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This file contains

— Nine tables:

Table S1. Elemental composition (wt%) from XRF for the three anhydrous cements.
Table S2. Mineralogical composition (wt%) by Rietveld quantitative phase analysis from
LXRPD, MoKal (A=0.7093 A), for the three anhydrous cements.

Table S3. Textural analysis for the three anhydrous cements.

Table S4. RQPA results for PC-42.5-wc05 pastes.

Table S5. RQPA results for PC-42.5-wc04 pastes.

Table S6. RQPA results for BC-Buz-wc05 pastes.

Table S7. RQPA results for BC-Buz-wc04 pastes.

Table S8. RQPA results for BC-n.a.-wc05 pastes.

Table S9. RQPA results for BC-n.a.-wc04 pastes.

— Detailed additional information:

¢ Theoretical calculations for (i) the free water content determination, (ii) the C-S-H
gel content, and (iii) the remaining amorphous, other-ACn, content. All these calculations
are based on the RQPA results by assuming some stoichiometries for the chemical reac-
tions.

¢ Raw data availability.

— Three figures:

Figure S1. Laboratory X-ray powder diffraction, MoKau (A=0.7093 A), for pastes with
w/c=0.40 at 28d: (a) PC-42.5-wc04-Ref and (b) PC-42.5-wc04-STE53.
Figure S2. Laboratory X-ray powder diffraction, MoKou (A=0.7093 A), for pastes with
w/c=0.40 at 28d: (a) BC-Buz-wc04-Ref and (b) BC-Buz-wc04-STE53.
Figure S3. Laboratory X-ray powder diffraction, MoKou (A=0.7093 A), for pastes with
w/c=0.40 at 28d: (a) BC-n.a.-wc04-Ref and (b) BC-n.a.-wc04-STE53.
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Table S1. Elemental composition (wt%) from XRF for the three anhydrous cements.

CaO SiO: SOs AlOs Fe:0s MgO K:O0 Na:O Others Lol

PC-42.5 62.9 19.7 34 5.0 34 1.5 1.1 0.3 0.3 27
BC-Buz 59.3 21.4 4.8 4.3 2.8 27 0.9 0.2 0.9 29
BC-n.a. 60.1 24.4 2.8 29 4.8 1.2 0.5 0.1 1.3 2.0

Table S2. Mineralogical composition (wt%) by Rietveld quantitative phase analysis from
LXRPD, MoKal (A=0.7093 A), for the three anhydrous cements.

CS* B-C2S CAF GA* CiAsS MgO CC CMGC: CSH: CSHos CS  ACn
PC-425 542 93 9.8 6.8 - - 42 07 1.0 1.1 - 13.0
BC-Buz 248 441 101 20 1.9 14 1.3 - - - 1.6 128
BC-n.a. 286 48.0 152 - - - - - 2.0 - - 6.2

*PC-42.5: C35-M3; BC-Buz: 2.9 wt% C3S-M3 and 21.9 wt% C3S-M1; BC-n.a.: 1.8 wt% C3S5-M3 and 26.8 wt% C3S-M1
#PC-42.5: 0-C3A; BC-Buz: c-C3A

Table S3. Textural analysis for the three anhydrous cements.

Density (g/cm3) BET (m%g) Blaine (m¥Kg) Dy (um) Dygo (um) Dyso (um)
PC-42.5 3.13 1.2 370 3.6 18.1 50.3
BC-Buz 3.17 1.4 502 1.5 12.8 55.2

BC-n.a. 3.23 1.5 466 1.1 7.1 38.4
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Table S4. RQPA results for PC-42.5-wc05 pastes. The cement also contained at to 0.7 wt% of
CSH:2 and 0.7 wt% of CSHos.

Phases 6 PC-42.5-wc05-Ref PC-42.5-wc05-X5130 PC-42.5-wc05-STE53
1d 7d 28d 1d 7d 28d 1d 7d 28d
GCsS 36.1 16.7 8.1 3.8 16.4 8.4 4.2 14.7 8.7 2.7
C2S 6.2 6.1 54 5.8 6.2 6.0 5.7 6.5 7.0 5.8
CiAF 6.6 6.1 4.6 3.3 54 3.6 2.1 54 3.8 2.3
CA 45 42 2.0 0.5 3.5 1.8 0.6 3.3 1.6 0.5
cc 2.8 49 5.2 3.1 6.6 4.3 24 5.9 24 2.2
CMC2 0.5 0.4 0.7 0.9 0.4 0.7 0.7 0.4 0.8 0.6
CH - 6.5 10.2 12.3 5.7 8.9 11.1 7.1 10.0 10.8
AFt - 5.0 8.4 8.0 6.1 9.0 8.5 5.8 7.5 7.0
AFm-Hc - - - - - 1.1 0.9 - 0.7 0.7
AFm-Mc - - - 1.2 - - 1.1 - - 1.8
ACn 87 244 33.8 429 25.5 36.8 454 25.4 37.8 49.9
FWra# 333 255 214 18.1 24.0 19.4 17.3 25.3 19.8 15.8
C-5-H5 - 19.9 29.6 33.5 20.1 28.5 33.2 21.4 26.9 34.6
Other ACn$ 8.7 54 9.2 15.9 59 11.7 18.1 7.2 14.5 204
FWs 33.3 246 16.3 11.6 23.5 15.9 11.4 22.1 16.2 10.7

*FW (free water) content determined from thermal data; ¢ In italics, calculated data of the chemical reaction

Table S5. RQPA results for PC-42.5-wc04 pastes. The cement also contained at to 0.7 wt% of
CSH: and 0.8 wt% of CSHos.

Phases . PC-42.5-wc04-Ref PC-42.5-wc04-XS130  PC-42.5-wc04-STE53

1d 7d  28d 1d 7d  28d 1d 7d  28d
CsS 387 182 86 45 176 98 67 168 95 49
C:S 66 69 67 72 70 71 7.1 7.1 78 75
CiAF 70 64 50 43 56 39 35 59 38 26
CA 48 45 20 08 36 14 08 37 12 03
cC 30 54 57 45 57 36 31 56 36 23
CMGz 05 05 03 04 06 06 05 06 08 09
CH - 67 99 113 62 79 95 72 92 103
AFt - 51 82 82 62 70 63 55 63 58
AFm-Hc - - - 03 - 07 03 - 10 04
AFm-Mc - - - 12 - 13 15 - - 2.0
ACn 93 264 389 451 285 420 494 287 428 529
FWra? 286 197 148 123 191 147 114 188 140  10.2
C-S-Hs - 209 307 349 215 295 326 223 298 345
Other ACns 9.3 58 124 160 88 177 211 79 180  23.6
FWs 286 194 106 65 173 95 71 172 9.0 5.1

*FW (free water) content determined from thermal data; ¢ In italics, calculated data of the chemical reaction
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Table S6. RQPA results for BC-Buz-wc05 pastes. The cement also contained at to 1.0 wt% of CS.

BC-Buz-wc05-Ref

BC-Buz-wc05-X5130

BC-Buz-wc05-STE53

Phases to

1d 7d 28d 1d 7d 28d 1d 7d 28d
CsS 16.6 5.4 4.2 3.6 5.3 4.2 2.8 5.0 34 2.6
C:S 294 335 28.0 18.7 32.0 23.8 16.0 31.8 27.7 18.1
C4AF 6.7 5.5 4.0 1.7 3.3 1.7 1.1 3.1 1.6 0.9
GA 1.3 04 - - - - - - - -
CiAsS 1.2 0.7 - - - - - 0.3 - -
Cc 0.9 3.1 0.9 1.2 2.6 1.3 0.9 2.7 0.9 0.5
MgO 0.9 1.1 0.9 0.8 1.0 0.9 0.9 1.0 0.9 0.7
CH - 2.1 35 4.0 1.5 2.9 3.5 1.7 3.1 3.7
AFt - 7.1 8.9 13.1 9.6 12.9 12.5 94 9.0 114
AFm-Hc - - 0.5 0.7 14 24 1.7 1.0 0.9 1.7
AFm-Mc - - - 1.2 - - - - 1.9 2.3
Katoite - - 0.5 0.8 - 0.5 0.5 - 0.5 0.5
ACn 8.6 15.1 26.5 34.1 18.5 28.5 42.1 19.1 29.2 40.4
FWra# 33.3  26.0 22.1 20.1 24.9 21.0 18.0 25.0 21.1 17.1
C-S-Hs - 114 14.5 27.7 11.5 20.2 32.2 11.8 15.8 29.5
Other ACn$ 8.6 3.6 11.2 9.0 8.3 9.3 12.2 8.5 13.2 11.5
FWs 33.3 26.1 22.8 17.5 23.6 20.0 15.8 23.7 214 16.5

*FW (free water) content determined from thermal data; ¢ In italics, calculated data of the chemical reaction

Table S7. RQPA results for BC-Buz-wc04 pastes. The cement also contained at to 1.1 wt% of CS.

Phases

to

BC-Buz-wc04-Ref

BC-Buz-wc04-X5130

BC-Buz-wc04-STE53

1d 7d 28d 1d 7d 28d 1d 7d 28d
CsS 177 6.1 3.7 2.7 6.3 34 3.0 5.9 34 3.2
S 315 359 289 199 359 304 212 360 347 211
CiAF 72 61 35 1.9 2.9 2.1 15 2.9 1.8 0.8
GA 14 06 - - 0.3 - - - - -
CiAsS 13 08 - - - - - 0.3 - -
CC 09 33 5.7 3.8 24 0.6 0.3 24 0.3 -
MgO 1.0 11 0.9 0.9 1.2 1.2 1.0 12 1.2 1.0
CH - 2.0 3.3 42 1.0 15 2.7 15 16 3.2
AFt - 68 100 11.0 92 123 89 82 112 88
AFm-Hc - - - 0.2 1.3 2.8 1.2 1.1 2.5 1.3
AFm-Mc - - 1.1 2.1 - - - - - -
Katoite - - 0.5 0.7 - 0.5 0.7 - 0.4 0.5
ACn 92 157 247 380 198 298 473 215 265 479
FWra? 286 215 178 146 197 155 122 190 164 122
C-S-Hs . 11.8 178 310 116 161 289 120 146  28.8
Other ACns 9.2 3.9 85 104 9.2 13.0 189 101 118  19.8
FWs 286 214 162 112 187 162 117 184 165 115

#FW (free water) content determined from thermal data; ¢ In italics, calculated data of the chemical reaction
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Table $8. RQPA results for BC-n.a.-wc05 pastes.

BC-n.a.-wc05-Ref

BC-n.a.-wc05-XS130

BC-n.a.-wc05-STE53

Phases 1o 1d 7d 28d 14 7d 284 1d 7d  28d
S 190 69 24 17 81 23 12 69 30 13
S 321 331 345 249 342 337 179 318 344 219
CIAF 101 90 64 67 65 53 29 77 59 31
CSH: 14 04 03 04 04 03 05 05 05 06
ct .22 ; - 1.8 - - 12 - -

CH .30 50 49 22 42 51 31 49 47
AFt . 40 52 30 40 48 43 45 49 39
AFm-Hc - 03 04 - 04 06 - 03 07
ACn 41 140 216 376 162 249 476 173 216 436
—— 333 275 243 204 266 241 199 270 244 202
C-S-HS _ 123 169 274 111 170 373 123 163 318
Other ACns 41 13 41 90 44 77 135 47 47 134
FWs 333 279 249 216 273 244 167 273 249 186

#FW (free water) content determined from thermal data; ¢ In italics, calculated data of the chemical reaction

Table §9. RQPA results for BC-n.a.-wc04 pastes.

BC-n.a.-wc04-Ref

BC-n.a.-wc04-XS130

BC-n.a.-wc04-STE53

Phases to

1d 7d 28d 1d 7d 28d 1d 7d 28d
GsS 204 85 3.6 1.5 10.4 29 3.1 7.5 2.8 2.5
C:S 342 359 35.4 27.9 35.5 354 20.6 354 37.2 24.9
C4AF 109 9.2 7.3 6.7 8.2 5.6 2.9 8.6 6.0 2.6
CSH: 1.5 0.5 0.7 0.5 0.6 0.6 0.6 0.4 0.5 0.7
cc - 1.8 - - 0.6 - - 0.4 - -
CH - 3.9 44 4.5 2.1 5.3 5.0 3.2 55 6.5
AFt - 3.8 5.0 3.8 5.1 5.0 3.6 5.7 4.9 35
AFm-Hc - - 0.4 0.6 - - 0.4 - - 0.6
ACn 44 140 23.8 39.3 15.2 26.2 50.5 17.3 23.9 44.7
FWra? 28.6 225 19.4 15.2 22.4 19.0 13.3 21.6 19.2 14.1
C-S-H* - 12.1 17.1 27.8 10.2 17.9 36.0 13.2 18.0 30.8
Other ACn$ 4.4 1.4 5.9 104 4.1 8.2 15.7 24 5.9 14.4
FWs 28.6  23.0 20.2 16.3 23.3 19.1 12.1 23.3 19.3 13.6

*FW (free water) content determined from thermal data; # In italics, calculated data of the chemical reaction
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¢ Theoretical calculations of the free water, the C-S-H gel, and the other ACn contents
based on chemical reactions and the RQPA results.

For the theoretical calculation of free water, equations (1) to (5) were used; equations
(1) and (2) were been used for the calculation of C-S-H gel

CasSiOs + 5.2H:0 - 1.2Ca(OH)2 + (CaO)155i02(H20)40 1)
CaxSiOs + 4.2H:0 - 0.2Ca(OH)2 + (CaO)155i02(H20)40 @)
CasAL:Os + 3CaSO: + 32H20 = CasAlx(SO4)s(OH)12-26H20 3)
CasAlsO12(SOs) + 2CaSOs + 38H20 > CasAl(OH)12(SO4)s-26H0 + 4A1(OH)s (4)

CasALFexOn0+ 3CaS04-2H20 + 30H20 - CasAL(OH)12(SO4)3-26Hz0 + Ca(OH)2+ 2Fe(OH)s (5)

Detailed example for free water (FW) calculation. The FW at a given hydration time
was calculated for each sample and age, using the initial free water and considering the
bounded water according to the stoichiometry of reactions (1) to (5).

The calculations for BC-Buz-wc04-Ref at 28d are detailed next as an example; see Ta-
ble S7.

I. GsS: There is 2.7 wt% of unreacted CsS. This means that 15.0 wt% (CsSinitial — C3Sfina)
has reacted. According to reaction (1), 6.1 wt% of free water has been consumed.

II. C2S: There is 19.9 wt% of unreacted C2S. This means that 11.6 wt% (CaSinitial — C2Sfina)
has reacted. According to reaction (2), 5.1 wt% of free water has been consumed.

III. CsA: All C3A has been dissolved at this age. This means that 1.4 wt% (CsAunitial —
CsAsinal) has reacted. According to reaction (3), 2.4 wt% of free water has been consumed.

IV. C4AsS: All C4AsS has been dissolved at this age. This means that 1.3 wt% (CsAs3Sin-
itisl — C4AsSsinal) has reacted. According to reaction (4), 1.5 wt% of free water has been con-
sumed.

V. C4AF: There is 1.9 wt% of unreacted C:+AF. This means that 5.3 wt% (Cs+AFinitial —
C4AFtina) has reacted. According to reaction (5), 2.3 wt% of free water has been consumed.

The calculated free water content for BC-Buz-wc04-Ref at 28d is 11.2 wt% (28.6 wt%
-6.1 wt% - 5.1 wt% - 2.4 wt% - 1.5 wt% - 2.3 wt%)

Detailed example for C-S-H gel calculation. C-S-H gel was calculated according to
reactions (1) and (2). The calculations for BC-Buz-wc04-Ref at 28d are detailed as an ex-
ample; see Table S7.

I. GsS: There is 2.7 wt% of unreacted CsS. This means that 15.0 wt% (CsSinitial — C3Sfina)
has reacted. According to reaction (1), 15.3 wt% of C-5-H gel has been formed.

II. C2S: There is 19.9 wt% of unreacted CzS. This means that 11.6 wt% (CzSinitial — C2Stinal)
has reacted. According to reaction (2), 15.7 wt% of C-5-H gel has been formed.

A total of 31.0 wt% of C-S-H gel has been formed.

Detailed example for other-ACn calculation. The calculated FW and C-S-H gel
should be close to the total ACn content. Differences between total ACn and calculated C-
S-H and FW are considered to be other-ACn (such as AFm-type, iron-siliceous hy-
drogarnet, and the remaining fraction of amorphous phase(s) within the unreacted clinker
components).

BC-Buz-wc04-Ref at 28d is used as an example; see Table S7.

The difference of total ACn obtained by internal standard (52.6 wt%) and free water
(11.2 wt%) and the calculated C-S-H gel (31.0 wt%) give the other-ACn contents (52.6 wt%
- 11.2 wt% - 31.0 wt% = 10.4 wt% other-ACn)
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¢ Raw data availability.

Raw data from the following techniques have been deposited: Calorimetry (excel
file), LXRPD (txt file) MIP (excel file), TA (TA Universal Analysis software file). Data can
be accessed at: https://doi.org/10.5281/zenod0.6335735

Calorimetry
PC-42.5-wc05-Ref (1 file)
PC-42.5-wc05-XS130 (1 file)
PC-42.5-wc05-STE53 (1 file)
PC-42.5-wc04-Ref (1 file)
PC-42.5-wc04-XS130 (1 file)
PC-42.5-wc04-STE53 (1 file)
BC-Buz-wc05-Ref (1 file)
BC-Buz-wc05-X5130 (1 file)
BC-Buz-wc05-STE53 (1 file)
BC-Buz-wc04-Ref (1 file)
BC-Buz-wc04-XS130 (1 file)
BC-Buz-wc04-STE53 (1 file)
BC-n.a.-wc05-Ref (1 file)
BC-n.a.-wc05-X5130 (1 file)
BC-n.a.-wc05-STE5B3 (1 file)
BC-n.a.-wc04-Ref (1 file)
BC-n.a.-wc04-X5130 (1 file)
BC-n.a.-wc04-STE53 (1 file)

LXRPD

PC-42.5-Anh (1 file)
PC-42.5-wc05-Ref-Serie (3 files)
PC-42.5-wc05-X5130-Serie (3 files)
PC-42.5-wc05-STE53-Serie (3 files)
PC-42.5-wc04-Ref-Serie (3 files)
PC-42.5-wc04-X5130-Serie (3 files)
PC-42.5-wc04-STE53-Serie (3 files)
BC-Buz-Anh (1 file)
BC-Buz-wc05-Ref-Serie (3 files)
BC-Buz-wc05-X5130-Serie (3 files)
BC-Buz-wc05-STE53-Serie (3 files)
BC-Buz-wc04-Ref-Serie (3 files)
BC-Buz-wc04-X5130-Serie (3 files)
BC-Buz-wc04-STE53-Serie (3 files)
BC-n.a.-Anh (1 file)
BC-n.a.-wc05-Ref-Serie (3 files)
BC-n.a.-wc05-XS130-Serie (3 files)
BC-n.a.-wc05-STE53-Serie (3 files)
BC-n.a.-wc04-Ref-Serie (3 files)
BC-n.a.-wc04-XS130-Serie (3 files)
BC-n.a.-wc04-STE53-Serie (3 files)

MIP

PC-42.5-wc05-Ref-Serie (3 files)
PC-42.5-wc05-XS130-Serie (3 files)
PC-42.5-wc05-STE53-Serie (3 files)
PC-42.5-wc04-Ref-Serie (3 files)
PC-42.5-wc04-XS130-Serie (3 files)
PC-42.5-wc04-STE53-Serie (3 files)
BC-Buz-wc05-Ref-Serie (3 files)
BC-Buz-wc05-X5130-Serie (3 files)
BC-Buz-wc05-STE53-Serie (3 files)
BC-Buz-wc04-Ref-Serie (3 files)
BC-Buz-wc04-XS5130-Serie (3 files)
BC-Buz-wc04-STE53-Serie (3 files)
BC-n.a.-wc05-Ref-Serie (3 files)
BC-n.a.-wc05-X5130-Serie (3 files)
BC-n.a.-wc05-STE53-Serie (3 files)
BC-n.a.-wc04-Ref-Serie (3 files)
BC-n.a.-wc04-XS130-Serie (3 files)
BC-n.a.-wc04-STE53-Serie (3 files)

TA

PC-42.5-wc05-Ref-Serie (3 files)
PC-42.5-wc05-X5130-Serie (3 files)
PC-42.5-wc05-STE53-Serie (3 files)
PC-42.5-wc04-Ref-Serie (3 files)
PC-42.5-wc04-X5130-Serie (3 files)
PC-42.5-wc04-STE53-Serie (3 files)
BC-Buz-wc05-Ref-Serie (3 files)
BC-Buz-wc05-XS5130-Serie (3 files)
BC-Buz-wc05-STE53-Serie (3 files)
BC-Buz-wc04-Ref-Serie (3 files)
BC-Buz-wc04-XS5130-Serie (3 files)
BC-Buz-wc04-STE53-Serie (3 files)
BC-n.a.-wc05-Ref-Serie (3 files)
BC-n.a.-wc05-XS130-Serie (3 files)
BC-n.a.-wc05-STE53-Serie (3 files)
BC-n.a.-wc04-Ref-Serie (3 files)
BC-n.a.-wc04-XS130-Serie (3 files)
BC-n.a.-wc04-STE53-Serie (3 files)
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Figure S1. Laboratory X-ray powder diffraction, MoKau (A=0.7093 A), for pastes with
w/c=0.40 at 28d: (a) PC-42.5-wc04-Ref and (b) PC-42.5-wc04-STE53.
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Figure S2. Laboratory X-ray powder diffraction, MoKau (A=0.7093 A), for pastes with
w/c=0.40 at 28d: (a) BC-Buz-wc04-Ref and (b) BC-Buz-wc04-STE53.
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Figure S3. Laboratory X-ray powder diffraction, MoKau (A=0.7093 A), for pastes with

w/c=0.40 at 28d: (a) BC-n.a.-wc04-Ref and (b) BC-n.a.-wc04-STE53.



