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Abstract: Nanomaterials can improve performance and can be developed in innovative ways, which will impact multiple
sectors. Nano TiO: is different in behavior from its larger counterparts as the properties rely on size of the materials. TiO;
nanoparticles (NPs) have a big benefit over other substances because they are small and have a high ratio of surface
area to volume. They are great for photocatalysis and can break down a wide range of dyes. As they can act as
photocatalysts, TiO» NPs are becoming more and more important in environmental uses. Several researchers have used
TiO: to degrade various dyes. The ability of TiO> NPs as photocatalysts depends on several factors, such as their
crystalline form, particle size etc. Our systematic review will reveal that the factors that have impact on dye degradation
efficiency of TiO; where the dyes methylene blue (MB), methyl orange (MO), rhodamine B (RB) are in concern.

Keywords: NPs; TiO, NPs, Photocatalytic activities; Dye degradation.

1. INTRODUCTION

Globally, the dearth of clean and plentiful natural energy,
environmental adulteration, and contamination, are
among the most pressing issues at present. Rapidly
expanding industries have produced effluent carrying
heavy metals and several types of organic dyes. These
industrial effluents are extremely poisonous and may
cause cancer. Additionally, these industrial pollutants
contribute to water contamination, which has acute
negative effects on aquatic existence and humans [1].
The creation of methods that can transform dangerous,
hazardous contaminants into safe chemicals is therefore
urgently needed. Nano photocatalysis is regarded as one
of the most effective methods for combating the energy
crisis and environmental adulteration [2]. A fortunate
method for dye elimination involves using nano
semiconductor materials revealing high photocatalytic
reactivity in the removal of multiple organic compounds
without transferring the prime pollutant into a succession
of toxic substances. New methods to improve both basic
and sophisticated methods of water treatment are
provided by nanomaterials [3] [4]. Throughout the course
of human history, a wide variety of physical and chemical
methods have been effectively utilized and scaled up for
the purpose of removing organic contaminants from
water sources or degrading them [5]. Nanomaterials have
demonstrated remarkable efficacy in the remediation of
contaminated water [6]. Titanium dioxide (TiO>) is such
a nanomaterial which was prepared by sol-gel process.
Titanium Tetrachloride (TiCls) has been used for the
preparation, and calcination was required at different
calcination temperatures [7]. It is possible to remove
organic pollutants from water through photolysis using
n-type semiconductor metal oxides and TiO; [8]. Along
with TiO, other NPs are also feasible for photocatalytic
activity and dye degradation. Zeolitic Imidazolate
Frameworks (ZIFs), are a kind of porous metal organic
frameworks [9]. These NPs have been employed for the
purpose of eliminating heavy metal from water [10].
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Hybrid nanostructures consisting of Au and ZnO have
the potential to be employed in the field of water
treatment for heterogeneous photocatalytic purposes [11].
Recently, nano titanium oxide has been regarded as the
best candidate photocatalyst for the degradation and
elimination of various harmful organic toxins due to its
chemical stability, biocompatibility, high oxidizing
power, non-toxicity, and low cost [12] [13] [14].
Crystalline and textural characteristics are regarded as
the primary factors that determine the photocatalytic
properties of samples. In comparison to other
photocatalysts, TiO, NPs are regarded as one of the most
promising dye treatments photocatalysts due to their
nontoxicity, potent oxidizing ability, and high stability.
Under UV light, the photocatalytic activity of TiO, with
a large bandgap of 3.2 eV can generate reactive oxygen
species (ROS), such as single superoxide oxygen, anion
radical, hydroxyl radical, and per hydroxyl radical (see
Fig. 1). These reactive oxygen species catalyze the
reaction cascade within the microbial cell, resulting in the
destruction of dyes [15]. TiO, NPs are efficient in
degradation of MB, MO, RB etc. dye. TiO; has been
performed against MB dye. The particle size was 8.7
nanometer (nm). The degradation efficiency was 97%
after 180 minutes [16]. MnTiO3 has been tested against
MB dye. The size of the particles was 35.5 nm. After 240
minutes, the reduction in efficiency was 75%.
MnTiOs/TiO; has been tested against MB dye. The size
of the particles was 29.2 nm. After 240 minutes, the
decline in efficiency was at 70% [17]. The utilization of
Cu-Prophyrin sensitized TiO, has been executed in
opposition to the MB dye. The magnitude of the particle's
dimensions was measured to be 24 nm. Following a
duration of 120 minutes, the efficiency of degradation
was determined to be 98.70% [18]. In this systematic
review, we have taken data from lab-based research
papers and utilize these in statistical analysis to find our
conclusion. We conduct descriptive analysis and
correlation. Here, we find the factor’s effect on TiO, dye
degradation efficiency. For this study we use some
statistical analysis such as descriptive analysis, bar-charts,
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and correlation to fulfill aims of this study. The
descriptive analysis and bar-chats will give an overview
of dye degradation by TiO, NPs. On the other hand, the
correlation will show the relationship between efficiency
and the variables those have effect on efficiency.

o
' 5\‘0\6\\%
NN

>

————————p

#

bommm———

H*/ H,0

X Reduction
& H,
8 :

O,

‘9 020_
©Ce®e ©6%¢

©® 000
,,,,,,,,,,,,,,,,,,,,,,,,,,, !
*OH
Dye
Ny CO,,
PO ®® | H,0
T e 0o

Oxidation
(b)

Fig. 1. Photocatalysis by TiO2 NPs (a) under visible light
(b) under sunlight [19]
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2. PHOTOCATALYTIC ACTIVITY OF TiO2 NPS

In the case of degradation, MB dye has been tested with
TiO2/GO. The size of the particles was 12.50 nm. After
45 minutes, degradation efficiency was 98.67% [20].
0.24%Co/TiO; has been tested for MB dye degradation.
The size of the particles was measured to be 16.53 nm.
After 150 minutes, 80% dye degradation had occurred.
[21]. It proves that the size and time are two factors to
analyze the efficiency of NPs in the case of dye
degradation. There are other works which also show the
variation of efficiency and the size and duration of work
were the factors for these studies. In a study, the MB dye
has been tested using Fe30s@SiO/TiO,/Co/rGO.
Particles measured in at 4.9 nm in size. In 160.2 minutes,
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the efficiency of degradation had reached 98.87% [22].
ZnFe;0.@Si0@TiO2(ZST)-40 was evaluated against
MB dye. The results were positive. The size of the
particles was 4.1 nm. The efficiency of the degradation
had reached 95.10% after 120 minutes [23]. An
experiment involving the use of titanium/silicon at iron
catalyst has been conducted in order to assess its
effectiveness against MB dye. The size of the particle
measured 4 nm. After a duration of 120 minutes, the
efficiency of degradation was observed to be 73% [24].
In test of degradation of MB dye, rGO/TiO2/ZnO was
used. It had a size of 13.89 nm. After passing 120 minutes,
the degradation efficiency was 92% [25]. 2.0 wt%
AgQ/TiO, was tested against MB dye. The particle size
ranged between 30 and 45 nm. After 120 minutes, the
decrease in concentration of dye was 82.30% [26].
Another TiO, NP has been utilized in opposition to MB
dye and the particle size of which was 27.6 nm. After
40.2 minutes, the degradation efficiency was 99 percent.
MB dye degradation has also been conducted with
ZnTiO3(TZ21). The size of particles was 18.9 nm. After
40.2 minutes, the rate of decomposition was 81.7% [27].
MB dye has been tested with THNF-400 (Titanium
Dioxide hollownanofibre). The size of each particle was
234(+/-) 34 nm. After 300 minutes, the rate of
degradation was 42.90% [28]. TiO, was annealed at 600°
C and tested for the degradation of MO dye. There were
15nm-sized particles. After 180 minutes, the degradation
efficiency was 87% [29]. After 180 minutes, TiO2 NPs of
the 15 nm had the degradation efficiency as 87% [30].
The efficacy of Ceo-AuNPs-TiO; has been evaluated in
relation to its ability to degrade MO dye. The particle was
measured as 8 nm sized. After a duration of 160.2
minutes, the efficiency of degradation was found to be
95%. The efficacy of pristine TiO2 has been evaluated in
relation to MO dye. The size of the particle was measured
to be 21 nm. The degradation efficiency was determined
as 47% following duration of 160.2 minutes [31]. MO
dye has been tested using TiO/CNF. The size of the
particle was 1.0934 nm. The efficiency of the
deterioration was 99.72% [32]. MO dye has been tested
on a porous polymer with integrated Ag-TiO,. 16.3 nm
was the size of the particles. 180 minutes later, the
deterioration efficiency was 81.40%. MO dye has been
tested using this particle [33]. Experiments using
TiO,/CF catalyst and MO dye have been conducted.
There were 35 nm sized TiO,/CF particles. After 240
minutes, the degrading efficiency was at 90.02 percent
[34]. GO/TIO; was tested against MO dye. The size of
the particles ranged from 20 to 40 nm. After 240 minutes,
the rate of MO dye degradation had reached 85.62
percent [35]. TiO2 of 11.5 nm size has been evaluated in
relation to its ability to degrade MO dye. After a duration
of 60 minutes, the degradation efficiency was recorded to
be 40.20% [36]. MO dye has been degraded with Ag-
CdS@Pr-TiO,. The size of each particle was 10-30nm.
After 30 minutes, 98% of the degradation had been done
[37]. TiO2/ASS was tested for MO dye degradation. The
particle size was found, ranged from 15.2 to 29 nm. After
360 minutes, the decline in concentration was 90%. [38].
MO dye has been degraded with TiO2/ZnO NPs. 4nm
was the particulate size. After 30 minutes, the rate of
decomposition was 97% [39]. Tests have been done on
RB dye degradation with titanium molybdate with size of
43.27 nm. After 150 minutes, 96% of the dye degradation
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had been done [40]. Experiments using TiO.@GO for
RB dye degradation have been conducted in a study. 10
nm was the particle size. After 120 minutes, the
degrading effectiveness was at 100% [41]. The efficacy
of TiZznO NPs of 32.3 nm size has been evaluated in
degradation of RB dye. The rate of degradation exhibited
a remarkable efficiency of 99.29% following a duration
of 60 minutes [42]. RB dye degradation has been
performed with CNT-T10,-450 nano catalyst. The size of
the particle was 10.1 nm. The degradation efficiency was
100% after 24.6 minutes [43]. The material was
synthesized through the sol-gel method. The efficacy of
TiO, has been evaluated in relation to its performance
against RB dye. The size of the particle was measured to
be 2 nm. After a duration of 150 minutes, the efficiency
of degradation was found to be 94% [44]. 0.6% Cu-TiO2
was tested against RB dye. The size of the particles was
32.87 nm. After 120 minutes, the degrading efficiency
had reached 97% [45]. RB dye has been degraded with a
catalyst which is Poly[ANE+N+PMI]-TiO, NPs. The
size of each particle was 800-1000 nm. After 120 minutes,
the decline of concentration of dye was 95% [46].
Degradation of RB with Au-TiO2 NS was performed in
another study. 3 nm was the particle size. After 60
minutes, the degradation efficiency was at 85% [47]. An
analysis of RB dye degradation using CNNS/TiO2 NPs
has been carried out. The size of the particles was less
than 5 nm. After an hour, the rate of degradation had
reached a perfect 100% [48].The performance of N-
doped TiO2 NPs has been evaluated in the degradation of
RB dye. The size of the particle was within the range of
80-120 nm. After a duration of 180 minutes, the
efficiency of degradation was observed to be 40% [49].
7-1@TiO2 has been conducted for degradation of RB dye.
The size of the particles was 11.23nm. After 240 minutes,
the degradation efficiency was 100 percent [50].

3. METHODOLOGY

We possess a dataset consisting of 54 observations of
TiO2 NPs, intended for statistical analysis. The dataset
comprises four distinct variables, namely Size,
Efficiency, and Dye name, pertaining to TiO2 NPs. We
conduct a descriptive and correlation in order to enhance
the precision of our findings. Additionally, the
correlation analysis helps to verify the presence of a
statistically significant relationship and identify variables
that affect the efficacy of NPs. SPSS-version 25 is
utilized for the purpose of conducting data analysis. The
variables are rendered categorical for the sake of
facilitating data analysis. The categorization of variables
is performed for the purpose of facilitating data analysis.

Table 1: Table of categorical variables introduction

Variables Category Description
Name
Efficiency of Most Efficient Which
NPs efficiency is
greater than
70%
Efficient Efficiency
70% or less
Size of NPs 1is (<30) Size is 30 nm
or less
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Dye Name

2 is (>=30)

1
2
3

Size is above

30
MB
MO
RB

4. TABLES OF THE COLLECTED DATA

Table 2: TiO, NPs with different dye

Np Name Size Dye Effic Time
(nm) iency (h) Ref.

TiO, 8.7 MB 97% 3 [16]

MnTiOs 35.5 MB 75% 4 [17]

MnTiOs/ 29.2 MB 70% 4 [17]

TiO;

Cu- 24 MB  98.70 2 [18]

Prophyrin %

sensitized

TiO,

TiO/GO 12.50 MB  98.67 0.75 [20]
%

Co/TiO; 16.53 MB 80% 2.5 [21]

Fes04@S 4.9 MB  98.87 2.67 [22]

i102/TiO,- %

Co/rGO

ZnFe;04 4.1 MB  95.10 2 [23]

@Sio.@ %

TiO2(ZST

)-40

30 4 MB 73% 2 [24]

Ti/Si@Fe

50 4 MB 89% 2 [24]

Ti/Si@Fe

80 4 MB 96% 2 [24]

Ti/Si@Fe

rGO/TiO,  13.89 MB 92% 2 [25]

/Zn0O

Ag/TiO, 30-45 MB  82.30 2 [26]
%

a- 27.6 MB 99% 0.67 [27]

TiOz(TZ1

0)

ZnTiOs(T 18.9 MB 81.7 0.67 [27]

Z21) %

Disordere 6.5 MB  96.10 0.67 [27]

d %

anTiO4(

TZ11)

Zn,TiO4( 13.6 MB 82.4 0.67 [27]

TZ12) %

THNF(Ti 236(+/-)34 MB 4290 5 [28]

tanium %

Dioxide

hollow

nanofiber

)-400

THNF-  240(+/-)39 MB 61705 [28]

500 %
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THNF-
600
600°C
annealed
TiO;
scoria-
Ni/TiO,
Coeo-
AuNPs-
TiO;
Pristine
TiO;
TiO2/CN
F
Ag-TiO;
embedde
d porous
polymer
(PPTS)
Ag-
TiOo(TS)
TiO./CF

GOITiO;
TiO,
CTAg 1
CTO.2/1

Ag-
CdS@Pr-
TiO,
TiO,/ASS

TiO,/Zn0O
hedgehog
S

Titanium
Molybdat
e

TiO.@G
0]

TiznO
TiAg
TiAgZn

CNT-
TiO,-450
CNT-
TiO,-350
CNT-
TiO,-550
CNT-
TiO,-650

177(+1)32

15

500

21

1.0934

16.3

16.3

35

20-40

115

11.7

124

10-30

15.2-29

43.27

10

32.3

394

61.4

10.1

7.4

16.2

34

MB

MO

MO

MO

MO

MO

MO

MO

MO

MO

MO

MO

MO

MO

MO
MO

RB

RB

RB

RB

RB

RB

RB

RB

RB

85.50 5
%

87% 3

95.89 0.75
%

95% 2.67

47% 2.67

99.72
%

81.40 3
%

84.80 3
%

90.02 4
%

85.62 4
%

40.20 1
%

97.48 1
%

62.60 1
%

98% 0.5

90% 6
97% 0.5

96% 2.5

100 2
%

99.29 1
%

40.42 2
%

87.73 2
%

100 0.41
%

91.14 0.41
%

79.36 0.41
%

69.41 0.41
%

[28]

[29]

[30]

[31]

[31]
[32]

[33]

33
[34]
[35]
[36]
[36]
[36]

[37]

[38]
[39]

[40]

[41]
[42]
[42]
[42]
[43]
[43]
[43]

[43]

75

CNT- 36.2 RB  63.58 0.41 [43]

TiO,-750 %

CNT- 38.6 RB  86.02 041 [43]

TiO,-850 %

sol-gel 2 RB 94% 2.5 [44]

prepared

TiO,

Cu-TiO, 32.87 RB 97% 2 [45]

Poly[AN  800-1000 RB 95% 2 [46]

E+N+PM

1]-TiO2

Au-TiO; 3 RB 85% 1 [47]

NSPs

CNNS/Ti ~5 RB 100 1 [48]

0z %

N-doped  80-120 RB 40% 3 [49]

TiO,

NTA

7-1@TiO,  11.23 RB 100 4 [50]
%

GR-TiO; 3-6 RB 98% 1 [51]

5. RESULT AND DISCUSSION

We perform the descriptive analysis and bar-charts in this
study to see an overview of related variables in TiO2 NPs
dye degradation.

Table 3: Descriptive Analysis of TiO2 NPs

Varia Category Frequency  Percentage

bles S

Size <30 36 65.5

>=30 19 345
Dye Methylene Blue 20 36.4
Name  Methyl Orange 15 27.2

Rhodamine B 20 36.4
Efficie  Most Efficient 10 18.2
ncy Efficient 45 81.8

Table 3 shows the descriptive analysis of TiO, NPs.
Where it is clear that 65.5% of the data belongs to less
than 30nm in their sizes, and the rest of the data belongs
to above 30. The same percentages of data show their dye
degradation activities with Methylene Blue and
Rhodamine B dye, which is 36.4%. The percentage of
most efficient TiO, NPs is 18.2, and the rest, 81.8%, are
efficient by their dye degradation.

Figure 2 reveals the percentages of efficient and most
efficient TiO, NPs are the belonging to their different
sized categories. We see that 51.18% of the most efficient
NPs' sizes are less than 30 and 23.64% are greater than
or equal to 30. On the other hand, 7.27% of efficient TiO;
NPs’ sizes are less than 30, and 10.91% of NPs’ sizes are
above or equal to 30.
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Fig. 2. Size vs Efficiency Bar Chart
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Fig. 3. Dye vs Efficiency Bar Chart

Figure 3 shows that 21.82% of the most efficient TiO-
NPs in our data degrade methyl orange dye and show
their efficiency, whereas 5.45% of the NPs show
moderate efficiency by degrading methyl orange dye.
The percentage of most efficient NPs and the percentage
of efficient NPs in the degradation of Methylene Blue
dye are 30.91% and 5.45%, respectively. Also, we see
that the percentage of most efficient NPs and rate of
efficient NPs in Rhodamine B degradation are 29.09%
and 7.27%, respectively.

Now the result of the bivariate correlation helps us to find
the relationship between efficiency and those variables
which are related to efficiency. That means it reveals
variables relation with efficiency of TiO2 NPs those have
impact on the efficiency. The result is as follows:

Table 4: Bivariate Correlation Result

Sizes Dye Efficiency
of NPs  Name
Size of NPsPearson 1 269" -.252
Correlation
Sig. (2- .047 .063
tailed)
N 55 55 55
Dye Name Pearson  .269" 1 -.055
Correlation
Sig. (2-.047 .689
tailed)
N 55 55 55
Efficiency Pearson  -.252 -055 1
Correlation
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Sig. (2-.063 .689
tailed)
N 55 55 55

From Table 4, we see the correlation between efficiency
and the other two variables (size and dye name). It
reveals that the correlation coefficient between size and
efficiency is -0.252. That means there is a moderately
negative correlation between size and efficiency. Which
means that if the size increases, the efficiency of
photocatalysis will decrease. If the size decreases, the
efficiency will increase.

And we also see that the correlation between dye and
efficiency is -0.55. That means there is a weak
relationship between dye and efficiency. Which
interprets that for TiO2 NPs, there is no variation in dye
degradation between different dyes.

6. CONCLUSION

Our study of TiO; NPs has provided a descriptive
analysis. We noticed that the dye was degraded by the
NPs in terms of both its size and the time period of
degradation. We found that there is a correlation between
size and efficiency of dye degradation. The size and
efficiency of degradation is in inversely proportional
relation. In addition, we found only a shaky connection
between the dye and the effectiveness of the TiO, NPs at
a catalyst. We come to the conclusion that an increase in
size will result in a reduction in the photocatalytic
activity efficiency. The efficiency will improve in direct
proportion to the size reduction of TiO, NPs.
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