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Abstract—.In  this work, the efficiency of AC/ZnOnanoparitcles(10ZAC) for the removal of salicylic acid 
(SA)  from wastewater was studied through anadsorption process. The effects of various parameters such 
as solution pH, initial SA concentration and contact time were examined. Adsorption kinetics followed 
Pseudo second orderand adsorption isotherms followed Langmiur.  

Index Terms—AC/ZnO, Salicylic  acid, removal, wastewater, isotherm, kinetic. 

————————————————————

1 INTRODUCTION       

nvironmental pollution has been a real problem for the 
living creatures. Ground water pollution has been a 
serious threat, caused by industrial effluents contain-

ing dissolved polycyclic aromatic hydrocarbons (PAHs) and 
phenols. Phenols are naturally as well as artificially existing 
compounds. They are found in many industrial effluents, in-
cluding cooking operations, pharmaceuticals, coal processing, 
refineries, plastics, wood products, as well as pesticide, paper 
and paint industries [1-10]. Drinking such contaminated water 
results in tissue erosion, protein degeneration, and paralysis of 
the central nervous system and also damages the kidney, liver 
and pancreas of human body [11, 12]. Water pollution damag-
es the aesthetic nature of water, interference with the process 
of photosynthesis, destruction of the food web existing in wa-
ter ecosystem [13].  
        Many techniques have been applied for the remediation 
of phenol from wastewater, such as electrochemical oxidation, 
adsorption by carbon fibers or activated carbon, MWCNT [14], 
waste materials [15], wet air oxidation, chemical coagulation , 
solvent extraction, membrane separation , bioremediation 
[16,17] and photo catalytic degradation .  
      Adsorption is favored by its efficiency and universally ap-
plicable , for the remediation of organic and inorganic com-
pounds, even at  low concentration. Adsorption has ad-
vantages of its relative ease of operation both in batch and 
continuous operation, regeneration and reusability of adsor-
bent[17, 18]. Adsorption by activated carbon is considered as a 
most potential trea-tment technique. The surface properties of 
activated carbon, i.e. the wide range of porosity and high sur-

face area, ease of separation, cheap operational cost and re-
markable adsorption affinity make AC (activated carbon) a 
versatile and favored material for various applications [19,20]. 
      Transition metal oxide such as copper oxide 
(CuOandCu2O) ,iron oxide (FeO,Fe2O3orFe3O4) and zinc oxide 
(ZnO) nanoparticles have special physicochemical properties 
which have arisen from the quatum size effect and high specif-
ic surface area [21,22]. Zinc oxide nanoparticles impregnated 
with activat-ed carbon is considered a non-toxic and green 
adsorbent . 
      The aim of the study was to evaluate the adsorption acti-
vity of zinc oxide loaded activated carbons (10ZAC) forsimul-
taneous removalof salicylic acid(SA) from aqueous solu-
tion.The removal behavior of 10ZAC was studied to optimize 
the conditions for the optimal removalof SA Kinetic, thermod-
ynamics and equilibrium data was obtained.  
 

2 Experimental 
 
2.1 Preparation of 10ZAC 

10ZAC nanoparticles were obtained by direct controlled 
precipitation method as shown [19]. Aqueous solution of 
NH4OH (7 mol/L) was added to a solution of ZnSO4.7H2O (0.5 
mol/L) drop wise with continuous stirring at room tempera-
ture in the presence of AC. Then, a solution of NaHCO3(3 
mol/L) was added under stirring to form a colloid of zinc hy-
droxy carbonate (ZCH) loaded on AC surface. Then the reac-
tion mixture was heated up to 60 ºC and stirred for 30 min. 
The precipitate was then filtered and washed with distilled 
water and ethanol. Finally, the powders were dried at 100 °C 
overnight, calcined at 400 ºC for 2 h and grounded into fine 
particles.  

 

 

2.2 Characterization 

     Morphology of 10ZAC was investigated using a JEOL 

      E 
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(JSM-6510LV, USA) scanning electron microscope. 
FT-IR spectra were performed by a JASCO (FTIR-410 spec-
trometer) in the 4000-400 cm-1 spectral range .  
    The absorbance measurements were performed using a 
JASCO (V-630 UV-VIS Spectrophotometer, Japan). UV-Vis 
absorption spectra of ZnONPs was recorded in the solid state . 
    The crystallinity was determined using an XRD Brucker D8 
diffractometer equipped with aCu Kα radiation (λ=1.5418 Å) 
with 40 kV voltage and 40 mA current.Surface area and Pore 
size were determined by BET and BJH techniques using a 
NOVA 3200 (USA).  
 

2.3 Recommended procedures 

The adsorption of SA onto 10ZAC was investigated using a 
batch experiments. 0.1 g of 10ZAC, was added to 25 mL of the 
SA solution, then the solution was shaken, filtered and the 
remaining SA concentration in solution was analyzed at 
λmax= 297 nm.  The best condition for removal of SA can be 
determined by studying  the effects of pH, contact time and 
initial SA concentration.  The concentration of pollutants is 
measured before and after the  time of shacking 0.1 g of adsor-
bent with SA solutions to give Co, Ce.  
    The percentage of dye removal (%E) and adsorption capaci-
ty (qe) were calculated from the following equations: 

%E = ((C0 − Ce) C0⁄ ) × 100  (1) 
 qe = (Co − Ce) V m⁄    (2) 
Where, Co is the initial SA concentration, Ce is the concentra-
tion ofSA in solution at equilibrium, V is the volume of SA 
solutions and m is the mass of adsorbent. 

3 RESULTS AND DISCUSSION  

3.1 Optimum conditions for SA removal using 10ZAC 

3.1.1 pH 

     The effect of the pH on the removal of SA (40 mg/L) using 
10ZAC was studied (Fig.1).The removal rates of SA onto 
10ZACdecreases from (98 – 94%)by increasing the pH values 
from 4 to 12.The maximum absorption of SA was obtained in 
an acidic medium pH < 4. 

 

3.1.2  Contact time  

The effect of contact time on SA(100 mg/L) removal using 
10ZAC was investigated at pH=3.5 (Fig. 2).The removal rates 
of  SA were initially rapid, where 59%-71% of the total amount 
SA was removed within 25 min. Then the rates become slower 
with increase in time until reaching 81% of the dark and light 
at 90 min.  

 

 

Fig.1 Effect of pH on MB removal using ZnONPs in dark and light  

3.1.3 Initial SA concentration  

The effect of initial SA concentration was studied for differ-
ent  SA concentrations at pH=3.5.(Fig. 3).The removal rates of  
SA using10ZAC  increased with increase in SA concentration 
within a range from 20 to 160 mg/L. The maximum adsorp-
tion capacity of 10ZAC is found 30 mg/g. 

 
 
 

 

 

 

 

 

 

 

 

 

 

Fig.3 Effect of initial SA concentration on SA removal using 10ZACat 
pH=3.5 
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Fig.2 Effect of time on SA removal using 10ZAC at pH=3.5 
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3.2 Kinetic studies 

. The pseudo first-order (3)andpseudo second-order (4)were 
used to investigate the mechanism of adsorption and the rate 
controlling steps involved in the sorption. 

log(qe − qt) = log qe − (K1t 2.303⁄ )  (3) 
𝑡 𝑞𝑡⁄ = (1 𝐾2𝑞𝑒

2⁄ ) + 𝑡 𝑞𝑒⁄    (4) 
Where qeand qtis the sorption capacity at equilibrium and at 
time t. K1 and K2is the pseudo first rate constant and the pseu-
do second order rate constant.The half-life times (t1/2) of Pseu-
do first order are calculated by 𝑡1/2 = 0.693 𝐾1⁄ , while that of 
second order are calculated by𝑡1/2 = 1 𝑞𝑒𝐾2⁄ . 

The data showed that the R2 of the Pseudo second order is 
higher than that of the first order (Table 1). Also, higher rate 
constant and faster half-life timesuggests that the adsorption 
isfollowed Pseudo second order which controlled by chemi-
sorption mechanismand depended on both SA and 10ZAC 
[25]. 
 
     Kinetic modeling of the experimental data allows us to gain 
insight into the potential rate-controlling steps involved in the 
adsorption process. Tow kinetic models (i.e., Pseudo first or-
der [log(qe-qt) = logqe– (k1 t/2.303)] and Pseudo second or-
der[t/qt= (1/Ktqe

2) + (t/qe) ] models ) were tested to fit the 
experimental data for the adsorption of SA onto 10ZAC.  
 The diffusion mechanism was investigated using the Morris-
Weber [qt = Ki√t] , Reichenberg [Bt = -0.4977 – ln( 1-F)] and [ F 
= (6/R)(Dit/π)½] equations. Where qt is the amount of SA ad-
sorbed at time t, Ki is the intraparticale diffusion rate constant 
( mg/g min½ ), Co is the initial concentration of SA in solution , 
V is the volume of the SA solution and m is the mass of 
10ZAC. The Bt value is a mathematical function of F = qt/qe. 
Di is the effective diffusion coefficient and α and Ko are con-
stant.   
      A plot of  qt as a function of  t½  should be a straight line (R2 
= 0.936) that does not pass through the origin. The diffusion 
rate of  SA is rapid in the initial stages and decreases with the 
passage of time. The average values of Ki for SA adsorption 
were 1.979 mg/g min-1. 
        The relationship between Bt and t for SA adsorption was 
investigated, which indicates that a particular film formed 
along with an intraparticale diffusion. The slope of the linear 
plots of F as a function of  t½  provide the numerical value of 
the effective  diffusion coefficient (Di). The value of Di for the 
SA adsorption was 1.5x10-8 cm2/min.The film diffusion rate 
depended on the size of phenols. 
 

Table 1 
The Kinetic parameters for removing of SAusing 10ZAC  
 

 

 
 

 
 

 
 

Fig.5: Diffusion models of SA removal using 10ZAC  
(a)Weber-Morris kinetics (b)Reichenberg diffusion  (c)Boyed 

diffusion 

. 

3.3 Equilibrium studies 

Langmuir(5) and Freundlich (6) isotherms were applied to 
studythe removal behavior SAusing10ZAC. 

𝐶𝑒 𝑞𝑐⁄ = (1 𝐾𝐿𝑏⁄ ) +  (𝐶𝑒 𝐾𝐿⁄ )  (5) 
𝐿𝑜𝑔 𝑞𝑐 = 𝐿𝑜𝑔 𝐾𝐹 +  1 𝑛⁄ 𝐿𝑜𝑔 𝐶𝑒  (6)  

Where qc is the amount of dyes adsorbed at equilibrium and 
Ceis the SA concentration at equilibrium. KL and b are Lang-
muir constants, while KF and n are Freundlich constants. 
The results showed that the R2 of Langmuir is higher than that 
ofFreundlich (Table 2).Suggesting for monolayer adsorption 
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over heterogeneous surfaces.Also, the values of 1/n are less 
than 1, referring to a favorable chemisorption process(Fig. 
4)[25]. 

 
The linear plot of lnqe as a function of Ɛ2 (Dubinin-

Radushkevich  isotherm ( lnqe = ln KD-R  -βƐ2 ) and E= 1/√2β , 
R2 = 0.92) is shown in figure 7 .  KD-R  is the maximum amount 
of  SA adsorbed onto 10ZAC , β is a constant  related to the 
transfer energy of the SA from the bulk solution to the 10ZAC 
, and Ɛ is the Polanyi potential. Values of KD-R and β were calcu-
lated as 22.78  mg/g  and  0.475 mol2 /KJ2, respectively. The 
adsorption  energy E was determined to be 1.02 KJ/mol  for 
SA. This result showed that the removal of SAonto 10ZAC 
was the  adsorption mechanism (Fig. 5). 

  
Table 2 

The equilibrium parameters for removing of SAusing 
10ZACat pH=3.5 
 

 
 

 
 
Fig.4Langmuir isotherm of SA removal using 10ZAC 
 

 

 
 

Fig. 5: Dubinin- Radushkevich isotherm of SA removal using 10ZAC 

4. CONCLUSION 

10ZAC was successfully prepared as identified by SEM, 
XRD, BET, FTIR and UV-Vis spectroscopy.10ZAC was tested 
for the removal of salicylic acid (SA) at pH=3.5. The maximum 
adsorption capacities of 10ZAC are found 30 mg/g within 
25min over a wide pH range (2-12). The kinetic studies were 
followed by pseudo-second-order model.The equilibrium iso-
therms showed that Langmuir model were having a good fit 
to the experimental data. Thermodynamic parameters demon-
strate the spontaneous and the exothermic nature of adsorp-
tion process. 10ZAC proved its efficiency in the removal of 
salicylic acid from wastewater under optimum conditions. 
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