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Sol-gel derived Zr:ZnC photocatalyst: a novel ternary carbide
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The Zr,ZnC was synthesized via sol-gel methodology and used to study sunlight driven
degradation of organic pollutant, Rhodamine B (RhB). The Zr,ZnC was characterized by
FTIR, XRD, and SEM/EDX techniques. The Zr,ZnC revealed high degradation efficiency
i.e. ~92% dye concentration (50 ppm), catalyst loading (25mg), pH (5), and oxidant dose
(15 mM) within 90 minutes. Different scavengers were used to validate the active radical
species and observed that OH" contributed the most. The kinetic study revealed that
degradation followed first-order kinetics model. The optimization study was conducted
through response surface methodology (RSM). Ternary carbides can be used as high-
performing photocatalysts.
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1. Introduction

The main concern of today’s world is access to clean water, which is crucial for both life
and the environment, but human activities like industrialization and urbanization have significantly
degraded water quality in recent years [1] [2]. The textile effluents contain metallic ferrous,
phthalocyanine, and heavy metals, along with high levels of various biological and physicochemical
parameters that indicate pollution severity. These parameters include color, temperature, salinity,
total dissolved solids, pH, COD, BOD, total phosphorus, total nitrogen, and non-biodegradable
organic compounds [3]. Eliminating contaminants has become a pressing concern due to their
persistent effects and harmful impacts on human health, including endocrine disruptions,
reproductive disorders, cancer, and neurological impairments. Organic pollutants, in particular, pose
significant threats even at low concentrations due to their resilience and toxicity [4].

Numerous state-of-the-art therapeutic solutions have been proposed, tested, and deployed
to address these challenges. Traditional techniques, including biological degradation [5],
coagulation [6], and adsorption [7], have all been used to remove organic compounds from water.
These systems efficiently utilize resources and adhere to stringent discharge/reuse standards [8, 9].

Photocatalysis is an advanced oxidation technique that employs a catalyst and a light source
to benefit the environment. Using semiconductor photocatalysts to harness solar energy is an
effective strategy for green energy production, pollution management and chemical synthesis [10,
11]. This process generates electron-hole pairs, which help decompose organic contaminants. Since
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the introduction of photocatalytic technology, numerous semiconducting photocatalysts like TiO»,
Zn0O, and CeO; have been studied extensively [12-15].

Advancements in material science and engineering have led to the production of cutting-
edge nanomaterials such as MAX phases, MXenes, metal organic frameworks (MOFs) with efficient
features and applications [16-19]. Ternary compounds and their composites have demonstrated
excellent properties, optical, magnetic, optoelectronic, etc. [20-23]. The most interesting of them are
the MAX phases, which have captured the interest of experts from all around the world. The mid-
twentieth century was a very productive year for Hans Nowotny and his colleagues for the synthesis
of very new materials that were called H-Phase, later known as MAX phases [24-39]. These phases
gained importance by Barsoum and his research fellows after the formulation of Ti3SiC, [40]. This
group designed a general formula My+1AX, (n =1, 2, or 3) and provided the World with different
phases like MxAX, M3AX,, and M4sAX;3. In MAX Phases, there is combination of covalent (M-X)
and metallic (M-A) [41, 42]. Thus, MAX Phases are laminated layered nanostructures and showed
dual (metals and ceramics) properties. These nanomaterials cover a wide range of properties like
remarkable thermal, machinability, and electrical conductivities, oxidation resistance, and stiffness,
but are light in weight [41, 42]. These properties make MAX phases a strong candidate in various
practical applications, including electrochemical sensors [43], energy storage devices [16],
electrocatalysis [44, 45], CO; reduction [46], and the degradation of organic pollutants [47], EMI
shielding, and many more [48].

Huang et al. developed a new method to replace the A-elements while treating them with
molten salt of Lewis acids and formulated new MAX Phases, i.e., Ti2ZnC, Ti3ZnC,, and V,ZnC
[49]. CrAIC MAX phase was studied for photocatalytic degradation under sunlight with 99%
degradation efficiency [47]. Aghbolagh and her colleague reported a new composite material,
Ti3AlC:@rGO@PW11Zn, that facilitates the degradation of thiophene and pyridine up to 97.72%
and 98.94%, respectively, under visible light [50].

In this study, a new material Zr,ZnC was synthesized by easy and cost-effective sol-gel
approach. Different characterization methods such as FTIR, XRD, and SEM/EDX techniques were
used to determine the structure and morphology. All the photocatalytic parameters (pH, doses of
catalyst & oxidant, scavengers, and re-usability) were studied out using sunlight which gave
effective energy for the electron excitation of the active catalyst. The rate constant and reaction
mechanism was derived using different kinetic models. The statistical combination and the effects
of photocatalytic parameters were studied under response surface methodology (RSM). The
photocatalyst stability and reactive oxygenated species were investigation using reusability and
radical scavenging studies, respectively.

2. Experimental protocol

2.1. Materials

The materials used in this research study included Zn(NO3),.6H,O (purity 98%), Citric acid
monohydrate [CsHsO7.H20, 99.99%], Ethylenediaminetetraacetic acid [EDTA, 99%], Potassium
dichromate [K>Cr,07, 99.98%] and NaOH (purity> 98%) were taken from Sigma Aldrich, Germany.
The Zr(NO3)4.5H>0, (purity 99.9%) was obtained from Macklin, China. The HCl ( 35% w/w),
Dimethyl sulfoxide [DMSO, 99.9%], and ethanol [99.8%] were obtained from Daejung, Korea, and
used as solvents in the whole synthesis protocol. Distilled water was used during the photocatalytic
activity. All employed chemicals had high analytical quality and did not require any further
purification.

2.2. Synthesis of Zr,ZnC ternary carbide

This experimental work modified the sol-gel process through new adaptations in solution
combustion synthesis [51]. For the 2:1 ratio of Zr>ZnC, 1.15 grams of Zr(NO3)4.5H,0, 0.4 gram of
Zn(NO3),.6H,O were used as starting precursors, and Citric acid monohydrate was used as an
excessive reactant with 2.52 grams (9 equivalents). All chemicals were mixed in ethanol (10 ml).
First, a homogeneous mixture (the sol) was prepared through magnetic stirring in a beaker. Then
this mixture was heated to 60 to 70 °C to get a viscous liquid (the gel) on a hot plate. Afterward, the
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gel was shifted to an ALLO; crucible for further annealing. The subsequent heating was done in the
furnace at 900 °C for 5 hours under constant Nitrogen (N2, 99.99% purity) flow at heating rate of 2
°C/min. After this annealing process, the powder was subjected to a grinding process for 30 minutes.
Again, grinding of the sample was done before doing characterization techniques to get excellent
results [52-54]. The step-wise synthesis of Zr,ZnC is below in Figure 1.
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Fig. 1. A graphical representation of the formulation of Zr,ZnC ternary carbide.

2.3. Characterization

The crystal structure of the synthesized photocatalyst was studied using XRD (Bruker D8
Advance with Cu-K radiation) and 20 range of 10 -70°. The surface morphology of the Zr,ZnC
nanomaterials was examined by using SEM/EDX (Carl Zeiss EVO 18). A UV-VIS
spectrophotometer (Cecil CE 7200) was used to analyze the absorbance. FTIR spectrum was recored
using Cary 630 (Agilent Technologies).

2.4. Photocatalytic parameters

All the parameters of photocatalytic degradation were investigated in visible light. The
intensity of sunlight was measured using solar power meter (SM206). Rhodamine B (RhB) was used
as a representative pollutant. For the dye degradation, the 50 ppm dye solution was prepared from a
stock solution (1000 ppm). The pH was maintained through HCl (0.1 M) and NaOH (0.1 M)
solutions, respectively. Then a suitable amount of catalyst was also added and placed the beakers in
the dark for 30 minutes in an orbital shaker with a constant stirring speed of 160 rpm. This step was
done just to get the adsorption equilibrium, and the adsorption of this phenomenon was examined
through a spectrophotometer. Before placing the solutions under sunlight, an oxidant was also added.
The mean intensity of sunlight was approximately 1200 W/m?. The sample solutions were collected
after sequential spans, and the photocatalyst was separated through ultracentrifugation, and
absorbance was calculated at Amax = 554nm through a UV-Visible spectrophotometer. After
comparing the initial and final absorbance of dye solutions, we were able to determine the percentage
of degradation of the solution [55]:

Degradation (%) =1 —=x100 (1)
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In the above equation, A;stands for final absorbance (after a specific time), and Ao stands
for initial absorbance.

3. Results and discussion

3.1. Characterization

3.1.1. FTIR analysis

The chemical characteristics of the substance as produced were investigated using a Fourier
Transform Infrared (FTIR) Spectroscopy. In order to observe whether or not the Zr,ZnC surface
contained functional groups, FTIR spectroscopy was applied, and the resultant graph can be seen in
Figure 2. In the FTIR graph, the wavenumber region below 600 cm™, there are the stretching
vibration modes of Zr-C and Zn-C bonds that indicate the existence of Zr,ZnC [56], [57].
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Fig. 2. FTIR analysis of Zr:ZnC ternary carbide.

3.1.2. XRD analysis

The identification of crystalline structure of the synthesized ternary carbide was done
through XRD analysis. The atomic arrangement of the ternary carbide Zr,ZnC photocatalyst was
evaluated from the XRD graph represented in Figure 3. The peaks are observed at 23.6°, 24.1°,
27.7°, 31.2°, 33.8°, 38.4°, 48.9°, 49.7°, 53.7°, 59.5°, 62.5° and the corresponding hkl values are
(011), (110), (-111), (111), (002), (511), (022), (112), (202), (110), (103), respectively. The ternary
carbide (Zr,ZnC) contains the peaks that corresponds to the JCPDS No. 89-2291 [58]. All the peaks

were narrow and intense, which indicates the crystalline structure of the prepared ternary carbide
(Z12ZnC).
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Fig. 3. XRD pattern of ZrZnC ternary carbide.
In order to determine the crystalline size, the Debye-Scherrer formula:

_ kx
- B cosé

)

In this equation, D is the crystallite size of photocatalyst, K is (the Scherrer constant) 0.94,
A is the wavelength (of X-rays), 0 is the diffraction angle and f is the full width at half maximum.

3.1.3. SEM analysis

The superficial architecture of Zr,ZnC was examined by SEM Figure 4. As-prepared
Zr,ZnC shows a large number of nanometric layered morphology. Moreover, the layered of high-
density nanoparticles can be noticed. The SEM image of Zr,ZnC shows that nanoparticles of ternary
carbide are loosely packed layered structure.
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Fig. 4. SEM analysis of Zr>ZnC ternary carbide.

3.1.4. EDX analysis

The EDX of Zr,ZnC is shown in Figure 5, which provides information concerning the
elemental analysis of material the weight percentage of all the elements contained in ternary
heterostructure [59, 60].
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Fig. 5. EDX analysis of Zr:ZnC ternary carbide.

3.1.5. Determination of surface charge of photocatalyst

The charge on the catalyst surface was determined using pH shift mehtod. A solution of
0.01 M sodium chloride was made to analyze the point of zero charge. On a hotplate, the solution
that had been made was put so that CO; could be removed. Following the appearance of bubbles,
the beaker that held the solution was taken off the hotplate and set aside. The pH of NaCl solution
was set between 2 to 9 with the help of a 0.1M solution of HCI, as well as NaOH. After that,
nanomaterial in the ratio of 75 mg/50 ml was added to each beaker after the pH had been fixed. After
covering the beakers with aluminum foil, they were put on an orbital shaker in the ultraviolet
chamber for a period of twenty-four hours. The ultimate pH was determined after 24 hours had
passed. The surface charge of the ternary carbide was found to be proportional to the variance
between the initial and final pH levels. Results depicted the point zero charge on Zr,ZnC was 3.29
given in Figure 6. As the pH > pHpzc, so the nanomaterial has great potential to degrade the cationic
RhB dye because at this pH solution becomes negative which favors the adsorption phenomenon.

A— Initial pH
—d— Final pH

Final pH

pHpzc =3.29

Initial pH

Fig. 6. Point of zero charge determination of Zr:ZnC ternary carbide.

3.2. Experimentation for photocatalytic degradation of RhB dye

3.2.1. Influence of pH

Breakdown of organic contaminants is highly dependent on the solution pH. The pH eftfects
the OH radicals’ production. The impact of pH on dye degradation is shown in the Figure 7 (a). The
optimized pH for the RhB dye degradation was 5. At low pH, degradation was less because of
repulsive interactions of H'" ions and cationic molecules of the dye. There was efficient adsorption
activity of dye due to the optimized pH is higher than the pH of point zero charge of the catalyst.
The pH above the 5 value also rendered the dye degradation because there are less H' ions that
reduce the production of hydroxyl ions [61, 62].
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3.2.2. Influence of catalyst dosage

To investigate the influence of catalyst dosage, experiments were conducted via using
different doses of catalyst (10-30 mg/50 mL) at pH 5. The graph of dye degradation is shown in the
Figure 7 (b). The highest degradation occurred with 25 mg/ 50 mL catalyst dose. The photocatalytic
performance is highly influenced by catalyst dose. Further, it is explained through availability of
active sites and penetration of sunlight. Degradation of dye percentage was increased as the number
of the active site is also increased when the amount of catalyst is raised, which in turn enhances
concentrations of reactive species (hydroxyl and superoxide ions). But when the concentration of
catalyst increases beyond the optimization value, the agglomeration of catalyst occurred which
hinders the light penetration and reduces the photocatalytic performance.

3.2.3. Influence of oxidant dosage
The oxidant dose plays a key role in dye degradation via hydroxyl radicals’ generation. It
also prevents the re-combination of electrons and holes as shown in the equations:

H,0,+ 03 —» OH™ + HO + 0, 3)

Hy0, + e(py = OH™ + HO' @)

To observe the effect of catalyst dose, trails were done by using different oxidant doses (5
to 25 mM/50 mL). The graphical representation is given in the Figure 7 (c). This means that the
optimal dose of oxidant to create enough HO" radicals that enhance the photocatalytic activity and
it was 15 mM for the Zr,ZnC. Further rise in oxidant dosage results as lower dye degradation due to
hydrogen peroxide radical (HO") formation. Then these radicals act as a scavenging agent to
hydroxyl ions. The equations are given below:

H,0, + HO' - H,0 + HO, (5)
HO, + HO - H,0 + 0, (6)

3.2.4. Influence of RhB dye concentration

Concerning the influence of changing the initial concentration, concentrations ranging from
10-80 ppm were used to determine the rate of the photodegradation process and illustrated in Figure
7 (d). The rate of photodegradation is less from 10 to 40 ppm. Because in low concentration of dye
solution, there is more active site of photocatalyst which act as a slug and causes blockage of visible
light and reduce the degradation efficiency. But it is highest (~92 %) with 50 ppm dye solution. The
high degradation is due to the balance between active sites and molecules of dyes. The degradation
level decreases when the concentration of dye solution increases as it has less active site for
adsorption of dye molecules.

3.2.5. Influence of irradiation time

The treatment time has a great impact on degradation of dye, given in Figure 7 (e) because
they bring the reaction close to completion. The maximum degradation was achieved at first 90
minutes because of greater hydroxyl ions. After this the hydroxyl ion concentration decreased and
there was no obvious degradation occurred.

3.2.6. Stability and reusability analysis

It is pivotal to investigate the strength of photocatalyst for practical application; hence a
recyclability experiment study was also carried out and represented in Figure 7 (f). The catalysts
were recovered when the reaction was completed under optimal circumstances, rinsed 3-5 times
with distilled water, reweighed, and reused. After five uses, a catalyst's recovery yield drops by a
small amount, while the percentage deterioration drops from 92% to 83%.
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Fig. 7. Percentage degradation of dye degradation of RhB after 90 minutes effected by (a) pH, (b) Catalyst
dose, (c) Oxidant dose, (d) RhB dye conc. and (e) Degradation time, (f) Recyclability of Zr:ZnC ternary

carbide.

3.2.7. Radical scavenging and proposed photocatalytic degradation mechanism
The light-driven degradation relies on a number of species including electrons, holes,
hydroxyl radicals, superoxide radicals, etc. The radical scavenging experiment was carried out to
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know the possible species that participates in photocatalysis process [63]. The radical scavengers,
ethylene diamine tetra-acetate (EDTA) for holes, potassium dichromate (K,Cr,O7) for electrons,
dimethylsulfoxide (DMSO) for HO radical, and ascorbic acid for superoxide radical were used.
Both the 10mM solutions of each scavenger were applied, and all other parameters of degradation
were at the optimum values, and the experiment was carried out in visible light. The results are
shown in Figure 8 and demonstrates clearly that DMSO plays a crucial role in the RhB dye
degradation. There was a sudden change in degradation efficiency from 92% to 30% while using
DMSO radical with Zr,ZnC photocatalyst. The other contributing factors like holes and electrons
also have significant impact on degradation because these factors reduce the degradation level upto
54%, 60%, and 76% respectively via addition of EDTA, K,Cr,0O7, and ascorbic acid.
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Fig. 8. Dye degradation in the presence of different scavengers.

Under sunlight absorption, the electron/hole pairs are created. The electrons (e”) generate
superoxide radicals, O2" on reaction with oxygen molecules. These superoxide radicals react with
H,0O molecules to produce hydroxyl radicals (HO"). Simultaneously, the holes react with H,O/OH
to generate HO™ then these hydroxyl radicals degrade the pollutant molecules. The photocatalytic
mechanism is proposed in Figure 9Figure 8. The reactions of dye degradation are represented below:

Zry,InC + hv - e—(CB) 4 p+(VB) e
e+ 0,05 ()

05 + H,0 - HO, + HO' ©)
h*+ H,0/OH™ - HO (10)

HO + RhB - H,0 + CO, (11)
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Fig. 9. Suggested photocatalytic mechanism of RhB dye through ZrZnC ternary carbide.

3.2.8. Reaction kinetics for rhodamine B dye removal

The photocatalytic degradation of RhB was evaluated by selecting the 1 and 2™ order
kinetics models. The formulas for the 1* and 2™ order kinetics reactions are given below:

InC,/C, = —kyt (12)

Here, k; and k represent the rates constant for 1* and 2™ order kinetics reactions and C,
and C; are the concentrations of RhB dye at zero and specific time t, respectively.

Figure 10 (a), and (b) show the linear relationships between In C,/C; and 1/C; — 1/C, versus
time. The slope of 1* and 2™ order kinetics were 0.02 and 0.001 gave the value of K; and K,
respectively. The R? values are given in the graphs as represented in the Figure 10. The value of R?
for 1% order kinetics is more suitable as compared to the 2™ order.
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Fig. 10. Reactions kinetics (a) 1* order kinetic model (b) 2"¢ order kinetic model for RhB dye degradation
through Zr,ZnC ternary carbide.

3.2.9. Optimization through response surface methodology (RSM)
The major area of concern for the statistical analysis is to assess how various parameters
would influence the dye degradation. Under the RSM, all the parameters are optimized. For the
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purpose of statistically based research central composite design was applied (CCD). The pH, the
photocatalyst dose (Zr,ZnC), and also the oxidant dose (H20,) were stabilized under natural sunlight
while using 50 ppm RhB dye solution, with at degradation time of 90 minutes. The Design Expert
13 software was used with this purpose. Various parameters had an effect upon which effects were
studied through various graphs such as contour and 3-D graphs. ANOVA model detected the impact
of parameters and found out that the model was significant. The statistical design was providing for
20 experimental runs, and they were performed resulting in the maximum percentage degradation.

3.2.10. Analysis of variance (ANOVA)

It is abundantly obvious from the fit result plot that the model that was used has a significant
influence on the values that were optimized. The excellent R? value further demonstrates the model's
strong predictive ability. Using a quadratic model, it was found that there is a strong correlation
between the degree of deterioration and variables such as pH, catalyst amount, and oxidant dose. To
determine how the aforementioned elements affected much of the RhB dye was destroyed; it made
use of a 2nd-order polynomial equation.

Y= Bo+ XL BiXi+ Xy BuXP + T T By XX + € (14)

The coded equation is given as:

Y(%) = 491334+ 027X A+3.05XB+556%XC + 293 xAB + 2.33 X AC + 1.59 X BC —
24.03 x A> — 17.68 x B> —8.58 x C?

(15)

Here, the percentage degradation of rhodamine B dye is represented by Y while other
variables are A: pH, B: catalyst concentration, and C: oxidant dose. The ANOVA and regression
coefficient for dye degradation using Zr,ZnC are given in Table 1. Linear interaction of the
independent variables is given by AB, AC, and BC while A 2, B 2, and C ? denote quadratic terms.

In some cases, prediction of the reaction is possible by using the equation in coded factors
terms for particular amounts of each element. The numbers +1 and -1, by default, correspond to the
high and low values of components’ values, respectively. The coded equation can be used to
determine the relative importance of the elements once the factor coefficients are compared.

3.3. Interpretation

This model is important since F-value is 64.85. As to the model suitability for certain
information regression analysis, as well as no fit decides on the fit model. P-value shows whether a
given variable or a lot of variables are significant or non-significant. If p>0, the parameter of nutrient
density effect on the model, keeping the measure of nutrient density at 1000, leads the model to
become non significant. When p <0, then the model is strongly significant at a very significant level
with probability estimate or p-value of less than 0.0001.

The parameters of the fitted model are given in Table 1. Hence the Predicted R* of 0.8680
and the Adjusted R? of 0.9680 are almost similar in value, differing by 0.2, which is acceptable. The
signal to noise ratio is determined by using a model called “Adeq Precision”. The best
proportionality that should be achieved is over 4. The signal strength is 20.703 that signal strength
is sufficient. Following this paradigm, the design space may be crossed.
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Table 1. RSM model selection table and its properties.
Source Sum of Df Mean F-value p-value
Squares Square
Model 12745.05 9 1416.12 | 64.85 <0.0001 Significant
A-pH 0.9899 1 0.9899 0.0453 0.8357
B-Catalyst 126.96 1 126.96 5.81 0.0366
Dose
C-Oxidant Dose | 421.78 1 421.78 19.31 0.0013
AB 68.84 1 68.84 3.15 0.1062
AC 43.30 1 43.30 1.98 0.1894
BC 20.14 1 20.14 0.9221 0.3596
A? 8319.46 1 8319.46 | 380.97 <0.0001
B2 4503.10 1 4503.10 | 206.21 <0.0001
C? 1061.71 1 1061.71 | 48.62 <0.0001
Residual 218.38 10 21.84
Lack of Fit 218.38 5 43.68
Pure Error 0.0000 5 0.0000
Cor Total 12963.42 19
Std. Dev. 4.67 R? 0.9832
Mean 56.99 Adjusted R? 0.9680
CV% 8.20 Predicted R? 0.8680
Adeq. 20.7032
Precision

3.3.1. Optimization and effect of degradation parameters

It shows the relationship between the two parameters with the use of a contour plot, and a
three dimensional representation. Research was done using 10 to 30 mg/ 50 mL catalyst and pH of
3 to 9, as shown in Figure 11 (a). The pH dependent degradation rate goes from 3 to 5, where it
attains a maximum value of 5 pH before decreasing. Also, degradation of Rhodamine B with
photocatalysis was enhanced with catalyst concentrations between 10 and 30 mg/50 mL. The
increasing surface area of the photocatalyst also serves to enhance this process because it provides
more potential sites for the adsorption of dye. The active sites are blocked by the aggregation of the
nanoparticles because the concentration of the catalyst is increased. That is, when present to

sunshine, the degradation rate of the photocatalyst will reduce.
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Fig. 11. Response surface methodology. Left side contains contour graphs and right side represents 3D
graphs that indicates the interaction of independent variables (pH, H,O: and Zr,ZnC ternary carbide).

The relationship of pH with oxidant dose is given in the Figure 11 (b). The oxidant doses
ranged from 5 mM to 25 mM. The photocatalytic activity was enhanced by a rise in oxidant
concentration from 5 to 15 mM. At low concentration of oxidant dose there is restriction in the
recombination of electrons and holes. But at the high level of oxidant dose, the production of
hydrogen peroxide acts as scavengers for holes and hydroxyl radicals. Maximum degradation was
achieved at 15 mM, and then there were no noticeable alterations after that.

The trials employed catalyst concentrations ranging from 10 mg/50 mL to 30 mg/50 mL and
oxidant doses ranging from 5 mM to 25 mM. This mutual effect is also described in Figure 11 (c).
As the oxidant dose increases there is more production of hydroxyl radicals that help in the
degradtion of dye. Maximum degradation occurred at concentrations of 25 mg/50 mL while using
15 mM oxidant dose with a time of 90 minutes.
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By applying the statistical methodology, the results of optimized factors were confirmed.
The optimized values are pH = 5, catalyst dose (Zr2ZnC) =25mg / 50mL and Oxidant Dose (H,0,)=
15mM.

4. Conclusion

The very versatile ternary carbide Zr,ZnC was synthesized through a facile sol-gel approach
for the efficient photocatalytic degaradtion of RhB dye. The functional group identification, crystal
size and morphology characteristics of the photocatalyst was examined through different
characterization techniques. These characterization techniques assists the successful formulation of
ternary carbide, Zr,ZnC. This novel heterostructure of Zr,ZnC enhances the production and transfer
of charge carriers. Overwhelmingly, Zr,ZnC shows great potential for wastewater application in
extensive environmental treatment under well optimized conditions (pH = 5, Catalyst Dose =
25mg/50 mL, Oxidant Dose = 15 mM). The degardation efficiency was approx. 92% achieved by
using this ternary carbide, Zr,ZnC within 90 minutes under visible light. The reusebility of
photocatalyst also supports the efficiency of ternary nanomaterial Zr,ZnC with small reduction in
degradation efficiency upto five cycles. The proposed mechanism of Zr,ZnC suggested the efficient
trapping of recative radicals. The ternary carbide has a remarkable layered structure that helped in
the separation of electrons and holes. The material Zr,ZnC can effectively used in wastewater
treatment and afficlitate the removal of organic dyes from the water bodies.
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