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It has been observed that the hydration of cement paste stops when the relative humidity drops below about
80%. A thermodynamic analysis shows that the capillary pressure exerted at that RH shifts the solubility of
tricalcium silicate, so that it is in equilibrium with water. This is a reflection of the chemical shrinkage in this
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1. Introduction

Cement hydration continues to have an intriguing character,
surrounded as it is by a number of intensively debated questions.
Among the unresolved issues is the reason why hydration of a cement
paste stops at a relative humidity of about RH=0.8, even though the
system still contains a significant amount of water [1–5]. For example,
Jensen et al. [6] report that triclinic C3S1 has a degree of hydration of
36% after 90 days at RH=0.98, but a degree of hydration of only 2%
after 90 days when the RH is lowered to 0.85.

This communication shows that a critical relative humidity, below
which hydration should stop, can be defined from a relatively simple
thermodynamic treatment. Similar analyses have been attempted in
the past. Jensen [7] calculated the vapor pressure at which hydration
would stop in the absence of condensed water. He found that
extremely low RH was required to establish equilibrium between
clinker and various mineral phases (e.g., RHb0.01 for equilibrium
between clinker and tobermorite). In the present work, we show that
the decrease in water activity needed to arrest hydration results from
the negative capillary pressure in the pore liquid at RH≤0.8.
2. Theory

The basic idea is that the system stops hydrating if C3S, C–S–H and
CH are all simultaneously in equilibrium. This does not happen when
excess water is available; however, as relative humidity decreases,
the reduction in water activity can allow this equilibrium to be
established.
The results of this analysis are particularly sensitive to the
selection of the thermodynamic data. This is especially true for C3S
solubility. Indeed, there are different hypotheses to account for the
rapid deceleration of C3S reaction after contact with water. One
suggestion is that dissolution involves a step of surface hydroxylation,
so that it is the solubility product of this layer rather than that of
bulk C3S that should be used [8–10]. Recent work suggests that the
solubility of this layer is 17 orders of magnitude lower than the one
obtained from bulk thermodynamics [11,12], and there still is not
universal agreement on the value or meaning of alite solubility
product, so much caution is warranted when interpreting the results
presented here.

In this communication, we use the same data as Bullard and Flatt
[13] who found those data to lead to a good prediction of C3S
hydration kinetics using HydratiCA, a kinetic cellular automaton
model [14]. In particular, they correctly capture the kinetics of heat
release by C3S hydration as well as the evolution of ionic concentra-
tions in solution [13].

3. Reactions

The dissolution reaction for C3S is assumed to be [13]:

Ca3SiO5þ3H2O⇌ 3Ca2þþH2SiO
2�
4 þ4OH�

: ð1Þ

C–S–H is modeled as a mixture of two phases denoted CSH4_Ca
(OH)2·SiO2·3H2O and C2SH7_2Ca (OH)2·SiO2·5H2Owith Ca/Si ratios
of 1 and 2, respectively [13,14]. For these, the dissolution reactions
are:

CaðOHÞ2·SiO2·3H2O⇌ Ca2þþH2SiO
2�
4 þ3H2O ð2Þ
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Table 1
Equilibrium constants at atmospheric pressure, P0 [13].

KC3S =
a
Ca2+

� �3

a
H2 SiO

2−
4

aOH−ð Þ4

aHð Þ3 KC3S
P0 ≈ 10−18−10−17 (17)

KCSH4
=aCa2 +aH2SiO4

2−(aH)3 KCSH4

P0 =10−7.52 (18)

KC2SH7=(aCa2 +)2aH2SiO4
2−(aOH−)2(aH)5 KC2SH7

P0 =10−12.96 (19)

KCH=aCa2+(aOH−)2 KCH
P0 =10−5.2 (20)

KC3S↔CSH4
= 1

aHð Þ6 KP0
C3S↔CSH4

= K
P0
C3S

K
P0
CSH4

K
P0
CH

� �2 = 100:92 (21)

KC3S↔C2SH7
= 1

aHð Þ8 KP0
C3S↔C2SH7

= K
P0
C3S

K
P0
C2 SH7

K
P0
CH

= 101:16 (22)
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2CaðOHÞ2·SiO2·5H2O⇌ 2Ca2þþH2SiO
2�
4 þ2OH�þ5H2O: ð3Þ

For calcium hydroxide we have:

CaðOHÞ2 ⇌ Ca2þþ2OH�
: ð4Þ

Combining reactions (1), (2), and (4), we find the equilibrium
between C3S and CSH4:

C3Sþ 6H⇌ CSH4þ2CH: ð5Þ

We can also combine reactions (1) and (4) with (3) to find the
equilibrium between C3S and C2SH7:

C3Sþ 8H⇌C2SH7 þ CH: ð6Þ

4. Equilibrium constants

The chemical potential of each component i in the system is given by

μi = μ0
i + Vi P−P0ð Þ + RgT ln aið Þ ð7Þ

where μi0 is the standard chemical potential of the pure component at
atmospheric pressure, P0, Vi is the partial molar volume, Rg is the ideal
gas constant, T is the temperature, and ai is the activity of component i.
For a reaction of the type,

aA + bB + …↔ eE + f F + … ð8Þ

the chemical potential change is

Δc = ecE + fcF + …ð Þ− acA + bcB + …ð Þ: ð9Þ

Using Eq. (7) to represent each component in Eq. (9), we can write

Δc Pð Þ = ΔV P−P0ð Þ + RgT ln
Q
K

� �
ð10Þ

where the equilibrium constant (or, solubility product), K, is defined by

Δc0 P0ð Þ = ec0
E + fc0

F + …
� �

− ac0
A + bc0

B + …
� �

= −RgT ln Kð Þ ð11Þ

and the activity product, Q, is

Q =
aeE a

f
F…

aaA a
b
B…

: ð12Þ

The molar volume change is

ΔV = eVE + f VF + …
� �

− aVA + bVB + …
� �

: ð13Þ

The reaction will proceed spontaneously to the right if Δμb0; at
atmospheric pressure, this happens when QbK. At equilibrium,
Δμ=0; at atmospheric pressure, this condition means that the
activity product, Q, is equal to K. For Eq. (5), for example,

KC3S↔CSH4
=

aCSH4
aCHð Þ2

aC3S aHð Þ6 =
1
aHð Þ6 ð14Þ

where the second equality follows from the fact that the activities of
the pure solids are equal to unity. By using Eq. (11) to write out K for
reactions (1), (2), and (4), one can directly verify that

KC3S↔CSH4
=

KC3S

KCSH4
KCH

� �2 : ð15Þ
Similarly, for Eq. (6) we find

KC3S↔C2SH7
=

1
aHð Þ8 =

KC3S

KC2SH7
KCH

: ð16Þ

The equilibrium constants for the reactions cited above at
atmospheric pressure, P0, are given in Table 1. The analysis used
here depends significantly on these values, so a few comments
are warranted about our confidence in them. First, the value for
the solubility of CH in Eq. (20) in the table is well-established in
thermodynamic databases [15] and validated by careful experimental
observations [16]. Second, for the two types of C–S–H used here, there
is some experimental evidence that C–S–H is a binary solid solution
with a narrowmiscibility gap and two endmembers having molar Ca/
Si ratios of about 1.2 and 2.0, respectively [17]. We have adopted
similar stoichiometries for the end members here, and we have
estimated their solubilities from the published solubility curve in Ref.
[17]. These solubilities are also consistent with the low-Ca and high-
Ca portions of the solubility curve B proposed by Jennings [18], and
from the latter we estimate the uncertainty in the exponents of Eqs.
(18) and (19) in the table as ±0.3. Finally, the solubility product for
C3S is much more controversial and poorly defined than for either
CH or C–S–H. The value calculated using tabulated free energies of
formation is about 3 [11], but this value is extremely large compared
to observed pore solution compositions during the induction period of
hydration. The most recent research in environmental geochemistry
suggests that the mechanism of the dissolution of silicate minerals
changes from etch pit unwinding at high driving forces to crystallo-
graphic step edge retreat at moderate driving forces, so that the
dissolution rate varies in a highly nonlinear way as a function of
undersaturation [19]. The consequence for these minerals is that their
dissolution rate becomes exceedingly slow when the undersaturation
is still moderately large. This concept has recently been applied to
analyze the dissolution of alite [20] and compare it with measured
dissolution rates of alite as a function of solution composition at early
ages [21]. The consequence is that alite dissolution rates decrease by a
factor of about 100 from their initial values when the activity product
in Eq. (17) in the table is still 37 orders of magnitude lower than the
equilibrium value. Nonat et al. have measured C3S dissolution rates in
stirred suspensions so dilute that neither C–S–H nor CH should
precipitate, and have found that dissolution essentially stops when
the activity product is about 10−17 (A. Nonat, personal communica-
tion). Values very similar to this, between 10−17 and 10−17.1 have
been used in kinetic cellular automaton simulations of hydration that
are consistent with experimental observations of hydration rates and
evolution of solution composition [13,22]. In light of the accumulated
evidence just described, we use a value for the solubility product
of alite between 10−17 and 10−18 as the best estimate currently
available.
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5. Role of capillary pressure

Experience indicates that C3S will dissolve completely in water
(that is, Eq. (1) will proceed all the way to the right), so no equi-
librium will be achieved, unless the RH is below about 0.8. Given the
numerical values for the equilibrium constants in Table 1, Eqs. (21)
and (22) indicate that the reaction will proceed until the activity of
water is reduced to 0.70 and 0.72, respectively. This prediction is in
reasonable agreement with the experimentally observed value of
about 0.8 [4], but much of the apparent discrepancy can be accounted
for quantitatively by considering the effect of capillary pressure on
the solubilities of C3S, C–S–H, and CH. That is, in a partially saturated
system, the capillary pressure caused by curvature of the liquid–vapor
meniscus in the pore space causes a perceptible shift in the net
equilibrium state. Since the hydration of C3S results in chemical
shrinkage [23], negative capillary pressure inhibits dissolution.

At pressures other than P0, the condition for equilibrium is found
by setting Δμ=0 in Eq. (10):

Q = K exp −ΔV P−P0ð Þ
RgT

" #
ð23Þ

For the net hydration reaction given by Eq. (5),

ΔV = VCSH4
+ 2VCH−VC3S−6 VH ≡ΔVI ð24Þ

so Eqs. (14) and (15) are replaced by

1
aHð Þ6 =

KC3S

KCSH4
KCH

� �2 exp −ΔVI P−P0ð Þ
RgT

" #
ð25Þ

or, using Eq. (15),

aH = K−1=6
C3S↔CSH4

exp
ΔVI P−P0ð Þ

6RgT

" #
: ð26Þ

Similarly, for the net hydration reaction in Eq. (6),

ΔV = VC2SH7
+ VCH−VC3S−8 VH≡ΔVII ð27Þ

so Eq. (16) is replaced by

1
aHð Þ8 =

KC3S

KC2SH7
KCH

exp −ΔVII P−P0ð Þ
RgT

" #
ð28Þ

or

aH = K−1=8
C3S↔C2SH7

exp
ΔVII P−P0ð Þ

8RgT

" #
: ð29Þ

To make use of these results, we need an expression relating the
pressure to the RH, which we now obtain.

The chemical potential of water vapor is

μH;V = μH;0 + RgT ln
pv
p0

� �
≡μH;0 + RgT ln RHð Þ ð30Þ

where pv is the vapor pressure of the water, p0(T) is the saturation
vapor pressure at temperature T, and RH=pv/p0 is the relative
humidity. The chemical potential of the liquid is

μH;L = μH;0 + VH P−P0ð Þ + RgT ln aHð Þ: ð31Þ
For pure water, aH=1, so the pressure in the liquid is related to
the RH by the Kelvin equation,

P = P0 +
RgT

VH
ln RHð Þ: ð32Þ

When the solution is in equilibrium with the vapor, μH,V=μH,L, so
Eqs. (30) and (31) require

aH = RH exp −VH P−P0ð Þ
RgT

" #
ð33Þ

so

exp
P−P0ð Þ
RgT

" #
=

RH
aH

� �1=VH :
ð34Þ

These relations indicate that the RH can be reduced by a high
solute content (aHb1) or a negative (capillary) pressure in the liquid.
In the present case, the solubilities of the products are low (the solute
concentrations are in the mmol/L range [24]), so aH≈1 by Raoult's
Law. Therefore, a low RH can only result from a large capillary
pressure.

Now we can relate the relative humidity to the conditions for
equilibrium. If we use Eq. (34) in Eq. (26), we find

aH = K−1=6
C3S↔CSH4

RH
aH

� �1=VH
 !ΔVI=6

ð35Þ

or

RH = KC3S↔CSH4

� �VH =ΔVI a6VH = ΔVI +1
H ≈ KC3S↔CSH4

� �VH =ΔVI
: ð36Þ

The approximation in Eq. (36) is valid in the present case because,
as already shown, aH≈1. Thus, reaction (5) will come to equilibrium
(i.e., dissolution of C3S will stop) at the RH given by Eq. (36). Similarly,
from Eqs. (34) and (29), we find that Eq. (6) will come to equilibrium
at the RH given by

RH = KC3S↔C2SH7

� �VH =ΔVII a8VH = ΔVII +1
H ≈ KC3S↔C2SH7

� �VH =ΔVII
: ð37Þ

6. State of stress in the solid

In the preceding analysis, we have assumed that the solid (clinker)
is subjected to the same negative pressure as the pore liquid. In fact,
the solid is in a nonhydrostatic state of stress with a mean stress (i.e.,
trace of the stress tensor) that is compressive. This is evident from a
force balance, since the suction in the liquid must be balanced by
compression in the solid; this compressive stress is what drives
autogenous shrinkage, and what makes the body contract as it dries.
At the surface of a particle of clinker, the normal stress, σn, is balanced
by the pressure in the liquid (σn=−P), but the other stress
components are different and combine to give a negative mean stress.
Sekerka and Cahn [25] have shown that when a solid is in contact
with its melt at its surface, but has a nonhydrostatic state of stress
internally, then the solid is unstable with respect to a hydrostatically
stressed solid at a pressure equal to that of the fluid. However, the
shift in the equilibrium is very small; indeed, it is orders of magnitude
smaller than the shift that would be predicted on the basis of the
mean stress in the solid (see details in Appendix 1). A similar
conclusion was reached by Paterson by a more elaborate procedure
[26]. This means that our assumption that the pressure is the same in
the clinker and the pore liquid will not lead to a significant error. That
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is, the equilibrium is determined primarily by the pressure at the
solid/liquid interface; the other stress components contribute only a
small amount of elastic strain energy that has a negligible influence
on the equilibrium. Recent experiments by Bisschop [27] confirm
that nonhydrostatic stress has a negligible effect on the hydration
rate of clinker in water at atmospheric pressure. Nevertheless,
when we predict that the dissolution will stop, there is still a very
small driving force for the reaction to continue, so as to eliminate the
nonhydrostatic stress in the clinker.

7. Evaluation

According to Eqs. (36) and (37), the critical RH at which hydration
will stop can be estimated if the molar volumes of the C–S–H phases
are known. Since the densities of our hypothetical phases are not
known, wewill use themolar volumes of tobermorite (47.2 cm3/mole
[28]), jennite (76.2 cm3/mole [29]), and C–S–H with C/S=1.7 as
reported by Jennings [30] (88.5 cm3/mole). For the minerals, we
normalize the volume by the number of Si in the formula unit; for the
C–S–H, we use the density corresponding to a sample dried at 11%
RH (to exclude evaporable water). As indicated in Fig. 1, the values
fall very close to a straight line described by

VM≈15:15 + 42:16 Ca=Sið Þ: ð38Þ

From the fit, we estimate that VCSH4 ≈57.3 cm3/mole and
VC2SH7 ≈99.5 cm3/mole. Given VCH=33.1 cm3/mole, VC3S=73.2 cm3/
mole, and VH=18.0 cm3/mole, we find ΔVI≈-57.7 cm3/mole and
ΔVII≈−84.6 cm3/mole. With these values, the exponents in Eqs. (36)
and (37) are found to be VH =ΔVI≈−0.31 and VH =ΔVII≈−0.21,
respectively. For equilibrium to occur at RH≈0.8, the equilibrium
constants would have to be KC3S↔CSH4

≈2.05 and KC3S↔C2SH7≈2.89;
that is, log10 KC3S≈−17.65±0.05 for both. This latter value for the
solubility product of C3S agrees well with our best-estimate range of
values already discussed and shown in Table 1. In fact, because
a KC3S in this range has now separately been shown to explain the
critical RH below which hydration of alite stops, our confidence in
this range for the solubility is strengthened. On the other hand, if
future studies show that KC3S is larger than this, then we should
expect the hydration of C3S to slow down at RHb0.8, but not
necessarily to stop.
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Fig. 1. Molar volume of tobermorite (Ca/Si=0.75) [28], jennite (Ca/Si=1.5) [29], and
C–S–H (Ca/Si=1.7) [30]. Dashed line is a least-squares fit of the reported values. Cited
sources did not provide uncertainty estimates for the report values.
A water activity of 0.8 corresponds to a capillary pressure of about
-30 MPa. The pressure is related by the Laplace equation to the radius
of the meniscus, rm, and the radius of the largest filled pore, rp, by

P−P0 =
2γLV

rm
= −2γLV cos θð Þ

rp−δ
ð39Þ

where γLV=0.072 J/m2 is the surface energy of water (which is barely
affected by the solute), θ is the contact angle of the solution with the
solid surface (assumed to be zero), and δ is the thickness of the
adsorbed film of water on the solid. For a pressure of P≈-30 MPa, we
estimate rm≈4.8 nm from the first equality in Eq. (39) and, using the
data of Badmann et al. [31] for δ, we find rp≈5.4 nm. Thus, only the
smaller gel pores would be saturated at the point when hydration
stops. For such small pores, one might question whether it is
appropriate to use bulk thermodynamics to predict the equilibrium
state. However, it has been demonstrated [32] that, for menisci with
radii≥5 nm,2 the vapor pressure of water is accurately related to the
curvature of the meniscus by the Kelvin–Laplace equation, obtained
from Eqs. (32) and (39):

−2γLV cos θð Þ
rp−δ

=
RT
V H

ln RHð Þ: ð40Þ

Therefore, the macroscopic approach is justified in the present
case. The pores that do not contain liquid water at RH=0.8 will still
contain an adsorbed film with a thickness of δ≈0.6 nm [31]; since
that film must have the same chemical potential as the liquid, it will
also not react with the cement.

Of course, it is not always possible to arrest a hydration reaction by
lowering the RH. For example, for the hydration of calcium oxide,

CaOþ H2O→CaðOHÞ2 ð41Þ

the equilibrium constant is [33]

KC↔CH =
aCH
aC aH

=
1
aH

≐1010:02
: ð42Þ

This indicates that the hydration reaction will occur for aHN
9.5×10−11 at atmospheric pressure. Since the solubility of CH is low,
the activity of the solution is near unity, so the reaction will go to
completion. The net volume change from this reaction is−1.72 cm3/g,
since the molar volume of the oxide is VC =16.79 cm3/mole;
therefore, a negative pressure will inhibit the reaction. Proceeding
as above, we find that the relative humidity needed to stop
reaction (41) is absurdly small: RH=1.2×10−105. The lowest RH
that liquid water can sustain without cavitation is about 0.4 [34], so
this reaction will always proceed. The reason why negative pressure
can arrest the hydration of C3S, but not the hydration of CaO, is the
difference of 27 orders of magnitude in the equilibrium constants for
the two materials. If we allow for a change in mechanism in the
dissolution of CaO, as has been suggested to occur for C3S [20], then the
RHneeded to stophydration is larger, but still not physically realizable,
as shown in Appendix 2.

8. Conclusions

These simple thermodynamic arguments indicate that the stop-
ping of hydration often reported to occur below 80% can be explained
quantitatively on the basis of the change in water activity. The
2 In the experiments by Fisher and Israelachvili, the meniscus resembles a groove
around the perimeter of a diskwhose radius (R) is large compared to its thickness (~2 rm),
so the curvature is 1/R+1/rm≈1/rm. Since the meniscus is approximately cylindrical,
rm≈5 nm when RH≈0.9; for a hemispherical meniscus, that radius corresponds to
RH≈0.8.
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decrease in activity is caused primarily by the negative capillary
pressure, not by the solute, which is at millimolar concentrations,
owing to the low solubilities of the solid products. The calculation
is sensitive to the molar volumes of the solids, so the quality of the
prediction depends on the validity of our estimates, which are based
on measured volumes of related compounds. The results also depend
on the solubility products, some of which are controversial.

Appendix 1. Influence of non-hydrostatic stress

Based on an analysis by Gibbs [35], Sekerka and Cahn [25] show
that the molar free energy difference, ΔG, between a solid in a non-
hydrostatic versus a hydrostatic state of stress is

ΔG =
q21−2νq1q2 + q22

2E = Vm
ð43Þ

where E and ν are, respectively, Young's modulus and Poisson's ratio
for the solid, Vm is its molar volume, and qk=σ3−σk (with k=1 or 2),
where the σk are the principal stresses; the stress normal to the
surface in contact with the liquid is σ3=−(P−P0) and is not equal to
the other two stress components. To evaluate this result, wemake use
of the mean pressure on the solid phase, which is defined as

PS−P0 = −σ1 + σ2 + σ3

3
: ð44Þ

From Eqs. (12) and (13) of Ref. [36], the mean pressure in the solid
phase of the paste is

PS−P0 = −ϕ P−P0ð Þ
1−ϕ

ð45Þ

where ϕ is the porosity or volume fraction of liquid in the system. (In
Ref. [36], P0 was neglected.) If we assume that σ1≈σ2, then Eqs. (44)
and (45) lead to

σ1 = σ2 =
P−P0ð Þ 1 + 2ϕð Þ

2 1−ϕð Þ : ð46Þ

Using this result in Eq. (43),we find

ΔG =
Vm 1−νð Þ q21

E
=

Vm 1−νð Þ
E

3 P−P0ð Þ
2 1−ϕð Þ

� �2
: ð47Þ

To appreciate the magnitude of this effect we can compare it to the
chemical potential change from the reaction, expressed in Eq. (10).We
can ask, what pressure difference, ΔP, would have to be applied to the
liquid to produce a change in Δμ comparable to that in Eq. (47)? The
result is

ΔP =
ΔG
ΔV

=
Vm 1−νð Þ

ΔV E
3 P−P0ð Þ
2 1−ϕð Þ

� �2
: ð48Þ

It is obvious that this will be small, owing to the presence of
the factor of (P−P0)/E. Using the molar volumes given in the text,
along with E=135 GPa and ν=0.3 [37], and ϕ≈0.3, we find that
ΔP≈-2.9×10−4 MPa for reaction II, and -4.2×10−4 MPa for reaction
I. Therefore, the error resulting from treating the solid as if it were
under a hydrostatic stress equal to –P is negligible.

Appendix 2. Change in dissolution mechanism of CaO

The extremely low relative humidity needed to stop the hydration
of CaO contrasts strongly with the one found for C3S. The main reason
for this lies in the fact that we have used an equilibrium constant for
C3S that is believed to represent the solubility of the surface of this
mineral after it has come into contact with water. We are not aware of
corresponding data for CaO. We may however attempt to estimate
such a change in reactivity by another means. To do this we use an
argument based on the undersaturation of CaO given as:

σ = ln
QC

KC

� �
ð49Þ

where the equilibrium constant for dissolution of CaO is [15]
KC=104.59. Following notions developed in geochemistry, although
for less soluble minerals, it is assumed that dissolution substantially
decreases if this undersaturation (in absolute terms) decreases below
a critical value denoted σcrit. As values of undersaturation are
negative, this means that the reaction will slow down if σNσcrit. As
before, we assume that the system is in equilibrium with calcium
hydroxide, so

QC =
KCH

aH
ð50Þ

where KCH is the equilibrium constant for dissolution of CH
(6.4×10−6), so that Eq. (49) can be written as

σ = ln
KCH

aH KC

� �
N σcrit ð51Þ

which means that

aHb
KCH

KC

� �
exp −σcritð Þ : ð52Þ

The critical undersaturation below which etch pits cannot be
spontaneously nucleated [38] is

σcrit = −2π2γ2Ω
RT Sb2α

ð53Þ

where γ is the solid–liquid interfacial energy, Ω is the molar volume
(16.7 cm3/mol), S is the shear modulus (74 GPa), b is the Burger
vector (0.3 nm) and α is a parameter equal to 1 for screw dislocations
and to 1−ν for clean edges, where ν is Poisson's ratio (0.22) [39].

We conclude that the reaction rate would drastically reduce if the
water activity satisfies the following condition:

aHb
KCH

KC

� �
exp

2 π2γ2Ω
RT S b2α

 !
: ð54Þ

To apply this expression quantitatively, the only missing param-
eter is the solid–liquid interfacial energy. For Ca (OH)2, experimental
values of γ≈65 mJ/m2 have been reported [40]. For CaO, we use [41]
γ≈200 mJ/m2 and α=1, and obtain a critical relative humidity of
~3.7×10−10, which is only about a factor of 4 larger than the valuewe
obtained earlier. This is a preliminary estimate of γ from a molecular
dynamics simulation, following an approach that has been successful
for gypsum [42]. The same approach predicts that the solid–vapor
interfacial energy of CaO is ~1000 mJ/m2, which is close to a previous
theoretical estimate [43] of 1032 mJ/m2 and an experimental value
[44] of 1300±200 mJ/m2. The predicted RH increases sharply with
the interfacial energy, but even assuming γ≈1000 mJ/m2 yields a
critical relative humidity of about 10%. Thus, our previous conclusion
stands: reduced relative humidity will not arrest the hydration of CaO.
Clearly, since there is no liquid water present at such low RH, capillary
pressure cannot stop hydration of CaO. Of course, the formalism we
have used assumes that the solid is in contact with liquid, so the
predictions of extremely low RH cannot be quantitatively accurate;
nevertheless, the analysis demonstrates that there is no RH where
liquid is present that would arrest the hydration of CaO.
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