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ab s t r ac t
Heterogeneous photocatalysis is accepted as an efficient method of degrading a wide array of pol-
lutants and inactivating bacteria. Titanium dioxide, the catalyst of choice, is very limited in its appli-
cations because of its high-energy band gap and many researchers have opted to employ doping 
TiO2 to reduce the band gap between conduction and valence bands. A lot of success stories have 
been documented where carbon-doped TiO2 showed improved efficiency as a result, yet no work 
has attempted to gauge the governing path of treatment that comes with a carbon-based material, 
and its photocatalytic efficiency. This study assesses the viability of photocatalytic decolorization 
of acid blue–stained wastewater, using nanodiamond. The findings allow for an understanding of 
the routes of decolorization governing this carbon-based catalyst and validation of their use as TiO2 
photocatalytic dopants. Decolorization was assessed using three catalysts namely, TiO2, Fe–TiO2, and 
nanodiamond. Feasibility was tested under two different excitation light sources and one set of tests 
was performed in the dark to negate any photoactivation. In addition, UV–Vis spectra, X-ray powder 
diffraction and scanning electron microscopy were used to characterize the materials prior to treat-
ment and post-decolorization. Nanodiamond outperformed TiO2 and Fe–TiO2 in regards to removal 
efficiency, rate of removal and breadth of effect. Photocatalysis degradation from nanodiamond sam-
ples was confirmed, yet its effects were slight and only observable at the smallest catalyst loading. 
Nanodiamond exhibited decolorization in both light reactors and in the dark, equally efficiently, while 
TiO2 and Fe–TiO2 showed no life in the dark. These observations are of importance to the aquatic sector 
that needs to gain good fundamental understanding of the governing parameters effecting treatment 
efficiency and how to improve them.
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1. Introduction

The last two decades has seen growth in interest and 
research for environmental applications of heterogeneous 
photocatalytic processes [1–3]. Photocatalysis treatment has 
been documented to be an efficient method to degrade a wide 
array of pollutants, in addition to also showing feasibility of 

inactivating microorganisms including viruses, bacteria, and 
fungi [4,5]. Heterogeneous photocatalysis is a photochem-
ical treatment process that mineralizes pollutants by using 
the combination of a semiconductor and a light source. The 
technology was established in 1972 when Fujishima and 
Honda split water into ions by the use of the semiconductor 
titanium dioxide (TiO2) [6]. Since then, it has been popular-
ized in numerous avenues such as a method of wastewater 
treatment, particularly the decolorization of dyes. Ibhadon 
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and Fitzpatrick [7] describe photocatalysis in the following 
manner. First, pollutants move to the surface of the catalyst. 
Upon reaching the surface, pollutants are adsorbed onto the 
catalyst. Once adsorbed, pollutants react on the surface of 
the photocatalyst. Researchers use sunlight, visible, or ultra-
violet (UV) light to initiate these reactions. When a catalyst 
comes into contact with the light source, excited electrons 
move from the valence to conduction band in the catalyst. 
This leaves a positive hole in the valence band. The electron 
and hole participate in oxidation–reduction reactions form-
ing hydroxyl radicals and superoxide ions [7]. The holes 
combine with molecules of water to generate hydroxyl rad-
icals, while the electrons interact with oxygen to inevitably 
form superoxide ions such as peroxide [8]. These charged 
ions drive the degradation of pollutant dyes into non-inert 
forms. These non-inert products are then released from the 
catalyst surface [7].

While titanium dioxide was initially used for splitting 
water, it has become one of the most common catalysts 
present in research. This is because titanium dioxide is inex-
pensive, very photoactive, and low in toxicity. Nevertheless, 
titanium dioxide is very limited in its applications because 
of its high-energy band gap (3.2 eV) or the amount of energy 
necessary to move electron and holes to the catalyst sur-
face. In order to initiate photocatalysis, one will require 
high energy, usually energy values less than or equal to  
387 nm (UV light) [9]. As an alternative, many researchers 
have opted to employ doping or the process of augmenting 
titanium dioxide with more energy levels to reduce the band 
gap between conduction and valence bands. Effective metal-
lic doping occurs at the surface of the photocatalyst. Band 
gap reduction allows for the absorption of energy within the 
visible region (400–700 nm) [8]. Materials for doping have 
ranged from non-metal such as carbon, fluoride, and sulfur, 
to metallic such as iron, cobalt, and chromium. While doping 
does, in some cases, prevent the formation of chemical reac-
tion barriers and charge selectivity, there are still numerous 
concerning issues with doping. Some authors have found 
that doping could lead to recombination or the formation of 
electron–hole pairs, preventing the movement of electrons 
from the valence to the conduction band, and prohibit effec-
tive photocatalytic activity [10].

Of the dopants used, carbon-based dopants have 
been documented as being highly effective in improving 
the visible-light photoactivity of TiO2 and to improve the 
observations of dopants like nitrogen [11–13]. The methods 
of doping TiO2 with carbon are many and include sol–gel 
synthesis, physical and chemical vapor deposition tech-
niques, mixing of carbon-based nanomaterial, hydrother-
mal synthesis, and direct oxidation of titanium in a burner 
[14–16]. All these methods, while inducing slight differences 
in the specifics, all presented data that agreed in regards to 
the improved photoactivity of the catalyst. In addition, there 
have been studies that have used carbon-based materials as 
photocatalysts to treat pollutants [17–19]. Nevertheless, miss-
ing from the literature is to determine whether nanocarbon 
allotropes such as nanodiamond are capable of being effec-
tive as photocatalysts. To the author’s knowledge, there has 
been only one study published using nanodiamond to treat 
dyes but the researcher examined the adsorption behavior of 
nanodiamond and not its capabilities as a photocatalyst [20].

As such, the main objective of this work is to assess the 
viability of photocatalytic removal of acid blue dye using 
nanodiamond to deepen the understanding of the governing 
routes of removal and carbon-based dopants. To better com-
prehend observations and deductions, the well-researched 
and documented photocatalyst TiO2 and a TiO2 dopant 
will undergo mirror experimentations to observe similar-
ities and lack thereof between the removal mediums. This 
study will provide a good base for quantifying the benefits 
of carbon-based doping technologies to the water treatment 
industry.

2. Materials and methods

2.1. Experimental materials and methods

The experiments were conducted using synthetic waste-
water. Prior to each run, 100 mL of Acid Blue 113 (Santa Cruz 
Biotechnology, CA, USA; Fig. 1) stock solution was poured 
into a 250 mL beaker. Catalysts were measured and added to 
the beaker prior to the run. The beakers were placed inside of 
the reactor and covered with watch glass to minimize the loss 
of solution by evaporation during irradiation time.

Pure titanium dioxide (TiO2) and 2 mol% ferric-doped 
titanium dioxide (Fe–TiO2) nanopowders were the desig-
nated titanium dioxide photocatalysts in this study. Synthesis 
of pure titanium dioxide was prepared by sol–gel hydroly-
sis precipitation [21]. Procedures for the synthesis of 2 mol% 
ferric-doped titanium dioxide (Fe–TiO2) can be found in ref-
erence [22]. Nanodiamond (95% purity, 3–4 nm; SkySpring 
Nanomaterials Inc., Houston, TX, USA) powders were used 
in this study. Three identical 30-qt aluminum, enclosed cylin-
drical reactors were used to conduct the experiments. The 
reactors were housed side-by-side in a closed, dark room to 
avoid photocatalyst contact with ambient light. Each reactor 
was assigned a light source. This was done to minimize error 
when exchanging light sources among reactors. Two light 
sources were used—a 160-W mercury vapor UVB in the range 
of 200–800 nm and a xenon high intensity discharge (HID) 
lamp (6,000 K). The third reactor was to conduct experiments 
without light. The catalyst loading range was from 0.025 g 
to 0.1 g per 100 mL of wastewater sample. Prior to the con-
tact with a light source, the beakers are stirred in the dark 
for 20 min to ensure a homogenous mixture and maintained 
equilibrium throughout the sample. Following the stirring, 

Fig. 1. Chemical structure of Acid Blue 113.
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the light source is turned on and an aliquot of sample is col-
lected after 30, 90, and 150 min of contact with the light source. 

2.2. Sample analysis

2.2.1. Wastewater analysis

The samples are centrifuged at 3,900 rpm for 1 h (Sigma 
2-6E Centrifuge, Sigma Laborzentrifugen, Germany). The 
purpose was to ensure that there was adequate separation 
between wastewater and the photocatalyst. After centrifuga-
tion, the supernatant of the sample is extracted and read by 
a UV–Vis spectrophotometer (Hach DR6000 UV–Vis spectro-
photometer with RFID Technology, Hach, USA). A wavelength 
scan (200–900 nm) is completed on each sample. This is done 
three times and averaged. The results are expressed using the 
peak wavelength from the scan (565 nm). Dye removal by 
decolorization is calculated by the following equation: 

Decolorization %( ) = −







×

C C
C

o

o

100 � (1)

where C is the concentration at any time t (mg/L); Co is the 
initial concentration (mg/L).

2.2.2. Materials characterization

X-ray powder diffraction (XRD) patterns were recorded 
on a Rigaku Smartlab XRD system. The patterns were used 
to assess potential structural changes in the catalysts before 
and after treatment. The scanning electron microscopy (SEM) 
images collected on a JEOL JSM7100 were used to observe 
whether there were any morphological changes taking place 
in the catalyst after treatment as compared with before. After 
wastewater analysis, samples for each catalyst observed to 
show highest decolorization removal were processed and 
prepared for post-treatment assessment. The preparation 
process is as follows: after 180 min of irradiation time, the 
entire beaker contents were placed into an evaporation dish. 
Prior to the content placement, the evaporation dish had 
been washed, dried in an oven (Lab Companion AAH14016U 
Economy Mechanical Convection Oven; 115 VAC) at 
180°C ± 1°C (temperature control accuracy) for 1 h and 
cooled. After content placement, the dish was placed back 
into the oven at 180°C ± 1°C for about 4½ h. This was done 
to evaporate the liquid and the leave solid material behind. 
The dishes were then cooled, covered, and placed into a fume 
hood until analysis was performed.

3. Results and discussion

3.1. Effects of light source on Acid Blue 113 removal

3.1.1. Removal by TiO2 and Fe–TiO2

Figs. 2(a) and (b) summarize the removal of Acid Blue 113 
based on the type of catalyst employed. It is observed that 
treatment efficiency is predicated on the type of light source. 
These results are comparable with what is found in the lit-
erature [23–25]. Under dark conditions, there was very little 
treatment found when using Fe-doped TiO2 or pure titanium 
dioxide. Treatment ranged between −2.03% and +2.41% for 

Fe-doped TiO2 and −1.55% and +1.41% for titanium dioxide. 
The lack of efficiency in the dark indicates that decolorization 
of Acid Blue 113 occurs because of photocatalysis and not 
adsorption [26]. When using a light source, it was observed 
that treatment efficiency improved when using UVB illumi-
nation as compared with the HID lamp. 

UVB illumination showed a significant improvement in 
treatment efficiency as compared with the HID xenon lamp for 
both the TiO2 and Fe–TiO2. Results show improved decolor-
ization efficiency with TiO2 as compared with Fe–TiO2 regard-
less of light source. The catalysts performed more efficiently 
in UVB illumination as compared with the xenon HID lamp. 
This is because of the fact that UVB illumination occurred in 
the range of 200–800 nm that would be sufficient energy for 
the photocatalysis by TiO2. A potential reason why TiO2 had 
higher decolorization of Acid Blue 113 as compared with Fe–
TiO2 is because of the doping of TiO2 with transition metals. At 
times, the doping of TiO2 may be the catalyst for recombina-
tion or limit available reaction sites on the catalyst surface [10]. 
Calculations show that this drop of efficiency lies somewhere 
between 5.66% and 7.58% less decolorization. Also observed 
is the decolorization efficiency as a result of catalyst loading 
for each catalyst. In general, it has been observed that as the 
catalyst loading increases, dye decolorization increases, which 

Fig. 2. Effects of catalyst loading on the removal of Acid Blue 113 
over irradiation time by (a) TiO2 and (b) Fe–TiO2 at a wavelength 
of 565 nm.
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is the case here. This has been attributed to an increase of both 
the total active surface area and the available active sites on 
the catalyst [27]. However, several studies have demonstrated 
that there is a limit on the amount of catalyst for efficient 
treatment. The maximum catalyst loading reported by sev-
eral authors for effective treatment has been 0.1 g/100 mL or 
1 g/L [26, 28,29]. However, when the catalyst loading reaches 
a value greater than 0.1 g/100 mL, turbidity within the reactor 
increases. Turbidity not only decreases the volume of catalysts, 
but it also prevents the light source from passing through. As a 
result, photocatalytic activity decreases [27].

3.1.2. Removal by nanodiamond

According to the results summarized in Fig. 3, nanodi-
amond removed 81%–100% under dark conditions, 80.47% 

to 99.9% under UVB illumination, and 79.26%–100% using 
HID as a light source. It is observed that at the low loading 
concentration of 0.025 g, the change in light source results in 
a change in the decolorization. Treatment by UVB illumina-
tion is the most efficient, followed by treatment by the HID 
lamp. Treatment under dark conditions is the least efficient. 
The rates of removal, even at low loading, are substantially 
greater than what is seen in the cases of TiO2 and Fe–TiO2 
results. The effect of the light source appears negated when 
an increase in catalyst loading takes place. The loading 
change is found to substantially increase the decolorization 
of Acid Blue 113, while the type of lighting no longer appears 
to enhance one over the other. The rate of decolorization 
appears to be increased with loading increases, reaching a 
higher amount of treatment in as short of a testing time. 

3.2. UV–Vis spectra analysis

UV–Vis spectra graphs (200–800 nm) for the degradation 
of Acid Blue 113 by Fe–TiO2, pure TiO2, and nanodiamond 
have been developed. Figs. 4(a)–(f) provide UV–Vis spectra 
for TiO2, Fe–TiO2, and nanodiamond using the HID xenon 
lamp. The UV–Vis spectra graphs demonstrate a change in 
absorbance over irradiation time. The graphs also present 
two peaks at the initial time (t = 0)—565 nm (visible region) 
and the other at 275 nm (UV region). The primary peak used 
to analyze the results from the experiments was the 565 nm 
peak. From these spectra, we observe that absorbance at the 
visible region decreases as time elapses for Fe–TiO2, pure 
TiO2, and nanodiamond, even though the rate of decrease is 
greater in the latter.

The primary peak used to analyze the results from the 
experiments was the 565 nm peak. From these spectra, we 
observe that absorbance at the visible region decreases as 
time elapses for Fe–TiO2, pure TiO2, and nanodiamond. 

Fig. 3. Effects of catalyst loading on the removal of Acid Blue 113 
over irradiation time by nandiamond at a wavelength of 565 nm.

Fig. 4. UV–Vis spectra (200–800 nm)—(a) 0.05 g TiO2 using HID xenon lamp; (b) 0.05 g Fe–TiO2 using HID xenon lamp; (c) 0.05 g ND 
using HID xenon lamp; (d) 0.05 g TiO2 under dark conditions; (e) 0.05 g Fe–TiO2 under dark conditions; (f) 0.05 g ND under dark 
conditions.
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The  graphs confirm patterns of degradation for all three 
catalysts under irradiation. The nanodiamond behavior 
stands alone as it shows a decrease in both the 565 nm peak 
and the 275 nm UV region peak. This indicates that the treat-
ment of the wastewater using the nanodiamond is not merely 
decolorization. When similar experiments are performed 
under dark conditions, there are no patterns of degradation 
shown by Fe–TiO2 and pure TiO2. On the other hand, nanodi-
amond appears to have similar effects in the dark as it has in 
the light. Figs. 3(d)–(f) show the UV–Vis data for experimen-
tation performed in the dark. The UV–Vis spectrum for nano-
diamond under dark conditions shows efficient degradation 
of Acid Blue 113. In the UV region, there is a difference in 
the trend between the peaks under dark and light conditions. 
For Fe–TiO2 and TiO2, the trend witnessed in these graphs is 
that under dark conditions, the peak increases over irradia-
tion time. However, absorbance peaks at 2.393 after 150 min 
of irradiation when using Fe–TiO2 as the catalyst. The trend 
for TiO2 indicates that as the irradiation time increases, the 
absorbance increases as the peak maximizes at 2.407 after  
150 min. This pattern is similar to the one observed using  
Fe–TiO2. The peaks in the UV region for nanodiamond show 
a major decrease in absorption after 30 min for both dark and 
light conditions—the peaks increase from 30 to 90 min, and 
decrease from 90 to 150 min. The patterns are identical not 
only to the pattern of behavior for visible light but also for 
the UV and visible light peaks. One possible explanation is 
the formation of intermediates from the degradation of Acid 
Blue 113 [30]. Because Acid Blue 113 is an azo dye, the result-
ing degradation products include CO2, NH4

+, NO3
−, Cl−, and 

SO4
2− [31,32].

3.3. Kinetic relationships 

One of the best predictors of treatment efficiency is 
to determine the kinetic relationship. In most cases, treat-
ment by photocatalysis typically follows first-order kinetics 
[22,33,34] expressed by the following: 

ln exp
C
C

k t
o









 = − � (2)

where C is the concentration at any time t (mg/L); Co is the 
initial concentration (mg/L); kexp = experimental kinetic rate 
constant (min−1); t = treatment time (min).

To compute the kinetic rate constant and confirm a 
first-order rate, −ln(C/Co) vs. irradiation time was plotted for 
each experimental condition (Figs. 5(a) and (b)). Please note 
that since samples in the dark did not produce any significant 
results, they were not included in this discussion. In addi-
tion, nanodiamond catalysts were not included in the anal-
ysis since significant removal occurred at an accelerated rate 
within the first 30 min of irradiation. According to the results, 
the experimental kinetic rate increases with increasing cata-
lyst loading for all conditions. For Fe-doped TiO2, the kinetic 
rate constant increased from 0.0041 to 0.0127 min−1 as com-
pared with the kinetic rate constant 0.0015 to 0.0039 min−1. 
Degradation was 2.7 to 3.3 times higher for those experiments 
under UVB illumination as compared with HID. 

On the other hand, the kinetic rate constant for pure 
TiO2 increased from 0.0052 to 0.0153 min−1 under UVB 

illumination, while HID increased from 0.002 to 0.005 min−1. 
These results indicate that degradation was 2.6 to 3.1 times 
for UVB illumination as compared with experiments using 
HID. Overall, the R2 values for pure TiO2 are greater than 0.92, 
while the R2 value for Fe-doped TiO2 are greater than 0.95. 
The R2 values indicate that it is reasonable to use first-order 
kinetics to describe the pattern of behavior witnessed within 
these results. 

3.4. The effects of light source on the degradation behavior of 
nanodiamond

Garg et al. [35] explain that the purpose of stirring a sam-
ple in the dark is to determine whether photocatalysis or 
adsorption is responsible for the decolorization of the dye 
wastewater. For all experiments with the exception of those 
using nanodiamond compile little or no color removal when 
stirring the samples in the dark. These values confirm that 
treatment efficiency was primarily photocatalysis. On the 
other hand, experimental runs that use nanodiamond result in 
similar color removal efficiencies between light and dark con-
ditions. The results under dark conditions confirm the work 
of Wang et al. [20] which found adsorption as a mechanism 
by which an azo dye is removed. As previously mentioned, 
the photocatalyst capabilities of nanodiamond had not been 
studied prior to this work. Therefore, the results under light 
conditions have rendered an opportunity to study the behav-
ior of nanodiamond as a photocatalyst in the future. 

Fig. 5. The determination of kinetic behavior within the experi-
ment using UVB illumination for (a) Fe-doped TiO2 and (b) TiO2.
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In addition, experiments that involve nanodiamond 
using the HID lamp and under UVB irradiation appear to 
exhibit behavior that is quite different from what is seen with 
TiO2 and Fe–TiO2 under those same conditions. Referring 
back to Fig. 2, there appears to be an immediate reduction 
in the (C/Co) ratio after a sample is collected after 30 min 
of irradiation time. A potential reason behind this could be 
adsorption occurring during the initial 20 min of stirring. If 
one compares the samples involving under dark conditions 
with those under the light, this pattern of behavior is present. 
However, samples that are irradiated for 30 min appear to 
have a much lower (C/Co) ratio as compared with those that 
simply remain in the dark after initial stirring. The mecha-
nisms that appear to be involved include photocatalysis and 
adsorption. The significance of this pattern of behavior is that 
it would greatly reduce the treatment time to 30 min of irradi-
ation as opposed to at the minimum of 2–3 h. 

However, does this hold true when analyzing color 
removal between experiments in the dark and those in the 
light after the 30 min of irradiation? The results indicate that 
the improvement of color removal is contingent on the cat-
alyst loading. At 0.025 g of nanodiamond, adsorption and 
photocatalysis improve treatment from 65.81% (adsorption 
only) to 75.08% (HID) and 77.33% (UVB), an increase in color 
removal between 14.1% and 17.5%. However, when the cata-
lyst loading increases, the use of adsorption and photocatal-
ysis does not enhance treatment. In fact, it decreases at 0.05 g 
and is about the same at 0.1 g. Nevertheless, the results from 
this experiment could demonstrate that nanodiamond is not 
only capable of removing wastewater under irradiation and 
in the dark, it could also lead to research using a smaller dose 
of a catalyst in order to achieve a valuable result. Compared 
with joint results, nanodiamond is viable to decolorize dye 
wastewater on its own.

3.5. Material characterizations

3.5.1. XRD analysis

The XRD data (Fig. 6) shows overlay comparisons of 
the pre- and post-decolorization structures. The TiO2 and  
Fe–TiO2 structures do not show any noticeable changes 
during the transition. It is observed that there is indeed a 
change in the post-nanodiamond sample, seen as an increase 
in peak intensity and width, and the manifestation of two 
peaks that relate to acid blue (shown with down pointing 
arrows). Literature states a number of potential reasons for 
increase in full-width at half-maximum, some of which are 
inhomogeneous composition, microstrain and other defects 
in the crystal structure. The Halder–Wagner method pro-
vided on the PDXL Rigaku software was used to assess the 
potential reasons for the observed changes in structure. In 
the Halder–Wagner method, size and strain effects are cor-
related to the integral breadth components described by the 
Lorentzian and Gaussian functions.

The strain and crystallite sizes were calculated using the 
following equation:

β θ
θ

λ β
θ θ

ε
cos
sin tan sin









 = × +
2

216K
D

� (3)

where both the microstrains and small crystallite sizes are 
tied to the integral breadth β, λ is the wavelength of Cu 
Kα radiation, D is the crystallite size, K is the Scherrer con-
stant depending on the crystallite configuration, and ε is the 
weighted average strain. When we plot (β/tanθ)2 against  
β/(tanθ·sinθ), the y-intercept gives the mean value of the strain 
and the slope gives the crystallite size. Fig. 7 shows the result-
ing graphs. Extracted data confirm a 6% increase in lattice 
strain and 19% change in crystallite size. These observations 
are indicative of potential retention of the removed substance 
within the nanodiamond structure, reinforcing the idea that 
an absorption path partakes in its decolorization process. 

3.5.2. SEM analysis

To assess whether the observed structural changes 
resulted in morphologically observable alterations, SEM pic-
tures of the nanodiamond pre- and post-decolorization were 
taken for comparison and are shown in Fig. 8. Prior to the 

Fig. 6. XRD comparison between pre- and post-treatment for 
TiO2, Fe–TiO2, acid blue, and nanodiamond.
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sample being assessed in the SEM, it is placed in an oven to 
evaporate the liquid and leave the solid material behind. The 
dishes were then cooled, covered, and placed into a fume 
hood until analysis was performed. 

As shown in the figure, the fluffy looking dispersed 
medium (Fig. 8(a)) has morphed into clumps of agglomer-
ated material (Fig. 8(b)). The dispersion of the medium prior 
to decolorization suggests active binding sites. Having bind-
ing sites available allows a nanoparticle the capability of 
removing pollutants from the wastewater [36]. 

In Fig. 8(b), the SEM images confirm that there was some 
type of chemical interaction between the nanodiamond and 
the contaminant. This interaction having affected the surface 
characteristics of the catalyst such that even post-drying it 
remains in the clumped state. 

4. Conclusions

This study looked to assess the viability of photocatalytic 
decolorization of acid blue–stained wastewater using nanodia-
mond. The findings would allow for an understanding of the 
routes of decolorization governing this carbon-based catalyst and 
validate their use as TiO2 photocatalytic dopants. Decolorization 
was assessed using 3 catalysts namely, TiO2, Fe–TiO2, and nano-
diamond. Feasibility was shown for all catalyst when all the light 
sources were used, and only the nanodiamond catalyst showed 
any effects when performed in the dark. The results performed 
in the light show that there is a small amount of photocatalytic 
response from the nanodiamond, and its effects are evident 
when small concentrations of it were used. The photocatalytic 
effect was minute in comparison with the absorption route con-
firmed in the dark reactor decolorization. This was confirmed 
using UV–Vis, XRD and SEM data showing both its effectiveness 
and retention. Considering its minor photocatalytic reaction, its 
highly efficient absorption behavior, and high rates of decolor-
ization for multiple wavelength regions, nanodiamond would 
be a great candidate for a stand-alone wastewater-decolorizing 
agent as opposed to a dopant for a different catalyst. These 
observations are of importance to the aquatic sector that needs to 
gain good fundamental understanding of the governing param-
eters effecting treatment efficiency and how to improve them. 
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