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Thermodynamic Modelling of Phase Evolution in Alkali-Activated Slag
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Abstract: Thermodynamic parameters of chloride and sulfate intercalated hydrotalcites were deduced. The phase
evolutions in alkali-activated slag cement upon only sodium chloride or only magnesium sulfate attack and combined
attack of those two salts were investigated via thermodynamic modelling. Friedel's salt was predicted to form under
sodium chloride attack, while monosulfate, ettringite, gypsum, magnesium silicate hydrate and sulfate intercalated
hydrotalcite were predicted to form upon magnesium sulfate attack. The combined attack of sodium chloride and
magnesium sulfate exhibited not only characteristics by single attack of those two salts but also coupling effects which
promoted the formation of chloride intercalated hydrotalcite and inhibited the formation of Friedel’s salt and
magnesium silicate hydrate. An increase of the magnesium sulfate proportion led to lower capacity of chemically
binding chloride.
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1.1 HEBVERE RS HE

P 2B F ) GEM-Selektor v. 3 (http://
gems. web. psi. ch/) , £ 48 B S 2018 4 & A /Y
Cemdatal8"”, % K 4f JE R Fi #4 )y 24 A CNASH _ss
A MgAI-OH-LDH _ss 43 Jl 5 i d a7 i 7K e K AL 7= 4
C-(N-)A-S-H BEJ I 7 S 8 AR K 4 .CNASH _ss I
MgAI-OH-LDH _ss# 8 11 2= 2800 SCHk[13-14].
Hop  MgAI-OH-LDH _ss 574 iy 3/~ [# 40 41 5 , 4351
& Mg,AL (OH) ,, (H,0) ;. Mg,AL (OH) ,, (H,O) , #l
Mg.AL(OH),,(H,0)..

RSB R R T, & A SRR A2
i OH Al 85 CI A SOT #1758 e, 42 il 5 58 1
TR WA RN B B R MR K W A SR, Cemdatal8 £ 9%
JE A A R K 2 K A R SR
A SRS ST B T K A R B R AR K I A 1
T 2R
1.2 S8BFKBAEMMNEEER

H T MgAI-OH-LDH _ss #5728 3+ B 5 - 52 e
BTG LR 2 B T K I A i A2 ] ROR S Mg Al
(OH),,CL(H,0);.Mg,AL(OH),,CL(H,0), M Mg,Al
(OH),,CL(H,O),. i A il & 508 1 K i A ny A )
SRR 308 MgAL-CI-LDH _ss BERL T 1 44548 U ifi
AE MgAI-CI-LDH _ss BEAY rfy [ AH (9 44 ) 2% 280, 045
VR B(K) GAR B (C)) i (SP) i A i A
REZE (A,GL) JE78 (AH) FFERIEFR (VD).

1.2.1 MgAI-CI-LDH _ss B o [ A7 1 K,
Rozov & WIS K& B /KA Mg, AOH),CI

1 AGS R —3 619.04 kI/mol. K Bt 4k 2 58 5% e b

MgAL(OH) ,CL, H A,Gy i —7 238.08 kJ/mol. i

T 3 P ALY 15 ) MgAL-CI-LDH _ss 5 5 A 4

TE A AGY R —7 949.63 kI/mol, H: % fit K2R

XH:

Mg; Al (OH );5CL(H,0) —> 6Mg" " + 2A10, +
8OH + 2Cl" + 7H,0 (1)
(D HEAE A,GH=389.65 kJ/mol.
2(2) R R A T A R REAE (A, G 5K G

3, B a(2)15 8] MgAI-CI-LDH _ss #5  r £ — [

HIfY 1g K.=—68.26.

AGY = —RTIhK,= —2.303RTIgK, (2)

A RO HAR SR H $0,8.314 /(mol - K) T #

FRE K.

WFFE K3 6 A5 AR BL 7K £1, Ho g K Z 254

[, i MgAI-OH-LDH _ssf&lf Mg,AL(OH),,(H,0),

(lg K=—49.70) 5 Mg,AL(OH) ,(H,0), (1g K.=

—72.02) . MgAl, (OH) , (HO0) , (lg K=

—72.02) 5 MgiAL(OH).,(H.0),(lg K=—94.34)

) 1g K.z 223 R —22.32"" s & B TR AR K ¥ A,

Mg, Al (OH) ,(CO,) (H,0),(lg K=—44.19) """ HI

Mg,AL(OH) ,(CO,) (H,0);(lg K=—66.58)""'f{

lg K.z 223 4 —22.32. 48 itk , AT 3 55 45 21

MgAI-CI-LDH _ss 88 A1 rf 85 — F1 55 = [& A /9 1g K.

I3 9 —45.94 . —90.58.

1.2.2 MgAI-CI-LDH ss £ % ot [# A /1 C,”. S°.

NG RN HE
TESL AU AR TR C R SO i B v, 245 45

SRVEPEA AL, I TH B4 R EA B e R

Sp AL (KX(3)) , 14 8] MgAL-CI-LDH _ss 452 #1

T E A C; S

@ﬁg),m)mm, LCL(H,0), @ﬁg),AMOH), L(OH),(H,0),
205, + 20 (3)
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EEIR L .

MgAL-CI-LDH _ss £ B v [& AH 159 3% il 52 B =X
mr:
Mg, AL (OH), ., CL(H,0) —>2:Mg" +

2A10, + (4r — 4)OH +2C1 + 7H,O  (4)
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MgAI-CI-LDH _ss #8274 v [5 41 1 44 77 2 2800
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MgAI-OH-LDH _ss #5 5 op Xof i [ A0 19 V.0 A TR &
N CL 5K H A 2 OH A8 # AR 23 % 7K 1 47 1A
R A 8RS
1.3 SWMBERRKBANRNFEER

T MgAIFOH-LDH _ss #8028 558 BH 5 122

{Mg.:Al.s(OH) (OH), =H.O|{OH |

T A R BB TR AR K W A A AT KR
Mg, AL(OH),,SO,(H,0), . MgAL(OH) ;SO,(H,0),
A Mg AL(OH),,SO,(H,0) . B L4 & 7 5 B2 R K 18
A7 B3R 20 ) MgAL-SO,-LDH _ss #5780 % %
R E A K, AT AR S SOL 5 OH Z 18] 1Y 38 e 5
(Kexum 50, J)1+%: EEN K., onso, J1+%:%‘:€ = (5)
IR,

0.3

= 0.03 (5)

lg ch[OH—soJ - 1g

3 p, A 0.15 mol SOT™ # 4 0.30 mol OH , K Ik
1g Ko fonso = 0.2. 45 & MgAI-OH-LDH _ss 5 1 1 3
A AR K, AT 75 3 MgAL-SO,-LDH _ss £5 5 tf1 x Ji
[ AR 9 1g K., 535 —49.50 . — 71.82 fl — 94.14.

{Mgu; Al(OH) ( S(,)4)O_15-nH2()}{ S0% )

0.15

iz IR #fy 78 MgAL-CI-LDH _ss 1 %1 Ff [ A 9 4
TS H k(0 1.2.2) , [/ BE AT 45 58] MgAL-SO,-
LDH ss B 7 b [5 A7 19 #4407 2% 2 80, H(H b 51
A 1.

%1 MgAI-CI-LDH_ss # E 1 MgAl-SO,-LDH_ss # & i Bl i I W Z S 8
Table 1 Thermodynamic parameters of solid solution members in MgAl-CI-LDH_ss and MgAl-SO,-LDH _ss

Model VE Jlem® mol ) Ai/H@ /(kJ-mol ' A./Gr? /(kJ-mol ") S°/(J mol "“K ) Cf/(}mol*l-K*')
Mg, AL(OH),,CL(H,0), 219 —7012.89 —6285.07 683. 90 675.70
MgAL(OH),;CL(H,0), 305 —8859.49 —7949.63 809. 90 830.70
MgAL(OH),,CL(H,0), 392 —10706. 10 —9613.97 935.90 985.70
Mg, AL(OH),,SO,(H,0), 219 —7608. 68 —6787.27 589. 22 654. 58
Mg, AL(OH),SO,(H,0), 305 —9455.29 —8451.72 715. 22 809. 58
Mg,AL(OH),,SO,(H,0), 392 —11 301.90 —10116. 20 841. 22 964. 58

1.4 HAZEITE AT E A R b S8 T AL R AR T A
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W KR 2R A o S5 R R ) T WY AR X O B 3 80 Ry 4G . 1A UL G A BB 1 006 I, K AL 7 )
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0.2% Na,0.0.5% K,O f1 1.7% SO,, % & K 2.9 g/
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