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This article deals with the strength evaluation of concrete obtained by adding
different percentages of three types of nanominerals, including nanocalcite,
nanobarite and nanofluorite. To measure the velocity of ultrasonic waves and
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May 2024 0.75 and 1% nanominerals were subjected to the mentioned tests. The results
Accepted 19 May 2024 showed that the addition of nanocalcite, nanofluorite, and nanobarite with values
of 0.75%, 1%, and 0.75%, respectively, have the highest compressive strength

Keywords: compared to the control sample. Although these do not have pozzolanic
compressive strength of properties, they play a positive role in increasing the concrete strength by filling

concete, ultrasonic pulse concrete voids and due to their high specific gravity, increasing concrete density.
velocity, nanomineral,

nanobarite, nanoflorite,
nanocalcite.

Introduction

Recently, the field of concrete technology has
embraced nanoscale knowledge. Incorporating
minute amounts of nanomaterials into cement
improves its functional properties. Traditional
methods of mixing cement paste prove less
effective due to the lack of crystalline order in
the paste structure. Numerous studies indicate
that the addition of nanoparticles to concrete
results in improved mechanical properties and
overall concrete quality.Nanomaterials are
materials that have at least one dimension
between 1 and 100 nm (Khan and Hossain,
2022). Despite the progress made, the use of
natural resources, especially rocks and minerals,
as abundant, accessible and cheap resources, in
the field of concrete production has not been
successful. Most research uses synthetically
produced nanoparticles, which are mainly
associated with energy-intensive processes.

However, limited efforts have been made to
investigate the use of nanoparticles derived from
rocks and minerals to improve the mechanical
properties of concrete. In one study, Bakhoum et
al. (2017) showed that replacing 5% of cement
and 10% of sand with nanopowder produced
from granite increased the strength of concrete
by 41%. Other valuable research has been done
in the field of using nanoparticles as additives in
concrete, some of which are mentioned below.
Li et al (2006) observed an increase in the
compressive strength and abrasion resistance of
concrete by adding nano-titanium and nano-
silica. By obtaining the relationship between the
abrasion resistance indices and the compressive
strength of concrete, they showed that the
abrasion resistance of concrete increases as the
compressive strength increases.
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Mahmood and Kockal (2021) review previous
researches regarding the effects of nanoparticles
on concrete properties. They discuss the effect of
different types of nanoparticles on the
workability, — mechanical  properties and
durability properties of concrete.
This research tries to reach a new approach in
making concrete with improved strength
characteristics by using natural minerals in nano
dimensions. For this purpose, some mineral
samples were nano-powdered and replaced with
cement with certain percentages. The minerals
used here are calcite, barite and fluorite.
Materials and Methods
The materials used include cement, water, sand
aggregates and calcite, barite and fluorite
nanomaterials. The moisture contents for sand
and gravel aggregates were 3.96% and 0.813%
respectively. The water absorption values were
1.98% for sand and 1.329% for gravel. Finally,
the density of sand was 2.41 and that of gravel
2.61. For the production of concrete, purified
drinking water from Damghan city and Portland
cement type Il with a Blain fineness of 3055
cm2/g from Shahrood cement were used.The
nanomaterial used is the result of the powdering
of three mineral samples, calcite, barite and
fluorite, obtained from Imamzadeh Mohammad
Bager fluorite mine located in Damghan city.
Ten concrete mix designs were prepared
according to the British Standard (BS)
regulations. Among these designs, one served as
the control (referred to as Design A), while the
remaining nine incorporated  various
nanomaterials:

e Three designs (Ca-0.5, Ca-0.75, and

Ca-1) contained 0.5%, 0.75%, and
1% nanocalcite, respectively.

e Three other designs (Ba-0.5, Ba-
0.75, and Ba-1) included 0.5%,
0.75%, and 1% nanobarite.
e The final three designs (F-0.5, F-

0.75, and F-1) featured 0.5%,

0.75%, and 1% nanofluorite.
Results and Discussion
Ultrasonic wave velocity and compressive
strength methods have been used to estimate and
evaluate the properties of concrete. The lower
the amount of porosity, the better the quality of
concrete in terms of impermeability and concrete
durability, and on the other hand, the wave
velocity and its strength will be better. Tables 1
and 2 show a comparison between the ultrasonic
wave velocity and the unconfined compressive
strength of the concrete samples. This analysis
sheds light on the relationship between these two
critical properties and helps to understand
concrete quality and performance.As observed,
the ultrasonic wave velocity in samples
containing nanominerals varies based on sample
age and the type of additive. Figure 1a illustrates
the comparative ultrasonic wave velocity
samples. At 7 days, the Ba-0.75 sample has the
highest velocity, while at 28 days, it’s the Ca-
0.75 sample. At 90 days, Ba-0.75 remains
fastest, indicating better concrete properties at
high ages.
Samples with different nanominerals and
varying percentages show distinct compressive
strength compared to the control sample. Figure
1b displays compressive strength for calcite,
fluorite, barite nanominerals, and the control
sample at 7, 28, and 90 days. The highest
strength is achieved by replacing 0.75%
nanobarite (Ba-0.75) and 0.75% nanocalcite
(Ca-0.75) with cement in the 90-day sample.
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Table 1. Comparing the ultrasonic wave velocities of the samples with each other

45

40

o

(8]

o o o1 o

Unconfined compressive strength (MPa)

35

30 — ] | | -
2 | | | -
20 - _— | - 1 | . | | - | BN || . .| . | | - -
15 — _— | - || . | | - | ] .. . | | . | -
10 - _— | - || . | | - | B ] .. . | | . | -

0 A Ca-050 Ca-0.75 Ca-1  F-050 F-075 F-1  Ba-050 Ba-075 Ba-1
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m28 days 24.14 29.8 26.3 2593 3337 3228 3086 28.24 334 31.26
@90days 29.05 3242 3535 3123 3195 29.93 33 3415 37.67 3437

Table 2. Comparing the unconfined compressive strength of the samples with each other

Conclusions

This study investigated the effectiveness of
improving the strength and physical properties
of concrete by adding three nanominerals,
calcite, barite and fluorite. Each of these three
nanominerals was replaced by cement at
different percentages. In order to measure the
velocity of the ultrasonic waves and the
compressive strength of the concrete, cubic
specimens were prepared after 7, 28 and 90 days

of curing. 10 types of mix designs were tested,
including the control sample (without additives)
and samples containing 0.5, 0.75 and 1%
nanominerals.

As observed in this study, among the additive
nanominerals tested, the greatest compressive
strength and ultrasonic velocity are associated
with the replacement of 0.75% nanobarite (Ba-
0.75) as the top performer, followed by 0.75%
nanocalcite (Ca-0.75).
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These three nanominerals have a positive effect
on concrete strength. They fill voids in the
concrete and have a high specific gravity. Their
abundance, natural origin and precision make
them cost-effective for concrete production.

However, their lack of pozzolanic properties
places them below micro- or nano-silica.
Overall, research into different nanominerals
could lead to materials that improve the
mechanical properties and durability of concrete.
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Table 1. XRF test results of Shahrood type Il Portland cement

Oxides

Weight%

SiO2

21.11

Al20s3

4.41

Fe203

3.96

Ca0

63.36

MgO

1.51

SOs3

2.61

Na20

0.38

K20

0.51

L.O.1

2.02
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Fig. 2. Equipments used in the production of mineral nanopowder. From right to left, stone crushing machine,
stone grinding machine and planetary grinding machine
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Fig. 3. Microscopic image of calcite mineral sample
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Table 2. XRF results of nanocalcite

Oxides Weight%
Na20 0.023
MgO 0.074
Al2O3 0.008
SiO2 0.098
SO3 0.028
Cl 0.023
CaO 56.201
MnO 0.087
FexO3 0.24
Zn 0.007
Sr 0.014
Ba 0.046
L.O.1(950C°, 1 hr) + moisture 43.15
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Fig. 4. XRD results of nanocalcite
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Fig. 5. Microscopic image of barite mineral sample
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Table 2. XRF results of barite mineral nanopowder

Oxides Weight%
Na20 0.428
MgO 0.058
Al203 0.236
SiO2 0.171
SOs 27.33
cl 0.029
Ca0 1.725
Fe203 0.034
Sr 1.713
Ba 67.219
L.O.1 (950 C°, 1 hr) + moisture 1.03
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Fig. 6. XRD results of barite nanomaterials
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Fig. 7. Microscopic image of florite mineral sample
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Table 4. XRF results of nanoflorite

Oxides Weight%
F 41.136
Na20 0.151
MgO 0.111
Al2Os3 1.357
SiO2 1.995
P20s 0.013
SOs 0.056
Cl 0.08
K20 0.226
Ca0 52.001
TiO2 0.081
MnO 0.069
Fe203 0.382
Ni 0.004
Cu 0.009
Zn 0.01
Sr 0.007
Ba 0.072
L.O.1 (950C°, 1 hr) + moisture 2.24
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Table 5. Details of sample mixing designs

diges LW & )b Olsy> .0 Jgux

. ] Cement Nanocalcite | Nanoflorite | Nanobarite
Mix design (kg/m3) (kg/m3) (kg/m3) (kg/m3)
A 429 - - -
Ca-0.5 428.852 0.148 - -
Ca-0.75 428.778 0.222 - -
Ca-1 428.704 0.296 - -
F-0.5 428.852 - 0.148 -
F-0.75 428.778 - 0.222 -
F-1 428.704 - 0.296 -
Ba-0.5 428.852 - - 0.148
Ba-0.75 428.778 - - 0.222
Ba-1 428.704 - - 0.296
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Fig. 9. Concrete samples in the curing tank
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Fig. 10. A view of how to determine the wave velocity with a concrete ultrasonic device
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Table 6. Classification of concrete quality based on the ultrasonic wave velocity (Whitehurst, 1951)

Concrete quality Pulse velocity (m/s)
Excellent Above 4500
Generally good 4500-3500
Questionable 3500-3000
Generally poor 3000-2000
Very poor Below 2000

laaigod J5' gl sl Gralesl gl ¥ Jgoer

Table 7. Ultrasonic

test results of all samples

Samples Pulse velocity (m/s)
7 days 28 days 90 days
A 4125 4233 4425
Ca-0.5 4167 4335 4477
Ca-0.75 4348 4682 4762
Ca-1 4090 4225 4316
F-0.5 4145 4545 4425
F-0.75 4058 4315 4298
F-1 4225 4348 4615
Ba-0.5 4286 4412 4686
Ba-0.75 4498 4615 4793
Ba-1 4335 4478 4747
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Table 8. Compressive strength test results of all samples

Samples UCS (m/s)
7 days 28 days 90 days

A 2291 24.14 29.05
Ca-0.5 21.93 29.80 32.42
Ca-0.75 21.18 26.30 35.35
Ca-1 23.18 25.93 31.32
F-0.5 21.35 32.37 31.95
F-0.75 21.94 32.28 29.93
F-1 18.97 30.86 33.00
Ba-0.5 24.24 28.24 34.15
Ba-0.75 21.77 23.40 37.67
Ba-1 19.49 31.26 34.37

039, YA Sy o3l yo el condSeil V10 il
LelBe aged @ bgpe g)lad Caglie op i o
sl das 5y90 pod Vs b Lol el condSsil
e Slej 35L ,0 aS ggmuias oads awlS ol wd, Ce yu
(S oo S T VO Bigod |y Cemglite Sl (yy yidis 035,
b il soyd ot «omdS 9l (e Gal iz )

Glad Caglin o poglhe (0,5l Cews @y 6l ylosw

R (5L Cuoglio y ComlS 9l (0938 RSl
Sy 3L 5o 1 aals &gel g CodSeil oo Y 5 ¢ /YO
oS aald daed 3l CandSgil doys /YD 9 /00 axlg
Cooglio S 6l o0 ) axlg diges a5 50 10 «uu]

\Y Sgd=> )‘u,u-"uLo) w‘ﬁ‘bw| o.))f _ S & s

40 :
35 -9
—
30 /—//’4/‘
& / /://
= 25
= -
)
O
D 20 —0—A .
—0—Ca-0.50
15 —0—Ca-0.75 [
—0—Ca-1
10 t t
10 20 30 40 50 60 70 80 90 100
Time (day)
CamndS il axlg sladiges buis jquame (g lid Cooglie NP JSCs
Fig. 16. Unconfined compressive strength results of samples containing nanocalcite
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Fig. 17. Unconfined compressive strength results of samples containing nanobarite
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