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a b s t r a c t
In the study, it was aimed to remove naproxen sodium (NPX) adsorbed on graphite oxide pro-
duced from commercial graphite by degrading it under UV effect. Temperature (25°C–50°C), 
adsorbent amount (1–3 g/50 mL), pH (3–9), contact time (15–1440 min) and initial concentration 
(20–150 ppm) were selected as parameters. The scanning electron microscopy morphological 
images, X-ray diffraction mineralogical content, Fourier-transform infrared spectroscopy func-
tional group analysis, Brunauer–Emmett–Teller surface areas of adsorbents were determined. It 
was observed that the NPX removal efficiency of graphite (11.56%) was much lower (73.29%) than 
graphite oxide (GRO). Determination of the desorption% of UV degradation studies of adsorbed 
GRO’s at the end of 1, 2 and 3 h as 47.5%, 34.06% and 31.59% respectively, proved that the UV 
degradation is effective in the removal of NPX attached to the GRO surface. As a result, it was 
observed that UV degradation was effective in removing NPX from the GRO surface.
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1. Introduction

Increasing global drug production and high drug con-
sumption cause natural water resources, drinking water 
and wastewater to be contaminated by pharmaceutical 
components, which is seen as an important environmen-
tal problem [1,2]. Among the pharmaceutical components 
“nonsteroidal anti-inflammatory” drugs (with pain-re-
lieving and antipyretic effects) are the most widely used 
drug group with the highest risk of causing environmental 
pollution [2]. Naproxen sodium (C14H13NaO3) is one of the 
most commonly used drug active substances in this drug 
group (Fig. 1) [3,4]. Due to its biological activity, naproxen 
sodium has the risk of adversely affecting living organisms 
and reducing biodiversity in the natural environment [5]. 
As a result of studies conducted on aquatic organisms, it 

was determined that naproxen sodium adversely affected 
the gastrointestinal system and kidneys of aquatic organ-
isms [6], doses above 115.2 and 147.6 ppm for embryos and 
larvae, respectively, were fatal and damaged liver tissues 
[7]. In addition, as a result of studies conducted on mice, 
it was observed that this drug has the potential to cause 
genotoxicity [8]. Therefore, naproxen sodium is consid-
ered to be a potential threat especially for aquatic organ-
isms and an important environmental pollutant. Thus, 
removing naproxen sodium from aqueous environments 
is seen as an important field of study. Various techniques 
such as membrane [9], ion exchange [10], biodegrada-
tion [11], catalytic oxidation [12] and ozonation [13] have 
been given in the literature for the removal of naproxen 
sodium from aqueous media. Compared to these meth-
ods, adsorption is an important alternative technique with 
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advantages such as being more economical, simple to apply 
and highly effective removal potential [5].

Graphite oxide (GRO) is a popular and potential two- 
dimensional nanomaterial with many advantages includ-
ing dispersibility and affinity for many contaminants in 
water, low density and high adsorption capacity [14]. It has 
attracted great attention in recent years due to its unique 
properties such as hydrophilic property, presence of func-
tional groups, graphene alternative, and a flat form of var-
ious composites for different applications [15]. Graphite 
oxide is one of the most important precursors of graphene 
and has a layered structure consisting of layer structures 
similar to graphene due to its properties such as high 
adsorption capacity and stability [16,17]. It is an effective 
adsorbent in which polar and certain non-polar solvents 
can be placed in the interlayer space. GRO adsorbs polar 
adsorbents more easily than non-polar adsorbents due to 
certain interactions with polar groups on it [18]. During the 
oxidation process, these layers were wrinkled due to the 
change in hybridization of carbon atoms with the simulta-
neous addition of oxygen-containing functions (hydroxyls, 
epoxides, ketones, carboxyls, etc.). GRO consists of layers of 
sp2-hybridized carbon atoms containing covalently bonded 
oxygen functions that can be placed at the edges or basal 
planes of carbon layers. Carboxyl functionalities are gener-
ally found at the edges of individual layers. There are other 
oxygen functions such as hydroxyls, epoxides and ethers on 
the surface of the layers [19,20]. Interest in GRO has resur-
faced over the past decade due to the fact that graphene-
based materials are cost-effective and scalable and play 
a leading role in their preparation [20]. Compared to pure 
graphite, GRO’s interlayer distance increases significantly 
from 3.4 Å to 6–12 Å depending on the oxidation procedure. 
The presence of water molecules added to the interlayer 
space is obvious and cannot be ignored when defining GRO. 
Since graphite is a very inert mineral, it can be oxidized by 
very strong oxidizing agents. The structure of the prepared 
GRO is strongly affected by the starting material used, the 
oxidation process and even the purification process [19].

Researchers produced graphene oxide nanopowder 
modified with the Hummer method and obtained a max-
imum removal efficiency of naproxen sodium (NPX) of 
65.28% under optimum conditions [21]. 86% NPX removal 
efficiency was obtained by using amine-functionalized 
reduced graphene oxide [22]. A maximum of 190 mg/g of 
humic acid adsorption was achieved on graphite oxide 
produced from graphite. This outcome is higher than the 
adsorption of humic acid on activated carbon and graphite 
[17]. NPXs, which are very permanent against biological 

degradation, can stay in the aquatic environment for a long 
time due to their high hydrophilicity and stability in water. 
They have often been observed in wastewater, surface water 
and groundwater, due to their release into the water through 
various routes, such as urinary and improper disposal [23]. 
The detection of NPX (as a contaminant) up to 2.3 mg/L in 
wastewater effluent worldwide highlights the fact that NPX 
(and many other Petroleum Hydrocarbons) often cannot be 
effectively removed by conventional wastewater treatment. 
NPX is currently on the Global Water Research Coalition 
(GWRC) priority list [24]. Determination of trace level con-
centrations of this drug in water bodies as water pollution 
due to the presence of NPX in almost all water samples 
such as rivers, wells and wastewater is of great interest [25].

Many studies have been conducted on the removal 
of NPX, which is such an important compound, by the 
adsorption method. Little research has been reported on 
GRO’s adsorption applications [17]. There are no studies in 
the literature regarding the removal of NPX by using GRO 
and the reusability of adsorbed GRO by cleaning under UV 
effect. The degradation of naproxen adsorbed on graphite 
oxide produced from commercial graphite under UV effect 
is the subject of this study and the study will contribute 
to the literature in this respect.

2. Material and method

2.1. Material

Commercial graphite (in powder form) (GR) was obtained 
from SKC Karbon. Potassium permanganate (KMnO4), HCl, 
hydrogen peroxide (H2O2), NaOH, sodium nitrate (NaNO3) 
and sulfuric acid (H2SO4) chemicals were purchased from 
Merck (Germany). Naproxen sodium (NPX) was supplied 
from Sigma (Germany). NaOH and HCl chemicals were 
used for pH studies. Analytical grade chemicals are used.

2.2. Graphite oxide production

Graphite oxide was produced using graphite accord-
ing to Hummers Method [26]. Firstly, 5 g graphite powder, 
2.5 g sodium nitrate (NaNO3), 115 mL 96% sulfuric acid 
(H2SO4) were mixed in a beaker and continued to be stirred 
in an ice bath for 1 h. Keeping the bath temperature below 
5°C, 15 g of potassium permanganate (KMnO4) was slowly 
added to the mixture. After obtaining a homogeneous 
mixture, it was mixed for 2 h at 35°C–40°C temperature 
range. Secondly, 500 mL of deionized water was slowly 
added to the mixture and stirred for 1 h. 8.4 mL of hydro-
gen peroxide (35.7%) was added to the mixture so that the 
temperature was <40°C, and it was stirred for a further 
2 h. Thirdly, GRO produced was filtered and washed to 
pH 7 with distilled water.

2.3. Batch experiments

The NPX standard stock solution was prepared using 
purified water at a concentration of 1,000 ppm. This solu-
tion is diluted for the desired concentrations. NPX adsorp-
tion kinetics and isotherms were obtained under different 

 

Fig. 1. Chemical structure of naproxen sodium.
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operating conditions using batch reactors. Adsorption 
kinetics was studied for different pH (3, 5, 6, 7, 9), contact 
time (15, 30, 60, 120, 180, 300, and 1,440 min) and adsorbent 
amount (1, 2, 3 g/50 mL) at 50 ppm of initial NPX concen-
tration at 25°C. Adsorption isotherms were investigated by 
studying different temperatures (25°C, 35°C and 50°C) and 
initial NPX concentrations (20, 50, 100 and 150 mg/L). The 
NPX solution and the adsorbent prepared at the desired 
concentration were placed in a 50 mL centrifuge tube and 
300 rpm stirring speed and adsorption experiments were 
performed at 25°C ± 1°C. After the adsorption process, the 
solutions were taken into falcon tubes and centrifuged at 
3,000 rpm for 4 min. To determine the NPX concentration, 
the filtrate was taken with a syringe and analyzed in a UV 
spectrophotometer at a wavelength of 272 nm. Each experi-
ment was repeated three times.

Maximum absorbance (λmax = 272 nm) values were 
specified by scanning the absorbance values at different 
wavelengths (200–1,000 nm) of standard NPX solutions. 
Adsorption capacity and removal efficiency of NPX was 
calculated according to Eqs. (1) and (2), respectively.
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where qe (mg/g): adsorption capacity at equilibrium, V 
(L): volume of naproxen solution, m (g): amount of adsor-
bent, Ci (mg/L): initial concentration of NPX, Ce (mg/L): 
equilibrium concentration of NPX.

2.4. Desorption experiments and UV degradation

Desorption and regeneration are the most important 
aspects to establish the feasibility of the adsorption pro-
cess. Water was used for the desorption of the NPX loaded 
GRO. Desorption efficiencies were calculated using Eq. (3).
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where Cd (mg/L): desorbed adsorbate concentration, Vd (L):  
desorption solution volume, qe (mg/g): amount of adsorbate 
pre-adsorbed to the adsorbent, W (g): mass of pre-adsorbed 
adsorbent.

UV degradation experiments were carried out on 
the ATLAS UV Test Device. Degradation processes were 
applied in UV Test Device ((Osram, 300 W) 1.55 W/m2/nm 
irradiation, lmax = 340 nm, high-pressure mercury UV lamp) 
at 60°C under UV light for different times (1–2–3 h).

2.5. Characterizations

NPX concentrations were measured using a UV spec-
trophotometer (Agilent Cary 60, USA). The solution pH 
was determined using HANNA HI 991001, USA model 
pH meter. Morphological appearance scanning electron 
microscopy (SEM-ZEISS Supra 40VP, USA), mineralogi-
cal content (HT-XRD; PANalytical Empyrean), functional 
group analysis Fourier-transform infrared spectroscopy 
(FT-IR; Perkin Elmer Spectrum 100, USA), surface areas 
(Brunauer–Emmett–Teller Theory – Micromeritics ASAP 
2020) of adsorbents were determined.

3. Findings and discussion

3.1. Characterization of graphite oxide and graphite

When the structural properties of graphite and graph-
ite oxide were examined, the outer surface area of GRO 
increased after oxidation, but the pore volume and width 
decreased (Table 1). In the study given in the litera-
ture, it was determined that graphite has a lower surface 
area but a higher pore volume [17].

X-ray diffraction (XRD) spectrum of graphite and graph-
ite oxide is given in Fig. 2. In the graphite structure, the 
planes of graphene layers are observed in the form of very 
dense and narrow crests at 2θ = 26.5° [17]. The graphene 
peak at 2θ = 26.5° observed in the GRO structure was 
shorter than the peak observed in GR, because it may have 
been caused by the formation of residual oxygen functions 
between the graphene layers [27].

FT-IR spectra of graphite and graphite oxide struc-
ture are given in Fig. 3. While no significant peaks were 
observed in the graphite spectrum, the presence of 

!! !!!!

Fig. 2. XRD spectrum of graphite oxide and graphite (a) GR and (b) GRO.
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various bands belonging to the oxygen-containing groups 
was observed in the graphite oxide spectrum. In the spec-
trum of GRO structure, the bands at wavenumbers 1,052; 
1,385; 1,633; 2,916 and 3,446 cm–1, were corresponded to 
stretching vibrations of C–O bonds [28], C–OH bending 
vibrations [29], stretching vibrations of O–H groups [30], –
CH2 stretching vibrations [31], bending vibrations of O–H 
groups [32], respectively. Observation of the graphite oxide 

structure characteristic peaks in the spectrum such as O–H 
stretch, C–OH bending and C–O stretch (alkoxy) showed 
that oxygen-based groups were effectively incorporated 
into the graphite structure and the oxidation process was  
successful [33].

Fig. 3. FT-IR spectrum of graphite (GR) and graphite oxide 
(GRO).

Fig. 4. SEM images of graphite and graphite oxide (left: 10,000X and right: 20,000X, top: GR and bottom: GRO).

Table 1
Surface area properties of graphite oxide and graphite

GR GRO

SBET (m2/g) 1.87 21.04
Sext (m2/g) 1.80 21.49
Smic (m2/g) 0.068 0
Vt (cm3/g) 0.01 0.03
Vmic (cm3/g) 0 0
Vmezo (cm3/g) 0.01 0.03
Av. pore width (m2/cm3) 193.95 54.74
Pore size (Å) 32,020 2,851
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In the SEM images of GR and GRO, it was observed that 
GR has a layered structure formed in layers. In the GRO 
structure, formations in the form of residues formed by 
functional structures after oxidation were observed (Fig. 4).

3.2. Adsorption behavior of NPX onto graphite oxide  
and graphite

GRO demonstrated fast adsorption kinetics for the 
adsorption of NPX, which reached dynamic equilibrium 
in a short time period (120 min) (Fig. 5a). The adsorption 
process activation energy was found to be much lower 
due to the effective Π–Π stacking interaction between 
GRO and NPX molecules, its excellent adsorption and 
good compatibility [34]. When the effect of pH on the 
removal efficiency of NPX was examined, the maximum 
removal efficiency was obtained for both GR and GRO at 
the natural pH of NPX (pH = 6) (Fig. 5b). NPX consists 
of hydrophilic and hydrophobic properties. Acidic and 
hydrophilic activity may occur due to hydrogen in the car-
boxylic group, which can be ionized (relative to its anionic 
form) at pH > pKa; hydrophobic properties were due to 

aliphatic rings [24]. NPX removal from aqueous solution 
remained approximately constant with varying amounts of 
GRO. Due to its hydrophilic properties, maximum removal 
efficiency of 67% was obtained for NPX using 3 g of GRO 
(Fig. 5c). It is clear that the adsorption of NPX onto GRO 
is highly dependent on the initial NPX concentration, and 
maximum removal efficiency for 150 ppm is 73% (at pH 6, 
GRO dose 3 g/50 mL, temperature 25°C ± 1°C and contact 
time 120 min) (Fig. 5d).

3.3. Adsorption dynamics

Lagergren’s velocity equation describing pseudo-
first- order is one of the most commonly used equations to 
explain adsorbate adsorption from liquid phase [35–37]. 
The pseudo-second-order kinetic model assumes that the 
solute adsorption rate is proportional to the regions on the 
adsorbent [37]. Mechanical aspects of adsorption such as 
chemical reaction, diffusion and mass transfer for NPX 
adsorption on GRO were determined by pseudo-first-order 
[Eq. (4)], pseudo-second-order [Eq. (5)] and intraparticle dif-
fusion [Eq. (6)] methods.

       

     

a b 

c d 

Fig. 5. Adsorption behavior of NPX onto graphite oxide and graphite: (a) contact time, (b) pH, (c) adsorbent amount, and 
(d) initial concentration (T = 25°C; mixing speed = 300 rpm; V = 50 mL)
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where qt (mg/g) = adsorption capacity at t, qe (mg/g) = 
adsorption capacity at equilibrium, k1 and k2; rate constants 
for pseudo-first-order model and pseudo-second-order 
model, t = time (min), Ki: velocity constant of intraparticle 
transport (g/mg min), C: constant.

Analysis results showed that the adsorption kinet-
ics paired with the pseudo-second-order model (Fig. 6). 
Intraparticle diffusion did not occur due to low correlation 
values in all periods (Fig. 7).

3.4. Adsorption isotherm models

Nonlinear isotherm modeling has been used to deter-
mine the adsorption capacity and selectivity between 
adsorbates and adsorbents [38]. The adsorption isotherm 
shows how efficient the adsorption system is and how effi-
ciently the adsorbate interacts with the adsorbent [39,40]. 
The isotherm analysis of the adsorption process was exam-
ined according to Langmuir, Freundlich and Temkin iso-
therm models. According to the Langmuir isotherm model, 
the adsorbent surface has a homogeneous structure and 
only one molecule can be adsorbed at each adsorption 
center. There is no interaction between the adsorbed mol-
ecules [41]. All adsorption areas on the adsorbent surface 
of an absorbent have a heterogeneous structure in the 
Freundlich isotherm model [42]. Temkin isotherm is gener-
ally used in systems where surface energy is heterogeneous 
(non-homogeneous distribution of adsorption heat) [43]. 
Langmuir isotherm [Eq. (7)], Freundlich isotherm [Eq. (8)], 
The Temkin isotherm [Eq. (9)] models are given below.
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where qe: amount of NPX for each mass of adsorbent (mg/g), 
Ce: concentration at equilibrium (mg/L), qmax: maximum NPX 
adsorption capacity as theoretical (mg/g), KL: Langmuir con-
stant (L/mg), Kf, n: Freundlich constants, A (slope): binding 
constant in equilibrium of Temkin isotherm (L/g), b (inter-
cept): Temkin isotherm constant, R: general gas constant 
(8.314 J/mol K), T: temperature (K).

Langmuir, Freundlich and Temkin isotherm correla-
tion coefficients of NPX on the adsorbents are given in 
Table 2. It was determined that the adsorption of NPX on 
GRO fitted all three models (Langmuir, Freundlich and 
Temkin isotherm models). Freundlich R2 = 1.00 > Langmuir 
R2 = 0.99 = Temkin R2 = 0.99. It was determined that the 
adsorption of NPX on GR fitted the best Temkin isotherm 
model. Temkin R2 = 0.99 > Langmuir R2 = 0.93 > Freundlich 
R2 = 0.87 (Figs. 8–10).

There is no study in the literature about the removal 
of NPX by adsorption using graphite oxide. However, the 
closest study to our study was conducted by Ciğeroğlu 
et al. [21]. They adsorbed NPX on graphene oxide. It was 
determined that the graphene oxide surface has a multilayer 
heterogeneous system structure according to Freundlich 
(R2 > 0.90) and Halsey (R2 > 0.93) isotherms. In our study, 
it was determined that the adsorbent surface is both 
homogeneous and heterogeneous since the adsorption of 

Table 2
Langmuir, Freundlich and Temkin isotherms correlation 
coefficients of NPX adsorption on adsorbents

R2

Langmuir Freundlich Temkin

GR 0.93 0.87 0.99
GRO 0.99 1.00 0.99Fig. 6. Second stage model kinetics on GRO and GR of NPX 

adsorption.

Fig. 7. Intraparticle diffusion model on GRO and GR of NPX 
adsorption.



425A. Sarihan, S. Balbay / Desalination and Water Treatment 230 (2021) 419–429

NPX on graphite oxide conforms to Freundlich (R2 = 1.00), 
Langmuir (R2 = 0.99) and Temkin (R2 = 0.99) isotherms.

3.5. Thermodynamic parameters

When the adsorption capacity of GR and GRO’s NPX 
was examined, the adsorption capacity of GR and GRO’s 
NPX decreased as the temperature increased (Fig. 11).

Different useful parameters calculated using Van’t 
Hoff charts are evaluated to give an idea of the thermo-
dynamic aspects of the adsorption process. The Gibbs 
free energy difference (ΔG°) of the adsorption process is 
related to the equilibrium constant of the Van’t Hoff equa-
tion [Eq. (10)]. The Gibbs free energy difference (ΔG°) is 
associated with entropy change at constant temperature 
(ΔS°) and adsorption temperature (ΔH°) as regards to 
thermodynamics [Eq. (11)].
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�� �  (11)

where T: temperature (K), R: ideal gas constant (8.314 J/
mol K). ΔS° and ΔH° were calculated by plotting 1/T 
against InKd with the help of Van’t Hoff curve. For the GRO 
adsorbent, ΔH° (kJ/mol), ΔS° (kJ/mol) and ΔG° (kJ/mol) 
values were calculated as –3,119.3, 6.7059 and –10,028.1, 
respectively (Fig. 12). These calculations could not be 
made for the GR due to the loss of the adsorption capac-
ity of the GR due to the increase in temperature (Fig. 12). 
The negative ΔH° value for the GRO adsorbent indicated 
that the adsorption process was exothermic, during the 
adsorption of the solid/solution interface, the positive ΔS° 
value increased randomly, the negative ΔG° value showed 
that the adsorption process occurred spontaneously.

FT-IR spectra of graphite oxide and naproxen adsorbed 
graphite oxide (NPX-GRO) structures are shown in Fig. 13. 
It was observed that in the spectrum of the NPX-GRO 
structure, the peaks at wavenumbers 1,029; 1,230; 1,249; 
1,395 and 1,480 cm–1 were attributed to aryl-O asymmet-
ric stretching vibrations, –O–stretching vibrations, aryl-O 
symmetric stretching vibrations, CH3 bonds bending 
vibrations [44] and C=C aromatic stress vibrations [45], 
respectively. The occurrence of these peaks in the spec-
trum, which is specific for the NPX structure, showed 
that naproxen was adsorbed on the GRO structure. The 
observation that the vibrations of C–O bonds have seen 

Fig. 8. Langmuir isotherm model.
 

Fig. 11. Temperature effect on adsorption behavior of NPX onto 
GRO and GR.

Fig. 9. Freundlich isotherm model.

Fig. 10. Temkin isotherm model.
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at 1,050 cm–1 in the spectrum of the GRO structure shifted 
to 1,065 cm–1 after naproxen adsorption, was interpreted 
as the adsorption of NPX. In addition, the significant 
increase in peak intensity was attributed to the presence 
of C–O bonds in the NPX structure. The shift in the C–O 
band is likely due to the NPX interacting with the C–O.

3.6. UV degradation effect on NPX adsorbed GRO

Carbonaceous species not only stimulate light-sensi-
tive visible light absorption and response, but also increase 
photoquantum efficiency [46]. In the study where acti-
vated carbons were used as catalysts, a good photodegra-
dation efficiency was obtained for organic pollutants in the 
absence of semiconductor additives. It was observed that 
interactions occur between carbon particles and UV light 
[47]. It was observed that naproxen undergoes direct pho-
todegradation within hours by absorbing UV light up to 
360 nm in an aqueous environment [48].

The optimum adsorption conditions of NPX were 
explained; 3 g/50 mL adsorbent amount, 150 ppm initial con-
centration, pH 6, for 120 min at 25°C for GRO and 3 g/50 mL 

adsorbent amount, 20 ppm initial concentration, pH 6, for 
120 min at 25°C for GR.

In order to determine the UV degradation of NPX 
adsorbed by GRO, the UV degradation effect of adsorbed 
GRO desorbed in water was investigated. Maximum 

Fig. 12. lnKd – 1/T graph.

 

Fig. 13. FT-IR spectrum of graphite oxide (GRO) and naproxen adsorbed graphite oxide (NPX-GRO).

 
Fig. 14. Desorption studies of UV degradation.
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adsorption removal efficiency at optimum conditions deter-
mined for each adsorbent was 11.56% for GR and 73.29% 
for GRO. Since the removal efficiency of GR was very 
low, UV degradation studies of NPX were applied only 
for GRO. 67.5% of the NPX adsorbed on GRO at 1 h was 
desorbed into water. The determination of the desorption 
% of adsorbed GRO as 47.5%, 34.06% and 31.59% at the end 
of 1 h, 2 h and 3 h in UV degradation studies, respectively 
proved that UV degradation was effective in removing the 
adsorbed NPX on the GRO surface (Fig. 14). This has shown 
that in the anhydrous and semiconductor-free environment, 
carbon-photon interactions occur that can spread across 
the GRO layers and reach molecules adsorbed in porosity.

3.6.1. FT-IR analysis

Removal of naproxen adsorbed on GRO was investi-
gated by UV degradation for 1 and 2 h (Fig. 15). According 
to FT-IR analysis, the observation of a significant decrease 
in the intensity of all peaks (especially, specific peaks of 
naproxen; 1,230; 1,249; 1,395; 1,480 and 1,065 cm–1) after 
UV degradation showed that NPX adsorbed to GRO could 

be removed under the effect of UV. In addition, it was 
observed that the spectra obtained after the degradation 
process for 1 and 2 h were quite similar.

3.6.2. SEM images

The SEM images obtained at the end of 1 and 2 h of 
UV degradation studies of adsorbed GRO’s are given 
in Fig. 16. After 2 h of UV degradation, it was observed 
that the residues formed by functional structures on the 
GRO surface (structures formed after both oxidation and 
adsorption) were removed.

4. Conclusions

The removal of naproxen adsorbed on graphite oxide 
produced from commercial graphite by degradation 
under UV effect was investigated in this study. The opti-
mum adsorption conditions of GR and GRO adsorbents 
used in the adsorption of NPX were explained; pH 6, 
3 g/50 mL adsorbent amount at 25°C, 150 ppm initial concen-
tration, 120 min contact time for GRO and pH 6, 3 g/50 mL 

Fig. 15. FT-IR spectrum of naproxen adsorbed graphite oxide (NPX-GRO) and UV degraded naproxen adsorbed graphite oxide 
(1 and 2 h).

!
Fig. 16. SEM images of adsorbed GRO (a) and GRO (b) after 2 h of UV degradation (20,000X).
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adsorbent amount at 25°C, 20 ppm initial concentration, 
120 min contact time for GR. Maximum removal efficien-
cies at optimum conditions determined for each adsorbent 
were 11.56% for GR and 73.29% for GRO.

Since the removal efficiency of GR was very low, UV deg-
radation studies of NPX have been applied only for GRO. 
67.5% of the NPX adsorbed on GRO was desorbed into water. 
The determination of the desorption % of adsorbed GRO as 
47.5%, 34.06% and 31.59%, respectively, at the end of 1, 2 and 
3 h in UV degradation studies, proved that UV degradation 
was effective in removing the adsorbed NPX on the GRO 
surface. As a result, it was observed that UV degradation 
was effective in removing NPX from the GRO surface.
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