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Dissolution Kinetics of Tricalcium Silicate in Solution Containing Chloride or Magnesium Ions
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Abstract:Effect of chloride and magnesium ions in seawater on the early dissolution of the major clinker in cement (i.e., tricalcium
silicate, C3S) was investigated. The dissolution rates of tricalcium silicate in solutions containing chloride and/or magnesium ions at
various concentrations were obtained through lab-made platform and inductively coupled plasma-optical emission spectroscopy. The
influence of chloride and magnesium ions on the dissolution heat release of tricalcium silicate was investigated by isothermal
calorimetry. The morphology of tricalcium silicate tablet during the dissolution process was determined by scanning electron
microscopy. The results show that, chloride ion and magnesium ions both inhibit the dissolution of tricalcium silicate and the
inhibiting effect of magnesium ion is more pronounced at a low ionic strength. Sodium chloride and magnesium chloride promote the
dissolution of tricalcium silicate at a high ionic strength. The intense solvation of vast sodium and magnesium ions weakens the
solvation effect of chloride ion in tricalcium silicate crystal and reduces the stability of water molecules in the solvation shell of
chloride ion. Moreover, the presence of massive background ions accelerates the migration of water molecules in the vicinity of the
crystal surface, thus promoting the dissolution of chloride ion.
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Fig. 3 Sketch of the experimental set-up built for monitoring the early dissolution of tricalcium silicate powder
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Fig. 5 Evolution of Ca and Si concentrations during the dissolution of C-C;S in deionized water

CsS @ik A L HIEIE. C5S HISKEADORIE T
KK TZ, IR T L 5N AIHUAE .
%) C-C3S K R 2B ZUA N FIRE. 2 4L
FHIE, 1K 6 FroR, IX AT AE RS H A i iE AR —
ANEEFERE . xR ATE, MERIE AR

MRIEEE, BlaEmyT. S0, s, HEE
AR AR T R BB . (RIS BT
IER IS T R B RIS R R 5, @K 1 2
2 ANECE Y, BRI, Juilland 2SS HOR C5S 1)
VAR FIT AR AS (1 5 i 22 R Niicoleau 2505 Ry R v il



249 B S Y

X R RERR =GRS R T BB IR R SN 1A AT + 933 -

SR VA R I AR — B, IX AT REAE H T ) R B
PRAFE it 2R T A P S PR IR AN 1 3 1 A7 AR K R ik

Bao IXLEILRIGHRN] CsS VA MR 24775 W] 2 1) U
k.

R CS LB TR HIE RS

Table 1 Dissolution rates of C;S in deionized water measured

ReferencesCsS Polymorph D3 2/um Specificarea/(m?*-g™") 1/°C Dissolution rate/(umol-m s ')
C-CsS” ~69.8%triclinic 17.62 0.106 20 137.27
+24.2%monoclinic
F-C5S° ~69.8%triclinic 7.59 0.246 20 196.88
+24.2%monoclinic
C;S-mP!! Monoclinic 467 0.40 20 74
C5S-t181 Triclinic 8.53 0.22 25 118.73
Triclinic 25 123.30
C;S-12B1 Triclinic 5.01 0.37 25 103.22
Triclinic 25 95.17
Triclinic 25 96.52
Alite!"™ 97.5%monoclinic tablet 20 90

Liquid to CsS ratio is 10 000.
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Fig. 6 SEM morphologies of C-C;S particles
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