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ABSTRACT

The microstructures of reactive magnesia cement blends, consisting of mixtures of a reactive magnesium
oxide (MgO0), Portland cement (PC) and pulverised fuel ash (pfa), as observed with scanning electron
microscopy are reported. To allow identification of the hydration products of MgO, mixtures of pfa and
MgO only were also studied and mixtures of PC and pfa were included as a reference point for compar-
ison. Mixtures with 90 wt% pfa, were found to have a microstructure, which consists of weakly bonded
spheres stacked together; when the pfa content is reduced to 50 wt%, the microstructure changes to
spheres packed into a solid matrix. For mixtures with a high MgO content, up to 50 wt%, however, the
microstructures remain more open and particulate in nature due to the high water demand of reactive
MgO. It is shown that these changes in microstructure are consistent with a simple estimate based on
the volume fraction of solids formed during hydration. X-ray diffraction studies confirmed that in these
blends MgO reacts mainly with water to form magnesium hydroxide, with hydrotalcite as a minor reac-
tion product, and that for the reactive MgO used here hydration completes early on so that there should
be no risk for damage due to later-age hydration. Moreover, comparison of X-ray diffraction patterns
obtained from mixtures containing either PC and pfa or MgO and pfa with those of blends containing
PC, MgO and pfa, shows little evidence of interaction between PC and MgO in terms of the hydration
products that are formed.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Reactive magnesia cements is a new group of cements based on
magnesium oxide (MgO) that were proposed 5 years ago [1] and
which consist of mixtures of a reactive MgO powder blended with
a hydraulic cement and also a pozzolan. The use of MgO in cements
is not new: MgO has been used for example in Sorel cements and in
magnesium phosphate cements. The setting in the former is based
on the reaction between MgCl, and MgO, which results in the for-
mation of various oxychlorides [2-4], while in magnesium phos-
phate cements, MgO is reacted with a soluble phosphate forming
magnesium phosphates [5-7]. In contrast, in reactive MgO ce-
ments, it is claimed that the MgO contributes to the strengthening
of the cement by reacting with water to form magnesium hydrox-
ide (Mg(OH), or brucite) [1]. As the volume expansion due to the
hydration of MgO has been linked with damage, normal practice
is to limit the quantity of MgO that can be present in e.g. Portland
cement to typically less than 1% [5]. However, such cracking occurs
only when the expansion of the material is constrained, which
arises when the hydration of MgO occurs much later than that of
the major cement phases. It was claimed that if a sufficiently reac-
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tive MgO is used, the hydration would occur at a sufficient rate not
to cause any problems due to late hydration [1], and that this can
be achieved by calcining at lower temperatures (<750 °C) [1] so
that the material retains a high surface area. However, these claims
have so far not been substantiated.

The aim of this paper therefore was to investigate the types of
microstructures that form when reactive MgO, pulverised fuel
ash (pfa) and Portland cement (PC) are blended and to confirm that
a reactive MgO hydrates almost completely at an early enough
stage so that expansion related problems can be avoided. To enable
a better identification of the hydration products due to MgO and to
study whether there is any evidence of an interaction between PC
and MgO, mixtures containing only MgO and pfa were studied
alongside mixtures containing PC, MgO and pfa. To allow a com-
parison to be made with the microstructures obtained without
MgO, mixtures with PC and pfa alone were also studied.

2. Materials and experimental methods

The materials used in the blends were reactive magnesium
oxide (MgO), pulverised fuel ash (pfa), and Portland cement (PC).
The same MgO source was used as in the original work [1], and this
material is commercially available (Grade XLM, Causmag Interna-
tional, Young, Australia), the pfa was a run-of station pfa obtained
directly from a power station (Powergen, Ratcliffe on Soar, UK), and
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the Portland cement was a CEM-I (Blue Circle CEM-I, Lafarge, Oxon,
UK). The chemical composition was measured with an electron
probe microanalysis system attached to an SEM and is reported
in Table 1 together with the specific surface area as measured by
nitrogen adsorption (BET).

The compositions of the blends studied are reported in Table 2
together with an abbreviated notation that will be used throughout
the paper. There are two groups of compositions, which differ by
their pfa content. In the first group the weight fraction of pfa
amounted to 0.9, while in the second group the amount of pfa
was reduced to a weight fraction of 0.5. Both groups contained
mixes with either PC alone or MgO alone as well as mixes where
MgO and PC were used together.

Mixes of typically 3-3.5 kg material were prepared with the aid
of a laboratory bench top mixer by first adding all water and then
incrementally adding the dry material to the mix. To ensure a
homogeneous distribution of the different solids these were dry
mixed before they were added to the water. Occasionally, the mix-
er was stopped to mix in that part of the paste, which collected
above the main mix on the sides of the mixing bowl. The water
to solids ratio (w/s) was initially fixed at 0.4 for all compositions
studied. However, for two compositions a homogeneous paste
could not be made at this water content, and the water content
was therefore increased as detailed in Table 2. To confirm this
observation in a more objective manner, the standard consistence
of the pastes was measured according to BS EN 196-3:1995 [8], and
the results, also reported in Table 2, confirmed that pastes with a
higher MgO content do require a higher water to solids ratio for
the same consistence.

Following mixing, samples were prepared by placing the paste
into cylindrical moulds (850 x 100 mm). Care was taken to reduce
the amount of air voids as much as was practically possible. The
samples were then cured in containers at a relative humidity of
98%.

The microstructure was studied by imaging fracture surfaces in
a scanning electron microscope (SEM, JEOL 820, Japan). Identifica-
tion of the crystalline phases present was performed by X-ray dif-
fraction using Cu Ko radiation (PW1050, Philips, Eindhoven, The
Netherlands).

3. Results

Fig. 1 shows representative micrographs of the raw materials.
The MgO powder in Fig. 1a consists of fine particles, which appears
to have agglomerated into larger groups of particles. The pfa is
shown in Fig. 1b and consists mostly of spherical particles of vary-
ing size, and the PC powder, see Fig. 1c, is angular, which is consis-
tent with the shape of powder particles produced by grinding. The
X-ray diffraction patterns of the starting materials are shown in
Fig. 2. The diffraction pattern of the pfa shows a broad peak, which

Table 1
Chemical composition, specific surface area (BET) of the raw materials

MgO pfa PC

Causmag XLM Ratcliffe on Soar power station Lafarge blue circle
Ca0 1.2 44 63.6
Si0, 1.2 43.6 139
Fe,03 0.2 14 2.7
Al,03 0.2 26 10.2
MgO 97.2 4 0.6
K0 (=) 3.5 0.9
Na,0 (=) 0.9 (=)
TiO, (=) 1.5 0.1
SOs (=) 1.7 6.9
SSA 75.2 3.43 15 Fig. 1. Secondary electron micrographs of the raw materials used: (a) reactive MgO,

(b) pfa and (c) Portland cement.

Table 2
Composition of the blends, water to solids ratio (w/s) the water to solids ratio for standard consistence (w/s)sc, and the volume fraction of solids in the blends, (1 — P)
Reference pfa (wt%) MgO (wt%) PC (wt%) wfs (w/s)sc (1-P)
MgOo.1-pfago 90 10 0 0.40 0.390 0.54
(MgO0osPCo2)o.1-Pfaos 90 8 2 0.40 0.390 0.54
(MgO0o.5PCo5)0.1-Pfaos 90 5 5 0.40 0.385 0.54
PCo1-pfagg 90 0 10 0.40 0.37 0.54
MgOg 5-pfags 50 50 0 0.60 0.53 0.39
(Mg0osPCo2)o5-Pfaos 50 40 10 0.43 0.465 0.48
(Mg0o5PCo5)05-Pfaos 50 25 25 0.40 0.405 0.50
PCos-pfags 50 0 50 0.40 0.323 0.50
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Fig. 2. X-ray diffraction patterns of the raw materials. Only the major phases have
been indicated: q: quartz, m: mullite, ca: calcium aluminate, c3: tri-calcium silicate,
c2: di-calcium silicate, cs: calcium sulphate, Mg: magnesium oxide, Mc: magnesium
carbonate.

extends between 15° and 35°20 and which is due to the presence of
amorphous or glassy material. There is also crystalline material
with quartz and mullite being the major phases. This is consistent
with what has been observed elsewhere [9]. In the pattern for the
cement, the normal phases such as di-calcium silicate, tri-calcium
silicate and aluminium silicate expected in a CEM-I [10] are found.
The magnesium oxide powder contains a small amount of quartz
consistent with the results of the chemical composition, and a
small amount of magnesium carbonate.

Fig. 3 shows low magnification scanning electron micrographs
of fracture surfaces of all types of samples at 14 days. For samples
containing a weight fraction pfa of 0.9, the replacement of PC by
MgO has little influence on the overall microstructure, see Fig.
3a-d, which at this magnification resembles a stack of spherical
pfa particles, as can be seen by comparing the microstructures with
Fig. 1b.

For samples containing a weight fraction pfa of only 0.5 Fig. 3e
through to 3 h illustrate that when MgO replaces PC the change in
microstructure is sufficient for it to be noticeable even at rela-
tively low magnification. For a sample containing only MgO and
pfa, Fig. 3e, the particulate nature of the microstructure also ob-
served for the high pfa contents is retained, although the fraction
of fine particles has clearly increased. These finer particles are
very similar in size and shape to the original MgO powder, see
Fig. 1a, and hence at low magnification the difference in the
microstructure with samples containing much more pfa is due
to the shape and size of the particles, which are packed together.
However, as the amount of PC is increased, as in Fig. 3f-h, quite a
different microstructure forms: the pfa particles remain visible
but appear to be covered up by a continuous matrix into which
they are embedded.

3.1. Details of microstructures containing only MgO and pfa

As shown in Fig. 4a and b, closer inspection of the microstruc-
ture of samples with a weight fraction pfa of 0.9, shows that the
pfa particles have been covered in a pattern of very small particles.
The extent of coverage is substantial but not enough material has
formed to create a continuous film on the surface of the particles.
Some of the pfa particles show regions where no hydration product
is present as can be seen for example at point “A” in Fig. 4b. The
shape of these regions strongly suggests that at these locations

two pfa particles were in contact before the sample was fractured
for observation in the microscope, which explains the absence of
any deposition of hydration products. At much higher MgO con-
tent, and therefore a lower pfa content, as shown in Fig. 4c and
d, the hydration products have formed a continuous film on the
surface of the pfa particles, as can be seen at point “C” in Fig. 4c.
In addition, there are now also regions where MgO particles are
linked together by hydration products, as for example at point
“B” in Fig. 4c. Closer observation, Fig. 4d, also shows that due to
the abundance of the hydration products the appearance has chan-
ged from the small isolated dots found at low MgO content into a
tangled web of flake-like crystals.

The X-ray diffraction pattern obtained at an age of 64 days,
which is shown in Fig. 5, shows that hydration has resulted in
the formation of magnesium hydroxide (Mg(OH),, Brucite) and
a very small amount of hydrotalcite (MggAl,(CO3)(OH);6(H20)4).
The identification of the latter based on the X-ray diffraction pat-
tern obtained at this age is very tentative, but in diffraction pat-
terns of similar samples, which have been cycled through wet and
dry twice a week for 180 days to enhance precipitation of mate-
rial, this peak strengthens and secondary peaks become apparent
so that identification becomes possible as also shown in Fig. 5.
Moreover, the formation of brucite and hydrotalcite is consistent
with results by Ghanbari et al. [11,12], who on the basis of X-ray
diffraction data reported the formation of brucite and hydrotalcite
when MgO and alumina (Al,03) were mixed in a weight ratio of 2
to 1. In experiments by the same authors, brucite was the major
hydration product when MgO hydrates alone or in the presence
of fumed silica. In addition to brucite and hydrotalcite, the forma-
tion of magnesium silicate hydrate (M-S-H) is in principle possi-
ble due to the silica present in the pfa. M-S-H gels are known to
form in aqueous solutions containing Mg?* and SiO%’ ions [13]
and hydrated magnesium silicates have been reported in the
breakdown of a concrete sea-wall [14] and in magnesium sul-
phate attack of cement [15]. However, M-S-H gels are poorly
crystalline and hence give broad X-ray diffraction peaks, which
are difficult to discern against the broad background due to the
pfa. As a simple method to better establish whether there is
any evidence for M-S-H formation here, the diffraction signal
due to pfa was removed from the diffraction patterns shown in
Fig. 5 by subtracting half the intensities recorded for pfa alone.
The so obtained patterns are shown in Fig. 6. The deconvoluted
diffraction pattern for MgOgs—pfags has a flat background sug-
gesting that if any M-S-H has formed, the amount is probably
small.

The intensity of the peaks due to MgO has decreased substan-
tially, confirming that this reactive MgO powder has hydrated al-
most completely in 64 days and therefore when a reactive MgO
is used there should be little risk of disruptive late hydration.

3.2. Details of microstructures containing only PC and pfa

As shown in Fig. 7a and b, for samples with a weight fraction
pfa of 0.9 and the remainder Portland cement, the pfa particles
have been covered in hydration products, and the products form
a more continuous layer compared to the coverage observed for
MgO hydration. The hydration products consist of a mixture of
phases as is typical for Portland cement, with for example Port-
landite visible at point “A” in Fig. 7b, intermixed with reticulated
C-S-H gel (point “B” in Fig. 7b). The reticulation suggests that the
density of the C-S-H was relatively low so that upon vacuum
drying before placing into the electron microscope much of the
structure has collapsed leaving only the reticulated network be-
hind. High magnification images of the microstructure of samples
with a weight fraction pfa of 0.5, show that the matrix which
completely engulfs the pfa particles is again a mixture of phases,
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Fig. 3. Low magnification secondary electron micrographs after 14 days of curing of the 50% and 90% pfa content mixes: (a) Mg0Og-pfago, (b) (Mg0OgsPCo.2)o.1-Pfao.o,
(¢) (MgO0o.5PCo.5)0.1-Pfag.e, (d) PCo1-pfag.s, (€) MgOos—pfags, (f) (Mg0o.sPCo.2)o.5-Pfao.s, (g) (Mg0o5PCos)os-Pfaos and (h) PCos-pfags.

with some areas showing the reticulation, see e.g. point “D” in to have formed, see e.g. point “C” in Fig. 7d. This is consistent
Fig. 7d, but in other areas and mostly where a layer has covered with the concept that C-S-H gel forms in at least two variants,
the pfa particles, a closer packing of hydration products appears a low-density and a high density C-S-H [16-18], and with predic-
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Fig. 4. High magnification secondary electron micrographs at 14 days of samples
with compositions (a-b) MgOo 1—-pfage, (c-d) MgOos-pfags.

tions and experimental data [17], which indicate that if more
space is provided more of the low-density variant will form. X-
ray diffraction confirmed the presence of typical crystalline
hydration products such as Ettringite and Portlandite and some
residual di-calcium silicate in addition to the phases due to the
pfa, see Fig. 5. The presence of residual di-calcium silicate is not
surprising as it is known that this clinker phase hydrates rela-
tively slowly [5]. Against the broad background of the glassy
material within the pfa, the presence of the relatively amorphous
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Fig. 5. X-ray diffraction patterns of samples cured for 64 days. The dashed lines on
the two central diffraction patterns are a linear combination of the two diffraction
patterns with only pfa and PC or only pfa and MgO. Also shown is a diffraction
pattern obtained from a sample after it had been cycled between wet and dry two
times per week for 180 days.
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Fig. 6. The X-ray diffraction patterns shown in Fig. 4 after subtracting the intensity
due to pfa (B: brucite, q: quartz, h: hydrotalcite, Mc: magnesium carbonate, Mg:
magnesium oxide, p: Portlandite, e: ettringite, c: calcite, c2 di-calcium silicate).

C-S-H gel [5] is difficult to confirm, but after removal of the
intensities due to pfa, as shown in Fig. 6, it becomes clear that
there is indeed a broad peak in the background between 20°
and 40°20 consistent with the X-ray diffraction pattern of C-S-
H gels [19].

3.3. Details of microstructures containing MgO, PC and pfa

Figs. 8 and 9 show details of the microstructures obtained when
MgO, PC and pfa are all present in the blend. Needle-like features
such as near point “A” in Fig. 8d become more abundant as the
amount of PC is increased. These needles are probably Ettringite
and their increased presence with increased PC concentration is
consistent with the X-ray diffraction results, see Fig. 5, which show
that Ettringite only forms in samples containing PC.

The microstructural observations suggest that when both MgO
and PC are present in addition to pfa, the resulting microstructure
is a simple mixture of the products obtained when either MgO and
pfa or PC and pfa are combined. This is perhaps clearer in the
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Fig. 7. Secondary electron micrographs after 14 days of hydration of samples with
compositions (a-b) PCo 1-pfage, (c-d) PCos-pfags.

microstructures with 90 wt% pfa, which are shown in Fig. 8. For a
MgO to PC ratio of 4 to 1, shown in Fig. 8a and b, the appearance
of the hydration products on the pfa particles is still quite similar
to what is observed in samples without PC, but the reticulated nat-
ure of the C-S-H gel can be clearly discerned in the microstruc-
tures of samples with a MgO to PC ratio of 1 to 1. An example of
this is the region surrounding point “B” in Fig. 8c. In the same fig-
ure, the region near point “C” on the other hand is more consistent
with Mg(OH), or Ca(OH), which both form with a similar habit. As

the pfa content is lowered to 50 wt% as in Fig. 9, the volume taken
up by the hydration products increasingly fills the space between
the pfa particles and the hydration products become more inti-
mately mixed. But the overall appearance is again one of a mixture
of the products found in the samples where MgO and PC were not
mixed.

To confirm the idea that the hydration processes of MgO and PC
occur in parallel, the X-ray diffraction patterns of the mixed com-
positions (MgOggPCo.2)os5-Pfags and (MgOgsPCos)os-pfaos were
calculated by linearly combining the diffraction patterns of the
MgOgs-pfags and PCos-pfapgs compositions, and superimposing
them on the measured patterns in Fig. 5. Overall the agreement
is good confirming that the two hydraulic components, i.e. PC
and MgO, react independently of each other, very much analogous
to the independent hydration behaviour of the phases in a cement
clinker, which can also be assumed to hydrate independently
[10,17].

The only real differences appear to be that Portlandite content is
lower than expected and that the {101} peak of Brucite (20 37.98°)
is slightly displaced to lower 26 values and somewhat broadened.
This could be evidence for some incorporation of Ca®* into the Bru-
cite structure. Indeed both Portlandite as well as Brucite have the
same crystal structure but as the Ca®* ion is larger than the Mg?*
ion this results in a larger spacing between the {101} planes in
Portlandite than in Brucite. The increase in plane spacing as evi-
denced by the lowering of the 20 angle of the diffraction peak, is
in any case consistent with some Ca?* incorporation into the
Brucite.

4. Discussion

To determine whether the observed microstructures are consis-
tent with what would be expected, the changes in solid volume
that occur upon hydration need to be considered. For Portland ce-
ment this has been studied extensively and on average every gram
of cement leads to the formation of 0.68 cm® of hydration products,
including the porosity in the hydrated gel, which amounts to
0.18 cm® [10]. As discussed above when MgO hydrates, Brucite is
the main hydration product and for the purposes of this calculation
it is assumed to be the only hydration product. Brucite has a den-
sity of 2370 kg m 3 [10], and for every gram of MgO, 1.45 g of Bru-
cite forms as is readily calculated from the stoichiometry of the
reaction:

MgO + H,0 — Mg(OH), 1)

Hence per gram of MgO, 0.61 cm® hydration product is formed,
which is slightly lower than the volume of hydration product
formed per gram of PC, consistent with the slightly larger coverage
of the particles observed in the microstructures with a weight frac-
tion pfa of 0.9, as was observed in Figs. 4 and 7. In terms of solid
formed, the hydration of PC only gives 0.50 cm> per gram of PC,
which is lower than the amount of solid formed due to the hydra-
tion of MgO. However, in terms of the observable filling of the gaps
between the pfa particles, the PC gel will fill more space than the
hydration of MgO. For the short time span considered in this study,
it is assumed that the pfa remains unchanged.

To visualise the changes in volume and how the available space
between the particles is filled, first the volume fraction of solids in
the paste before hydration occurs is calculated assuming that the
total volume is the sum of the volume of the solids and of the
water. The resulting volume fractions of solid, 1 — P, have been in-
cluded in Table 2 and are quite close to the volume fraction of solid
in a simple cubic stack of spheres, where every sphere of radius R
is enclosed in a cube of edge length 2 x R,, which is 0.524, suggest-
ing that as an aid to understanding the microstructure such a sim-
plified arrangement might indeed give some insight. To account for
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Fig. 8. Secondary electron micrographs after 14 days of hydration of samples with compositions (a-b) (MgOosPCo2)o.1-Pfao.o, (c-d) (MgOo5PCo5)o.1-Pfao..

the differences in initial solid volume fractions, which tend to be
slightly lower that 0.524 for mixtures with 50 wt% pfa, the radius
of the sphere was adapted to give the calculated initial volume
fraction of solids within a box with fixed size a. This is especially
important for the compositions with high MgO content (MgOg -
pfags and (Mg0gsPCos)os5-Pfags) as in order to form a paste for
those blends, the water to solids ratio had to be increased.

Following on from this, the solid volume after hydration is cal-
culated using the values estimated above, and this solid volume is
deposited into the cube such that the solid becomes a sphere of ra-
dius Rq. If the overlap that develops is accounted for, the relation
between the solid volume fraction and the ratio Rs and Ry is found
to be:

3R R O1

1-P)=m [4R§ 3R§ 4} (2)

Plotting the result as in Fig. 10 allows visualising the extent of
bonding expected between the spheres. The calculation indicates
that when a weight fraction pfa of 0.9 is used, there should only
be a thin layer of hydration products covering the pfa particles,
consistent with the observations. When the weight fraction pfa is
reduced to 0.5, the calculation indicates that when PC is used
extensive deposition and coverage of the pfa particles should occur
as was observed, compare for example Fig. 10b with Fig. 7c, while
for MgO the calculation indicates that the appearance still should
be largely particulate in nature also consistent with observations
as is clear from a comparison of Fig. 10a with Fig. 4c. The difference
has two origins: the slightly lower space filling capacity of MgO

relative to PC, but also the higher water to solids ratio that is
needed for MgO. Hence, the higher water demand of the pastes
with high MgO contents are a serious limitation to the density of
material made with large amounts of reactive MgO.

One aspect that certainly contributes to the higher water de-
mand is that the MgO particles tend to be finer as can be seen
in Fig. 1, and fines tend to require more water. However, there
is also a good case to be made for a fairly simple explanation. If
it is assumed that the agglomerates that can be seen in Fig. 1a
are not all broken up when the MgO powder is mixed with water,
then these agglomerates act as porous particles. Since the size of
these voids is much smaller than the size of the pfa or PC parti-
cles, these voids can only fill with water, thereby increasing the
amount of water that is needed before the space between the
all particles in the mix is filled and a paste is formed. Assuming
the additional water needed to reach standard consistence, see
Table 2, is indeed the water needed to fill the pores in the MgO
agglomerates, then volume fraction of pores within the MgO
agglomerates is estimated as 0.46 + 0.07, which from the appear-
ance of the agglomerates is certainly feasible. Another indication
that actual chemical bonding might have occurred between parti-
cles in the MgO powder is the fact that it’s bulk density quoted by
the producer is 500 kg m~3 which is only 14% of the density of
MgO. With the estimate for the internal porosity obtained above,
this amounts to a packing efficiency of 26%. This figure compares
favourably with loosely packed PC which has a bulk density of
1000 kg m > or a packing density of 31%. This suggests that if
denser microstructures are desired, a slightly less reactive MgO
powder, provided it does not show such extensive agglomeration
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Fig. 9. Secondary electron micrographs after 14 days of hydration of samples with compositions (a-b) (Mg0osPCo2)os-Pfags, (c-d) (Mg0Oo5PCo5)0.5-Pfaos.
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Fig. 10. schematic representation of calculated microstructures. The light grey
sphere represents the volume fraction of solid before hydration, while black
indicates the average volume fraction of solid after hydration.

and can still hydrate sufficiently in the correct time frame, could
be advantageous.

5. Conclusions

The microstructures of blends of MgO, PC and pfa were stud-
ied as a function composition. At high pfa contents (weight frac-
tion 0.9), the microstructure consists of pfa spheres onto which a
thin coating of hydration products has formed, whereas when a
lower amount of pfa is used (weight fraction 0.5) much more
hydration product is formed and the coverage of the pfa particles
becomes so extensive that the particulate nature of the micro-
structure starts to disappear. However, for mixes with very high
MgO content (MgOgs—pfags and (Mg0gs-PCo2)os—pfags) the in-
creased formation of hydration products is counteracted by the
need to add more water to the pastes, which increases the vol-
ume that needs to be filled by hydration products. Brucite is
the major hydration product due to MgO, with hydrotalcite as
a minor component. After 64 days there is almost no unhydrated
MgO left, so that there should be no risk for damage due to late
hydration if a sufficiently reactive MgO is used. There was no
evidence for a change in hydration products when MgO, PC
and pfa are mixed compared to when either MgO and pfa or
PC and pfa are mixed. The volume of hydration product per gram
MgO of 0.61cm’>g!, is slightly lower than the volume of
hydration product formed per gram of PC of 0.68 cm>g~!, but
higher than the amount of solid formed during hydration of PC
of 0.50cm> g, It is suggested that the higher water demand
of the MgO powder is related to the presence of agglomer-
ates, and estimates for the volume fraction of solids in the
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agglomerates of 0.46 + 0.07 are consistent with the very low bulk
density of the MgO powder.
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