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Cement Mortar, Kaolin, This work reports on the incorporation of Flint and Kaolin rocks powders
Flint, eco-friendly in the cement mortar in an attempt to improve its mechanical properties
mortars. and produce an eco-friendly mortar. Flint and Kaolin powders are

prepared by dry mechanical milling. The two powders are added
separately to the mortars substituting cement partially. The two powders
are found to improve the mechanical properties of the mortars. Hardness
and compressive strength are found to increase with the increase of
powders constituents in the cement mortars. In addition, the two powders
affect water absorption and thermal conductivity of the mortar specimens
which are desirable for construction applications. Kaolin is found to have
a greater effect on the mechanical properties, water absorption, and
thermal conductivity of the mortars than Flint. This behavior is discussed
and analyzed based on the compositional and structural properties of the
rocks powders.
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1. INTRODUCTION

Rocks are classified generally based on their chemical and compositional properties, their
permeability, and texture of the constituting particles and their particle sizes [1-3]. Rocks can also
transform from one type to another based on environmental effects and time. Accordingly, three
types of rocks are generated igneous, sedimentary, and metamorphic [4]. Flint and Kaolin are two
important forms of rocks. They are deposits of microcrystalline silica. Flint is easy to spot, covered
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by a thin white layer in contrast to the other pebbles. It is quite hard material but not as brittle as
quartz. Flint has a homogeneous, non-crystalline structure, and stress dissipates in its rocks. This is
unlike crystal structure where stress-induced small cracks often propagate through the entire crystal
[5]. Kaolin is a relatively soft, lightweight, and chalk-like material. It is commonly used in the paper-
coating industry and as filler in plastic and rubber components. It is also used as a pigment additive
in paints, ceramics, and pharmaceuticals. Kaolin coexists with other rocks such as quartz, iron oxide,
and minerals. Therefore, it is typically processed to remove these coexisting materials. Kaolin is
often further modified from its natural state by chemical treatments, physical delamination, and high-
temperature heating processes [6, 7]. The pozzolanic reactivity of Flint and Kaolin, investigated by
other researchers, has shown direct dependence on their compositional and mineral structures [8].
Also, the processing parameters of these materials before or during their incorporation in cement
manufacturing play an important role in the final properties of the cement mortars [9-13]. In the
present work, Flint and Kaolin powders are incorporated in the cement mortars after being subjected
to mechanical grinding at room temperature. Unlike precedent work by other researchers, no thermal
processing is applied to the processed powders. This is to reduce the amount of energy required
which becomes a critical issue when mortars are being prepared in large quantities.

Figure 1: Production of Flint and Kaolin powders from their respective rocks.
(a, b) Flint (c, d) Kaolin.

TABLE I: The mixing ratios of the Flint and Kaolin powders in the cement mortars.

Specimen Flint or Kaolin  Flint or kaolin
s Cement (g) Sand (g) powder (g) powder (%) Water (ml)
1 75 225 0 0 50
2 74.625 225 0.375 0.5 50
3 74.25 225 0.75 1 50
4 73.875 225 1.125 15 50
5 735 225 15 2 50
6 73.125 225 1.875 2.5 50

Cubic molds of 5x5x5 cm were used for the preparation of the cement mortars specimens. These
specimens were prepared for the compressive strength test. All the specimens were left for setting for
28 days. Figure 2 shows the mortar specimens after being removed from the molds. Figure 3 shows
the cement mortar specimen for the hardness and thermal conductivity tests. These specimens have
dimensions of 5 cm radii 1 cm thickness.
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Figure 2: The cement mortars prepared with the incorporation of Flint and Kaolin rocks
powders.

Figure 3:. The cement mortars for the hardness and thermal conductivity tests.

After 28 days the following properties were investigated; water absorption, thermal conductivity,
hardness, and compressive strength. For water absorption, the specimens were initially dried and
weighed. They were then submerged in water for 24 h. Their weight was measured immediately after
being removed from the water. The weight difference was then calculated to determine the amount of
water absorption. The thermal conductivity measurements of the mortar specimens were achieved
using Lee’s disk setup. The thermal conductivity factor was determined by Fourier law [14].

I X V — T[rze(Tl“'Tz) + ZT[re(lel-I-O5dS(T1+TZ)+d2T2+d3T3) _—— (1)
- 2
K(Tzd Tl) _ e(T1+(r)(d1+0.5ds )T1) + %dst ()
S

Where: K is the thermal conductivity measured in (W/m.K), | is the electric current measured in
Ampere, V is the applied voltage in (volt), r is the radius of lee disk meter and ds is the specimen
diameter. T, T, initial and final temperature.

The hardness test was accomplished according to the ASTM D2240-05 (2010) standard. Each
specimen was subjected to three measurements and an average value of hardness was determined.
The compressive strength, which is used to determine the elastic limit of the material under
compression, is measured according to ASTM C109 / C109M - 16a standard.

2. RESULTS AND DISCUSSION

Figure 4 (a, b) shows the XRD patterns of the Flint and Kaolin powders respectively. In the case
of the XRD pattern for Flint powder, the peaks could be indexed to two major phases. The first phase
identified, indicated by the 010, 111, 020, and 022 peaks in Figure 4 (a)lt was possible to obtain
diffraction patterns with high-intensity peaks at a relatively small scan rate indicating the presence of
a high crystalline structure. Figure 4(a) has a structure similar to that of Kaolinite [15]. The second
peak is quartz which is identified by the 001 and 101 peaks [16, 17]. The intensity peaks of the two
phases indicate that Kaolinite is a major phase constituting the crystalline powder.
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Figure 4: The XRD patterns of (a) Flint and (b) Kaolin powder.
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Figure 4 (b), the XRD pattern of the Kaolin powder, show intensity peaks that could be indexed
to multiple phase structures. Three-phases were identified; anorthic crystal system [18], boehmite
crystal system (identified with the presence of (020), (120), (140) peaks) [19] and quartz crystal
system (identified with the presence of (101), (210), (211) peaks [20].it was possible to obtain
diffraction patterns with high-intensity peaks at a relatively small scan rate indicating the presence of
a high crystalline structure

Figure 5 (a and b) shows the EDS spectra of the Flint and Kaolin powders respectively. The
elemental composition of the two powders, obtained from the EDS analysis are summarized in
Tables 2 and 3.Table 4 and 5 show the elemental composition of cement mortar with Flint powder
and with Kaolin powder.

(a)

(b)

Figure 5: The energy dispersive X-ray spectra of the (a) Flint (b) Kaolin powders.
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TABLE II: Elemental composition of Flint powder by EDS analysis.

Error in wt.%

i 0, [0) 0,
Element AN series [Wt.%] [norm.wt.%] [norm. at.%] (1 Sigma)
Aluminium 13 K-series 48.99 35.37 44.66 2.383
Rubidium 37 L-series 43.70 31.55 12.57 2.024
Selenium 34 L-series 12.35 8.92 3.84 0.746
Silicon 14 K-series 11.35 8.19 9.94 0.576
Oxygen 8 K-series 10.86 7.84 16.70 2.794
Barium 56 L-series 5.74 4.14 1.028 0.309
Carbon 6 K-series 5.48 3.96 11.238 2.842
Sum: 138.50 100 100
TABLE IlI: Elemental composition of Kaolin powder by EDS analysis.
. o o [norm. Error in wt.%
Element AN  series [wt.9%] [norm. wt.%0] at.%] (1 Sigma)
Rubidium 37 L-series 62.26 4041 15.63 2.857
Aluminium 13 K-series 30.90 20.06 24.59 1.580
Silicon 14 K-series 15.61 10.13 11.93 0.780
Carbon 6 K-series 14.97 9.72 26.76 5.945
Oxygen 8 K-series 11.40 7.40 15.30 3.409
Selenium 34 L-series 9.25 6.00 251 0.628
Iron 26 K-series 3.16 2.05 1.21 0.259
Barium 56 L-series 2.88 1.86 0.45 0.226
Indium 49 L-series 2.34 1.52 0.43 0.185
Sodium 11 K-series 1.22 0.79 1.14 0.200
Sum: 154.04 100 100
TABLE IV:Elemental composition of cement mortar with Flint powder.
= " - - . 5§ - - £
gz £ £ ES E¥ 385 §  ES 585
) @ = - n
& 2 £ E%f E® § 5 2% 539
Calcium é K-series 41.67 319 4%__)'0 Ca0 58.31 4477 3.26
Tantalum g M-series 52.66 404 118.4 52.66 40.43 4.45
Tin 8 L-series 19.26 14.7 6.40 19.26 14.79 2.32
Oxygen 8  Keseries 1663 o7 0 25E-09 -19E09  31.80
Sum: 1%22 100 100 Tsl
TABLE V: Elemental composition of cement mortar with Kaolin powder.
Element AN Series [wt.%] [norm.t%] [normat.%] Error in wt %(1 sigma)
Sb 51 L-series 123.30 55.41 42.25 11.23
Ta 73 M-eries 56.20 25.26 12.96 6.63
Ca 20 k-series 43.02 19.33 44,79 5.22
sum: 222.52 100.00 100.00
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Figure 6 (a and b) shows the scanning electron micrographs of the Flint and Kaolin powders
respectively. The typical Flint and Kaolin morphology in the form of heterogeneous layered sheets
with heterogeneous sizes can be identified in (a) and (b). Figure 6 (c and d) are the SEMs of the
cement mortars incorporating Flint and kaolin powders respectively. These images indicate the
difficulty in recognizing the rocks powders incorporated in the cement mortar. This is because of the
small amount of these powders and the presence of other constituents (sand and impurities in water)
in the specimen matrix. Nevertheless, a careful investigation of the SEMs provides strong evidence
about the homogeneous distribution of the rocks powders in the cement matrix. Furthermore, the
comparison of Figures (c and d) with (a) and (b) shows the effect of forming hydrated phases during
the pozzolanic reaction. In (c) and (d), C—S—H gels are identifiable leading to the reduction of pores
in the specimen area.

Figure 6: Scanning electron micrographs of (a) Flint (b) Kaolin powders. (c) and (d) are SEMs of the
cement mortars containing Flint and Kaolin respectively.

Figure 7 shows the water absorption results. Both mortars exhibited a reduction in the water
absorption value with the increase in powder ratio (Flint or Kaolin). This reduction was found
reproducible in all the mortars examined regardless of the time interval after which measurements
were taken. This behavior is attributed to the fact that the rocks powders fill the micro-cracks and the
pores in the mortar leading to a decrease of voids being otherwise occupied with water [21].

6
5.5
5
4.5
a
3.5

3 —a—Kaolin

Water absorption (%)

2.5 —o—Flint

2
0 0.5 1 1.5 2 2.5

Powder-to-cement ratio (%)
Figure 7: Water absorption of cement mortars with Flint and Kaolin powders.
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Figure 8 shows the thermal conductivity test of the cement mortars before and after the
incorporation of the rocks powders. Results show that the thermal conductivity decreases in general
with the increase of Flint and Kaolin in the cement mortars. However, there is a slight deviation from
this behavior at certain powder-to-cement ratios where the thermal absorption value is more or less
than its preceding one. This might be attributed to the fact that the thermal conductivity test is
sensitive to the specimen condition, particularly its internal humidity [22].

—e—Flint
25 == Kaolin

1.5

Thermal conductivity {W/m.K)

0 0.5 1 1.5 2 2.5
Powder-to-cement ratio (%)

Figure 8: Thermal conductivity of cement mortars with Flint and Kaolin powders.

Figure 9 shows the behavior hardness of the cement mortars with the increase of rocks powders.
Results show that the hardness increases with the increase of the Flint and Kaolin ratio in the mortar
specimen. The rate of increase of hardness at low additions is higher than that at high powders
addition indicating that there is a limited hardness achievable with these substituents. Furthermore,
Kaolin resulted into higher hardness values than Flint which might be attributed to the inherited
hardness of the Kaolin rock powder [23].
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Figure 9: The hardness of cement mortars with Flint and Kaolin addition.

Figure 10 shows the results of the compressive strength measurements of the cement mortars
before and after the addition of the Flint and Kaolin powders. Both powders exhibited an increase of
compression resistance with the increase of powders constituents in the cement mortars. In addition,
the effect of Kaolin on compression resistance values is higher than that of Flint. This behavior is
directly related to the hardness behavior (Figure 9). The increase of hardness and compression
strength with the increase of Flint and Kaolin is due to the inherent properties of these two additives.

1528



Engineering and Technology Journal Vol. 38, Part A (2020), No. 10, Pages 1522-1530

46

42

38

36

34 —@—Flint

Compressive strength ( MPa)

32 ——Kaolin

30

0 0.5 1 1.5 2 2.5
Powder-to-cement ratio (%)

Figure 10: Compressive strength of cement mortars before and after the incorporation of Flint
and Kaolin powders.

CONCLUSIONS

1)  Utilization of Iragi rocks powders, namely Flint and Kaolin powders, in cement mortars was
achieved in an attempt to improve the mechanical properties of the mortars.

2) The two rocks powders were produced by ball milling and incorporated in the cement
mortars at certain ratios substituting cement partially.

3) The effect of Flint and Kaolin powders on cement mortars included water absorption,
thermal conductivity, this investigation showed that Flint and kaolin led to a decrease of
water absorption and thermal conductivity of the cement mortar specimens.

4) The hardness and compressive strength Furthermore, increase with the increase of the
powders in the mortars. This behavior was discussed and analyzed based on the inherited
properties of the Flint and Kaolin powders.
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