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Shrinkage of cement-based materials may cause cracking in concrete structure under restrained conditions. In this study,
light-burnt dolomite (LBD) as a mixture of periclase and calcite obtained by calcinations of dolomite at 750-850 °C was incorporated
in Portland cement to compensate shrinkage of cement-based materials at early age. The results show that the water requirement
for normal consistency of blended cement is increased with the increase of dosage, calcination temperature and holding time of
LBD. The addition of 10% LBD calcined at 800 °C for 2.0 h can effectively enhance the compressive strengths of blended cement
at all ages. This is due to that 10% LBD can improve the microstructure attributed to the filler effect and hydration reactivity of
LBD. Furthermore, the hydration of periclase in LBD leads to the expansion of blended cement at early age, and increases the
expansion value with the increase of dosage, calcination temperature and holding time of LBD.
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1. Introduction
Cement-based materials are the most widely
used building materials in the world owing to their
outstanding performance [1]. However, cementbased materials normally undergo various types of
volumetric shrinkage, such as drying shrinkage,
autogenous shrinkage, thermal shrinkage and
carbonation shrinkage. When the structure was
restrained, the shrinkage may cause large tensile
stress to crack the cement-based materials.
Cracking in cement-based materials can lead to the
high permeability and low durability to cause the
degradation of cement-based materials properties.
Accordingly, it is very important and necessary to
control and mitigate shrinkage of cement-based
materials to prolong the service life. At present,
many research works have been carried out to
develop useful ways of mitigating the shrinkage,
such as internal curing, shrinkage compensating
concrete, incorporation of fibre and supplementary
cementing materials (SCMs), etc [2-5].
Expansion produced by the hydration of
expansive mineral components, such as MgO and
calcium sulfate aluminate, was widely used to
compensate of the shrinkage of cement-based
materials [6-8]. In China, delayed expansive cement
containing MgO was used for compensating the
thermal shrinkage of mass dam concrete, in which
the MgO was normally formed as dead burnt
periclase at high calcination temperature of up to
1450°C [9,10]. However, hydration of the dead-burnt
periclase is very slow, and has little effect on
compensating the shrinkage of concrete at early
age. Moreover, the content of MgO in Portland
cement was limited to avoid unsoudness [11].
Autor corespondent/Corresponding author,
E-mail: deng2928326@163.com

To control the MgO content and reactivity, the MgO
was separately prepared and used as expansive
additive in the cement. In recent years, the hydration
and expansion properties of the MgO with relatively
high reactivity formed as light burnt periclase have
attracted more attention as it has important potential
application in normal concrete. Some research
works [12,13] have been carried out on the effects
of light burnt periclase on the deformations and
mechanical properties of cement-based materials,
but this still needs to be investigated further.
MgO expansive agents are usually produced
by calcining magnesite at 800-1200°C. But
considering the depletion of magnesite, the
possibility of using the other magnesium-bearing
minerals as raw materials to produce MgO has been
considered. Dolomite, with the chemical formula of
CaMg(CO3)2, is naturally occurring mineral with
abundant reserves around the world [14-17].
Dolomitic rocks can be used as aggregate, but under
the alkaline environment, dolomite reacts with
calcium anions to form calcite and brucite, which
causes structure degradation of many concrete
constructions. Therefore, the dedolomitization
reaction reduces the utilization ratio of dolomite [1821]. However, dolomite can decompose to lime and
periclase at high calcining temperature. Xu et al. [22]
used dolomite to produce an expansive agent based
on periclase, and the silica-bearing mineral was
combined with the lime released from dolomite to
form dicalcium silicate. The expansive agent mainly
consists of periclase, dicalcium silicate and a little
amount of lime, which was used to compensate for
the thermal shrinkage of mass dam concrete.
However, there is little knowledge related to a
mixture of periclase and calcite obtained by calcining
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Table 1
Chemical compositions of PC and DP (wt %)
Loss on

SiO2

Fe2O3

Al2O3

CaO

MgO

K2O

Na2O

PC

22.18

3.76

3.98

62.47

0.87

0.85

0.10

2.28

DP

2.00

0.25

0.88

29.73

21.89

0.04

0.02

44.69

dolomite at relatively low temperature which is
referred as LBD, and the influences of LBD on
strength and expansion of cement-based materials
have not been reported.
In this paper, LBD is obtained by calcinations
of dolomite at relatively low temperature. The
deformations and mechanical properties of blended
cement containing LBD cured in water are
investigated. In previous works [23-26], calcite was
reported that can improve the mechanical properties
of cement-based materials by its filler effect,
nucleation effect and chemical effect. Meanwhile,
compared with dead-burnt periclase, the periclase
in LBD exhibits a relatively higher reactivity, which
means the hydration of LBD can generate an early
expansion to compensate of the early shrinakge of
concrete. Therefore, the results of this paper
indicate that LBD as a new mineral additive may
have an important potential application in normal
concrete.

(a)

2.1 Raw materials
Portland cement (PC) of grade 52.5 was
provided by China Cement Company in Jiangsu,
China. Dolomite powder (DP) was obtained from
Yuyuan Mining Company in Hebei, China. Table 1
shows the chemical compositions of PC and DP.
Figure 1 shows the appearances of PC and DP. The
mineralogical composition of DP was examined by
an X-ray diffractometer (XRD) (Rigaku Smartlab)
with CuKɑ radiation at a rate of 10 °/min, and is
shown in Figure 2. DP is mainly composed by
dolomite and calcite. Figure 3 shows the particle
size distributions of PC and DP measured with a
Marlven Mastersizer 2000 particle size analyser by
dispersing the particles in alcohol. The mean
particle sizes (d50) of PC and DP are 12 m and 14
m, respectively.

2.2.1 Preparation of LBD
Thermogravimetric analysis (TGA) was
used to study the decomposition process of DP to
determine the calcination temperature. Figure 4
shows the TG and DTG curves of DP. The results

PC

(a) DP
Fig. 1 – Appearances of PC and DP.
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Fig. 2 - XRD pattern of DP.

7

PC
DP

6
5

Volume /%

2.2 Methods

ignition

4
3
2
1
0
0

20

40

60

80

Particle size /m

Fig.3 - Particle size distributions of PC and DP.
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show that DP starts to decompose at about 620 °C
and finishes its decomposing process at about
820°C. According to references [27,28], the
decomposition of DP includes two stages, periclase
is formed in the first stage according to the reaction:
CaMg(CO3)2 = MgO + CaCO3 + CO2 ↑
Then the decomposition of calcite follows
when the heating temperature is increased
continually:
CaCO3 = CaO + CO2 ↑
0.0
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Fig. 4 - TG and DTG curves of DP.

In this study, LBD was obtained by
calcinations of DP at 750 °C, 800 °C and 850 °C in
an electric furnace for 1.0 h and 2.0 h, respectively,
as is shown in Figure 5. Then the samples were
cooled in air. After calcination, the samples were
ground in a mortar to make sure that the particle size
of LBD is in the range of 0-80 m. Table 2 shows
the specific calcination regimes of LBD. The specific
surface area of LBD was tested by N2 adsorption
method. Quantitative analysis of the contents of
periclase and lime in LBD was performed by using
the Rietveld method [29] based on powder X-ray
diffraction patterns.

Fig. 5 - Preparation of LBD.

2.2.2 Water requirement for normal consistency
Blended cements containing 0% ， 10% ，
20% and 30% LBD by weight replacement of PC
were prepared. The water requirements for normal
consistency of the blended cements were
measured according to Chinese national standard
GB/T 1346-2011 [30].
2.2.3 Compressive strength and deformation
The compressive strengths of the blended
cements were measured according to Chinese
national standard GB/T 17671-1999 [31]. For each
type of cement, one part of cement and three parts
of standard sands by weight were mixed at a w/b
ratio of 0.5 to obtain the mortars. The mortars were
cast in molds measuring 40 mm  40 mm  160 mm.
After casting, the molds were stored in a curing
room with >95% relative humidity at 20  2 °C for
24 h, and then the mortars were removed from the
molds and cured in 20 °C water. After three different
ages of curing, namely 3 d, 28 d and 90 d, the
compressive strengths of cement mortars were
determined.
In order to measure the deformation of
cement mortars cured in water, the fresh cement
mixtures were cast into molds to prepare prism
cement specimens with size of 25 mm  25 mm 
280 mm. After 1 d curing in moist room at a
temperature of 20  2 °C and a relative humidity of
>95%, all the cement mortar specimens were
demoulded, and then their initial lengths were
measured. Subsequently the cement mortars were
cured in water at 20 °C, and the length changes of
all the cement specimens were measured at
different ages. Every length changes value used
was the mean value of three replicate specimens.
2.2.4 Hydration of LBD
Blended cement pastes containing different
dosages of LBD were prepared at a water-to-binder
ratio of 0.28. Rietveld analysis by XRD was used to
determine the hydration degree of periclase of LBD
in blended cement pastes. Scanning electron
microscope (SEM) (JSM-6150) equipped with an
energy dispersive spectrometer (EDS) was also
used to analysis the hydration of LBD in blended
cement pastes.
2.2.5 Pore structure
The pore structures of the blended mortar
specimens were examined by using mercury
intrusion porosimetry (MIP) (PoreMaster GT-60).
Table 2

Sample
LBD750-1.0
LBD750-2.0
LBD800-1.0
LBD800-2.0
LBD850-1.0
LBD850-2.0

The calcination regimes of LBD
Calcination condition
Temperature /°C
750
750
800
800
850
850

Time /h
1.0
2.0
1.0
2.0
1.0
2.0
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Table 3
Samples
LBD750-1.0
LBD750-2.0
LBD800-1.0
LBD800-2.0
LBD850-1.0
LBD850-2.0

Specific surface area and contents of periclase and lime in LBD
Specific surface area /m2·g-1
Periclase /wt%
9.03
15.1
9.08
20.5
9.16
24.7
9.42
29.3
10.97
32.3
11.75
37.5

lime /wt%
0.0
0.0
0.0
3.1
26.8
48.6
Table 4

Water requirements for normal consistence of blended cements
Water requirement for normal consistence /%

Samples
0% LBD

10%LBD

20%LBD

30% LBD

LBD750-1.0

27.1

27.1

27.4

27.8

LBD750-2.0

27.1

27.3

27.8

28.0

LBD800-1.0

27.1

27.4

28.1

28.3

LBD800-2.0

27.1

27.6

28.3

28.6

LBD850-1.0

27.1

28.6

30.7

32.3

LBD850-2.0

27.1

29.4

33.2

36.4

3. Results and Discussion
3.1 Characterisation of LBD
Table 3 shows the specific surface area and
contents of periclase and lime in LBD with different
calcination regimes. The contents of periclase and
lime increase with the increasing calcination
temperature and holding time of LBD. It should be
noted that there is no content of lime observed in the
LBD750-1.0,
LBD750-2.0
and
LBD800-1.0
samples. In addition, the specific surface area of
LBD increases due to the escape of CO 2 during the
decomposition process of DP.
3.2 Water requirement for normal consistency
The water requirements for obtaining a normal
consistency of blended cements containing LBD are
shown in Table 4. It can be found that the water
requirements for normal consistency are increased
with the increase of dosage, calcination temperature
and holding time of LBD. A slight increase in the
water requirement is shown for the cement pastes
containing LBD750-1.0, LBD750-2.0, LBD800-1.0
and LBD800-2.0. However, the water requirements
for normal consistency of blended cements
containing LBD850-1.0 and LBD850-2.0 are
increased greatly. When the dosage of LBD is 30%,
the water requirements for blended cement pastes
containing LBD850-1.0 and LBD850-2.0 are
increased by 19.2% and 34.3% compared with PC,
respectively. This may be related to the higher
specific surface area and contents of periclase and
lime in LBD850-1.0 and LBD850-2.0.
3.3 Compressive strength
Figure 6 shows the compressive strengths of
PC mortar and blended cement mortars containing
different dosages of LBD. PC mortar develops the

compressive
strengths
very
quickly,
the
compressive strengths at 3 d, 28 d and 90 d reach
30.2 MPa, 55.7 MPa and 60.5 MPa, respectively.
As is shown in Figure 4(a), when the dosage of LBD
is 10%, the compressive strengths of these blended
cement mortars are closely to that of PC mortar at
all ages. For all of the blended cement mortars,
blended cement mortar containing 10% LBD8002.0 shows the highest compressive strength, and
that the strengths even surpass that of PC mortar,
with values of 31.1 MPa, 57.1 MPa and 62.6 MPa
at 3 d, 28 d and 90 d, respectively. This may be due
to that 10% LBD incorporated in PC mortars can
improve the strength by the filler effect of LBD [23].
However, the compressive strengths of blended
cement mortars containing 20% and 30% LBD
decrease obviously compared to that of PC mortar.
This may be due to that the higher replacement of
cement clinker can lead to less formation of
hydration products and thus decrease the
compressive strengths. In terms of compressive
strength, the optimum LBD binder type is LBD8002.0, and the optimum cement replacement
proportion is 10%.
3.4 Deformation
Figure 7 shows the deformations of PC
mortar and blended cement mortars containing
different dosages of LBD cured in water at 20 °C.
The PC mortar shows a slight shrinkage, which
reaches -0.0038% after 180 d of curing. The
obvious expansions are observed for blended
cement mortars due to the hydration of periclase in
LBD compared with PC mortar. The blended
cement mortars expand rapidly within 60 d, and
then slow down gradually. After 120 d, the
expansion curves of blended cement mortars tend
to level off. At 180 d, when the dosage of LBD is
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Fig. 6 - Compressive strengths of blended cement mortars
containing LBD.

Fig. 7 - Deformation of blended cement mortars containing
LBD.

10%, the expansion values of blended cement
mortars containing LBD750-1.0, LBD750-2.0,
LBD800-1.0,
LBD800-2.0,
LBD850-1.0
and
LBD850-2.0 reach 0.0014%, 0.0041%, 0.0068%,
0.008%, 0.012% and 0.021%, respectively. This
may be due to that the reactivity of periclase in LBD
is higher than dead-burnt periclase [9,21], thus both
of the rapid expansion behavior at early age and the
stable expansion behavior at later age are
observed. With the increase of dosage, calcination
temperature and holding time of LBD, the
expansions of the blended cement mortars are
higher and higher. This may be due to the augment
of the contents of pericalse and lime contained in
LBD according to the results of Table 3. Thus, in

comparison with PC mortar, an appropriate
addition, calcination temperature and holding time
of LBD can produce the early expansion, and
compensate the shrinkage of concrete at early age.
3.5 Hydration of LBD
Figure 8 shows the contents of periclase in
blended cement pastes containing 10-30%
LBD800-2.0 at different curing ages. The initial
contents of periclase in 10%, 20% and 30%
LBD800-2.0 blended cements are 2.93%, 5.86%
and 8.79%, respectively. At 60 d, more than 50%
periclase has been consumed. At 180 d, the
hydration
degree
of
periclase
reaches
approximately 80%. The obvious conclusion can be
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Fig. 8 - The contents of periclase in blended cement pastes .

drawn that the periclase of LBD exhibits a rapid
hydration process at early age, and the hydration
rate of periclase decreases gradually with the
extension of curing ages. This result is partly
attributed to LBD obtained at the relatively low
temperature, in which the periclase has high
reactivity. In addition, the decrease of the hydration
rate may be due to the incomplete hydration of the
most interior layer of single magnesia grains [32].
The limitation of the hydration degree has also been
reported in other studies [33,34]. In comparison with
Figure 7, it can be found that the hydration degree
of periclase exhibits a similar tendency with the
expansion of blended cement mortars, indicating
the hydration of periclase promotes the expansion.
Figure 9 shows the typical SEM morphology
and EDS pattern of blended cement paste
containing LBD 800-2.0 cured for 90 d. As is shown
in Figure 9(a), the formation of a large amounts of
hydration products indicates the relatively high
hydration degree of blended cement. According to
Figure 9(b), closer investigation shows that zone A
is covered with the dense hydration products
richened in Mg, which indicates the hydration
products may contain brucite owing to the hydration
of LBD in cement paste, but it is quite difficult to
identify very clearly the individual brucite crystals.
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3.6 Pore structure
Figure 10 shows the pore structures of PC
mortar and mortars containing LBD800-2.0 cured
for 90 d. The pore diameters of all the mortars are
in the range of 0.02-2.0 m. Generally speaking,
according to the different effect of the pore size on
the properties of concrete, the pore with the
diameter more than 0.1 m is commonly considered
as the harmful pore in concrete [35]. The addition of
10% LBD800-2.0 reduces the porosity of the pore
with the diameter more than 0.1 m and increases
the proportions of the diameter less than 0.1 m in
the total pore respectively, which indicates the pore
structure of the mortar specimens is improved.
However, blended cement mortars containing 20%
and 30% LBD800-2.0 have higher volumes of
harmful pores compared with that of PC mortars,
indicating that the additions of 20% and 30%
LBD800-2.0 degrade the pore structure. According
to Figure 10(b), the total porosities of PC mortar and
blended mortars with 10%, 20%, 30% LBD800-2.0
are 11.62%, 9.88%, 12.47% and 13.75%,
respectively. It can be found that 10% LBD800-2.0
also decreases the total porosity of cement mortar.
In contrast, the additions of 20% and 30% LBD8002.0 increase the total porosity. This would partly
account for the higher compressive strength and
durability of blended cement mortar containing 10%
LBD800-2.0 compared with that of PC mortar.
3.7 Discussion
For all the blended cement mortars, the
compressive strengths of blended cement mortars
containing 10% LBD are close to that of PC mortars
at all ages. Moreover, blended cement mortar
containing 10% LBD800-2.0 shows the highest
compressive strength, and that the strengths even
surpass that of PC mortars. This may be attributed
to the filler effect of LBD. The appropriate addition
of LBD may increase the water to cement ratio and
facilitate cement hydration, and then provide
nucleation sites for the formation of hydration
products [36]. In addition, the hydration of LBD can

(a) SEM image of blended cement paste
(b) EDS pattern of Zone A
Fig. 9 - SEM image and EDS pattern of blended cement paste containing LBD 800-2.0 cured for 90 d
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Fig. 10 - Pore structures of blended mortars containing LBD 800-2.0 cured for 90 d

generate an appropriate amount of hydration
products, which may fill the pore and improve the
microstructure. As is shown in Figure 10, the
addition of 10% LBD800-2.0 improves the pore
structure obviously, which is reflected by an
increase in the finer pores and decrease in the total
porosity. However, the addition of LBD also results
in the dilution of hydrated cement particles in the
mortar. Above a critical amount, LBD will enhance
the dilution effect, leading to a reduction in hydration
products, and then resulting in hardened mortars
with lower strength [37,38]. In this study, when the
content of LBD is more than 10%, the compressive
strengths of blended cement mortars are decreased
largely with increasing LBD contents.
On the other hand, blended cement mortars
containing LBD show obvious expansions at early
age. This is attributed to the hydration of periclase
in LBD. The periclase exhibits a high reactivity due
to LBD obtained at a relatively low calcination
temperature, and thereby the rapid hydration at
early age [9], as is shown in Figure 8. In addition,
the expansions of cement mortars are increased
with the increase of dosages, calcination
temperature and holding time of LBD. This is due to
the augment of the contents of pericalse and lime in
LBD, as is shown in Table 3. Accordingly, the
appropriate addition of LBD as well as the optimum
calcination regime of LBD can produce blended
cements with low shrinkage and high strength that
may have an potential application in normal
concrete.
4. Conclusions
In this paper, LBD as a mineral admixture is
obtained from the calcinated dolomite at 750-850
°C. The deformations and mechanical properties of
blended cements containing LBD are investigated.
The following conclusions can be drawn:
(1) The water requirement for normal
consistence of blended cements is increased with
the increase of dosage, calcination temperature and
holding time of LBD. This may be related to the
specific surface area and content of periclase and
lime in LBD.

(2) The compressive strengths of blended
cement mortars containing 10%LBD are closely to
that of PC mortar at all ages, and especially that of
blended cement mortars containing 10% LBD8002.0 even surpass that of PC mortars. This may be
due to the microstructure densification attributed to
the filler effect and hydration reactivity of LBD.
(3)The blended cement mortars containing
LBD show obvious expansions compared to PC
mortar at early age due to the high hydration
reactivity of periclase in LBD. With the increase of
dosage, calcination temperature and holding time of
LBD, the expansions of blended cement mortars
are increased largely.
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