MATERIALES DE CONSTRUCCION

Vol. 66, Issue 321, January—March 2016, e080
ISSN-L: 0465-2746
http://dx.doi.org/10.3989/mc.2016.01915

Composite cement mortars based on marine
sediments and oyster shell powder

H. Ez-zaki*s<, A. Diouri®, S. Kamali-Bernard®, O. Sassi

a. Faculté des Sciences Université Mohammed V, (Rabat, Maroc)
b. Institut National des Sciences Appliquées, Université Européenne de Bretagne, (Rennes Cedex, France)
c. Ecole Normale Supérieure, Universit¢ Mohammed V(Rabat, Maroc)
P<ezzaki86@gmail.com

Received 26 February 2015
Accepted 11 September 2015
Available on line 04 february 2016

ABSTRACT: Additions of dredged marine sediments and oyster shell powder (OS) as cement substitute materi-
als in mortars are examined by several techniques. The sediments have high water and chloride contents and
calcite, quartz, illite and kaolinite as principal minerals. The OS powders are entirely composed of calcium car-
bonate and traces of other impurities. Four mixtures of treated sediments and OS powders at 650 °C and 850 °C
are added to Portland cement at 8%, 16% and 33% by weight. The hydration of composite pastes is followed
by calorimetric tests, the porosity accessible to water, the bulk density, the permeability to gas, the compressive
strength and the accelerated carbonation resistance are measured. In general, the increase of addition amounts
reduced the performance of mortars. However, a reduction of gas permeability was observed when the addition
was up to 33%. Around 16% of addition, the compressive strength and carbonation resistance were improved.
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RESUMEN: Morteros de cemento basado en sedimentos marinos y polvo de concha de ostra. En este trabajo se ha
valorado la sustitucion de cemento en morteros por sedimentos marinos dragados y polvo de concha de ostra
(OS). Los sedimentos tienen altos contenidos de agua, cloruros, calcita, cuarzo, illita y caolinita como minerales
principales. Los polvos OS estan compuestos de carbonato calcico y trazas de otras impurezas. Se afiadieron
a un cemento Portland, cuatro mezclas de los sedimentos y polvos de OS tratados a 650 °C y 850 °C en pro-
porciones del 8%, 16% y 33% en peso. La hidratacion de pastas se estudio a través de calorimetria. Se estudio
ademas la porosidad accesible al agua, densidad aparente, permeabilidad al gas, resistencia a compresion y
carbonatacion acelerada. En general, un aumento en la adicion produjo una reduccion del rendimiento de los
morteros. Se observo, sin embargo, una reduccion de la permeabilidad a los gases con porcentajes de adicion de
hasta el 33%. Con valores del 16% de sustitucion, mejoraron las resistencias mecanicas y la resistencia frente a
la carbonatacion.

PALABRAS CLAVE: Caracterizacion; Hidratacion; Calorimetria; Mortero; Durabilidad

Copyright: © 2016 CSIC. This is an open-access article distributed under the terms of the Creative Commons
Attribution-Non Commercial (by-nc) Spain 3.0 License.


http://dx.doi.org/10.3989/mc.2016.01915
http://dx.doi.org/10.3989/mc.2016.01915

2« H. Ez-zaki et al.

1. INTRODUCTION

With more than 10 billion tons of concrete that
is produced globally each year, the cement indus-
try has a large impact on the environment. Waste
recycling has become a key issue in the science of
building materials. Among these wastes, there are
the dredged marine sediments that are available in
large quantities. Their chemical compositions allows
the use in this area, but their contamination requires
pretreatment to remove organic pollutants (PAHs:
polycyclic aromatic hydrocarbons, PCBs: polychlo-
rinated biphenyls, TBT: tributyltin and dioxins) and
stabilize inorganic pollutants (heavy metals like Pb,
Cr, Hg, Zn and Cu) (1-3).

Researches show the feasibility of treated sedi-
ments as aggregates substitution in construction
materials such as clay bricks (4), roads (5) and mor-
tars (3, 6), Agostini et al. (3) found that the substi-
tution of sand by sediments in the treated mortar
increases immensely the porosity with the sediment
content, while the bulk density decreases linearly
with increasing porosity. Replacing up to 33% of
the sand by treated sediments improves the Young’s
modulus, the compressive strengths and the appar-
ent gas permeability compared to normal mortars
(6). Aouad G. et al. (7) have observed that a replace-
ment of a portion of 39% of cement clinker by the
sediment after a special treatment may develop more
compressive strengths.

The oyster shells are another marine waste that
can be valorized in the construction sector. Itisnoted
that the oyster shell powders (OS) consist entirely of
calcium carbonate with few impurities (8, 9). When
these powders are introduced in the concrete, work-
ability decreases with the degree of substitution.
It is found that the addition of OS powders does
not cause a decrease in the compressive strength of
concrete at the age of 28 days (10). Yoon GL. et al.
(8) have shown that there is no significant reduc-
tion of the compressive strength when they replace
up to 40% of sand by OS powder. Moreover, it is
observed that the addition of moderate amounts
of fly ash and OS powder as sand substituent in
mortars improve workability, porosity, compressive
strength and durability and reduce the absorption
rate of mortars (9). The partial replacement of sand
by OS powders in concrete has a positive effect on
the resistance to freeze-thaw, drying shrinkage and
water permeability. However, the OS powders have
no negative effect on the chemical attack and car-
bonation of concrete. Other researchers have shown
that these properties are significantly affected at rel-
atively high degree of substitution, particularly for
long-term performance (11).

The purpose of this study is to evaluate experi-
mentally the possibility of replacing a portion of
Portland cement CEM I 52.5 with an addition of

heat-treated sediment and OS powders. A quantita-
tive evaluation of the effect of substitution on the
physical and mechanical proprieties and durability
of mortars is achieved. Two different sediments are
selected; sediment noted “L” from the trap Lyvet on
the Rance river and sediment “M” from the bay of
Mont Saint Michel (MSM) which both are in the
west of France.

2. MATERIALS AND TECHNIQUES
2.1. Analysis of raw materials

The water content of the studied sediments was
determined by drying three samples at 60 °C until
constant mass. The solid content was estimated to
42% for the sediment M, and 66% for the sediment L.
A value of 0.80% was determined for the OS powder.
To measure salinity of studied sediments, ion meters
Consort C835, with two specific electrodes were
used. Such materials were first heated at 105 °C to
remove water and then suspended in deionized water
at a 10:1 Vkg liquid to solid ratio. The chloride con-
tent was found to be equal to 2.84 g/l for the sedi-
ment L, 2.14 g/l for the sediment M and 0.8 g/l for
the OS powder.

The particle size distribution test was performed
using laser diffraction machine Cilas 1180. The sam-
ples were dispersed in the sodium hexametaphos-
phate solution. Some of the samples were treated
with H,O, to remove organic matter traces and to
compare the size with or without organic matter
(OM). The median size of samples M and L with
(OM) was found, respectively, equal to 46,1 pm and
25.1 um. After removal of the (OM), the median
size of M and L were equal to 29.3 um and 16.6 um
respectively. The particle size of the OS powder with
or without (OM) is almost adjacent to 82 um. It
seemed that the organic matter plays a role of glue
which assembles the fine grains of the sediments.
The disappearance of the (OM) releases the smaller
grains.

The concentrations of the major elements in the
raw materials were analyzed by X-ray fluorescence
and their chemical compositions are shown in Table 1.
The major components are silicon, calcium, iron and
aluminum. The sediment L contains more silicon and
aluminum as the sediment M. In contrast, the calcium
content of the sediment M is twice as large as that of
the sediment L.

Chemical analysis of the OS powder shows major
presence of calcium with traces of magnesium,
sodium and phosphorus. The mineralogical charac-
terization was carried out using a machine PHILIPS
3710 which operates at 30 kV and 20 mA with a Cu
anode. The diffractograms show the presence of
quartz, calcite, illite and kaolinite in sediments and
calcite in OS powder.
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TABLE 1. Chemical composition of raw materials 2.84 g/l respectively of the M and L sediments. This
— - - result shows that used washing process decreases
Oxide (W0 SedimentM _ Sediment L. OS significantly, the chloride content in the raw sedi-
Si0, 34.62 40.43 - ment. After several days of setting, the sediments are
Ca0 20.28 9.39 48 dried in an oven at 40 °C until obtaining constant
Fe,0; 1.63 4.49 _ mass. The product is then crushed and sieved using
ALO, 1.79 597 3 a 200 micron sieve. .
Na,0 0.82 145 03 In order to remove all organic compounds and
: ‘ : activate clay minerals, the materials are treated at high
MgO 1.53 1.6 0.5 temperature. In our study, we followed the same tem-
K,0 0.37 0.76 - peratures used by Dang et al. (12, 13). His choice of
SO, 0.64 0.8 - the calcination temperature is based on the informa-
TiO, 0.05 01 _ tion provided by the thermal analysis. Two calcina-
MnO 0.03 0.04 B tion temperatures are chosen for this study: 650 °C is
n . .
a temperature that allows the conversion of kaolin to
P,0s - - 0.01 metakaolin without degradation of calcium carbon-
Loss on ignition (%) 38 35 51 ate (13), and 850 °C is a temperature that allows the

2.2. Treatment and characterization

The high salinity of marine sediments implies a
negative effect on the development of cement-based
materials strength (5). To reduce the chloride con-
tent of studied sediments, a washing process used by
Dang et al. (13) was made. It consists to dilute the
sediment with water at 3:1 sediment to water ratio.
Then the addition was decanted with a settling tank
that allows the flow of the washing water. Measuring
the amount of free chloride was performed on the
final products. The analysis gave a residual value
of about 0.43 g/l and 0.58 g/l against 2.14 g/l and

decomposition of calcium carbonate. The calcination
process consists in an increase of the ambient tem-
perature to the selected temperature and then main-
tained constant for 5 hours to ensure the maximum
transformation of the phases. Finally, the furnace is
stopped for a natural cooling to room temperature.
After the heat treatment, the visual examination
shows a clear difference colors between the materials
which indicate some differences in the composition.
The treated powders are very fine. The particle size
distribution was measured with the same method
as described above. Six samples named: OS650,
OS850, M650, M850, L650 and L850 were tested.
The numbers after the letters indicate the treatment
temperature. The results are shown in Figure 1.
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FIGURE 1. Particle size distribution of treated materials.

Materiales de Construccion 66 (321), January—March 2016, e080. ISSN-L: 0465-2746. doi: http://dx.doi.org/10.3989/mc.2016.01915


http://dx.doi.org/10.3989/mc.2016.01915

4 « H. Ez-zaki et al.

FIGURE 2. Morphology of the treated materials observed by SEM.

The morphology of the grains was obtained
using JEOL JSM 6301F instrument. Figure 2 shows
that the grains of all treated materials have the form
of pellet except OS650 which have a needle forms
and other coarse representing some forms of cal-
cite. We note that on the surface of grains of treated
sediments, there are recrystallized particles. This is
the result of local melting during calcination. The
treated sediments at 650 °C have a lot of fine parti-
cles furthermore the pellets. In contrast, the treated
sediments at 850 °C have fewer fine particles. This
can be explaining by the fact that they were melted
during calcination and then they were cooled and
recrystallized on the surface of grains.

The X-ray diffraction is used to define the entrained
phase changes during the heat treatment of the sedi-
ments and OS powders. Diffractograms (Figures 3, 4
and 5) are obtained with the same machine.

On the diffractograms we identify quartz, calcite
and illite in calcined sediment at 650 °C and quartz and
gismondine in calcined sediment at 850 °C. Kaolinite
1s absent in the treated sediment, it is converted to

OS powder
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FiGure 3. Diffraction diagram of treated OS powder.

metakaolin, an amorphous phase, during the calcina-
tion at 650 °C. Calcination of sediment at 850 °C has
caused the decomposition of calcite and the forma-
tion of gismondine. It is known that quartz is resistant
to high temperature. At 650 °C, the OS powder dif-
fraction pattern shows a major presence of calcite and
the appearance of CaO at 850 °C.

2.3. Formulation of additions

In this paper, we propose new composite cements
based on additions of sediments and OS powder that
are heat-treated. They are based on the goal of fix-
ing a large amount of OS powder that represents the
calcium carbonate (about 2/3) and varying the pro-
portion of the two sediments namely the rest (about
1/3) of single sediment or an addition of the two.
Table 2 shows the composition of the three prepared
substitution additions.

Four additions (OLM850; OLM650; OL650 and
OM©650) are prepared to replace 8%, 16% and 33%
by weight of Portland cement CEM 1 52.5. These
additions are then used to prepare pastes at water-
to-binder ratio w/b equal to 0.4 and mortars at
w/b=0.5. The proportions of appointed pastes and
mortars are shown in Table 3.

The addition pastes are prepared in cylindri-
cal molds (diameter 3.5 cmxheight 7 cm). After
poured in the molds, all specimens are placed in a
moist chamber (RH>94%) at an average tempera-
ture of 2012 °C. The specimens were removed from
the molds after 24 hours and then cured in water
at 20%2 °C for 28 days. Mortars are prepared in
accordance with EN 196-1 (14). Cylindrical (4 cm
diameterx6 cm height) and prismatic (4x4X16 cm)
samples are performed.

In total, thirteen cylindrical samples of pastes
are used for accelerated carbonation tests, twenty-
six cylindrical specimens of mortars for measuring
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FIGURE 4. Diffraction diagram of treated Lyvet sediment.

the density, the porosity accessible to water and ap-
parent gas permeability and thirty-nine prismatic
mortars for the compressive strength tests. The des-
ignation of the samples is as follows: the number
after the first letter refers to the substitution rate of
cement by the addition; the number is followed by
the name of the addition. For example, the speci-
men R8OL650 refers to a mortar with 8% by weight
of the binder OL650.

2.4. Characterization techniques

The evolution of the heat of hydration was fol-
lowed using a Tian-Calvet microcalorimeter. The
sample is weighed and uniformly distributed in the
sample container. Water is measured and introduced
via a syringe. The mass of the binder used is 0.5 gand
water/solid ratio is equal to 0.5. The measurement of
the heat evolution was performed at a constant tem-
perature of 23%1 °C. The released hydration heat
was saved as voltage and then converted to mW/g
with a constant derived from a calibration test.

Various tests were made: the bulk density, the po-
rosity accessible to water, the apparent permeability
and the accelerated carbonation were all performed
on the cylindrical mortar, the mechanical strength
were performed on the prismatic mortars. Density
(D,) and porosity (P,) were measured and calculated
according to the recommendation of AFREM (15).
The mass of each test piece was measured in the air
and under water with a hydrostatic balance. After,
they are dried in a ventilated oven at 105 °C until sta-
bilization of the mass (after 2 days). This procedure is
very fast, but it modifies the pores structure and can
cause some microscopic cracks due to the drying and
it increases the gas permeability (16, 17). The appar-
ent gas permeability (K,) was measured by applying
a constant pressure (P,=0.3 MPa) of the Helium gas
between the two extremities of the dried specimens
and measured the resulting flow. The measured value
was calculated by applying Darcy’s law [1]:

P,

_0
K= g b ) [1
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FIGURE 5.

K, is the apparent gas permeability of the sample
(m ); L the length of the sample (m); Q, the measured
gas flow (m’/s); S the cross section area (m’); p the
viscosity coefficient of the gas (Pa.s); P, the applied
absolute pressure (Pa) and P, the atmospheric pres-
sure (Pa). For each value, two specimens are used and
the average value is taken in to account.

The mechanical strengths were obtamed on pris-
matic samples with the INSTRON® machine. The
samples are first cut into two parts by using the
flexion test. Then the compression test is performed
on each of the two parts. Six values of compressive
strength are obtained, the averages are listed.

TABLE 2. Proportions of substitution additions

Additions OS L M
OLM 2/3 1/6 1/6
OL 2/3 1/3 -

oM 2/3 - 1/3

Diffraction diagram of treated MSM sediment.

The cylindrical pastes are cut into two symmetri-
cal parts and covered with adhesive aluminum foil
on both surfaces to allow an unidirectional carbon-
ation. Then they were maintained in a climate cell
at 35 °C, 70% of relative humidity and 20% of CO,
in volume.

3. RESULTS AND DISCUSSIONS
3.1. Hydration behavior

It is generally accepted that the early hydration
of Portland cement can be divided into five periods
on the basis of the evolution of heat curves (18). (I):
The initial period (pre-induction) is the first peak
which appeared in the first minutes produced by the
dissolution of the cement. (II): The induction period
between the first and the second peak corresponds
to the saturation of the mixing water by soluble
ions. The setting starts when the ion concentration
is critical. This saturation induces the precipitation
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TABLE 3.  Composition of studied pastes (C) and mortars (R). Cyl.: Cylindric, Pris.: Prismatic
Normalised

Paste CEMI(g) OLMS50(g) OLM650(g) OL650(g) OMG650(g)  sand (g) Water (g)
C 210 - - - - - 84
C80LM3850 193.2 16.8 - - - - 84
C160LM850 176.4 33.6 - - - - 84
C330LM850 140.7 69.3 - - - - 84
C80LM650 193.2 - 16.8 - - - 84
CI60LM650 176.4 - 33.6 - - - 84
C330LM650 140.7 - 69.3 - - - 84
C80L650 193.2 - - 16.8 - - 84
C160L650 176.4 - - 33.6 - - 84
C330L650 140.7 - - 69.3 - - 84
C80M650 193.2 - - - 16.8 - 84
C160M650 176.4 - - - 33.6 - 84
C330M650 140.7 - - - 69.3 - 84
Mortar Cyl. Pris. Cyl. Pris. Cyl. Pris. Cyl. Pris. Cyl. Pris. Cyl. Pris. Cyl. Pris.
R 225 450 - - - - - - - - 675 1350 112.5 225
R8OLMS50 207 414 18 36 - - - - - - 675 1350 112.5 225
R160LMS850 189 378 36 72 - - - - - - 675 1350 112.5 225
R330LMS850 150 300 75 150 - - - - - - 675 1350 112.5 225
R8OLMG650 207 414 - - 18 36 - - - - 675 1350 112.5 225
R160LM650 189 378 - - 36 72 - - - - 675 1350 112.5 225
R330LM650 150 300 - - 75 150 - - - - 675 1350 112.5 225
R8OL650 207 414 - - - - 18 36 - - 675 1350 112.5 225
R160L650 189 378 - - - - 36 72 - - 675 1350 112.5 225
R330L650 150 300 - - - - 75 150 - - 675 1350 112.5 225
R8OM650 207 414 - - - - - - 18 36 675 1350 112.5 225
R160M650 189 378 - - - - - - 36 72 675 1350 112.5 225
R330M650 150 300 - - - - - - 75 150 675 1350 112.5 225

of Portlandite Ca(OH), and CSH gel which releases
an evolution of heat which is noted the acceleration
period (III). The deceleration period (IV) starts at
the top of the second peak corresponds to the hard-
ening onset which slows the hydration reactions. The
diffusion period (V) is the end of the rate of heat.
The test results of isothermal heat evolution rate
(mW/g) of all studied samples are shown in Figure 6.

In all the figures (a), (b), (c¢) and (d) we repre-
sent the hydration curve of the reference sample,
the cement CEM I which is noted by the letter C.
We observe, for this sample, the normal behavior of
this type of cement which shows the appearance of
a first initial peak (1.65 mW/g) immediately after
the addition of water, it is attributed to the disso-
lution of alkalis and the formation of etttringite
(AFt) (18). At the end of the induction period, the
solution becomes super saturated with Ca®* and
OH  and the Ca(OH), phase began its nucleation.
After this induction period was ended, the second
peak corresponded to the acceleration of the C;S

hydration and initial precipitation of CSH gel and
Portlandite reaction (19, 20). The second peak
reaches a heat rate of 5.34 mW/g after approxi-
mately 9 hours. Lagier et al. (18) have found that the
second peak of different Portland cements generally
occurred between 8.5 and 9.5 hours. After this time,
the hydration reaction is slower but continuous and
the heat rate is lower.

It is known in the literature on hydration of
Portland clinkers that the calorimetric curves may
present an additional peak when the amounts of alu-
minates are excessive (18, 21, 22). The calorimetric
curves exhibit three peaks for blended samples with
high amount of C;A corresponding respectively one
to the initial hydrolysis, second to hydration of C;S
and third to the transformation of etttringite AFt
to monosulfoaluminate AFm phase due to the pres-
ence of a large quantity of C;A. The calorimetric
curve of samples with weak quantity of C;A shows
only two peaks corresponding to initial hydrolysis
and C;S hydration.
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In blends where some part of the cement is re-
placed by additions of shell powders mixed with only
one sediment (samples with COL or COM additions,
Figure 6¢ or 6d), the calorimetric heat evolution is
similar to that of CEM I cement. But an important
hydration heats are noted for all samples containing
the additions of two sediments L and M (samples
with COLM addition in curves of Figures 6a and 6b).

During the first stage, the first peak amplitude
becomes larger than of the ordinary paste. The values
of 8.91 and 4.94 mW/g are obtained when we introduce
8% of OLM850 and OLM650 binders respectively.
The amplitude of this first peak increases also with
the proportion of the addition.

After the induction period, usually the second
peak occurs between 8 and 9 hours in all samples
except for C330LM650 with 33% of OLM binder
treated at 650 °C, the second peak was delayed until
17 hours. For this sample, a long induction period
of about 10 hours was observed.

For samples containing LM sediment additions,
the highest second peak is noted for the sample
with 8% of OLMS850. It is clearly observed that the
increase of the addition amount decreases the heat
rate, but still higher than that of ordinary paste C,
these values decrease from 8.91 to 5.95 mW/g for
8% to 33% in OLMS850 binder respectively and from
7.38 to 5.39 mW/g for 8% to 33% in OLM650 binder,
while this value does not exceed 5.34 mW/g for the
reference paste C.

After the second peak, a weak heat generation
during the deceleration period was observed for all
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Isothermal hydration curves of cementitious mixtures COLMS850 (a), COLM650 (b), COL650 (c) and COM650 (d).

samples containing LM additions, the measured heat
rates were 2.52, 2.19, 2.64, 2.70 and 4.23 mW/g for
samples C8OLMS850, C160LMS850, C330LM850,
C160LM650 and C330LM650 respectively at 19 h
15,25h 20,20 h 20, 18 h 30 and 23 h 15. These heats
can be attributed to the third peak which corresponds
to the conversion reaction of ettringite (AFt) to mono-
sulfate (AFm) in the presence of high quantities of
aluminates and metakaolin from the sediment L (18).

For the samples containing single sediment in
COL650 and COMG650 additions, it was observed a
decrease of the heat rates with the increase of the
addition rates. The maximum values of heat rates of
5.63 and 5.70 mW/g were observed for the addition
of 8% in C8OL650 and C8OM650 respectively.

We have studied (23) the reactivity of both Portland
cement and clinker with treated sediment L at 650 °C.
The cement-treated sediment additions showed a
high calorific effect for only 8% by weight of treated
sediment. Thus, this hydraulic reactivity weakened
progressively by increasing the amount of sediment
addition. In addition, a third peak was observed on
the curve of sample with 16% and 33% of treated sed-
iment which is may be related to the reaction of cal-
cium aluminates phases and metakaolin. In the other
hand, a large calorimetric effect for the clinker-treated
sediment additions cause greater hydraulic reactivity
due to the effect of the co-grinding of blended clinker
and the presence of metakaolin (18).

Aouad et al. (7) achieved the rates of heat evo-
lution of the Portland cement clinker synthesized
by using up to 39% sediment and showed a similar
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hydration behavior to the commercial OPC. Thus, it
was occurred early by the fact of the differences in
the fineness, which was higher for the synthesized
cement than for the OPC.

In conclusion to the hydration study we can asso-
ciate the observed high calorimetric effect of sam-
ples containing oyster shell powder and sediment
additions to additional hydraulic reactivity of addi-
tions due to the presence of metakaolin and gismon-
dine from treated sediments and to the nascent form
of CaO from heated shell powder identified in these
samples. Likewise, the high finesses of particle size
distribution of the treated materials increase also
the reactivity of the samples due to the dissolution
of a large area (24).

3.2. Porosity, density and apparent permeability

The results of the apparent porosity, bulk density
and apparent gas permeability are shown in table 4.

The values show that the apparent porosity was
increased with the amount of the additions and the
apparent density was slightly reduced. It is noted
that the mortars with large addition quantities are
more difficult to be pouring into the molds and
caused the formation of more air bubbles. This
result may be due to the sediment characteristics,
they have a higher Blaine surface area than Portland
cement (12).

The apparent permeability to the helium gas
is measured on the sample after drying at 105 °C.
The results for samples containing single sediment
(OL or OM) show that the apparent permeability
was increased according to the amount of the added
addition. The additions OL650 and OM650 see their
apparent permeability increased to 3.24 107" m?

TABLE 4. Physical properties of hardened
cylindrical mortars after 28 days cured in water

Apparent
Apparent density ~ Apparent  permeability

Mortars (Kg/m®) prosity (%) 107" m?
R 2135.24 17.40 1.62
R8OL650 2130.90 17.62 2.28
R160L650 2108.94 18.25 2.93
R330L650 2088.19 18.44 3.24
R8OM650 2134.68 17.73 3.73
R160M650 2110.07 17.88 3.86
R330M650 2095.28 19.15 4.06
R8OLM650 2132.89 18.06 1.05
R160LM650 2127.67 18.22 1.10
R330LM650 2110.47 18.89 1.26
R8OLMSE50 2133.31 17.77 0.86
R160LMS850 212591 18.36 0.90
R330LM850 2075.93 19.37 0.96

and 4.06 10™"° m” respectively and it does not exceed
1.62 107" m” for reference mortar R.

Furthermore, it was observed that mortars substi-
tuted by OLM650 and OLM850 additions, leads to a
lower apparent permeability than those of the refer-
ence mortar R. The measured values vary between
1.05107° m* and 1.26 10 " m* for OLM650 sam-
ples and between 0.86 10> m” and 0.96 10™"° m” for
OLMS850 samples. This reduction of the gas perme-
ability could be explained by the presence of pores
less connected within the structure while the apparent
porosity is higher (13).

It is also important to note that the mortars sub-
stituted with large amounts of these additions have
microcracks which occur on the walls of the sam-
ples. Some authors have found that the microstruc-
ture of cementitious materials may be damaged at
a temperature above 60 °C because of the dete-
rioration of ettringite or CSH (25, 26). However,
others found that the effect of temperature on the
microstructure is low when the temperature is below
105 °C (27).

3.3. Compressive strength

Figure 7 shows the compressive strength of dif-
ferent mortars cured for 28 days in water. The
results show that the compressive strength of the
reference mortar R is 60.3 MPa. The introduction
of OS powder and sediment addition as a substitute
of Portland cement CEM 1 52.5 lead to a decrease
of the mortar strength. The addition of the two sed-
iments and OS powder treated both at 650 °C and
850 °C decrease linearly the compressive strength of
mortars. However, the addition 16% of OL650 or
OM©650 additions shows a drop of 45% of the com-
pressive strength. Thus the treated additions have
less performance than the Portland cement CEM 1.
The resistance class of different binders of the addi-
tions was determined according to EN 197-1 (28).
Mortars RSOLM850, R160LM850, R8SOLM650
and R8OL650 have a high compressive strength than
52.5 MPa, which maintained these additions in the
52.5 Class. Mortars R8BOM650, R160LM650 and
R330LMS50 are classified as 42.5 Class. A decrease
in strength was observed for R160L650, R330L650
and R160M650 mortars which are classified in
32.5 Class.

The increase of treated sediment ratio as a sub-
stitute for Portland cement CEM 1 lead to a linear
decrease in strength of mortar (13). Dang et al.
(13) have found that treated sediment L at 650 °C
develop the compressive strength. It is attributed to
the presence of clay and metakaolin in the sediment
which participated in the cement hydration process
and improves strength of the final hydrates. In addi-
tion, it was found that the substitution of OS as fine
aggregate did not cause reduction in the compressive
strength of concrete at age 28 days (10, 11).
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FIGURE 7. Compressive strength evolution at 28 days of cured mortars in water depending on the degree of substitution.

3.4. Accelerated carbonation

The carbonated thickness measurement was per-
formed with the colored indicator of pH: phenol-
phthalein which reveals the color difference of the
CO, penetration depth into the test specimen. The
results of the CO, penetration depth in the studied
samples are shown in Figure 8.

The results show that accelerated carbonation for
7 days a maximum of 2 mm of carbonated thicknesses
on the test specimens containing 33% of the OL650,
OMO650 and OLM650 additions. Furthermore, the
CO, penetration is based on the cement replacement
rates. After 30 days, the carbonation effect is more
significant. The addition amount was responsible of
larger penetration thickness. Significant carbonation
penetration values are obtained for blends contain-
ing 33% of substituent. This result can be explained
by the fact that the test specimens containing 33%
of the addition has a high porosity, which promoted
the CO, penetration. Some authors have observed
that an addition of treated sediments beyond 30%
increase carbonation mortars (12). In other research,
it’s shown that the addition of OS has no apparent
effect on carbonation of concrete. The carbonation
depth increased with increasing carbonation ages (11).

4. CONCLUSIONS

This paper proposes the possibility of using the
thermally activated sediment and oyster shell pow-
der to replace a part of Portland cement CEM I
52.5 in order to reduce the impact of the cement
industry on the environment by using natural waste.

Based on the different experimental tests, conclusions
can be drawn:

*  Thestudied sediments have very high water content
and chloride and a large content of fine particles.
They contain different minerals: calcite, quartz,
illite and kaolinite. The oyster shell (OS) powder is
composed essentially of calcium carbonate.

*  The hydration of prepared additions shows a sig-
nificant calorimetric effect on specific samples
with 8 and 16% of additions. This demonstrates
an optimum composition with good hydraulic
reactivity in an addition mainly weakens on
cement. A large calorimetric effect is caused by
the hydraulic reactivity of additions due the pre-
sence of metakaolin, gismondine and the nascent
CaO, also due to the high fineness of particle size
of treated sediment and OS powder.

*  The apparent porosity increases with the addi-
tion of powder and OS sediments. This may be
because the added materials cause the forma-
tion of air bubbles during the mixing operations
at the fresh state.

*  The apparent gas permeability increases modera-
tely with the amount of added addition. However,
the addition of an amount up to 33% of treated
addition at 650 °C or 850 °C gives lower gas per-
meability than the control mortar. This implies
that these additions are able to reduce the connec-
tivity within the pores structure. A quick drying
of mortars substituted with large amounts of
these additions occur microcracks on the walls of
the samples and can damage the microstructure
of cementitious material.
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FIGURE 8. CO, penetration depth at 7 days and 30 days.

For all sediments and OS powder calcined at
both 650 °C and 850 °C, the compressive strength
decrease with the rate of substitution. However,
this drop is acceptable and remains interesting.
According to EN 197-1 can be used up to 33% of
OLMBS850 addition or 16% of OLM650 addition
to have 42.5 Class cement.

The carbonation depth increase with increasing
carbonation ages. After 30 days, it was signifi-
cant with the addition content. Above than 16%,
the penetration of carbon dioxide is larger than
that of the reference paste. This is due to the pre-
sence of a high porosity on the composite cement
with 33% which promotes the penetration of the
carbon dioxide.

The substitution of high quantities of marine
waste in mortar is not only technically feasible, but
it allows obtaining mortar with high hydraulic and
mechanical performance. These natural wastes can
be used as natural resources of materials for the
blended cement production.
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