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Mechanical Properties and Reaction Products of Activated Slag System
Depending on Gypsum Presence and Calcium Carbonate Addition

Yeonung Jeong'", Gwi Hwan Lim’, Su Hyeon Park®, Joo Hyung Kim®, Tae-Sang Kim’

Abstract: This study investigates the mechanical properties and reaction products of activated slag pastes depending on gypsum presence and calcium
carbonate addition in terms of compressive strength tests and synchrotron X-ray diffraction. The chemicals of CaO and NaOH are used as activators
with different two dosages. The reaction of CaO-activated slag without gypsum just accelerated by addition of calcium carbonate at early ages, but
no improvement was observed at later ages. On the other hand, the mechanical properties of CaO-activated slag pastes with gypsum were improved
with calcium carbonate, enhancing the stability of ettringite. The variation of mechanical properties of NaOH-activated slag pastes was negligible
depending on calcium carbonate addition in case of no gypsum. The addition of calcium carbonate into NaOH-activated slag pastes with gypsum
deteriorated its mechanical properties due to the ion competition between CO5* ions and SO5* ions, decreasing crystallinity of reaction products.
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Table 1 Results of XRF spectroscopy for raw GGBFS and CaCOs
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Fig. 1 Particle size distribution of raw materials
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Fig. 2 Synchrotron XRD analysis for raw GGBFS

Materials CaO SiO, AlLO; MgO SO;

T102 KQO F 6203 MnO NaZO SrO ZI‘Oz

GGBFS 45.15 33.96 13.68 1.38 1.38

0.62 0.54 0.40 0.30 0.25 0.08 0.03

CaCOs 98.36 0.05 - 0.58 0.09

- 0.04 0.01 0.08 0.04 -
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Table 2 Mixture proportions

Binder . .

Label GGBFS CaSO4 Ca0 NaOH Calcite Solution/Binder Note
5C0Cc 95 - 5 - 0 -
5C5Ce 90 - 5 - 5 ;

5C10Ce 85 : 5 ; 10 :
10C0Ce 90 - 10 - 0 ;
10C5Ce 85 : 10 - 5 -
10C10Ce 80 - 10 - 10 038 ;
5C3Gy0Ce 92.15 285 5 ; 0 ' :
5C3Gy5Ce 87.3 27 5 - 5 -
5C3Gy10Cc 72.45 255 5 - 10 ;
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10C3Gy10Ce 77.6 24 10 ; 10 ;
3NOCe 94.6 - - 5.4 0 3M NaOH
3N5Cc 89.6 - ; 5.4 5 3M NaOH
3N10Ce 84.6 ; : 5.4 10 3M NaOH
6NOCc 89.2 - ; 10.8 0 6M NaOH
6N5Cc 84.2 - - 10.8 5 6M NaOH
6N10Cc 792 - ; 10.8 10 045 6M NaOH
3N3Gy0Cc 91.762 2.838 : 5.4 0 ' 3M NaOH
3N3Gy5Ce 86.912 2.688 ; 54 5 3M NaOH
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Fig. 3 Results of compressive strength tests for CaO-activated slag system
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Fig. 4 Results of compressive strength tests for NaOH-activated slag system

YERGT) ©]:=NaOHS] 357} S0 XA ekt 2 11
SY LT YA G E Vst S AAE ura}

the 575 3143 Al 71913 A o = ket

T2 2 )R] g Fahs A4 Fig. 4(c) B (d)

o] JeRd v} 2o] NaOH 559 T gabdt49
ZA= B4 &1 Ho)AEL] dEtd 5L AAT=
Z 02 AT =3k, A7k = ek ghFol St
S4E P4 S ARIES] H5HA s A A shEE A
© 2 ZAE T o= Aatol A FFEE SO o237} gkat

oA FHEE Cos™ o9
©Z 93] AR = vl A A E9]
A Ao =2 FAHT

o] 73 A(ion competition)
AARsI=E W A 7]

32 HAIRTIST| X-M S| Al
Fig. 55 CaO-24 el 1 H|o| 2 E9] X-Al 313 9el-S e}
Wtk Fig. 5(a) 2 (b)oll YFERS ule} 2ho] CaO-4 <ef 1. 7 0]
2EE vhhbdgo] EAISHA] & 7 olle 2EH STVl E
(striitlingite) E A /d8h= 20| = AL ). AT, Bkl
o] 7t Al A4 2EHERY IO EL] AL A HH
Al AFm 7l Bie7hH ]| o] E(monocarboaluminte)
E A= A o2 AN 2EYEY VIO EE BT}
HFud|o| E B} U E7) gro} u Atz Fxlo 23 A
© 2 A& ATHBalonis and Glasser, 2009). Fig. 3(b)oll A UE}
uje} o] Sikd- AHERE 739 A % 28 ol 41 o] A
She 2EHEY Vo EVF B ylR UEnyo| E AFo 2 W3t
HHA mA T2 SR o] At = o] Fo A X] 3k Ao 7191
Aoz shakEt), otFig. 3(b)oll YERA 5% CaO S ARE-S

J. Korea Inst. Struct. Maint. Insp. 59



—5C0Cc 28days Ce
——5C5Cc 28days
——5C10Cc 28days
Me CH
M
S CH g C
5 10 15 20 25 30 35 40
20 ° (A=1.5406)
(a)
—5C3Gy0Cc 28days Cc
——5C3Gy5Cc 28days
—5C3Gy10Cc 28days
£ He E CH
Ms Me E CH

N T g

5 10 15 20 25 30 35 40
20 ° (A=1.5406)

©

—10C0Cc 28days
——10C5Cc 28days

—10C10Cc 28days cH

Mec

5 10 15 20 25 30 35 40

20 ° (A=1.5406)
(b)
—10C3Gy0Cc 28days ce
——10C3Gy5Cc 28days

——10C3Gy10Cc 28days

He
E
Mc E

5 10 15 20 25 30 35 40
20 ° (A=1.5406)

(d)

Fig. 5 Results of synchrotron X-ray diffraction for CaO-activated slag system; S: stritlingite, E: ettringite, CH: portlandite, Cc: calcite, Ms:
monosulfoaluminate, He: hemicarboaluminate, Mc: monocarboaluminate.
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Fig. 6 Results of synchrotron X-ray diffraction for NaOH-activated slag system; C1: C-S-H(I), Mc: monocarboaluminate, Ht: hydrotalcite-like
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