramatically affect hydration of steel dag and sag powder. The strength of
specimen increases with the content of sodium sulfate in complex accelerator increasing, decreases when the
content is more than 1.5%. When the content of sodium sulfate is 1.5%, the 3d strength increases to 7.6MPa, 7d
strength increases to 7.9MPa, 28d strength increases to 19.5MPa, the vitreous network structure of steel slag can be
destructed more thoroughly, more hydration products can be formed. These hydration products are bonded together
and fill the void of paste, the density increase, and lead to higher strength. But when the content of sodium sulfateis
more than 1.5%, PH value is changed, formation of AFt, hydration of C;Sand C,Sin later stage is affected, which
result in poor strength. The results show that compared with the calcium hydroxide, gypsum and sodium sulfate can
stimulate the activity of steel slag more effective. XRD analysis shows that the amount of hydration products is
different when the content of sodium sulfate is different. When the content of sodium sulfate is 0.5%, the main
products are consist of C-S'H , Ca(OH),, C,S, CsS and AFt; When the content of sodium sulfate is 1.5%, the main
products are consist of C-S-H and AFt, formation of AFt, hydration of C;Sand C,Sin later stage result in higher
strength of paste
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INTRODUCTION

Steel slag is the waste generated during the psarfesteel making. With the rapid development oin@ls iron and
steel industry, quantity of steel slag increases Yy year [1]. In 2010, China's crude steel préidncexceeded 6
million tons, which generated about 1 million tafssteel slag [2], and still has an annual growtlhie number of
30 hundred thousand tons. However, utilizationteélsslag rate is very low, the comprehensiveaatilon rate is of
50% ~ 60% [3], if these steel slag cannot be udtttarely; they will occupy more and more land,llpte the

environment and result in waste of resource.

Chemical composition of 70% steel slag in Chinaiisilar to that of Portland cement clinker; theywéaotential
gelation performance [4]. In order to make full udesteel slag, researches on activation, hydratimaducts and
mechanism of steel slag composites can be fourtmbme and abroad [5~10]. Wang Qiang [11] investidjdte
cementitious properties of basic oxygen furnacelstkag and its role in the hydration and hardempnacess of
cement-steel slag complex binder, results showttiehydration process of steel slag is very similih that of
cement, but its hydration rate is much low, raiding fineness of particles, alkaline condition afelvated curing
temperature can all promote the hydration of s at early age.Li Zhaofeng et al. [12] invedggdathe pro
perties of the clinker-poor steel slag cement, wittomposition of steel slag 40%, blast furnacg 4@%, clinker
15%, gypsum 5% and composite alkali activators’2, Eesults show that it can measure up the staingiade 42.5
ordinary Portland cement, the hydration procesghefcement includes activators hydration, clinkésglration,
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steel slag dissociation and hydration, the norrattirgy and hardening of the cement depend on th@ooents of
the composite activators and the first hydraticsdpicts of clinker.

However, due to the unstable chemical compositiosteel slag, the effect of different activator thie hydration
process of steel slag-slag powder is different, medhanism on activity should yet to be studiedhla paper, the
effect of triethanolamine, CaLand complex azelerating agemin mechanical properties of steel slag-slag powder
are studied; the mechanism is analyzed by XRD

EXPERIMENTAL SECTION

1. Materials

The steel slag provided by a steel plant in Qianveith the grain size of less than 5mm. It can beduin test After
grinding in a ball mill, until the specific surfaceea less than 456tkg. Triethanolamine, Cagland complex
accelerator are used as accelerating agents.

2. Specimen preparation

The standard plastic consistency of s=28+2 mm ¢iga s denotes the dropping depth of the testireglleeof
Vickle’'s meter passing through the pastes) was tediofp control the water amount required. The sizthe paste
specimens was 20x20x20 mm. After molding and cueh@0+IC and 95% R.H. for 1 d, the specimens were
demolded and cured in natural water fo3d,7d and 28d

3. Testing and characterization
The compressive strength is tested by NYL-60 cosgiom-testing machine.

The microstructure of specimens were determinedXbgay diffraction(XRD, X' Pert MPD) with Cu k
radiation.§=0.15418um)

RESULTSAND DISCUSSION

1. Effect of triethanolamine on mechanical progartof steel slag-slag powder

Fig.1 shows the effect of triethanolamine on comapinge strength of 3d, 7d and 28d. The compressieagth of
the specimen increases with the content of trieflaamine increasing, and decreases as the contenoris than
1.0%. When the content of triethanolamine is 1.€86,3d strength increases about 366%, the 7d cestremgth
increases about 350%, 28d strength increases abd.
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Fig.1 Effect of triethanolamine on compressive strength of steel slag-slag powder

It reveals that, unshared electron pair of N atortrieehanolamine is easy to form a covalent boitd metal ions,
complexation reaction occurred. Complex compourebisly soluble in water, soluble region point éngrated on
the surface of the clinker particles, dissolutiaterof GA and GAF increase, reaction of gypsum accelerates, more
calcium sulfoaluminate occurred, the strength isaemeced. When the content of trieehanolamine is rtftrae 1%,
formation of more complex compound can restrainratdn of GS and GS, the strength is poor.

2. Effect of CaCl2 on mechanical properties of lstéag-slag powder
Fig.2 shows the effect of Ca@n compressive strength of 3d, 7d and 28d. Ttemgth of specimen increases with
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the content of Cagincreasing. When the content of Cafsl1.5%, the 3d strength increases to 2.4MPatrédgh
increases to 8.0MPa, 28d strength increases toF&8
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Fig.2 Effect of CaCl, on compressive strength of steel sag-dag powder

It reveals that, Cagkan enhance hydration of steel slag and slag powwgmste, the reactions are as follows:
CaClb+3Ca0- AjO3+H,0=3Ca0- AJOz- 3CaC}- 10HO
CaClb+Ca(OH)+H,0=CaC}- 3Ca(OH)- 12H,0

With the increase of Ca(Ok)hydrated calcium silicate and hydrated calciunmahate are formed, the crystal
structures continue to be filled, the strengthastp can be improved.

3. Effect of complex accelerator on mechanical prbes of steel slag-slag powder

Trieehanolamine-sodium sulfate complex acceleraonsed in the experiments. Content of trieehanivlanis
0.05%, content of sodium sulfate is variable. FghBws the effect adfomplex accelerator on compressive strength
of 3d, 7d and 28d. The strength of specimen ineasth the content of sodium sulfate increasimgyreases when
the content is more than 1.5%. When the contesbdium sulfate is 1.5%, the 3d strength increas&s@MPa, 7d
strength increases to 7.9MPa, 28d strength incsdastd.5MPa.
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Fig.3 Effect of sodium sulfate on compressive strength of steel dag-slag powder

It reveals that, complex accelerator can dramdyicfect hydration of steel slag and slag powddre vitreous
network structure of steel slag can be destructertrthoroughly; more hydration products can be &mnThese
hydration products are bonded together and fillvthiel of paste, the density increase, and leadgbehn strength.
But when the content of sodium sulfate is more th&%6, PH value is changed, formation of AFt, htidraof G,S

and GS in later stage is affected, which result in pstoength.

4. XRD analysis

Fig.4 shows the XRD patterns of the hardened spatiwith 1.5% sodium sulfate of complex acceleratord and
28d. It can be seen that, the main products arsistoof C-S-H and AFt. The amount of hydration pod is
different when the age is different. Little¥can be finding in the pattern of 28d, hydratiérCes lead to higher
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strength in later stage.
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Fig.4 XRD patterns of specimen with 1.5% sodium sulfate of complex accelerator at 7d and 28d

Fig.5 shows the XRD patterns of the hardened spatiwith 0.5% and 1.5% sodium sulfate of complexekrator
at 28d. It can be seen that, the main productsamsist of C-S-H and AFt. The amount of hydratiosoducts is
different when the content of sodium sulfate idedént. When the content of sodium sulfate is 0.5, main
products are consist of C-S-H , Ca(QH},S, GS and AFt; When the content of sodium sulfate ¥/4,.the main
products are consist of C-S-H and AFt, formatiomA&t, hydration of GS and GS in later stage result in higher
strength of paste.
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Fig.5 XRD patter ns of specimen with 0.5% and 1.5% sodium sulfate of complex accelerator at 28d

CONCLUSION

When the content of triethanolamine is 1.0%, thes8@&ngth increases about 366%, the 7d cementgsiren
increases about 350%, 28d strength increases 46ddb. Trieehanolamine is easy to form a covalemidbwith
metal ions, complexation reaction occurred. Commlempound is easily soluble in water, soluble regioint is
generated on the surface of the clinker partiaiéssolution rate of ¢\ and GAF increase, reaction of gypsum
accelerates, and more calcium sulfoaluminate oeduthe strength is enhanced.

The strength of specimen increases with the comte@aC), increasing. When the content of Casl1.5%, the 3d
strength increases to 2.4MPa, 7d strength incraas&®MPa, 28d strength increases to 16.8MPa. W@hncrease
of CaCl, hydrated calcium silicate and hydrated calciuomahate are formed, the crystal structures contiouge

filled, and the strength of paste can be improved.

Complex accelerator can dramatically affect hydratf steel slag and slag powder. The vitreous orwtructure
of steel slag can be destructed more thoroughlyprhgdration products can be formed. These hydrgitoducts
are bonded together and fill the void of paste déesity increase, and lead to higher strengthvign the content
of sodium sulfate is more than 1.5%, PH value enged, formation of AFt, hydration og€and GS in later stage
is affected, which result in poor strength
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