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Abstract- Concrete is one of the most versatile material in 
building construction. Overall quality of cement is indicated by 
the compressive concrete strength of concrete (CSC). Many 
techniques are available to increase the CSC. As one of the 
technology, we irradiated the cement with mid-infrared rays 
and observed 38% CSC increase. This technology is 
economical, rapid, easy, user-friendly, can be used by 
manufacturer to client and in future may gain vast scope and 
utility in civil engineering. 
Keywords: cement, mid-infrared, irradiation, compressive 
strength of concrete, increase, safe, economical. 

I. Introduction 

bout 10 billion tons of concrete used leading to 
natural resource decline, and increasing pollution 
hence research for alternative needed (Liu et al., 

2020). Cement price and demand are dynamic. Either 
saving atleast 1% of cement or increasing the 
compressive strength of concrete (CSC) would save 
economy and reduce pollution. CSC is influenced by 
type and source of cement, supplementary cementitious 
material and aggregate type (Jared et al., 2022). 
Through various research CSC was increased upto 
72.3% as cited by Liu et al., 2020. Most of these 
methods are unstable, uneconomical and difficult to 
follow in field conditions. We successfully tried mid-
infrared irradiation and found 38% CSC increase. The 
effect of mid-infrared in cement’s physic-chemistry is 
also discussed with various instrumentations. 

II. Material and Methods 

MIRGA (patent no.: 401387) is a 20 ml pocket 
sized atomizer (Supplementary file – figure F1) 
containing inorganic water based solution in which 
approximately two sextillion cations and three sextillion 
anions composing Sodium carbonate monohydrate, 
Sodium carbonate anhydrous, Potassium nitrate and 
Sodium     chloride    are    present.     During    spraying, 
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depending on pressure (vary with the user) applied to 
plunger, every spraying generates 2-6 µm mid-IR. 
Design of the MIRGA and emission of 2-6 µm mid-IR 
has been presented in detail by Umakanthan et al., 
2022a; Umakanthan et al., 2022b. Every time spraying 
emits 0.06ml which contains approximately seven 
quintillion cations and eleven quintillion anions. (details 
about MIRGA available in supplementary text T1) 

The inorganic compounds used in the 
generation of MIR are a perspective for biomedical 
applications (Tishkevich et al., 2019; Dukenbayev et al., 
2019). It is also a new synthesis method for preparation 
of functional material (2-6 µm mid-IR) (Kozlovskiy et al., 
2021; El-Shater et al., 2022). It is well known that the 
combination of different compounds, which have 
excellent electronic properties, leads to new composite 
materials, which have earned great technological 
interest in recent years (Kozlovskiy et al., 2021; 
Almessiere et al., 2022). 

Commercial cement and service of an expert 
panel (n:6) from a local cement manufacturing factory 
utilized. The spraying was done from 0.25 to 0.5 meter 
towards any type of packaged (polythene, paper, glass) 
material (e.g cement bags here) (Method of MIRGA 
spraying in Supplementary file – video V1). This distance 
is essential for the MIRGA sprayed solution to form ion 
clouds, oscillation and 2-6 µm mid-IR generation. The 
mid-infrared can penetrate the intervening package and 
act on the cement inside. Close spraying doesn’t 
generate energy. MIRGA is used like a body spray. 
The instruments used to find the changes in, 

Chemical compound transformation – gas 
chromatography mass spectrometry (GC-MS): Agilent 
technologies, 7820 GC system, 5977E MSD, Colomn 
DB-5, Over temp 100-2700C, Detector MS, Flow rate 1.2, 
Carrier gas Helium. 

Chemical bond changes – fourier-transform 
infrared spectroscopy (FTIR): JASCO FT-IR 4200 plus 
spectrophotometer with ATR (range 4000–400 cm⁻¹ at 
298 K); and IR AFFINITY I – FTIR Spectrophotometer, 
FTIR 7600, Shimadzu. 

Structural changes – powder x-ray diffraction 
(PXRD): Rigaku RINT 2500 X-ray diffractometer (CuKα 
anode; λ = 1.541Å). Samples scanned at 40kV and 
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30mA from 5° to 35° 2θ values and analyzed using 
PDXL2 software (Rigaku).

Configuration – transmission electron 
microscopy (TEM): High resolution transmission 
electron microscopy (HR-TEM) on JEOL (JEM-2100 
Plus) system under an acceleration voltage of 200 kV.

Nuclear resonances – Solid state 27Al nuclear 
magnetic resonance: The experiments were done on a 
600 MHz NMR spectrometer (ECZR Series, JEOL, 
JAPAN) using a 3.2mm CPMAS probe at 150MHz 
frequency. All the samples were run at 18KHz spinning 
speed at room temp and with a delay of 5sec.

a) Method 1
A commercial bag containing M20 grade 50 kg 

cement was purchased. From that bag, 1000gms 
cement was taken, transferred to a polyethene pouch 
(more than 51 micron thickness) and its opening sealed 
with cellophane. Similarly, 10 more packets prepared. 
Among the 11 packets, one was marked as C (Control) 
and the remaining 10 were individually numbered from 1 
to 10. The numbered pouches were respectively given 1 
to 10 MIRGA sprayings from 0.25-0.50 meter towards 
the pouches, at a rate of 1 or 2 on one or either side of 
the pouches.

Using cement from each of the 11 pouches, a 
standard weight of ingredients aggregate prepared, 

cubes of same size were individually casted. Manual 
casting and compaction of cubes done (pair-form-
technique). The cubes were separately cured by 
submerging in water. Compression tests were 
conducted with compression testing machine 1000 KN 
capacity at 7, 14 and 28 days. The trials were conducted 
in quadruplet and CSC results were compared.

b) Method 2
M20 grade 50 kg cement bag was purchased of 

the same brand and batch as in method 1. 4 samples of
1000 gms each were prepared. One sample was 
marked as C (Control) and the remaining 3 were 
numbered 1, 2 and 3. MIRGA salt was added at 0.5%, 
0.75% and 1% (w/w) respectively to packets 1, 2 and 3. 
As in method 1, cubes were prepared, subjected to 
CSC testing. The trials were conducted in quadruplet 
and results were compared.

III. Results and Discussion

a) Method I
6 and 10 times MIRGA sprayed cement cubes, 

on 28th day was found to have increased 38-48% CSC 
respectively compared to control cubes (Table 1).

Table 1: Compressive Strength of Concrete (an abstract table)

Number of MIRGA 
spraying

Compressive Strength of Concrete in N/mm2
(method 1) Enhanced percentage 

of CSC in N/mm2
7th day 14th day 28th day

C (non-sprayed) 13 18 21 -

2 15 19 22 5
6 15 24 29 38

10 16 25 31 48

b) Method 2
On 28th day, the 0.75% MIRGA salt added 

cement cubes were found to have 38% increased CSC 
than control. MIRGA salt as such is a bit costlier than 
MIRGA sprayings.

Considering 28th day results of both methods, 
the CSC enhancement of 38% in 6 sprayed cement 
sample was taken as an achievement of this research.

The sensory and other parameters of control 
and trialed samples given as below. These changes 
were observed from 1-3 minutes after MIRGA spraying.

Control: Natural texture, taste bland, soft, a pinch sank 
very slowly in water.

2 sprayed: Smooth texture, salty, soft, sank rapidly in 
water.
6 sprayed: Rough texture, more salty, course, sank very 
rapidly in water.

10 sprayed: Very rough texture, very salty, very course, 
sank very slowly in water.

Instrumentation analyses (raw data of instrumentations in 
Supplementary file – Data D1).

i. GCMS

Control: The GCMS profile of the control sample shows 
peaks at these retention times (min): 12.8, 13.4, 15, 
16.3, 17.8, 19.7, ~19.8, ~20, and ~21.8. 2 sprayed 
sample: There is one additional peak in the 2 sprayed 
sample at about 18.4 min compared to the control 
sample GCMS. This additional peak is the marker of 
different properties of the 2 sprayed sample. 6 sprayed 
sample: There is an additional apparent peak at about 
20.6 min. This change is an indicator of the rough 
texture, etc. of 6 sprayed sample relative to the control 
sample. 10 sprayed sample: The peak at ~5.2 min in 
the GCMS pattern of the 10 sprayed sample does not 
appear in the GCMS pattern of the control sample or 
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other samples. This peak is the unique property of the 
10 sprayed sample.

Cement sample contains many aldehydes, 
ketone, short chain alkane & their derivatives. After 2 
spraying, there was great increment in peak of 
dodecane (or its derivatives) while 6 and 10 sprayings 
and control have not shown this peak. On contrary, 6 

and 10 sprayed samples have shown the peak of 
Cyclohexane (or its derivatives) which was not present in 
2 sprayed & control samples. In the sprayed samples, 
13-Octadecenal (most abundant peak) was 
disappeared and converted to various derivatives 
depending on the number of sprayings. (Fig 1) (Table 2)

Fig. 1: GC-MS of cement samples
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Table 2: GCMS spectra analysis of cement samples

R.T. 
(Min)

Name of Compounds in 
Cement % Area presence in Sample

Control 2 sprayed 6 sprayed 10 sprayed Remarks

12.809
13-Hexyloxacyclotridec-10-en-2-

one 2.17 0.69 1.99 2.29

16.270
Cyclopentadecanone, 2-

hydroxy- 6.60 0.0 0.0 0.0

16.279 13-Octadecenal, (Z)- 0.0 2.71 0.0 3.15
16.279 2,3-Dihydroxypropyl elaidate 0.0 0.0 2.93 0.0

17.839
Cyclopentadecanone, 2-

hydroxy- 39.06 0.0 0.0 0.0
Most abundant peak

in control sample

17.839 Cyclohexane, pentyl- 0.0 0.0 37.98 55.15
Most abundant peak 
in 10 sprayed sample

19.702 13-Octadecenal, (Z)- 52.70 0.0 0.0 0.0
Most abundant and 

unique peak in 
control sample

19.711
9-Octadecenoic acid (Z)-, 2,3-

dihydroxypropyl ester 0.0 0.0 0.0 50.29
Most abundant peak 
in 10 sprayed sample

17.849 Dodecane, 2-cyclohexyl- 0.0 49.07 0.0 0.0
Most abundant peak 
in 2 sprayed sample

19.712 Cyclopentadecanone, 2-hydroxy 0.0 46.37 61.09 0.0
Most abundant peak 
in 6 sprayed sample

19.995
tert-Butyl(5-isopropyl-2-

methylphenoxy)dimethylsilane 0.0 7.95 0.0 0.0

ii. FT-IR

a. JASCO FT-IR 4200 plus Spectrophotometer with 
ATR

Control Sample: The broad signal in the range 1100-
1450 cm-1 is associated with the stretching vibration of 
Si-OH in the silanols functional group, although 
observed in the fingerprint region. Furthermore, in the 
functional group region, the broad signal in the range 
3200-3600 cm-1 is associated with the stretching 
vibration of O-H.
2 sprayed Sample: In the fingerprint region, the broad 
signal of Si-OH in the range 1100-1450 cm-1 increases 
significantly. Moreover, in the functional group region, 
there is a further broadening of O-H in the range 3200-
3600 cm-1.

6 sprayed Sample: Following the same trend in the 2 
sprayed sample, in the fingerprint region, the broad 
signal of Si-OH in the range 1100-1450 cm-1 continues 
increasing. Moreover, in the functional group region, the 
broad signal of O-H in the range 3200-3600 cm-1 
increases in value.
10 sprayed Sample: In the fingerprint region, the broad 
signal of Si-OH in the range 1100-1450 cm-1 drops in 
value. In the functional group region, the broad signal of 
O-H in the range 3200-3600 cm-1 also drops in value.

The observed changes in the stretching 
vibrations of Si-OH and O-H can be interpreted as to the 
2 sprayed and 6 sprayed samples being more favorable 
than the control sample, and the 10 sprayed sample 
being less favourable. At band 1623 cm-1 and 1684 cm-
1 bending vibration of water in gypsum seen. At 3554 

cm-1 stretching vibration of water in gypsum seen. A 
broad band at ~ 1650 cm-1 is due to bending vibration 
of irregularly bound H2O in 6 and 10 sprayed samples 
as the rate of hydration is more. (Fig 2)
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Fig. 2: FT-IR of cement

b. IR AFFINITY I – FTIR Spectrophotometer, FTIR 
7600, Shimadzu
Cement is a mixture of different compounds. It 

consists of Calcium oxide (CaO), Silicon dioxide (SiO2),
Aluminum oxide (Al2O3), Iron oxide (Fe2O3), Water (H2O),
Sulfate (SO3) and do not have any specific formula.
Ca(OH)2 stretch (present in control sample) indicate 
Portlandite of cement and it was changed in 2 and 10 

sprayed samples, but disappeared in 6 sprayed sample. 
While10 sprayed sample showed comparatively 
increased C-O stretch of [CO3]2-, 2 sprayed sample 
showed high increment for Si-O stretch. The 6 and 10 
sprayed samples uniquely shown asymmetric stretching 
of Si-O bond while S-O stretching of SO4

2- was 
selectively present in control and 2 sprayed samples.
(Table 3) (Fig 3)

Table 3: FTIR spectra analysis

Frequency 
(1/cm) Band characteristic % area present in each sample

Control 2 sprayed 6 sprayed 10 sprayed Remarks
3417.86 Portlandite – Ca(OH)2 1.39 5.34 0.0 0.75 Increase in 2 sprayed sample

1435.04 C-O stretch of[CO3]2- 13.33 14.06 10.58 21.97 Increase in 10 sprayed  
sample

1103.28 S-O stretch of [SO4]2- 6.19 5.17 0.0 0.0 Only present in control and 2 
sprayed samples

1095.57 Si-O (asymmetric 
stretching) 0.00 0.00 3.5 6.46 Only present in 6 sprayed and 

10 sprayed samples

925.83 Al-O stretch 2.14 2.22 1.44 1.76 Decrease in 6 sprayed and 10 
sprayed sample

455.20 Si-O stretch 2.76 5.34 1.46 2.14 Increase in 2 sprayed sample
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Fig. 3: FTIR of cement

iii. PXRD
The changes in peak intensities at 11.59o and 

29.11o is due to changes in nuclear co-ordinates due to 
the formation of gypsum and more intense in 6 and 10 
sprayed samples. The rate of hydration of the cement is 

increasing with the increase in the spraying number. The 
rate of hydration of the cement samples is in the order of 
control < 2 sprayed < 6 sprayed < 10 sprayed sample.
(Table 4) (Fig 4)

Table 4: PXRD analysis

Control 2 sprayed 6 sprayed 10 sprayed
2θ I I/Imax % I I/Imax % I I/Imax % I I/Imax %

32.24 (Alite) 3081 100,0 3523 91,9 1911 100,0 3085 100,0

29.48 (Alite) 2837 92,1 3715 96,9 1576 82,5 2780 90,1

34.42 (Ferrite) 2582 83,8 2643 69,0 1593 83,4 2575 83,5

26.65 (Langbenite) 2418 78,5 3832 100,0 1215 63,6 2413 78,2

51.79 (Alite) 1903 61,8 1140 29,7 640 33,5 1113 36,1

18.08 (Portlandite) 1256 40,8 1321 34,5 711 37,2 1131 36,7
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Fig. 4: PXRD of cement samples

iv. HR-TEM
Control sample: Mass aggregates show amorphous or 
ellipsoidal shape, and sizes ranging 0.4 – 1 µm. Most of 
these appear homogeneously dark. Bands of regularly 
spaced fringes suggesting Moirè patterns are visible 
that are typical of crystalline structures. Different 
particles having typical crystal shapes are visible, 
namely: triangular particles and needle-like particles. 
Concerning the triangular particles, it shows two equal-
lenght sides (0.7 µm) and one shorter side (0.4 µm), 
recalling an isosceles triangle; it also shows bending 
contours at particle edges, that are typical of crystal 
torsions. Concerning the needle-like particles, all visible 
particles have same length, ranging 0.5 – 0.6 µm and 
show diffraction contrast evidences (including the likely 
Moirè patterns observed). Both types are thus 
compatible with crystals. Nanoparticles (average size 20 
– 100 nm) are observed with prevalent squared shape 
and organized in clusters.

2 sprayed sample: Mass aggregates of comparable 
sizes and shapes organized in clusters are observed. 
Diffraction contrast areas are visible suggesting the 
presence of crystals. Different from the control, the 2 
sprayed sample does not show individual particles with 
peculiarities typical of crystal, e.g. like those described 
for the control sample. Given the crystalline nature of 
this sample, as documented by HRTEM images, small 
crystals are present here, instead of large ones 
observed in the control. Moreover, the low frequency by 
which features typical of crystal structure are observed 
is coherent with the low frequency of areas of lattice 
fringe bands observed. Individual nanoparticles similar 
to those in the control are not visible in the 2 sprayed 
sample; however, in the aggregate some objects are 
observed which are comparable to nanoparticles
observed in the control.

6 sprayed sample has different clusters of mass 
aggregates showing various shapes and sizes, at 
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increasing magnification; a cluster of rectangular 
crystals and a diffraction pattern image are also shown. 
Differently from control and 2 sprayed samples, 6 
sprayed sample features typical of crystalline structures 
spread all over the sample mass. This sample is 
characterized by a large number of crystal structures. 
Measures of the ring radii in reciprocal lattice unit (1/nm) 
provide the following interplanar distances (real space, 
nm): 0.12, 0.16 and 0.20, comparable with 
measurements performed on bands of lattice fringes. In 
the diffraction pattern, bright spots are observed 
uniformly distributed along the rings, indicating that this 
sample has a polycrystalline texture where crystallites 
are random oriented; also this finding is coherent with 
information extracted from the HRTEM image of this 
sample. Sizes and shapes of mass aggregates are 
similar to those of control and 2 sprayed samples. 
However, while in aggregates of these samples 
diffraction contrast is observed in limited areas of the 
aggregate, in the 6 sprayed sample signals of diffraction 
contrast and of Moirè patterns are observed with very 
high frequency. Moirè patterns are particularly evident. 
Rectangular and/or squared crystals are also observed 

with side lengths 0.3 – 0.4 x 0.05 (µm x µm), and 110 –
130 nm respectively.

10 sprayed sample: Similarly to 6 sprayed sample, this 
sample features typical of crystalline structures in 
sample mass. This is characterized by a large number 
of crystal structures. Due to strong overlapping, sizes of 
individual crystallites are hard to be measured; however 
they range 50 – 130 nm approx. It has to be noted that, 
differently from previous samples, crystallites show 
ellipsoidal shape in the 15-10. Also a small squared 
crystal is present with side length 40 – 50 nm. Another 
structure is visible suggesting the presence of 
overlapped crystals, since dark fringes are observed 
suggesting diffraction contrast.

In short, degree of crystallinity increased from 
the control to 6 sprayings. The regularity of crystal 
structure is enhanced proportionally with increasing 
spraying from control to 10 sprayings. Concerning the 
regularity of the crystal structure, instead, an effective 
improvement is only observed from the 6 and 12 
sprayed samples, due to the high degree of crystallinity 
observed for these two samples. (Fig 5)

Fig. 5: HR-TEM bright field images of cement samples



 

   
 

Enhancement of Cement’s Compressive Strength of Concrete using Mid-Infrared Ray – A Fundamental
Research

G
lo
ba

l 
Jo

ur
na

l 
of
 R

es
ea

rc
h 

in
 E

ng
in
ee

ri
ng

 (
 E

 )
 X

X
IV

 I
ss
ue

 I
 V

er
si
on

 I
 

 Y
ea

r 
20

24

21

© 2024 Global Journals

v. Solid state 27Al NMR
Since there is no significant change in the 

chemical shift and the integral value of the trans-1,2
disubstituted alkene–OCH3 at 130.370 ppm in control, 
2, 6 and 10 sprayed samples, we used this peak as a 
reference to normalize the integral values in all the three 

data sets. With respect to the control sample, the sulfur 
compounds at 14.771 ppm and 61.708 ppm drop in 
the2 sprayed sample. But in the 6 and 10 sprayed 
samples theses integrals increase in value again. This 
behavior is concluded as the 6 and 10 sprayed samples 
are more favorable than control. (Table 5) (Fig 6)

Table 5: 27Al NMR analysis

Chemical Shift Description
Control Sample 2 sprayed sample 6 sprayed sample 10 sprayed sample

CS PI NPI CS PI NPI CS PI NPI CS PI NPI

-100.181 0.59 1.25 -100.543 0.61 1.01 -100.543 0.62 0.98 -100.352 0.63 1.10

Sulfur 
Compounds

Sulfides 14.771 1.47 3.13 14.771 1.73 2.87 14.714 2.23 3.55 14.676 2.02 3.51

Sulfur 
Compounds

Sulfonic 
and Sulfinic 
Acids and 
Derivatives

61.708 8.61 18.30 61.137 8.64 14.35 61.156 9.14 14.55 61.079 9.01 15.69

trans-1,2-
Disubstituted 

Alkenes
–OCH3 Alkenes 130.370 0.47 1.00 130.256 0.60 1.00 130.332 0.63 1.00 129.913 0.57 1.00

  CS - Chemical Shift (ppm); PI - Peak Integral; NPI - Normalized Peak Integral

Fig. 6: NMR spectra of cement samples
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To conclude, the changes in the chemical 
bonds thereby chemical transformation, configurational 
changes caused by MIRGA is the cause for inherent 
characteristic changes in the sprayed cement samples.

c) Future Benefits of Sprayed Cement

• Instead of 1kg of cement (1000 gm), 620 gm of 
MIRGA sprayed cement (as 38% CSC increased) is 
enough to achieve regular CSC.

• Economy saved on cements there by aggregate, 
water and labour also.

• Production and transport costs reduced.
• Environmental pollution and health hazards 

reduced.

d) Action of MIRGA Emitted 2-6 µm mid IR on Cement
Invention background, definition, technique of 

mid-IR generation from MIRGA, toxicological study on 
MIRGA, safety of the MIRGA sprayed usables and 
primeval and future scope of MIRGA have been 
described by Umakanthan et al., 2022a (detailed 
discussion on MIRGA available in supplementary text T2).
While spraying MIRGA, most of the mid-IR energy 
scatters through the air and gets absorbed by cement. 
Organic compounds absorb mid-IR radiation which 
causes a change in molecule’s vibrational state to move 
from the lower ground state to excited higher energy 
state (Girard, 2014). This leads to changes in cement’s 
chemical bonds (Shankar, 2017; Mohan, 2004) and 
these bond parameter changes led to consequent 
changes in cement’s physical and chemical characters, 
configuration, compound transformation depending on 
the dose of mid-infrared applied (Yi, 2012; Esmaeili, 
2015; Atkins, 2011; Datta et al., 2014).

As displayed in the results, 2-6 µm MIR 
generated from the MIRGA equipment caused chemical 
and molecular level changes in the cement components 
(photodegradation). In this process, chemical 
components of the cement have absorbed the MIR and 
the absorbed MIR photons have altered the chemical 
bonds of cement molecule; thereby some of the cement 
molecules are degraded and transformed into another 
molecule/compound, as reported in GCMS analysis.

Mid-IR has unique vibrational transitions of most 
molecules (here cement) (Waynant et al., 2011) and has 
caused various chemical bond stretching and bendings
(Mohan, 2004; Agarwal et al., 2014), including new 
molecule formulation like gypsum formation, crystallinity 
and hydration (Xu et al., 2017), thus lead to consequent 
change in physical and chemical properties of cement
(Esmaeili, 2015; Datta et al., 2014), hence improved 
CSC. Mechanical strength of cement mainly comes from 
accelerated hydration and chemical reaction (Liu et al., 
2020) and also refinement of –CH crystal (Wang et al., 
2019). The said effects were produced by the mid-
infrared as observed in the instrumentation results.

Depending on number of MIRGA spraying 
(energy given), a receptor’s chemical bond 
configurations and subsequent physical and chemical 
characters can be altered to our desire. Such desirable 
results in coffee, tea, cocoa and edible salts were 
achieved using MIRGA spraying by Umakanthan et al., 
2022a; Umakanthan et al., 2022b; Umakanthan et al., 
2023c; Umakanthan et al., 2023d.

Since long, alternative to cement research is 
ongoing with merits and demerits of the results. CSC 
improving technologies are use of nanocements (Brown 
et al., 2019), use of higher strength concrete (40 MPa or 
50 MPa) (Jemimah et al., 2021), use of metals waste 
(Bacelar et al., 2022) and mine drainage sediments, 
calcium sulfo-aluminate/alkaline hydroxide substances/ 
aluminosilicate minerals/sodium potassium silicate 
minerals (Hong et al., 2016). CSC was also increased by 
various researchers by irradiation with ultraviolet (Bo et 
al., 2011), microwave (Dmitriev et al., 2017), gamma rays
(Osamu et al, 2013), neutron and radiation on sulphur 
polymer concrete (Piotr et al., 2020), but these are 
having limitations with application and cost-
effectiveness. Far-infrared rays a non-ionizing safe 
irradiation has also been used in CSC improvement
(Fukazawa et al., 1990).

Recently, cement based geopolymer materials 
are evolved which are technically advantageous. On 
contrary, cost is high, impracticable in large scale 
construction and unstable performance (Liu et al., 2020). 
MIRGA technology can be placed in the literature as one
of the CSC improving research.

IV. Conclusion

Mid-IR treated cast cement cubes showed 38% 
enhanced CSC versus non-treated. Thus, cement 
quantity could be reduced to 38% less than the usual 
requirement, saving resources and economy. If the 
usual quantity of cement is used, 38% more CSC would 
result. In the authors’ opinion, this study has scope for 
more fruitful research on cement and its allied materials 
potentiation, which may result in further economy, 
reduced transport cost, resource saving and ecological 
impact.
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Supplementary Material

Supplementary data D1: Raw data files of cement instrumentations
https://drive.google.com/open?id=1Q1igeEkD5YHE0TZ-aE99MFBcALmAhMu9

Supplementary video V1: Method of MIRGA spraying
https://drive.google.com/open?id=1QoRwTESKfSdoJTfD--xIG9YpTDnVonGW

Supplementary Figure F1: MIRGA spray diagram

Supplementary Text T1: Details of MIRGA
MIRGA (patent no.: 401387) is a 20-mL capacity 

polypropylene plastic atomizer containing an inorganic 
(molar mass 118.44 g/mole) water-based solution in 
which approximately two sextillion cations and three 
sextillion anions are contained. The sprayer unit has 
dimensions 86 × 55 × 11 mm, an orifice diameter of 
0.375 mm, ejection volume 0.062 + 0.005 mL, and 

ejection time 0.2 s. The average pressure is 3900 Pa, 
and the cone liquid back pressure is 2000 N/m2

(Supplementary Fig (ii)). During spraying, approximately 
1-μg weight of water is lost as mist and the non-volatile 
material in the sprayed liquid has a concentration of 153 
mg/mL. Every time spraying emits 0.06ml which 
contains approximately seven quintillion cations and 
eleven quintillion anions.
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Depending on the pressure applied to the 
plunger, every spraying is designed to generate 2–6 µm 
as estimated by an FTIR (retro-reflector) interferometer 
instrument (Detector type D* [cm HZ1/2 - 1] MCT [2-TE 
cooled]) at Lightwind, Petaluma, CA, USA.

Supplementary Text T2: Detailed Discussion
1. Detailed discussion [1]

1.1. Invention background
The four observable states of matter (solid, 

liquid, gas, and plasma) are composed of 
intermolecular and intramolecular bonds. The inherent 
characteristics of neutrons, protons and electrons are 
unique, however, differences in their numbers are what 
constitute different atoms, and how these atoms bind 
together develops into different molecules with unique 
characteristics. In the electromagnetic wave (EMW) 
spectrum, the mid-IR region is vital and interesting for 
many applications since this region coincides with the 
internal vibration of most molecules [2]. Almost all 
thermal radiation on the surface of the Earth lies in the 
mid-IR region, indeed, 66% of the Sun’s energy we 
receive is infrared[3] and is absorbed and radiated by all 
particles on the Earth. At the molecular level, the 
interaction of mid-IR wavelength energy elicits rotational 
and vibrational modes (from about 4500–500 cm-1, 
roughly 2.2 to 20 microns) through a change in the 
dipole movement, leading to chemical bond alterations 
[4].

During our research we have observed: (A) In all 
objects, even though atoms always remain as atoms, 
their chemical bond parameters are continuously prone 
to alteration by cosmic and physical energies (e.g.: 
EMW, heat, pressure, and humidity) causing the bonds 
to compress/stretch/bend [5-8], break [9,10], or new 
bonds to be formed [11]. These alterations ultimately 
lead to changes in the physicochemical characteristics 
of the objects. (B) The dynamic, constant, and mutual 
influences of EMW among the Earth and the celestial 
and living bodies are continuously causing alterations in 
the inherent physiochemical characters of earthly 
objects, for instance, enhancement due to an optimum 
dose of energy or decrease/destruction due to a high 
dose of energy (detailed below). Thus, based on these 
concepts, MIRGA was developed to alter the bond 
parameters, thereby potentiating the natural 
characteristics of products.

1.2. MIRGA definition
We define MIRGA as ‘a harmless, economical 

atomizer containing an imbalanced ratio of ions 
suspended in water, which influence the natural potency 
of target substances by generating mid-IR while 
spraying’.

1.3. Technique of mid-IR generation from MIRGA
We designed MIRGA as to accommodate an 

imbalanced ratio of ions suspended in water in their 

fundamental state, which can move as free particles. 
The solution exhibits very little detectable background 
frequency, below even that of cosmic events. By 
comparison humans emit more radioactivity (around 10 
microns) [12,13]. We designed MIRGA to generate 
energy based on various processes such as: (A)
spraying leads to ionization (electrons getting separated 
from atoms) and many pathways for electron re-
absorption; due to these two oscillatory processes, 
energy is generated; (B) while spraying, a water-based 
ionic solution gets excited/charged, which in turn leads 
to oscillation among the imbalanced ions [14] in their 
excited state, resulting in the emission of photons 
[15,16]; (C) although a low electromagnetic field exists 
between the charged particles of the MIRGA’s ionic 
solution, during spraying the induced oscillation 
between these charged particles produces energy [17-
21]; and (D) in the natural rainfall process, more energy 
is required to break the water bonds for creating smaller 
water droplets [22]. Therefore, these droplets should 
have more stored energy, which then travels down at 
velocity from a specific distance, thus gaining kinetic 
energy. When the rain hits the Earth’s surface, it forms a 
very thin film of mid-IR (nearly 6 micron), hence there is 
a net heat gain [22,23]. We simulated this rainfall’s 
energy-gaining process in MIRGA (i.e., when 
imbalanced ions in liquid media are atomized, the 
ejected smaller droplets should have higher internal 
energy as well as acquired kinetic energy, and the 
energy emitted by breaking the surface tension). From 
trial and error, we calibrated the ejection pressure to 
obtain a desired fine mist, and minimized the 
evaporation rate by altering the pH and density of the 
solution. Moreover, the accelerated ions in the sprayed 
ionic clouds collide among themselves and generate 
energy [24], thus, we incorporated these phenomena in 
our atomizer and designed it in such a way as to emit 
energy in the 2–6 µm mid-IR depending on the given 
plunger pressure.

Yousif et al. [25] described this process as a 
photodissociation of molecules caused by the 
absorption of photons from sunlight, including those of 
infrared radiation, visible light, and ultraviolet light, 
leading to changes in the molecular structure.

1.4. Safety of MIRGA-sprayed products
In our nearly two-decades of research, we have 

observed that MIRGA-induced bond-altered target 
substances do not show any adverse reaction upon 
consumption/use. In nature, (A) Stereochemical 
configuration has great influence on taste [26] (e.g., 
varieties of mango, grapes, rice, etc.), (B) Cooking and 
digestive enzymes break chemical bonds, thereby 
softening foods. This indicates that alterations in 
chemical bonds occur naturally and do not represent a 
risk to human health. As an example, boiled rice, puffed 
rice, flat rice, and rice flour have a unique aroma, taste, 
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texture, and shelf-life but conserving the same molecular 
formula (C6H10O5). (C) In the food industry, sensory 
attributes and shelf-life are enhanced by altering the 
food’s chemical bonds using various irradiation 
processes like radappertization, radicidation, and 
radurization [27]. (D) Upon heating, water changes from 
ice to liquid to steam, which are manifestations of 
changes in the hydrogen bonds [28] but the chemical 
composition (H2O) remains the same [29].

1.5. MIRGA’s primeval and future scope
The water-based MIRGA could be the first novel 

potentiating technology. This type of atomizer 
technology also seems to be present with the extra-
terrestrials for their therapeutic use during visitations 
[30].

In various products, we have achieved a range 
from 30% to 173% potentiation. Even the smaller 
improvement resulted in 30% monetary and resource 
savings as well as health benefits. However, there is a 
knowledge gap between potentiation from 30% to at 
least 100% for all products, which can be filled-up by 
refining MIRGA’s ionic solution, concentration, atomizer 
pressure, and other parameters and even formulating a 
better solution.

Various mid-IR emitters are now available (e.g., 
silicon photonic devices [31], cascade lasers quantum 
and interband [32], non-cascade-based lasers, 
chalcogenide fiber-based photonic devices [33], and 
suspended-core tellurium-based chalcogenide fiber 
photonic devices [34]). These emitters are not as cost-
effective as MIRGA and are useful only in astronomy, 
military, medicine, industry, and research applications. 
These emitters are too complex for domestic application 
by the average user.

Because of MIRGA’s wide range of 
applications, we believe that this technique will resonate 
in many scientific fields including biophotonics, 
therapeutics, health, ecology, and others. We are 
currently conducting research on MIRGA and its 
applications, namely MIRGA salt, MIRGA vapor and 
MIRGA plasma.
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