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Effects of hydration mechanism on mechanical properties
of diatomite-cement composites
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ABSTRACT
In this study, the relationships among compressive strengths with hydra-
tion mechanisms, microstructure characterizations and physical properties
of diatomite-substituted cement pastes and mortars were researched. In
order to determine the properties of cement pastes and mortars, X–ray dif-
fraction, fourier transforms infrared spectroscopy, thermal analysis, scanning
electron microscopy and energy dispersive X-ray spectroscopy techniques
and standard cement tests were utilized at 2, 7, 28 and 90days. The results
revealed that portlandite content decreased gradually as a consequence of
increasing age and addition of diatomite, and diatomite-substituted
cements have high degree of hydration. Furthermore, the diatomite substi-
tuted cements had more compact structure by creating more hydration
products at 28 and 90days. This compact structure also positively contrib-
uted to the compressive strength of cement mortars at later ages.
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1. Introduction

Use of high volumes of supplementary cementitious materials reduces the demand for cement in the
construction sector, thus decreases the cost of concrete production and decreases the environmental pol-
lution owing to the CO2 emission from the cement factories (Hasanbeigi et al., 2012; Sarı et al., 2020). In
addition, in the cement and concrete business, supplemental cementitious ingredients are commonly
employed as they contribute to strength and durability of concrete (Ashraf et al., 2022; Chen et al., 2018;
Gerengi et al., 2017; Lei & Zhang, 2021; Tran et al., 2019). For this reason, trass (Kocak, 2017), pumice
(Pınarcı & Kocak, 2022), zeolite (Akbarpour & Mahdikhani, 2022), silica f€ume (Mastali & Dalvand, 2018),
blast furnace slag (Lenka et al., 2022), fly ash (Ganeshan & Venkataraman, 2021), metakaolin (Kocak,
2020), rice husk ash (Sandhu & Siddique, 2022) etc. are extensively used cement and con-
crete technology.

One of the most widely can also be used types of cement–based materials is diatomite which is
among the most abundant minerals. Diatomite is a siliceous rock including amorphous and fine silica par-
ticles that are formed due to accumulation of shells or skeletons of fossilized ruins of single-celled
aquatic algae and microscopic particles named diatoms (Ahmadi et al., 2018). Diatomite is an excellent
natural material with high adsorption capacity, polymorphic, very high porosity, low density, high purity
(Liu et al., 2021; Wen et al., 2018). These excellent properties of diatomite make it suitable for many
industrial and scientific purposes. In this context, diatomite is also pozzolanic material extensively used
for partial substitution of cement in the manufacture of concrete due to the excellent the physical struc-
ture and chemical composition and gives many useful properties to cement and concrete properties.
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With the use of diatomite in concrete is reduced the permeability by contributing to the formation of
hydrated products in higher amounts, in this way, the level of corrosion resistance and durability of con-
crete is increased (Kastis et al., 2006; Kurtay et al., 2020; Liu et al., 2017; Paiva et al., 2017). In addition,
diatomite positively affects the sulfate resistance, freezing and thawing resistance properties (Degirmenci
& Yilmaz, 2009; Sun et al., 2020). Furthermore, with the use of diatomite significant reductions in CO2

emission, lower global warming potential and energy use is provided (Lauermannov�a et al., 2021; Li
et al., 2019; Pokorny et al., 2019).

Using diatomite as an additive to cement may not only decreases the amount of cement and improve
durability parameters but can also cause positive alterations in micro-structural by contributing to the for-
mation of higher amounts of C–S–H. Cement and pozzolanic materials have complex hydration reactions,
and it is not possible to determine the chemical reactions that arise in the formations of the materials
with only one method. Because cement and pozzolans both have complex hydration reactions, it is not
possible to determine the chemical reactions that take place in the structures of the materials with a sin-
gle method. For this reason, supplement techniques such as X–ray diffraction (XRD), fourier transforms
infrared spectroscopy (FT–IR), scanning electron microscopy and energy dispersive X-ray spectroscopy
(SEM/EDS) and thermal (DTA/TGA) analysis, to explore complex hydration reactions were used in the
study. Furthermore, the compressive strengths, water demand, initial and final setting time and volume
expansion of Portland cement and diatomite-substituted cement mortars and pastes were investigated
with standard cement tests.

2. Materials and methods

2.1. Materials

CEM I 42.5 R type Portland cement was used in the study. Blaine, specific weight, residue on 90 and
45mm sieve of the Portland cement (PC) are 3822 cm2/g, 3.18 g/cm3, 0% and 3.2%, respectively.
Diatomite powder was obtained from EP mineral company. The specific surface area, specific weight, resi-
due on 90 and 45mm sieve of diatomite (D) are 6112 cm2/g, 2.58 g/cm3, 0% and 0.1%, respectively. The
sand in conceit with TS EN 196-1 (2016), and regular tap water of the province of Eskisehir were used to
manufacture mortars.

The chemical composition of the PC and diatomite detected by XRF analysis (ARL 9900 Intellipower
X–ray Analyzer) are given in Table 1. According to Table 1, diatomite is mostly composed of silicon diox-
ide (SiO2), and the mass fractions of SiO2þ Al2O3þ Fe2O3 are 88.75% for diatomite. This complies with
the stated requirements (SiO2þ Al2O3þ Fe2O3>70%) for a natural pozzolan (TS 25, 2015; ASTM C
618, 2003).

Images of XRD patterns, FT–IR diagram, SEM micrograph and EDS spectra of diatomite are shown in
Figure 1.

In accordance with the XRD patterns of diatomite, the broad reflection in the range of 2h¼ 15–38� is
ascribed to the amorphous silica (glassy form), and the peaks at 2h¼ 21.76�, 27.61� and 34.86� are attrib-
uted to quartz (Figure 1a) (Figarska-Warchoł et al., 2015; Yao et al., 2018).

Figure 1b presents the FT-IR spectra of diatomite. As also seen from Figure 1b the stretching vibration
band at 3388 cm�1 and the weak bending vibration band at 1633 cm�1 can be attributed to the O-H
group of water in diatomite. The intense band at 1066 cm�1 indicates to the stretching vibration of
Si–O–Si group. The band at 798 cm�1 belongs the vibration of SiO–H group. The peaks at 448 and
551 cm�1 are associated with the Si-O bending vibration mode (Figure 1b). These characteristic peaks
determined as a result of FT-IR analysis show that diatomite is chiefly formed of SiO2 (Costa et al., 2020;
Qian et al., 2015; Sarı et al., 2020).

As SEM images reveal, diatomite contains micro-pore structures with various shapes and sizes. The
micro-pores are generally interconnected, creating a system of accessible openings for the transport of
solutions and gases. Their existence shows low density of diagenetic processes in the siliceous clay mud.

Table 1. Chemical composition of PC and diatomite (wt%).

Materials SiO2 CaO Al2O3 Fe2O3 MgO SO3 Na2O K2O Cl- Free CaO Loss on ignition

PC 20.36 62.57 4.6 2.56 1.53 3.32 0.26 0.66 0.018 1.78 2.38
D 85.69 0.54 2.1 0.96 0.32 0.03 0.25 0.18 0.013 – 9.97
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Intergranular micro-pores have irregular shapes due to their walls are composed by randomly spaced dia-
tom frustules, corroded quartz and irregular accumulations of other mineral ingredients (Figure 1c)
(Figarska-Warchoł et al., 2015). These micropores can be beneficial in terms of durability by decreasing
microcracking due to autogenous shrinkage in cementitious materials. In addition, due to the porous
adsorption feature of diatomite, it may be change the pore structure inside the material, thus increasing
the resistance of the material to freezing (Sun et al., 2020).

Elemental analysis by EDS in micro fields on the diatomite surface indicates differences in the quanti-
tative and qualitative chemical composition of the minerals. The EDS elemental analysis indicates that
the most mainly elements are silicon and aluminum (Figure 1d). The elemental composition of diatomite
obtained by EDS is compatible with the chemical composition (Table 1).

2.2. Samples preparation

The codes and mixing ratios used in the preparation of mortars are given in Table 2.
The mortars have been prepared correspondent with the requirements of TS EN 196-1 to determine

compressive strength (TS EN 196-1, 2016). After the mortars were prepared, they were placed in three–-
segmented moulds of size 4x4x16 cm immediately. The moulds placed shaking device, and the mortar
was shaken in accordance with the requirements of standard. And then, the mortars were ameliorated in
a laboratory at 20 ± 1 �C and 90% humidity for 24 hours. At the end of this period, it was taken out of
the molds and put in the curing pool at 20 ± 1 �C up to the test days.

Cement pastes have been prepared in conceit with the requirements of TS EN 196-3 to determine
water demand, setting time and volume expansion (TS EN 196-3, 2017). Considering the water demands,

Figure 1. Images of XRD patterns (a), FT–IR diagram (b), SEM micrograph (c) and EDS spectra (d) of diatomite.

Table 2. Composition of cement mortars prepared in this study.

Mix.
PC,
g

D,
g

PC,
%

D,
%

Standart sand,
g w/b

R 450 0 100 0 1350 0.5
10D 405 45 90 10 0.55
20D 360 90 80 20 0.60
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cement pastes were produced with different w/b (water–binder) ratio of 0.35 for R, 0.42 for 10D and
0.55 for 20D for SEM/EDS, DTA/TGA, FT–IR and XRD. The produced cement pastes were poured into pre-
pared molds to form 5x1x1 cm prisms. The paste samples were cured at 20 ± 1 �C and 90% relative
humidity for 24 hours. The samples were then demolded and placed in water. The cement paste speci-
mens were cured for 2, 7, 28 and 90 days, and then they were taken out of the water. The samples were
dried in an oven at 60 �C for 2 hours. Then a piece of cement paste prism was taken and ground to a
fine powder of <63 lm for DTA/TGA, FTIR and XRD. For SEM/EDS, another piece of cement paste prism
was broken into cubes of 10mm. Then the SEM image of broken sample was obtained.

2.3. Test methods

In the study, specific surface area (Blaine) with Toni Technik-Model 7202, specific weight with Quanta
Chrome MVP–1 and sieve analysis with LSN-200 Hosokawa Alpine Air Jet Sieve devices of PC and diatom-
ite were detected. Mineral phase analysis were performed with X-ray diffraction (Rikagu SmartLab XRD
device) using Cu Ka (k¼ 1.54A�) radiation with the 2h rang of 10� to 70�. FT–IR analysis were determined
with Shimadzu (IRPrestige-21) Fourier Transform Infrared Spectrophotometer. DTA/TGA analysis were per-
formed by means of Shimadzu DTG 60H–DSC 60 for phases identification under nitrogen atmosphere at
a heating rate of 20 �C/min with temperature ranging from 20 �C to 1000 �C. SEM and EDS analysis was
performed with FEI Quanta FEG 250 model device. The water demands and setting times of the pastes,
in accordance with TS EN 196-3, were detected with Vicat’s needle apparatus, and soundness of pastes
was detected by Le Chatelier method (TS EN 196-3, 2017). The compressive strengths, correspondent
with TS EN 196-1, were tested of cement mortars (TS EN 196-1, 2016). To determine compressive
strengths, total six samples, which were later fractured halfway, for each each group were tested, and the
average was the result.

3. Results and discussion

3.1. Water demand, setting time and volume expansion of pastes

Water demand, initial and final setting time and volume expansion of pastes are shown in Table 3.
Water demand varies according to its physical, chemical and mineralogical features of PC and diatom-

ite. As seen from Table 2, water demands of pastes were significantly affected by increasing diatomite
ratio in cement. In comparison to referance paste, water demands of the 10D and 20D pastes were
increased 58% and 108%, respectively (Table 3). Because diatomite has a micro-pore structure in various
shapes and sizes (Figure 1c) and a fine particle structure, it is thought that diatomite-substituted cement
pastes need more water.

Expansions may occur due to reactions of the excessive amounts of magnesia, free lime and calcium
sulfate within cement, and concrete may crack as a result. Le Chatelier’s test to detect the volume expan-
sion was conducted. As seen from Table 3, the volume expansion values were 1mm. For this reason, it
can be said that since no value is above 10mm, which maximum value is offered by TS EN 196-3 (TS EN
196-3, 2017), it will not cause any problems in terms of expansion.

Setting time may vary depending on the specific surface area and the degree of hydration of the
binder, the grain filling in the paste and the amount of water introduced into the system (Kapeluszna
et al., 2021). Initial and final setting time of pastes were affected by increasing diatomite ratio in cement
(Table 3). In comparison to referance paste, the initiative setting time of the 10D and 20D pastes were
increased 13% and 25%, and the final setting time were increased 17% and 32%, respectively. The reason
for this increase in setting time, which is obtained in accordance with the literature, is thought to be due
to the pozzolanic activity, physical and chemical features of diatomite, and higher w/b ratio of diatomite-

Table 3. Water demand, setting time and volume expansion of pastes.

Mix. Water demend, % Initial setting time, min. Final setting time, min. Volume expansion, mm

R 26.5 160 205 1.0
10D 42.0 180 240 1.0
20D 55.0 200 270 1.0
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replaced cement pastes compared to the reference cement paste (Genç, 2006; G€okkonca, 2010;
Kapeluszna et al., 2021). According to these results, all pastes were found to have exceeded minimum ini-
tial setting time of 60minutes for 42.5 R type PC (TS EN 197-1, 2002).

3.2. XRD patterns of the pastes

Figure 2 presents XRD patterns of the R, 10D and 20D pastes at 2, 7, 28 and 90 days.
As seen as from Figure 2 that, the mainly crystallized hydration products for all the pastes are CH, C3S,

C2S and AFt. The C-S-H gel is amorphous and therefore diffraction bands cannot be visualized in the XRD
spectra (Lei et al., 2016). CH is a main hydration product of the R, 10D and 20D pastes at different ages,
and the CH, a well-crystallized phase can be clearly identified. With the increase of age, it is clear that
the CH content in all pastes gradually decreased due to the cement hydration. Nevertheless, the volume
of CH caused by the pozzolanic reaction with the SiO2 from the diatomite are decreased at 10D and
20D in comparison to the reference paste. This proves that diatomite-substituted cements consume
more CH than PC at a later age and indicates the pozzolanic reactivity of the diatomite at the later stage
of the cement hydration. Thus, more C–S–H and less CH amount are useful in order to enhance the
mechanical features of 10D and 20D at later ages (Lei et al., 2016; Sch€oler et al., 2015; Zhao et al., 2021).

3.3. FT–IR spectra of the pastes

Figure 3 presents the FT–IR spectra of the R, 10D and 20D pastes at 2, 7, 28 and 90 days.
Because of the hydration products of pastes are chiefly amorphic C–S–H, FT–IR is often utilized to

define the hydration products and their relative amounts by varying their typical wavenumbers and
transmittance (Lei et al., 2016). In hydrated pastes, mainly mid bands in the range of 951–970 cm�1 are
by in–plane Si–O bending and antisymmetric Si–O stretching vibrations in SiO4 tetrahedra, which present
C–S–H formation. Peaks within the range 1076–1110 cm�1 are corresponded to Si–O towing to the ettrin-
gite composition. C–O stretching in the range of 1389–1458 cm�1 and a weak shoulder band in the range
of 802–866 cm�1 could be associated to are out–of–plane bending modes and anti–symmetric stretching
of CO3

2– ions, which are product resulting from carbonation. Bands within the range 1637–1652 cm�1

and 3373–3410 cm�1 could be associated to molecular water and O–H stretching, respectively. Wide
absorption band in the scope of 2800–3700 cm�1 presents presence of CaCO3, which represents a ten-
dency of diminishing as hydration progresses. Bands at around 3591–3612 cm�1 of are assigned to O–H,
and they are corresponded by the structure of CH (Figure 3) (Hidalgo et al., 2007; Huang et al., 2016; Lei
et al., 2016; Sepehr et al., 2014). Compared the FT–IR bands of R, 10D and 20D pastes, the intensity of
the bands in the scope of 947–970 cm�1 in 10D and 20D pastes appear to be slightly higher than the R

Figure 2. XRD patterns of pastes cured for 2, 7, 28 and 90 days.
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at 90 hydration days. It can be concluded that the production of hydration outputs such as C-S-H will
increase in 10D and 20D pastes at later ages (Lei et al., 2016). Moreover, 10 D and 20D pastes indicates
the lower intensity of CH bands in the range of 3591–3612 cm�1 than of R pastes. This can be explained
by mens of pozzolanic reaction of pozzolana phases by CH that generated from hydration of cement
phases (Saraya, 2014). In this context, the 10D and 20D pastes have the lowest CH band as a result of
reaction of the amorphous silica reacting by CH to admixture mount of CSH, at later ages. Therefore, it
can be said that the findings obtained by FT-IR analysis are compatible with the findings obtained by
XRD analysis.

3.4. Thermal analysis of the pastes

Figure 4 presents DTA/TGA examination of the R, 10D and 20D pastes at 2, 7, 28 and 90 days.

Figure 3. FT–IR diagram of pastes cured for 2, 7, 28 and 90 days.

Figure 4. DTA–TGA patterns of pastes cured for 2, 7, 28 and 90 days.
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The DTA curves present the presence of certain endothermic peaks at 41–160, 430–457 and 681–698 �C
(Figure 4). The endothermic affects within the range 25–200 �C are caused with evaporation of free water,
AFt and dehydration of C–S–H. Decomposition of CH causes endothermic effects in the 400–500 �C range
temperature. The peak within the range 500–750 �C is indicated to the decomposition of CaCO3

(Monteagudo et al., 2014; Saraya, 2014). Moreover, the weight loss between 105–1000 �C is determined as
the chemically bonded water content. The weight loss that occurs in this temperature range is dehydration
of cement hydration products such as portlandite, C–S–H gel and different hydrated products (Bhattacharya
& Harish, 2018; Zhang et al., 2018). The weight losses in different temperature ranges, which are 25–200,
400–500, 500–750 and 105–1000 �C, calculated from TGA of pastes cured for 2, 7, 28 and 90 days are given
in Figure 5.

The whole CH content in R, 10 D and 20D pastes was obtained by the following equations.

CHð%Þ ¼ a � 74=18ð Þ þ b � 74=44ð Þ (1)

where a and b represent weight losses caused by CH dehydration and CaCO3 dissociation, respectively.
44, 18 and 74 are the molecular weight of CO2, H2O, and CH respectively (Bhattacharya & Harish, 2018;
Zhang et al., 2018). Figure 6 shows the whole CH content.

As shown in Figure 5a, the amount of free water, C–S–H and AFt of the R pastes at 2, 7, 28 and
90 days are 13.0–13.4–15.4–14.1%; that in 10D are 16.0–13.8–19.4–16.2%, in 20D are
12.5–10.9–17.6–18.5%, respectively. The weight losses due to decomposition of CaCO3 and dehydration
of CH in R, 10D and 20D pastes at all curing ages are given in Figure 5b and c. The CH content at 2, 7,
28 and 90 days in R pastes calculated by the equation are 22.1–21.4– 20.5–19.4%; that in 10D are
19.2–20.0–18.2–18.1%, and in 20D are 20.7–20.4–18.1–17.3%, respectively (Figure 6). The chemically
bound water content at 2, 7, 28 and 90 days in R pastes calculated via the equation are
17.5–19.1–19.2–23.1%; that in 10D are 15.5–18.9–19.1–22.3%, and in 20D are 17.9–18.5–19.0–21.5%,
respectively (Figure 5d). According to these results, it is obvious that both with the increase of age and
with the addition of diatomite, the CH content is reduced gradually. The findings obtained by TGA ana-
lysis are compatible with the findings obtained by XRD and FT-IR analysis. Furthermore, the weight per-
centage of chemically bound water of the diatomite substituted paste and the reference paste is almost

Figure 5. TGA result of pastes cured for 2, 7, 28 and 90 days.
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the same at 28 and 90 days. By taking this into account, perhaps more hydration products maybe formed
and have a more compact structure in diatomite-substituted paste in later ages.

3.5. Microstructure analysis of the pastes

SEM footages of R, 10D and 20D pastes at 2, 7, 28 and 90 days are given in Figures 7–9, respectively.
As the hydration of R pastes at early ages, it may be seen in Figure 7 that the clinker grains were sur-

rounded by radiating fibers of C-S-H. This morphology of C-S-H rich in lime seen in Figure 7a represents
a relatively high porosity than pastes with pozzolan which have creased foils of C-S-H. At Figure 7a,
Portlandite crystals are seen as the layered massive morphology. AFt crystals with stretched needle pat-
terns were found in voids and cracks (Figure 7a). At 7 days, reticular mesh morphology is evident by
bridging and interaction between grains (Figure 7b). EDS analysis show that the reticular network morph-
ology are mainly composed of Ca and S for 2 days (Figure 7-1) and Ca, Si for 7 days (Figure 7-2), respect-
ively. Figure 7c shows the classic interweaving of layered CH with C-S-H. EDS analysis shows that the
structure is essentially composed of Ca (Figure 7-3). In 90 days, the featureless gel, which gives a certain
stability to the structure by stuffing all the pores amid the particles, becomes predominant in the paste
(Figure 7d). EDS examination reveals that the structure is primarily composed of Ca and Si (Figure 7-4)
(Chen et al., 2018; Liu et al., 2020; T€urker & Ye�ginobalı, 2003).

Figures 8 and 9 present the SEM images of 10D and 20D pastes cured for 2, 7, 28 and 90 days.
Diatomite has a highly porous microstructure, mainly in the form of disk-like and cylindrical shapes, and
can significantly accelerate the formation of amorphous phases in early and later ages. At 2 and 7 days, it
was observed that in pastes with 10% and 20% diatomite additive, the porosity increased when com-
pared with Portland cement pastes. At these stages, the internal structure of the diatomite was filled
with AFt and C–S–H, and CH was poorly defined. For this reason, it can be said that diatomite reacts
with the cement matrix at an early age, and diatomite particles with finer and higher surface areas accel-
erate the formation of amorphous phases. In addition, EDS analysis of the 10D paste reveals that the
main elements are Ca, Si, Al and S for 2 days (Figur e8-1), and Ca, Al, Si and S for 7 days (Figure 8-2),
respectively. The EDS analysis of the 20D paste present that the mainly elements are Ca and Si for 2 days
(Figure 9-1), and Si and Ca for 7 days (Figure 9-2), respectively. 10D and 20D pastes formed a thick con-
struction at 28 days, and most of the spaces between diatomite and matrix filled by the structure of
C–S–H (Figure 8c, 9d). The EDS spectrum on the surface of the diatomite particle in 10D and 20D paste
reveals the development of the hydrated layer as rich in Ca, Si and Al (Figure 8-3), and Si and Ca (Figure
9-3), respectively. At 90 days, the coagulated gel morphology becomes predominant phase in the 10D
and 20D paste and consolidated into a compact mass in which diatomite particles are embedded, as
seen in Figures 8d and 9d. Thus, it can be stated that an increasingly high-strength dense structure
emerges. The EDS analysis of the 10D and 20D paste present that the main elements are Ca and Si

Figure 6. CH content in pastes for 2, 7, 28 and 90 days.
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(Figure 8-4), and Ca, Al and Si (Figure 9-4), respectively (Chen et al., 2018; Liu et al., 2020; T€urker &
Ye�ginobalı, 2003).

When SEM images are evaluated in general, the principal hydration products of pastes are AFt, CH
and C–S–H gels, and it can be said that as the hydration age increases, diatomite substituted pastes have
a denser microstructure than reference pastes.

Figure 7. SEM images of R pastes cured for 2 (a), 7 (b), 28 (c) and 90 days (d).
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3.6. Compressive strength

Figure 10 presents the compressive strength of mortars at 2, 7, 28 and 90 days.
As shown in Figure 10, mortars produced by PC presented the highest compressive strength at all cur-

ing ages, reaching 30.8, 43.6, 54.7 and 60.0MPa at 2, 7, 28 and 90 days, respectively. The compressive
strengths of mortars with 10% diatomite substitution reduced by 26.0%, 21.2%, 5.8% and 2.0% after cur-
ing for 2, 7, 28 and 90 days, respectively, compared with the reference mortars. With 20% diatomite

Figure 8. SEM images of 10 D pastes cured for 2 (a), 7 (b), 28 (c) and 90 days (d).
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substitution to PC, the compressive strengths of the mortars produced decreased by 41.9%, 41.0%, 16.2%
and 16.3% after curing for 2, 7, 28 and 90 days, respectively, compared with the reference mortars. The
negative effects on the compressive strengths due to diatomite substitution decreased at later age. The
reason for this is stated that the AFt formation determines the compressive strength development in
cement in the early hydration periods, diatomite is more liable to be adsorbed onto the aluminate miner-
als (C3A and C4AF), restricting the formation of AFt, and lead to lower early ages compressive strength

Figure 9. SEM images of 20 D pastes cured for 2 (a), 7 (b), 28 (c) and 90 days (d).
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(Zhao et al., 2021). By contrast, the diatomite with high specific surface area, consumes more CH to cre-
ate C–S–H gel at later age (Figure 5), resulting in a denser microstructure than R paste (Figures 8–10).
And also, the chemically bound water content of diatomite-substituted pastes at 90 days is almost the
same as in R paste (Figure 5d). All these reactions lead to diatomite-substituted mortars a continuous
increase in compressive strength especially in later ages. According to the findings obtained, it is obvious
that 90 days compressive strength almost reaches to the reference mortar with the content of 10%
diatomite. Furthermore, the compressive strength values at the end of 28 days of all mortars with 10%
and 20% diatomite were obtained above the minimum value of 42.5MPa (Figure 10). According to this
result, it can be said that may be achieved save up to 20% of PC.

4. Conclusions

In this study, standard cement experiments were used to assess the setting period, water requirement,
and volume expansion of PC and diatomite-substituted cement pastes. Furthermore, effects of diatomite
on compressive strength and hydration reactions by technics such as XRD, FT–IR, DTA/TGA, SEM/EDS,
were investigated at 2, 7, 28 and 90 days. According to the findings:

� Water demand for normal consistency was increased with increasing diatomite content.
� The volume expansion and initial setting period values of referance and diatomite-substituted pastes

are in accordance with the value limited by the standards.
� The XRD, TGA and SEM data suggest that the diatomite–containing cement has a high hydration

degree at an early age and will continue to hydrate. Furthermore, at 90 days, the chemically bonded
water content in 10D paste is equivalent to PC. This shows that diatomite-replaced cement paste
may have a more compact structure by forming more hydration products at later ages.

� The principal hydration products of pastes, according to SEM figures, are AFt, CH and C–S–H gels. In
addition, as the hydration age increases, diatomite-substituted pastes have a denser microstructure
than reference pastes.

� While diatomite-substituted mortars show a significant loss in compressive strength especially at 2
and 7 days, it exhibits a continuous increase at 28 and 90 days.

� Compressive strength values at the end of 28 days of 10% and 20% diatomite-substituted mortars
were found to be higher than the minimum value of 42.5MPa for CEM I 42.5 R type cement in the
TS EN 197-1 standard. Therefore, it will provide economic (energy-saving) and ecological advantages
by saving up to 20% as a result of the reduction in the manufacture of Portland cement.

When the results are evaluated in general, it can be stated that raw diatomite can be used to produce
a green and environmentally friendly cement-based material in terms of both mechanical and durability.

Figure 10. Compressive strength of the mortars cured for 2, 7, 28 and 90 days.
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