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The present study proposes the modified-stoichiometric model for describing hydration of sodium silicate-based alkali-
activated slag(AAS), and compares the results with the thermodynamic modelling-based calculations. The proposed model is
based on Chen and Brouwers(2007a) model with updated database as reported in recent studies. In addition, the calculated
results for AAS are compared to those for hydrated portland cement. The maximum difference between the proposed
model and the thermodynamic calculation for AAS was at most 20%, and the effects of water-to-binder ratio and activator
dosages were identically described by both approaches. In particular, the amount of non-evaporable water was within 10%
difference, and was in excellent agreement with the experimental results. Nevertheless, notable deviation was observed for
the chemical shrinkage, which is largely dependent on the volume of hydrates and pores.
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Uzte| A &2 (alkali-activated slag, AAS)= CHUS!

UZte| 27| Zelil(alkali—activated materials, AAM)
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22 nofoll +MEEO| 4
OPCOf CHet A

CHBrouwers 2011), ot CH2 Stt= 220 AFRED
& Pl (thermodynamic model)O|CHLothenbach et al, 2019),
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Chen and Brouwers(20072)2] P& 117X Power 2ES 7|
HIoZ 50, 712X01 OPC 28 X A2 Clel| elzl= 43l=E
S AASOIIM 2alist 7i5e0] U= aiES 2 Z0ICE 2 01ZA|
MEE #3E2 1) CSH gels, 2) Za YROHOIE iz
(calcium—aluminate hydrates, C-A-H), 3) portlandite(CH), 4)
hydrotalcite 3 OfT1UHE—UZ0}F SASIE(M-A-H), 5) strétlingite
(C,ASHg), 6) ettringite(CsASsHz, AFY), 7) hydrogarnet(CsAFS;Hsp)
0|2 CHChen and Brouwers 2007a). 2L} 0|25t 35 MH
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XEIQ| C/S 2|7 Z2 AASY| 42 ddEl= C-S-H gel?| C/S
Al O HCHMyers et al, 2014), 0| HZEZIX|BL C/S7F

2 C-S5-H gel2 MHX O 2 HISO0| &1 ZFL20| HTHMyers

et al, 2014), ot 7|29 B2 C-S-H gell} C-A-HE k=
HRXISE Zz[Z20l= C-(N-)A-S-H gel2| YEl= HZAE ST

D2X((solid solution)2 E§X0I H2E sl= 47t Wt
(Myers et al. 2014), SA|0f| =] L2 C/S=2 Q5 AA
portlandite®] MM 79| giCTt HOot: FHISH A2 A4
UCHLothernbach et al, 2006), 11 8f0fl&=, OPCH| Hlslf &=
ATHEOZ 12t Mg9| 527 52 SF0| U=T(MgO 28 3
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w
—
-

= = hydrotalcite® 0|55
4\— Fi}%(layered double hydroxnde LDH)Z ECHMyers et al,
2015). 7P OIX|2C 2, NaA| XSS

Mol GE=Ix]

A28 AL eftringite
= o0 tEE 2= a8 Lol SohE HEl=
ZTf 517t B =27} =0 M Glauber E(mirabilite, NSHio)
o ez Exfsts 59 H1ot QICHKIm et al, 2019).
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Ct. % =

gxm 7; 7E(C, S AN H S QI MS Z0I5IH S15It= A0
HIRAIR 7 \% Moz 7700l 21 rarzr. = E0{0F g 0[X|5=0fl b

(statically indeterminat ) MEHE} g 4 QICt metM, 7|[&0 AE
M Zug Hgezs R UK kg H A

2 S0 AEat »3kE0 2H| 74
oA oiget gt 20| 7[&2| C-S-H gel0| 0K C
gel2 SEBIFCH SAJ0l| portlandite, hydrogarnetE O|l& 4312
Ol HA SIRACE 282 C/S SHIQt FeQl BI0| iAXoz 25

7| t2e i OfU2t AtS Hob| & SX= Qo Eof Al
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aze| 2y s 19| ol the JHME SeiEY 2
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HOIE 25l M-A-HE M/A BHIS 52 1 504 AN SHRCE

0 M/A =H| st M= 01 O XtMis| Staeld] f Bolle 2 &4
OlAE HIE FAHESH ZHeHE Arget Z<0il tish Alitst

5= 2| ettringite®| &2 OEX[2F 1 2lof 2daH|, oS =

o 2t 2 & M1 58 LESH 2dstx] glo] M&at=s 82
eftringiteE M3 4= 7| Y20, 2 AFUH M= ettringiteZ A
Abof] @M TSBIACH &2 7|& Chen an Brouwers(2007b) 2|
Of CH2 AASS| 4:3tof hsh H7olM it 1 23122
monosulfate(CASH,, AFm)Q| SHMS Z-GH A7t 79| gict

(Komljenovi¢ et al, 2013),
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AM21ZICHmodified from Chen and Brouwers 2007a), 22 0|2
DE AT E0{2 42 d719 V|E & P E Hsiat

Yo = aNoyasr T 20gr (1)

Ys= Nonasy T Nsr (2)
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Yo =My (4)

Yo = Mg (6)

Yn = CNonash (6)
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Table 1. Molar balance of oxides in hydration products and their physical properties(modified from Chen and Brouwers 2007a)

i Molar balance
Hydration Product Qzlril(l)ll)ty c ool 8w H H M{g/mol) | p(g/em®) | g(cm’/mol)
(80% RH) | (100% RH)
C-(N-)A-S-H gels . . .
((Iéa;]c AbSHi MICNASH a 1 b c - Hevusa Variable Variable Variable
Hydrotalcite-like layered double
hydroxide(M-A-H) (MsAH») nyr 1 5 13 19 537.5 2.06 260.92
Stratlingite
(C2ASHy) nst 2 1 1 8 8 4183 1.94 215.62
Ettringite, AFt
A nAFt 6 1 3 32 36 1327.3 1.72 771.92
(CsAS;Hy)

StEpida x| =27 2021 38 3
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o] 22 gled, 4 (6)2 ol= A (1)~)2 Sdll neyasy WO
25 ¢ gls g5+ U

al.(1994) 0 M= DREEA xM FE 24
(Wavelength—dispersive X—ray spectroscopy, WDXRS)S Ealf
—)A-S—H gel0 M A/C 2H|2} §/C| H|0l= ChE
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Richardson et
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=2 1

S/C=0.44+454/C (7)
0 A2 gosld DS SN A FASH Z1HE LIEFLY
O, Olofl CHokAM= OIF REMIS| SESiTt (71A, 1o =

Table
T S/C2t A/CE 22t 1/a, b/a 0122 THE1 22 A5 ¥s &

3 1HeE, sfelesd, 858 S0/ U

71E HEEA Autol 22 H/S SHl(Hous)E E8sk=0l &
2 {2120 UL, FIIEEs SN Tt EF2 LHEE
(end—members)s 2t= T&X|(solid solution) 2] AR LHAEO| 5}
S T10]| et CHfet 18adt 42 21 EI0h OPCOA 2
Sh= C-S—H geldl| H|gH AASO|A EMGH= C—(N-)A-S—H gel Lf
TEPES AMSIALE SH617| 02{R7| 20|t 212 EXtE
St HHSHH 012E 7[Hte R CRUSH SEfO| CHN-)A-S—H

gelQ EXREO| HRt=|RACH =2 HFU| A= Myers et al (2014)
5

0l ARE C-(N-)A-S-H gel 55 L C-S-H gel 352| Hol3
= RS Table 20| H2[5I%IC, H1E, Table 20| LIELIX|E
RlRfoLY, o] Do T2B 9| A| (7)o AEHCR 2t act

Al
b 7to| BAZE Aol HEeitte AS & 4 UCh
UL, AH| 20 M= 012F 22 C—N-)A-S—H gel & C-S—H gel
S0| CiYet IS e dyEL) 015 Sall #2259
b=(1-0.44)a/45 (8) o Hows) b B (0owms) 7t ZBEEC W2k 0f2{eh CHkst
550| gel4 23122 247} M6k |20} gel & HAQ| FEH
AL(1)~(3)2 E% Al (8)2 CHYsIH Hhaot M thaH Aol TS ALsHoF it Fig, 12 Table 29| geld 422 TAOf
Ofah DIXI 3, = neyasy, nsr, 1211 @ ghs AME 4= UTH CHsh MR A stebs 2 #AS BAIBH AOICE Fig, 101 BAIE
0|7t ZoilM S Hit 20|, & JHX| 274, 5 ARt @48 Teble 29| US2 2F FYEHR S0122 A REE 9
Lﬂt BR(0I= ‘w/ AFY)2t 0IZ 11245HA| 22 E<(01= ‘w/o shM 7EA ZAE7t Ofd 7hset B8 AREstRiC, 0
FC)Oll CHolt AlME o~ A=, = B ZR0l= A (B)5 Mt 2A A =S, HA A (1)~(8)0fl s AASS| a 43t ¢ 2{0]
X 41 Cot A EXE LUHA| eatEs gds=dl MEEHES é@% B2, gl T (bulk) 2! Hovasrd 2k Oovas:ak0] AL
A LSRR, 2+ U
2.2 & E2|Eh: YL, shelem, 338 Hey sy == 2890 +6.61a—2.12—c ©)
S3lESE Ofshieh £ =QI5H0F oh= A= 0l2{8h 2B ks0 Penasy = 0-46H oy g7 +2-24 (10)
olgh Salgfol Hatolrt, sa18t30] Qs 2 285= =2
Table 2. Chemical composition of the C-(N-)A-S-H gels described by the sublattice solid solution model in Myers et al.(2014)
- Molar composition Molar ratio
-member c N A S a (CIS) bAS) | cqusy | Hows | Ao
(H/S)
5CA 1.25 0 0.125 1 1.25 0.13 - 1.63 3.01
INFCA 1 0 0.15625 1.1875 1.65625 0.84 0.13 - 1.39 2.92
5CNA 1.25 0.25 0.125 1 1.25 0.13 0.25 1.38 2.84
INFCNA 1 0.34375 0.15625 1.1875 0.84 0.13 0.29 1.11 2.72
INFCN 1 0.3125 0 1.5 0.67 - 0.21 0.79 2.63
T2C 1.5 0 0 1 1.50 - - 2.50 235
T5C 1.25 0 0 1.25 1.00 - - 2.00 2.40
TobH 1 0 0 1.5 0.67 - - 1.67 225
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Fig. 1. Relationships between ¢ + Hosy and a (a) and between Ocnasu
and Hcyasy obtained from sublattice solid solution model for
C-(N-)A-S-H gel
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Table 3. Chemical composition of slag and OPC(reproduced from
Park et al. 2020b)

Binder Blast furnace slag OPC
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