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Isothermal Conduction Calorimetry Analysis of Alkali Activated
Slag Binder
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In this research, isothermal conduction calorimetry analysis has been conducted to investigate the reactivity of alkali activated slag
binders. In order to secure the reactivity and workability of alkali activated slag binders, experiences with various types and
concentrations of alkali activators were performed. Isothermal conduction calorimetry were measured with different alkali activators
and mass ratio of SO; to binders as variables, and sodium tripolyphosphate (Na,P;0;0) and hydrated sodium borate (Na,B,0,10H,0)
were used to control setting time. As a results, alkali activated slag binders required alkali activators with 4 to 5 percent of
concentration to accelerate the formation of calcium silicate hydrate(C-S-H) by alkali-activation, and overall heat generation rate
delayed as accumulated heat decreased due to the high SO; contents. Moreover, the use of hydrated sodium borate as setting
retarder causes elongated setting time due to delaying heat generation, so it can be considered that setting retarder played an
important role in delaying total heat generation rate.
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Table 1. Chemical properties of blast-furnace slag
Component Na,O | MgO | ALOs | SiO; SO; K>0 CaO TiO, | MnO | Fe,O; | SrO Ze0,> | MoO; | SnO»
Result (mass%) | 0.432 | 4.30 10.1 26.6 4.11 0.585 | 52.0 | 0.693 | 0.218 | 0.666 | 0.0730 | 0.0245 | 0.0428 | 0.158
Table 2. Table of mixture proportion
. . NaO, % SO, % water/ .. o o
Series Mix No. (by binder wt) (by binder wt.) (total binder) liquid/slag NayP3;09, % |Na;B40;10H,0, %
1 0 - 0.40 0.40 - -
2 1 - 0.40 0.44 - -
3 3 - 0.40 0.51 - -
4 5 - 0.40 0.58 - -
Series A
5 7 - 0.40 0.66 - -
6 9 - 0.40 0.73 - -
7 9 - 0.40 0.66 2 -
8 9 - 0.40 0.66 - 2
1 5 1 0.40 0.57 - -
2 5 2 0.40 0.55 - -
3 5 3 0.40 0.54 - -
4 5 3 0.40 0.54 - 2
Series B
5 7 1 0.40 0.64 - -
6 7 2 0.40 0.63 - -
7 7 3 0.40 0.61 - -
8 7 3 0.40 0.61 - 2
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Fig. 3. Isothermal conduction calorimetry of alkali activated slag binder (Series B)

SR daEntEsts)

=27 20158 92 241



F X S0 tehA 2

—

Uzip| 2hA5E el ZEile Yziz| 2o Qlsh calcium

silicate hydrate (C-S—H)E ZZI5t=0| 4~5% S= 9| Lz

JF WRst 7{o2 LIEfLiC}

2. 247t M2 ] tripolyphosphate (Na:P30i0)2t hydrated
sodium borate (Na:B,0;10H,0)2 LZiz| & &2l ZEix

of 2| 2%= 2RoIs 420 L2 s XK 2uE U

(NazF’sOw )% Atget BBt dEs ‘%Wléf s&= XgAl

)\\7|E S Hol= Solet
4. 80; &H0| ZO0IE4E =4 YRZ0[ HOX[HM Hgtxoz
20| X|HE 0, hydrated sodium borateE X256t AL
719l dEE M5t F Binl D25 LIEHHXID i
3%0IM= 2 0|7t gle A2 LIEFRTE
ALl 2

£ ol 201EE XAZHEO| RO BIT0fIX| JIAaH
JHRUKETER)2] XIS 20} 283 5 TUHILICHNo, 201410
10101860).

References

Cho, BW.,, Park, M.S,, Park, SK. (2006). Strength Development

and Hardening Mechanism of Alkali Activated Fly Ash
te, 18(4), 449-458 [in Korean],
Davidovits, J, (2008). Geopolymer Chemistry & Applications,

Mortar, Korea Concrete Institu

Institute Geopolymere, Saint—Quentin, France,

Jonathan, T., Kenneth J.D. (2010). Structure and Mechanical
Properties of Aluminosilicate Geopolymer Composites With
Portland Cement and its Constituent Minerals, Cement and

242 vol. 3, No. 3 (2015)

Concrete Research, 40(5), 787—794,
Kang, HJ., Ryu, G.S,, Koh, KT, Kang, S.T,, Park, J.J., Kim,
S.\W,, Lee, J.H. (2009). Effect of

Ash and Blast Furnace Slag as Cementitious Materials on

the Combined Using of Fly

Properties of Alkali—Activated Mortar, Korea Concrete Institute
18(2), 39-50 [in Korean],

Kang, S.T., Ryu, G.S,, Koh, KT, Lee, JH. (2011). Optimum Mix
Design of Alkali—Activated Cement Mortar Using Bottom Ash
as Binder, Korea Concrete Institute, 23(4), 487—494 [in Korean],

Lee, KM, Kwon, KH., Lee, HK_ Lee, SH. Kim, GY. (2004).
Characteristics of Autogenous Shrinkage for Concrete
Containing Blast—Furnace Slag, Korea Concrete Institute,
16(5), 621626 [in Korean],

Lee, S.S., Song, H.Y., Lee, SM. (2009), An Experimental Study
on the Influence of High Fineness Fly Ash and Water—Binder
Ratio on Properties of Concrete, Korea Concrete Institute,
20(1), 29-35 [in Korean].

Nicholson, CM., Murray, B.J., Fletcher, RA,, Brew, D.RM,
MacKenzie, K J.D., Schmucker, M, (2005), Novel Geopolymer
Materials Containing Borate Structural Units, Proc. World
Geopolymer Conf, St. Quentin, Paris, 31-33,

Palomo, A, Macias, A, Blanco, M.T,, and Puertas, F. (1992).
Physical, Chemical and Mechanical Characterisation of
Geopolymers, In Proceedings of the 9th International Congress
on the Chemistry of Cement, 505-511,

Roy, D.M, (1999). Alkali—Activated Cements, Opportunities and
Challanges, Cement and Concrete Research, 29(2), 249-254.

Shi, C., Krivenko, P.V., Roy, D, (2006). Alkali-Activated Cements
and Concretes, New York, Taylor & Francis,

Wang, W.C, Wang, HY., Lob, MH, (2015). The Fresh and
Engineering Properties of Alkali Activated Slag as a
Function of Fly Ash Replacement and Alkali Concentration,
Construction and Building Materials, 84, 224-229,

Yang, K H., Song, J.G, (2007). The Properties and Applications

of Alkali—Activated Concrete with No Cement, Korea Concrete
Institute, 19(2), 42—48 [in Korean)],



Y| 2y T 2N 0jASE B

orzial 2N S0 ZEAC 0lASEY BN

2 Ao 2| 2dst 2 2 HEds g8 AuET| ol 0|A4sEE 242 iU, 2
25t S0 ZET SN U KR HEE O LS 22| XA BR U 50| Cishd MBS SusIc
2Ze| A= & S0; EHHIE HalslHAM DlAesEE SHGIRCM, SZBAZE MOIE #I6H sodium tripolyphosphate
(NaP3010)2} hydrated sodium borate (NaxB,0;10H0)E MESIFICH 1 20 YZie| M5 &2 Zeiie 2Ziz2| &40

9|5l calcium silicate hydrate(C-S—H)& EXIok=0| 4~5% =EO| LZ2|7} WSt 102 LIEtGon, SO; &2f0] =0tal4

2 =X dH20| AOPX|HAM MEtMo 2 HHH0| XX E= A2 LIEHHCH ot 224 X|HH|Z A hydrated sodium borateS
NESIRE 4% YIS AMlote] X|HE SHE LB, A2l =4 HHE XHAP|E S Hol= XS &0lg &
UL

8t =2 2015 9” 243

=
[





