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Abstract 
 

      The current study objective is to synthesize activated carbon (AC) from compressed wood using the ZnCl2 activating agent and 

to assess the ciprofloxacin (CIP) elimination efficiency in simulated wastewater. The produced AC was characterized using multiple 

techniques, including SEM, BET, FTIR, AFM, and XRD. The adsorbent demonstrates high adsorption performance, achieving 91% 

removal of CIP within 5 hours at an initial pollutant concentration of 100 mg/L with an AC dose of 2 g/L. Experimental data 

correspond to the Freundlich isotherm model (R² = 0.995) as well as the Langmuir competitive fitting (R² = 0.99), while the root 

mean square error (RMSE) equation best fits the Langmuir model. Moreover, the pseudo-second-order model (R² = 0.999) was used 

to describe the kinetic data. The adsorption thermodynamics indicate spontaneous adsorption with exothermic behavior (ΔG◦<0, 

ΔH◦<0, ΔS◦<0). A combination of mechanisms contributed to the CIP adsorption process (π-π interaction, hydrophobic interaction, 

bulk diffusion, hydrogen bonds, in addition to physical and chemical adsorption mechanisms). Pyrolysis recoverability shows a good 

result after three cycles (qe = 101.08 mg/g, compared to 170.13 mg/g in the first cycle). In conclusion, compressed wood AC offers a 

sustainable, low-cost adsorbent for treating wastewater and presents a prospect for addressing ecosystem contamination challenges. 
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1- Introduction 
 

   Water reuse is an essential challenge worldwide due to 

its vital role in human life [1]. Many pollutants that are 

discharged through water resources include heavy metals, 

dyes, pesticides, and pharmaceuticals [2]. Therefore, 99% 

of water around the earth cannot be utilized, as mentioned 

in (WHO) [3]. Therefore, the ecosystem faces significant 

threats that affect human health [4]. Among many forms 

of ecosystem pollution, pharmaceutical contaminants 

have become a significant challenge for the scientific 

community, prompting extensive research [5, 6]. These 

contaminants enter the environment from pharmaceutical 

industries, consumer excretion, and hospitals [7]. 

Pharmaceuticals include many categories, such as 

hormones, steroids, pain relievers, antipyretics, lipid 

regulators, and antibiotics [8]. Antibiotics are categorized 

according to the mechanisms of action and chemical 

structures, for example, sulfonamides, aminosides, 

tetracyclines, and fluoroquinolones [9]. 

   CIP is one of the most essential fluoroquinolones due to 

its stability and effectiveness [10] and was developed in 

1983 by the German pharmaceutical company Bayer A.G. 

[11]. CIP is currently used against widely types of 

bacteria like gram-positive and gram-negative ones 

compared to limited useful in the early years where 

restricted at typhoid and legionella bacteria [12], that 

development microorganisms’ resistance to antibiotics 

due to its difficult biodegradation and the complex 

characteristics [13] Thus, an effective method should be 

developed for CIP elimination to protect the environment 

from this contamination [14].  

    Activated carbon is one of the favorite adsorbents for its 

ability to be derived from various precursors, such as 

banana stalk [15]. Pulp mill sludge and rice straw [16], 

Coconut shell [17], Sugarcane bagasse [18], Elm tree 

[19], corncobs [20], Rice Husk [21], Egg shells [22], 

cigarette wastes [23]. 

   The present work uses ZnCl2 as an activator agent with 

wasted compressed wood to predict adsorption behavior 

under various conditions, including isotherm and kinetic 

studies. Recycling damaged compressed wood to produce 

activated carbon represents an innovative approach that 

combines industrial waste management with eco-friendly 

water treatment solutions, providing tunable surface 

properties derived from the unconventional chemical 

composition of engineered wood.  
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2- Materials and methods  

 

2.1. Chemicals 

 

   ZnCl2 (LOBA chemie Pvt. Ltd., India) with 99% purity, 

compressed wood (obtained from carpentry workshop), 

and CIP antibiotic (obtained from local pharmaceutical). 

 

2.2. Activated carbon synthesis 

 

   Compressed Wood was washed with a significant 

amount of water to remove adhering dust, then dried at 

70◦C for 48 hours to remove moisture and finally ground 

to the desired size. Later, activated carbon was 

synthesized from this compressed wood using the 

conventional method [24], in which the compressed wood 

was carbonized to 500◦C for 3 hrs. The resulting 

carbonized wood was impregnated with ZnCl2 for 24 hr in 

a 1:2 ratio [25]. The impregnation sample was dried 

completely in a drier furnace. Lastly, to obtain the desired 

pH, distilled water was used to wash and dry the sample 

again.   

   The FESEM technique was applied to obtain the 

configuration of AC.  This test using (MIRA III, Tescan 

Co., Czech), The functional groups were assessed by 

using this test in 400-4000 cm-1 range, using an 1800IR 

spectrometer instrument, Sgimadzu Co., Japan, The 

surface topography and roughness of AC were determined 

by the AFM analysis, using NaioAFM 2022, Nanosurf, 

Switzerland, the surface area and other related properties 

of AC were tests using the Brunauer Emmett Teller 

technique (BELSORP MINI II, BEL Co., Japan) and The 

Powder X-RD pattern was noted using X-Ray Diffraction 

instrument with a Cu-anode (PW1730 Philips Co., 

Netherlands). 

 

3- Adsorption experiments  

 

  CIP antibiotic adsorption behavior variation was 

investigated in batch system (to provide the best control 

of parameters variation) with 50 mL of wastewater 

sample with the important and the effective parameters 

including time (0.25, 0.5, 1, 1.5, 2, 3…12 hr), initial CIP 

concentration (100, 200, 300, 400 and 500 mg/L), AC 

dose (0.012, 0.025, 0.05, 0.075 and 0.1 g/50 mL) in 

addition to temperature (20, 30, 40 and 50 C). The 

absorbance was measured using a UV-2900 

spectrophotometer, which used a calibration curve to 

determine the final concentration. The elimination 

performance according to adsorption capacity and 

removal percentage was calculated using the equations 

[26]: 

  

𝑞𝑒 =
(𝐶0−𝐶𝑒)∗𝑣

𝑚
                (1) 

 

𝑅% =
𝐶0−𝐶𝑒

𝐶0
∗ 100          (2) 

 

   Where C0 and Ce: CIP concentrations at initial and 

equilibrium time (mg/L). V: volume of sample (L). m: 

mass of AC (g). 

4- Isotherm and kinetic models 
 

4.1. Isotherm models 
 

   To estimate the behavior and adsorption type, isotherm 

models should be applied; among these models, three 

important models were chosen: Langmuir, Freundlich, 

and Temkin with their linear equations [27]:  
 

  Langmuir: 
 
1

qe
=

1

qmklCe
+

1

qm
              (3) 

 

   Freundlich: 
 

ln qe = ln kf +
1

n
ln Ce           (4) 

 

   Temkin: 
 

qe = B ln A + BLnCⅇ             (5) 
 

   Where:  Ce: Concentration of CIP at equilibrium (mg/L) 

qe: Adsorption capacity of CIP at equilibrium (mg/g),  qm: 

Maximum adsorption capacity, Kl: (L/mg), Kf: (mg/g 

(L/mg) 1/n): Adsorption constant of the two models, n: 

parameter signifies the affinity of the adsorbate to the 

adsorbent, A: (L/g) Constant of Temkin isotherm related 

to equilibrium energy, B: (J/mol) Heat of adsorption. 
 

4.2. Adsorption kinetics  
 

   Applying kinetic models provides additional 

information about adsorption behavior. Pseudo first order 

(PFO), Pseudo second order (PSO), and Intra-particle 

diffusion (IPD) models were fitted with experimental  data 

[28]: 
 

   Pseudo first order (PFO): 
 

ln(qe − qt) = ln qe − k1t             (6) 
 

   Pseudo-second order (PSO): 
 
t

qt
=

1

k2qe
2 +

t

qe
                               (7) 

 

   Intra-particle diffusion (IPD): 
 

qt = k3t
1

2 + C                               (8) 
 

   qe = CIP adsorption capacity at equilibrium, qt = 

adsorption capacity at time t, both in mg/g. k1 (hr -1) and 

k2 (g/(mg ×hr)) are the constants of the models,  K3: 

constant rate of model (mg/g. hr1/2). C: constant gives an 

idea about the boundary layer thickness. 
 

5- Results and discussions 
 

5.1. Characteristics of biosorbents 
 

5.1.1. SEM analysis 
 

   Heterogeneity and course surface were clearly observed 

on the surface of AC with mesoparticle size, which was 
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irregular and ranged from 171 to 882 nm, while the pores 

were crack-shaped. Fig.  1 shows the AC images. 

 

 

 
Fig.  1. SEM images 

 

5.1.2. N2 adsorption-desorption isotherm 

 

   Fig.  2 shows a slight curvature with efficient 

adsorption-desorption behavior [29].  Which matches IV 

isotherms, but the hysteresis loops refer to H3 type, which 

is distinct from slit-like pores (seen in SEM test). This 

type is possibly due to monolayer behavior [30]. Surface 

Area, total pore volume, and average pore diameter for 

AC were inserted in Table 1. 

 

 
Fig.  2. N2 adsorption-desorption isotherm 

 

 

Table 1. Surface area, total pore volume, and average 

pore diameter for AC  
SBET (m2/g) Vtotal (cm3/g) Average pore diameter (nm) 

518.28 0.568 3.66 

 

5.1.3. FT-IR analysis  

 

   Fig.  3 shows the signal of 1120.64 cm-1 belonging to 

OH bending modes in the carboxylic group and the C–O 

vibrations [31], the peaks (605, 665.65, 665.44, 707.88, 

750.31, and 788.89) cm-1 attributed to the C–H band 

(aromatic ring) [32]. While signal 2918.3 cm-1 came from 

a symmetric C–H vibration, which indicated the presence 

of an aliphatic hydrocarbon [33], the signal appeared at 

2852.72 cm-1 corresponding to the methyl C-H band [34].  

   O–H bending associated with the peak of 3429.43 [12]. 

The spectral 1502.55 cm⁻¹ can correspond to CH₃, –CH₂–, 

and C–H functional groups, in addition to the C–C band 

of polyphenolic aromatic rings, which refers to cellulose, 

hemicellulose, and lignin. Instead, this region reflects O–

H vibrations, which are attributed to cellulose. It also 

includes contributions from C–O stretching, which refers 

to carboxylic groups, as well as ester, ether, and phenolic 

groups [35]. 
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Fig.  3. FT-IR spectra 

 

5.1.4. AFM 

 

   According to Fig.  4a, the sample of ZnCl2 Activator 

Agent shows more uniformity compared to ZnCl2 

Activator Agent studied in our previous work [36]. That 

refers to less heterogeneity, the highest peaks around 320 

nm. Fig.  4b, exposes the histogram of ZnCl2 activator 

agent, which also refers to sized particles with mean 

diameters of 73.52 nm. 

 

 
Fig.  4. AFM test (a) 3D image (b) Histogram of particle size distribution 

 

5.1.5. XRD analysis 

 

   X-Ray diffraction test notably two broadest peaks as 

shown in Fig.  5 2θ=32.67 contributed to ZnO generated 

from ZnCl2 [37], while the broad band refers to 

amorphous structure [38] resembles to most synthesis 

activated carbon the second peak 2θ=58.76 which may 

also correspond to ZnO [37]. 

 

 
Fig.  5. XRD pattern 

 
 

 

5.2. Adsorption performances 

 

5.2.1. Effect of contact time and adsorption kinetics 

 

   The adsorption capacity increased steadily before 

reaching equilibrium within 5 hr. Pseudo-first order 

(PFO) and pseudo-second order (PSO) kinetic models 

were investigated to assess the adsorption behavior of 

ciprofloxacin (CIP) onto AC, based on experimental 

adsorption information. The modeling outcomes showed 

that both kinetic models provide suitable fits, as indicated 

by the correlation coefficients (R²) in Fig.  6. However, 

the PSO model offers better agreement between the 

calculated and experimental data, as shown in Table 2, 

indicating a better description of the system, which agrees 

with [39]. 

   The Intraparticle diffusion model (IPD), which yields a 

linear plot crossing through the origin, suggests that 

intraparticle diffusion controls the rate of the adsorption 

process. This attitude was noticed when a large amount of 

adsorbent was applied or when contaminant 

concentrations were small [40]. On the other hand, at high 

contaminant concentrations, the plots showed multiple 

steps (the line didn’t pass through the origin), suggesting 

that the adsorption process involves several kinetic steps: 

external diffusion, intraparticle diffusion, and, finally, 

adsorption on internal wall pores [12]. 
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Fig.  6. (a) Time effect (b) Pseudo-first order (c) Pseudo-second order (d) Intraparticle diffusion models 

 

Table 2. Kinetic karameters for CIP on AC with initial 

concentration =200 ppm at ambient temperature 
Pseudo-first order model 

qe,exp(mg/g) qe,cal(mg/g) (1/h)1K 2R 

170 57.39 0.77 0.95 

Pseudo-second order model 

qe,exp(mg/g) qe,cal(mg/g) (g/mg.hr)2K 2R 

170 200 0.02 0.99 

Intra-Particle diffusion model 

qe,exp(mg/g) C(mg/g) )1/2(mg/g hr 3K 2R 

170 107 29.98 0.85 

 

5.2.2. Effect of concentration and isotherm models 

application 

 

   According to experimental data, the adsorption behavior 

of CIP at different initial concentrations was studied as 

shown in Fig.  7. The removal percentage was inversely 

affected by initial concentration, which is due to the large 

available number of active sites in lower concentrations. 

   The adsorption approach was analyzed by confirming 

the experimental data with three diverse isotherm models: 

Langmuir, Temkin, and Freundlich. The correlation 

coefficient (R²) for the models was used to assess which 

model best fits the experimental data. 

   The Langmuir isotherm assumes that adsorption occurs 

on a homogeneous surface, forming a monolayer. The 

maximum adsorption capacity was attained when the 

adsorbate completely covered the adsorbent surface [41], 

yielding 454 mg/g. According to this model, with an R² 

value of 0.99. The equilibrium parameter (RL) ranged 

from 0 to 1, indicating that the process was favorable 

[42]. 

   In the Freundlich model, 1/n < 1 indicates that the 

adsorption process is favorable, simple, and physical in 

nature [43]. while the Freundlich constant (KF) rises with 

the increase in temperature, demonstrating strong 

attraction between AC and CIP molecules [15]. The 

Freundlich model correlation factor (R2 = 0.995) was the 

highest, indicating the best-fitting behavior; this result 

agrees with [26]. Applying the Root Mean Square error 

(RMSE) [44] yields the minimum value for the Langmuir 

model, indicating the best fit of the experimental data to 

this model. 

   The Temkin model clearly adapts the adsorbate-

adsorbent surface interactions. Its essential hypotheses 

include: 

(i) The adsorption heat declines linearly during coverage 

of the adsorbent surface with progressive adsorption and 

linearly with increasing surface coverage. 

(ii) The attraction energies are distributed uniformly until 

they reach the maximum energy of binding. 

   Moreover, the Temkin equation assumes that the 

reduction in adsorption heat follows a logarithmic pattern 

[41]. The relative parameters for these models are 

presented in Table 3, where the Temkin model yields a 

lower R2 (0.91). 

 

5.2.5. Effects of temperature and thermodynamic analysis 

 

   The adsorption capacity and removal efficiency of CIP 

decreased with increasing temperature, indicating an 

exothermic adsorption process. Relative parameters were 

assessed by incubating at temperatures ranging from 293 

K to 323 K (Fig.  8) with an initial CIP concentration of 

200 mg/L, while maintaining the other parameters at fixed 

conditions. Table 4 presents the calculated parameters. A 

spontaneous process was inferred from negative ΔG° 

values, indicating thermodynamic favorability. 

   Negative ΔHo indicates an exothermic process; these 

results agree with [45, 12], which is attributed to the 

active sites' lower temperature being less than the energy 

released during adsorption. In contrast, when the active 

site-dependent temperature exceeds the energy required 

by the CIP-AC interaction, the process is endothermic 

[46]. The negative value of entropy is revealed to 

decrease in disorder. 
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Fig.  7. (a) Concentration effect (b) Langmuir (c) Freundlich (d) Temkin models 

 

Table 3. Isotherm parameters for CIP adsorption on AC at ambient temperature 
Isotherm Langmuir Freundlich Temkin 

Parameters qm KL R2 KF n R2 A B R2 

CIP 454 0.012 0.99 7.5 1.2 0.995 0.16 87.88 0.91 

 

 
Fig.  8. (a) Temperature effect (b) thermodynamic analysis 

 

Table 4. Thermodynamic parameters 
T, K ∆G, J/mol ∆H, J/mol ∆S, J/mol.K 

293 -7120.09 

-534.33 -1.47 
303 -5553.37 

313 -5199.68 

323 -3838.41 

 

5.2.4. Effect of AC dosage 

 

   The effect of the CIP removal was assessed within a 

range of 0.012, 0.025, 0.05, 0.075, 0.1 g/50 mL aqueous 

solution, according to efficiency (%) and adsorption 

capacity (mg/g), which is shown in Fig.  9, illustrating an 

inverse effect on the removal efficiency and adsorption 

capacity. 

   The increase in removal efficiency can be attributed to 

the excess of vacant active binding sites, achieved by 

increasing the dosage of activated carbon (AC). 

Nevertheless, extreme increases in the AC dosage didn’t 

lead to a notable increase in removal efficiency, because 

the driving force decreased at low CIP concentrations 

despite the available active sites. 

   The little amount of AC dosage achieved elevated 

adsorption capacity (471 mg/g), while the highest removal 

efficiency (0.95) was obtained in a larger adsorbent 

dosage. 
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Fig.  9. (a) AC dose effect with R% (b) AC dose effect with adsorption capacity 

 

5.2.5. Effect of PH 

 

   The surface charge of the adsorbent and adsorbate is 

affected by pH changes, making it an essential factor to 

study [47]. According to many studies, the optimal pH for 

CIP removal ranged from 6 to 8.5 [48], which is attributed 

to the zwitterionic charge of the CIP surface in this pH 

range [49]. Therefore, pH has a slight effect on CIP 

adsorption, which agrees with [34].  The adsorption 

capacity of compressed wood precursors was compared 

with other precursors reported in previous studies  

(Table 5).  

 

Table 5. Comparison of different precursors on CIP 

adsorption 

Precursor 
Maximum 

Adsorption,mg/g 
Reference 

Kiwi peels 

Sterculia villosa Roxb shells 

40 

81.97 

[50] 

[51] 

Prosopis juliflora 250 [46] 

Cassia bakeriana seed pods 600 [52] 

Compressed wood 

Peony seeds shell 

220 

782 

Current study 

[34] 

 

6- Adsorption mechanism 

 

   The possible adsorption mechanism of CIP on AC can 

be discussed based on results from spectroscopic tests, 

isotherms, kinetics, and thermodynamic analyses. FTIR 

spectra showed that the sample contained oxygen groups 

such as O-H, C-O-C, and C=O, which facilitated 

adsorption by enabling molecular interactions between 

CIP and AC [53]. The π-π interaction could be a 

significant mechanism due to the aromatic ring in the CIP 

structure [54]; moreover, the low solubility of CIP, which 

tends to hydrophobic interaction [50].  

   The nature charge of CIP is neutral through the range 

PH (6.1 to 8.7), indicating that no significant electrostatic 

interactions occur. Bulk diffusion also plays a good role, 

especially at high concentrations. Also, hydrogen bonds 

form due to the presence of hydroxyl and carboxyl groups 

[53]. ∆G0 values less than 20KJ/mol indicate 

physisorption behavior, while the desorption effectiveness 

of acids or bases corresponds to the chemisorption 

mechanism [50]. 

      In summary, this adsorption process involves multiple 

mechanisms, including π-π interactions, hydrophobic 

interactions, bulk diffusion, and hydrogen bonding, in 

addition to physical and chemical adsorption. 

 

7- Recycling of activated carbon 

 

   Standard recovery techniques using chemical agents 

(acidic or alkaline) may produce secondary pollutants, 

whereas the pyrolysis method [34] shows better results. 

This procedure accomplished by heating the used AC 

according to the exact condition of the initial synthesis of 

AC for one hour. pyrolysis recoverability gives a good 

result after three cycles (qe = 101.08 mg/g compared to 

170.13 mg/g by first cycle) as shown in Fig.  10. Which 

was less than our previous study [36], that deals with 

KOH as activating agent. This is attributed to the presence 

of metastable multilayers in adsorption via KOH as an 

activating agent, AC. 

 

 
Fig.  10. Adsorption of CIP by AC after 3 cycles 

 

8- Conclusion 

 

   This study aimed to upgrade compressed wood waste 

into an adsorbent (activated carbon) for the elimination of 

emerging pollutants from wastewater. The adsorbent was 

characterized using various analytical methods (SEM, 

BET, FTIR, AFM, and XRD), which provided 
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information on the properties of the compressed wood 

AC. 

   Simulated wastewater with ciprofloxacin was used to 

study and assess the performance of the synthesized 

compressed wood AC according to removal percentage 

R% (91%) and adsorption capacity mg/g (220 mg/g). At 

the same time, qmax was 454 mg/g. In addition to applying 

models of isotherm and kinetic, which were good matches 

with the Freundlich and Pseudo-second order. The 

thermodynamic analysis indicates a spontaneous 

adsorption process and exothermic behavior (ΔG◦ < 0, 

ΔH• = -534, ΔS• = -1.47). To enable regeneration of the 

adsorbent, pyrolysis recovery shows good results after 

three cycles. 
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امتصاص السيبروفلوكساسين عبر الكربون النشط للخشب المضغوط مع عامل تنشيط  

2ZnCl دراسة الآلية : من مياه الصرف الصحي المحاكاة 
 

 2  مصطفى محمد هذال ،1 ، حيدر عبد الكريم الجنديل* ،1ضحى حميد حمد 
 

 قسم الهندسة الكيمياوية، كلية الهندسة، جامعة بغداد، العراق 1
 ، جامعة بانونيا، فيسبريم، المجر مختبر بحوث الحلول المستدامة 2

 
  الخلاصة

 
المنشط      الكربون  تصنيع  إلى  الحالية  الدراسة  منشط  (  AC)تهدف  عامل  باستخدام  المضغوط  الخشب  عبر 

2ZnCl  وتقييم كفاءة إزالة السيبروفلوكساسين ،(CIP  )الكربون   تم تشخيص.  من مياه الصرف الصحي المحاكاة
الماسح   الإلكتروني  المجهر  مثل  متعددة،  بتقنيات  الناتج  الامتزاز،  ( SEM) المنشط  سلوك  ،  ( BET)   وفحص 

(.  XRD) ، وتقنية حيود الأشعة السينية  (AFM) ، ومجهر القوة الذرية  ( FTIR)ومطياف الأشعة تحت الحمراء  
الامتزازؤكد  ت امت  نتائج  أداء  يزيل    زازعلى  أولي    5خلال  (  CIP)من    %91عالٍ، حيث  تركيز  ساعات، عند 

تتوافق البيانات التجريبية مع نموذج معادلة  .  لتر/غ  2لتر من الملوث، وجرعة كربون منشط مقدارها  /ملغم  100
ولانكموير بنسبة تطابق منافسة بينما اظهرت معادلة الجذر التربيعي لمتوسط مربعات   (2R =0.995)فروندليش  

،  ( 2R=0,99)  بمعامل تطابق تنافسي، بالإضافة إلى نموذج لانغموير  الاخطاء تطابق اعلى مع نموذج لانكموير
المتجانس غير  وسطح  الطبقات  متعدد  الامتزاز  خاصية  إلى  يشير  البيانات  .  الذي  وصفت  ذلك،  على  علاوة 

تشير الديناميكية الحرارية للامتصاص .  الدرجة شبه الثانية  مع نموذج  (R² = 0.999)   بنسبة تطابق الحركية  
 عملية  في  الآليات  من  مزيج  يساهم(.  ΔG◦<0 ،  ΔH◦<0 ،  ΔS◦<0)إلى امتزاز تلقائي ذي سلوك طارد للحرارة  

الكتلة،    الطاردتفاعل  ال،  π-πتفاعل  مثل    الامتزاز انتشار  هيدروجينيةالللماء،  آليات  ( روابط  إلى  بالإضافة   ،
والكيميائية الفيزيائية  دورات.  الامتزاز  ثلاث  بعد  جيدة  نتيجة  الحراري  بالتحلل  الاسترداد  قابلية   غم /ملغ) تُعطي 

101.08 =qe    في الدورة الأولىغم  /ملغ  170.13مقارنة بـ ) . 
 

الدالة: التنشيط    الكلمات  عامل  المنشط،  الكاربون  المضغوط،  تمكن،  2ZnClالخشب  نموذج  الجسيمات،  داخل  الانتشار   ،
 . سيبروفلوكساسين، الية الامتزاز، الامتزاز الباعث للحرارة

 

 

 

 


