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Appendix A

X-ray fluorescence
X-ray fluorescence (XRF) measurements were performed on a Philips PW2400 Wavelength-
Dispersive XRF machine. The estimated absolute error per NazCaz.xAl2O¢ unit is <+0.09 mol Ca,

<40.01 mol Na and <+0.02 mol Al.

X-ray diffraction

X-ray diffractograms measured for the solid precursors used here are shown in Figure Al.
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Figure Al. X-ray diffractograms of (A) cub-C3A_1, (B) cub-C3A_2, (C) orth-C3A_2, (D)
gypsum_1, and (E) gypsum_ 2. C = cubic C3A (PDF# 01-070-0839), O = orth-C3A (PDF# 01-
070-0859), K = katoite (PDF# 00-024-0217), P = portlandite (PDF# 01-072-0156), G = gypsum
(PDF# 01-070-0982) and h = hemihydrate (PDF# 01-081-1848).



Thermogravimetric analysis
The results from thermogravimetric analysis (TGA) of the precursor solids, performed on a Hitachi
STA7300 operated at a heating rate of 20°C/minute up to 1000°C under an N () atmosphere, are

shown in Figure A2.



100 ‘ ; ———— 07 & 100 ez —_—— 1l
r \\.__ | o— F "\ —
— i ~, A £ ~ \ B 09 E
X i \ 106 5 X ' <>
2 1 LAIOH)/katoite | . £ 7 T S
F -
3 SN d {05 2 2 E
. S— L ~—
E \\‘ a E r wv
o ~e—— - 104 & @ 9B )
o b T : [=% —_—
£ . 103 @8 £ [ a
v Portlandite E 8 o7 e
o £ I
2 102 8 9 =
- ) = =
© c - F +
° lo1 @ ¢ % S
o ' [}] Dq:') [ sl
& QL
T e e 0B - . . =
400 600 800 1000 9 a
0 200 400 600 800 1000
Temperature (°C

P ¢C) Temperature (°C)

100 B : . —— 07 & 100 ~ — ) 10 ’g
AN Cll.. £ ‘-. DI E
I \ {06 5 X \ ]

o [ \ R %; 90 G g X
v ! \ e b
2 - los £ 8 \ ypsum H
£ i Al(OH LS w £ L v
g | AlOH); S 00 8 o 8¢ —e ] S
Q. = —=
£ los § E 2
& 97 ¢ g Q 0r 14 €
< Portlandite loos ¢ =
+ — pre)
D % | E & g | 12 ¢

4 01 = [7]
- o -

95 Lo 10 0 A 50 . I N 0 5
0 200 400 600 800 1000 0 200 400 600 800 1000
Temperature (°C) Temperature (°C)

100 g T . —_ 12 T

4 ] £

1
S : E 1 10 E
= oo | | ] X
7 \ ,Gypsum g
\ a S
: / -
2 80 F -"'--_____._________-_._ 8
et ] o
£ ° 3
T 70 | g
o 14 =
2 ©
& g | c
Q 4 2 Q
2 @
1 &=
50 P | T — 0 D

0 200 400 600 800 1000

Temperature (°C)

Figure A2. TGA of (A) cub-C5A_1, (B) cub-C3A_2, (C) orth-C3A_2, (D) gypsum_1, and (E)
gypsum_2. The labels T and * indicate that the AI(OH)s is amorphous by conventional XRD and
mass loss from water in poorly crystalline calcium aluminate hydrates, respectively. Minute is
abbreviated as min.



Particle size distribution

Particle size distributions for the solid precursors used here are shown in Figure A3.
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Figure A3. Particle size distributions of (A) cub-C;A_1, (B) cub-C3A_2, (C) orth-C3A_2, (D)
gypsum_1, and (E) gypsum_2.



Appendix B

TGA results for orth- and cub-C3A systems hydrated in water for 4 minutes are shown in Figure

BI1.
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Figure B1. TGA results of (A) orth-C3A_2 and (B) cub-C3A_1 hydrated in water for 4 minutes,
and (C) orth-C3A_2 and gypsum_2 hydrated in water for 8 minutes. The labels 7, * and * indicate
that the AI(OH); is amorphous by conventional XRD, mass loss from water in poorly crystalline

calcium aluminate hydrates, and C4ACH11, respectively. Mass loss from a small amount of
C4ACH11 may also be present in (C). Minute is abbreviated as min.



Appendix C

Thermodynamic properties of the aqueous complexes and solid phases used in GEM-Selektor v.3
software to calculate S and Ko values are shown in Tables C1-C3.
Table C1: Standard partial molal thermodynamic properties of the aqueous complexes used in

the thermodynamic modelling calculations. The reference state is unit activity in a hypothetical
one molal solution referenced to infinite dilution.

Ve AfH® AfG° S° Cp°

Species (cm¥mol) (kI/mol) (kd/mol) (J/mol.K) (I/mol.K) Reference
AlSO4* 60 14227 12504  -1724 2040 [1]
AISOZ 311 23384 -20063  -1355  -268.4 [1]
Al 452 5306  -4837  -3251  -128.7 2]
AIO* (+ H,0 = AI(OH),") 0.3 7136  -6604  -1130  -125. 2]
A0 (+ 2H,0 = AI(OH)<) 9.5 9256  -8275  -30.2 149.0 2]
AIOOH® (+ 2H,0 = AIOH)®) 130  -947.1  -8643  20.9 -209.2 2]
AIOH?* 2.7 7673 6926  -184.9 56.0 2]
CaS0.° 47  -14484 -13104 209 -104.6 [1,3]
Ca2* 184 5431 5528 565 -30.9 2]
CaOH"* 5.8 7516 -717.0 280 6.0 2]
NaSO: 186  -11467 -10103 1018 :30.1 [1]
Na* 1.2 2403  -261.9 584 38.1 2]
NaOH® 35 4701 -4181 448 134 2]
H 253 40 177 57.7 166.9 [4]
NZ° 33.4 -10.4 18.2 95.8 234.2 [4]
0 305 122 164 109.0 234.1 [4]
$,05* 276  -6499 5200 669 2385 2]
HSOy 330  -627.7  -5291 1397 54 2]
SOs* 41 6369  -487.9 293  -281.0 2]
HSO, 348  -889.2 -7558 1255 227 2]
S042 129  -009.7 7445 188 -266.1 2]
H,S? 35.0 390  -279 1255 179.2 [4]
HS 202 162 120 68.2 93.9 2]
s 0 162 1204  -2956  -93.9 [1]
OH- 47 2300 -157.3  -107  -1363 2]
H* 0 0 0 0 0 2]

H,0° 18.1 2859  -237.2 69.9 75.4 [5]




Table C2: Standard partial molar thermodynamic properties of the solid phases used in the
thermodynamic modelling calculations. The reference state is 298.15 K and 1 bar.

V° AH® AG° S° Cp°

Phase (cm¥mol) (kI/mol)  (kI/mol)  (I/mol.K) (Imol.K) eference
Cub-CoA 892 35606 33823 2054 2004 [6-8]
Gypsum 747 20234  -17978 1938 1862 [1,9]
Hemihydrate 61.7 -1575.3 -1436.3 134.3 124.1 [10]
CoAHio 3701  -10018  -87499 1120 1382 [11]
CoAHrs 1797 -52775  -4695.5 450 535.9 [11]
Katoite 1497  -5537.3  -50082 4217 4456 [11]
C4ASH 3000 8750 77785  821.0 9424  [1.12]
Ettringite 7070  -17535  -15206 1900 21744  [7.42]
Portlandite 33.1 -984.7 -897.0 83.4 87.5 [1,9]
AH, (microcrystalline) 320 -12653  -11484  140.0 931 [11]

Table C3: Reactions and K values of the solid phases used in the thermodynamic modelling

calculations.

Phase Reaction logio(Ks) Reference
Cub-CsA CasAl,Os + 2H,0 &= 3Ca? + 2Al0, + 40H  15.01* [6-8]
Gypsum CaS0,-2H,0 T Ca?* + SO + 2H,0 -4.581 [1,9]

Hemihydrate CaS04-0.5H,0 T—— Ca®* + SO, + 0.5H,0 -3.59 [10]
2+ -

C.AHio C&4A|2(OH)14'12H20 <:) 4Ca%t + 2Al0, + -25.45 [11]

60H" + 16H,0
— 2+ -
CoAH7 5 CazAlz(OH)lo'Z.SHzo — 2Ca** + 2Al0, + -13.80 [11]
20H + 2H,0
2+ - -
2H,0
— . 2+ -
C4ASH12 Ca4A|2(SO4)(OH)12 6H20 (:) 4Ca + 2A|02 _2926 [7,12]
+ S04% + 40H + 10H,0
2+
Ettringite CasAlo(SO0)3(OH)12-26H:0 &= BCa™ + 149 [717]
2Al0; + 3504* + 40H" + 30H,0
Portlandite Ca(OH), &= Ca* + 20H -5.20 [1,9]
14AH; (microcrystalline) Al(OH); + OH" &= AlO; + 2H;0 -0.67 [11]

* The Ko value for cub-C3A was calculated here using the referenced data.
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