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ABSTRACT 
Meropenem (MER) antibiotic is removed from an aqueous solution using Mg-Al-layered double hydroxide (Mg/Al-

LDHs) which serves to functionalize the principal object of enquiry in this paper–sunflower husks (SFH).  The 

former sample demonstrated a 51% removal of MER while the latter demonstrated a 67% removal of MER. One 

of the areas explored was the impact of the rise calcination temperatures resulted in a concurrent increase in the 

surface area and porosity of LDHs which, in turn, provoked a heightened removal efficacy of MER at calcination 

temperatures between 300 °C and 350 °C. Nonetheless, LDHs experienced structural deformation and thus, 

diminished removal efficacy of MER when the calcination temperature was over 350 °C. The ideal adsorption 

conditions were determined via the undertaking of multiple batch studies. Adsorption process was implemented 

successfully with removal efficiency of 98% under optimal conditions. The adsorption of MER was found to be 

regulated by the chemisorption mechanism of the best suited second order kinetic model. The adsorption process 

seemed to be heterogeneous and on a multi-layer as suggested by the high determination coefficient with 

Freundlich model. Enhanced functional and structural properties were witnessed in this novel adsorbent’s 

adsorption capacity, thereby highlighting its proficiency as an alternative. 

Keywords: Meropenem, Adsorption, Sunflower husks, Layered double hydroxides, Calcination Temperature. 

 

 حسن وآخرون                                                                            58-42(:1)54: 2023-عية العراقية مجلة العلوم الزرا

الالمنيوم في ازالة درجة حرارة التكلس على  اداء الامتزاز لجزيئات هيدروكسيد النانوية مزدوجة الطبقات المغنسيوم / أثير ت
 لميروبينيمالمضادات الحيوية ا

حسن     محمدعلي اكرم شعبان       محمد عبد الخالق إبراهيم   مهند جاسم محمدرضا   هيثم علاء حسينرشيد ياسين   
 أستاذ                    أستاذ            أستاذ مساعد                         مدرس                     مدرس

 جامعة النهرين        جامعة النهرين             جامعة بغداد             جامعة النهرين              وزارة التعليم العالي
 كلية الهندسة            كلية الهندسة           كلية الهندسة               والبحث العلمي           كلية الهندسة    

 قسم هندسة البيئة قسم الهندسة المدنية والمشاريع        قسم الهندسة المدنية    قسم الهندسة المدنية                 مديرية الاعمار     
 المستخلص

-Mg/Alهيدروكسةيد مةزدوا الطبقةات مةن نةةو  قشةور عبةاد الشةةمس كمةادة مةازة مةع  مةن محلةةول المةائي تةم اسةتخدام  لإزالةة المضةادات الحيويةة ميةروبينيم
LDHs تةةم اختبةةار قشةةور عبةةاد الشةةمس قبةةل وبعةةدة اضةةافة  .Mg/Al-LDHs  للميةةروبينيم قبةةل الاضةةافة51وتةةم الحلةةول علةةى كزةةاءة ازالةةة ٪Mg/Al-
LDHsللميروبينيم بعةدة اضةافة 67كزاءة ازالة  تم الحلول على في حين لقشور عباد الشمس ٪ Mg/Al-LDHs  .وتةم دراسةة تةأثير لقشةور عبةاد الشةمس

ممةا أد  بةدورإ إلةى زيةادة فعاليةة إزالةة ميةروبينيم فةي درجةات حةرارة الةتكلس  LDHsدرجة حرارة التكلس إلى زيادة متزامنة في مساحة السطح ومسامية  رتزا ا
عنةدما كانةت درجةة حةرارة ميةروبينيم تشةوإ الهيكليةةه وبالتةالي انخزةاا فعاليةة إزالةة  LDHsمئويةة. ومةع ذلةشه شةهدت درجةة  350درجةة مئويةة و  300بين 

٪ 98تةم تنزيةذ عمليةة الامتةزاز بنجةاك مةع كزةاءة إزالةة  درجة مئوية. تم تحديد ظروف الامتزاز المثالية من خلال إجراء دراسات متعددة. 350التكلس أكثر من 
وأظهرت نتةائ  الدراسةة الحركيةة  التةي تةم الحلةول عليهةا ان النمةوذا الحركةي مةن الدرجةة الثانيةة واقتةرك ان اليةة الكيميائيةة تسةيطر  المثلى.في ظل الظروف 

هةةو النمةةوذا ا نسةة  لولةةف هةةذإ العمليةةة مةةع معامةةل ارتبةةاط عاليةةةه ممةةا يشةةير إلةةى أن عمليةةة  Freundlichعلةةى الامتةةزاز ميةةروبينيم. واظهةةرت النتةةائ  أن 
ةه وتحسةةين قةةدرة الامتةزاز كةةان علةةى طبقةةة متعةددة ونيةةر متجانسةةة. هةةذإ المةواد المةةازة الجديةةدة هةةي بةةديل ممتةاز لإزالةةة المضةةادات الحيويةةة مةن المحاليةةل المائيةة

 ضل.الامتزاز مع خلائص هيكلية ووظيزية أف
 الكلمات المزتاحية: ميروبينيمه الامتزازه قشور عباد الشمسه هيدروكسيد مزدوا الطبقاته درجة حرارة التكلس.
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INTRODUCTION 

A significant public health and environmental 

issue has developed due the residuals and 

aggregation of the waste materials stemming 

from pharmaceutical compounds that see 

prevalent consumption within veterinary, 

medicine, and other such areas due to their 

notable benefits (17, 38, 45). Drinking water, 

ground water, surface water, and sewage 

discharge have all had traces of antibiotics and 

other pharmaceuticals identified within them 

(2,40). Livestock and human excretion, hospital 

wastewater, pharmaceutical effluent, and other 

such sources lead to the pollution of aquatic 

environments by pharmaceuticals (1, 37). 

Bacteria can form resistance to antibiotics 

following changes to microbial communities 

that stem from antibiotics being present in the 

environment (20, 57). Consequently, drinking 

water or the food chain can be compromised 

leading to humans absorbing the possibly toxic 

wastage that passes through aquatic organisms 

(30). Given that the health impacts of chronic 

and lifelong exposure to water with low doses 

of antibiotics are undetermined, the possible 

existence of low levels of antibiotics in drinking 

water is a significant worry to address (11). 

Thus, prior to the release of antibiotic 

wastewater into the environment, the antibiotics 

need to be eliminated or degraded. Pneumonia 

and meningitis are among the ample range of 

infections treated by the injectable β-lactam 

antibiotics meropenem (MER) which is part of 

the carbapenem group. The detection of a high 

ecological concentration of MER between µg/L 

and ng/L is possible as a result of its recurrent 

use (13, 56). The frequent use of MER for 

livestock and humans stems from its efficacy 

and quality as an antimicrobial (47). Upon one 

or more sensitive bacteria being present in 

severe infections or even before the diagnosis of 

the cause of an illness as an observational 

treatment, MER is often used (31). It has 

become one of the antibiotics most prevalently 

administers globally due to its effectiveness. 

However, the largest segment of MER is not 

metabolized and is consequently released into 

the environment, upon administration, despite 

its partial metabolization by enzymes and 

absorption by the gut (61). It is vital to remove 

MER from wastewater before it is discharged 

into the environment as there are already 

multiple Gram-negative and Gram-positive 

bacteria that were determined to be MER 

resistant (51). Diverse water sources have 

undergone multiple techniques to expunge the 

presence of antibiotics in the last decade or so. 

These include advanced oxidation processes 

(48), ozonation (9), electrocoagulation process 

(37, 38), extraction (8), Photo-Degradation by 

UV and UV/TiO2 Processes (43), nanofiltration 

membranes (25), chlorination (2), and 

Adsorption are among the mentioned 

techniques (23). The existence of multiple rate-

controllable parameters, high removal efficacy, 

suitability for application over a large 

concentration range of sorbate, and low 

instrumentation cost are among the significant 

benefits of the adsorption process, making it 

one of the most efficient methods (11). 

Contaminated solutions have their adsorbates – 

pollutant molecules – diminished via the 

introduction of biosorbents, adsorbents, or 

sorbents, which are synthesized and natural 

materials in the mentioned treatment technique 

(36). Eliminating pollutants from wastewater 

through the adsorption process is one of the 

most efficacious techniques available. 

Furthermore, in cases where adsorbent 

availability is high and cost is low, employing 

this alternative treatment is an appealing 

prospect (53). Adsorbents that consist of 

agricultural waste, in its altered or initial form, 

have been the subject of much investigation by 

scientists in recent years (39). Expunging toxic 

pollutants from aqueous solutions can be 

effectively carried out via the incorporation of 

prevalently available and low-cost materials 

such as sunflower husks (SFH) (3), coke, wood, 

coal, and peat (5). Moreover, in the adsorption 

systems, multiple inorganic and organic matters 

are effectively removed by such materials (24). 

Chemical or physical alteration processes are 

often employed upon the vast majority of 

agricultural wastes, where such waste typically 

undergoes some kind of pre-treatment. The 

consequent adsorbent materials have their 

surface properties strengthened by such 

modification processes (41). Among the most 

vital of oil crops is the Helianthus annus, 

otherwise known as the sunflower. Biological 

waste material is left behind as a by-product in 

the form of the husk left by the sunflower seeds 

after industrial processing (46). Given that the 

fat and oil industry produce SFH as a waste 

product upon sunflower seed processing, SFH 
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was selected as an adsorbent (42, 49). 

Regarding water treatment, one kind of 

adsorbent that has demonstrated the most 

potential is nanomaterial-based adsorbents in 

recent years. The recyclability, improved 

stability, wider surface area, and non-toxicity of 

layered double hydroxides (LDHs)-containing 

hybrids make them the best performers with 

regard to adsorption and thus, an ideal material 

for water purification processes (15). LDHs are 

a class of layered anionic clay-composite that 

are used as part of a practical technique to alter 

the SFH biomass (61). Catalyst supports, anion 

exchangers, adsorbents, and catalysts are among 

the uses of LDHs that also boast an 

uncomplicated preparation process and 

resultantly, are considered be a material with 

great technological potential (10, 12, 54, 59). 

Non-framework interlayer anions react with the 

positively charged and main lamellar within the 

LDHs’ non-covalent bond structure. The 

adsorption of distinct pollutants precedes a 

distinctive layered structure with other features 

including an elevated surface area and a high 

dispersion of cations and anions within LDHs 

(57). Due to the high adsorption ability and 

simple manufacturing process, LDHs have been 

the focal point of many academic works. Its use 

as an ion-exchange material or simple 

separation material is also possible and as 

previously mentioned, absorbers, catalyst 

supports, catalyst materials, and sorbents are 

other suitable uses for LDHs (31). The cutting-

edge method for the preparation of LDHs is the 

slow pyrolysis of biomass waste, despite the 

multiple distinct methods available. The 

generation of products with stationary carbon 

skeletons is enabled via this new technology 

(57). Meanwhile, optimal cost and time taken 

figures are demonstrated when converting 

LDHs into several kinds of metal oxides upon 

burning the former at temperatures between 300 

°C and 550 °C during the pyrolysis method 

(18). Resultantly, the LDHs pre-coated biomass 

reaction with the one-pot slow pyrolysis 

reaction can lead to the attainment of high-

quality biomass supported LDHs. The 

production of double hydroxide materials such 

as SFH-Mg/Al-LDHs compounds that are toxic-

free, readily divided, and innovative is a vital 

step in the effective use of LDHs to eliminate 

antibiotics from aqueous solutions. Meropenem 

(MER) antibiotic is removed from an aqueous 

solution using Mg-Al-layered double hydroxide 

(Mg/Al-LDHs) which serves to functionalize 

the principal object of enquiry in this paper – 

sunflower husks (SFH). 

MATERIALS AND METHODS 

Chemicals: London-based AstraZeneca 

enabled the attainment of MER. The 

physicochemical properties of MER are 

demonstrated by the following: chemical 

structure, as seen in Figure 1; molecular weight 

– 383.15g mol
-1

; pKa – 6.624, 13.545, 2.661; 

and chemical formula – C17H25N3O5S. Sodium 

hydroxide (NaOH), hydrochloric acid (HCl), 

sodium carbonate (Na2CO3), and other sodium 

reagents were attained alongside magnesium 

nitrate hexahydrate (Mg(NO3)2·6H2O) and 

aluminum chloride hexahydrate (AlCl3·6H2O) 

from Germany-based Merck – the commercial 

supplier and original manufacturer. This paper 

frequently utilized Merck Millipore Co.’s and 

Milli Q plus deionized water produced by the 

Millipore Mill-Q system. A resistivity above 18 

MΩ cm was found within the water utilized in 

every experiment.  

 
Fig. 1. Meropenem chemical structure (31) 

Sunflower husk preparation 

The dehusking of the sunflower seeds took 

place after they were bought from a local 

market. The surface adhered particles were 

removed by washing the SFH with distilled 

water multiple times. An oven at 80 °C is then 

used for precisely 1 day to dry the washed 

materials. This paper selected particle ranges 

200 - 250 μm in size after the milling and 

sieving of dried materials. Future usage was 

enabled by using plastic bottles to store the 

specimens. 

Synthesis of adsorbents 

A temperature of 35 ± 2°C was implemented 

for the co-precipitation of the synthesized 

Mg/Al-LDHs. The M
2+

/M
3+

 mole ratio was 

between 0.2 and 2 among the multiple Mg/Al 
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ratios utilized. A combination of two solutions 

makes up the technique. Contenting the wanted 

SFH dosage of 0.05, 0.1, 0.2, 0.5, 1, 1.5, and 2 

g/50 mL occurs following the deionized water 

being used to dissolve the Al(NO3)3.6H2O 

(10.32 g) with Mg(NO3)2.6H2O (19.44 g) while 

mixing for 180 minutes at 120 rpm (Isolab, 

Germany) to produce the first solution. 

Subsequently, Whatman No.42 filter paper was 

used to filter each product. The second solution 

was produced by using deionized water to 

dissolve 1.4 g Na2CO3 and 9.2g NaOH and SFH 

from the first solution was incorporated into the 

second.   A mixing rate of 5 mL/min was used 

for the first solution while stirring the second 

solution non-stop. Then, a stable pH value of 7 

was guaranteed via the use of a pH 

measurement device (WTW 720, Germany) 

while half an hour of stirring was carried out 

upon the novel solution. Separation was 

performed via filter paper while a one-day 

period at a temperature of 115 °C occurred to 

develop the precipitates. Subsequently, NO3
-
 

was removed from the precipitates by washing 

them with deionized water. The SFH-Mg/Al-

LDHs were generated by 10 hours of 105 °C to 

dry the wet solid. The adsorbents were calcined 

at distinct temperatures following the 

calcinations at 300 °C, 350 °C, and 400°C of 

the SFH-Mg/Al-LDHs.    

Adsorption experiments 

A batch mode was used to carry out the 

adsorption experiments. The dilution of the 

stock solution of MER – prepared by using 0.5 

L of deionized water to dissolve 0.5 g – enabled 

the obtention of the 10–350 mg/l concentration 

of MER utilized in this paper. Under a 

temperature condition of -20 °C, a dark glass 

container was used to store the MER solution. 

0.1M NaOH or 0.1M HCl were used to alter the 

pH of the working solutions to the wanted 

values. The Lovibond pH meter (Germany) was 

used to carry out the pH measurements. The 

adsorbent at distinct doses between 0.05 and 5 

g/50 mL were combined with distinct pH 

between 2 and 9 and distinct initial 

concentrations between 10 and 350 mg/l of the 

50 ml specimens of MER solutions. Distinct 

contact times between 3 and 360 minutes at 

room temperature were subjected to the 

mixtures situated on a shaker (LSI-3016R; 

Labtech, Korea) at 150 rpm after being placed 

within 250 ml Erlenmeyer flasks. A UV0Vis 

spectrophotometer (Shimadzu UV–1800, Japan) 

was used to analyze, at a maximum wavelength 

of 296 nm, the concentrations of MER in the 

filtrate, while a 0.45 μm pore-sized membrane 

(Whatman, Germany) was used to filter the 

specimens at the necessary contact time. The 

equation below was used to calculate the 

removal effectiveness (R%) of MER (14, 32):     

R(%) =
(Co−Ce)

Co
× 100                 (1) 

The equilibrium and initial concentrations of 

the MER solution are represented by Ce and Co 

(mg L
-1

) respectively.  

The variance in concentration between the 

resultant and initial adsorption was used to 

calculate the equilibrium adsorption capacity of 

MER (qe, mg g
-1

) via the equation below (23): 

 qe =  
V(Co−Ct)

m
                               (2)         

The concentration of MER at any time is 

represented by Ct (mg L
−1

), while m represents 

the mass of the adsorbent (g) and V represents 

the volume of the solution (L).  

RESULTS AND DISCUSSION 

Adsorbents characterizations 

X-ray diffraction pattern (XRD): Figure 2 

portrays the x-ray diffraction patterns for 

layered double hydroxides biomass. Between 

23
o
 - 45

o
 2θ, the diffraction took place. Distinct 

calcination temperatures loaded XRD tests 

revealed clear variance between the findings of 

the raw SFH-MG/Al-LDHs and the SFH. 

Consequently, the separation process seems to 

be mechanically regulated by the chemical 

adsorption, given that the SFH-Mg/Al-LDHs 

experienced an alteration to its chemical 

composition (31). 
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Fig. 2. XRD pattern of raw SFH-Mg/Al-LDHs at 300°C, SFH-Mg/Al-LDHs at 350°C, SFH-

Mg/Al-LDHs at 400°C, SFH-Mg/Al-LDHs, and SFH adsorbents 

Morphology 

Figure 3 demonstrates how Scanning Electron 

Microscopy (SEM) was used to investigate the 

morphology of the raw SFH-Mg/Al-LDHs at 

300°C, SFH-Mg/Al-LDHs at 350°C, SFH-

Mg/Al-LDHs at 400°C, SFH-Mg/Al-LDHs, and 

SFH adsorbents. Figure 3b illustrates that 

synthesis of SFH with MG/Al-LDHs causes a 

total alteration to the morphological features of 

SFH, as seen in Figure 3a. Multiple divided and 

non-uniform aggregates as well as a rough 

surface characterize said adsorbent, as per the 

SEM of the SFH-Mg/Al-LDHs. Moreover, the 

outer wall of the SFH-Mg/Al-LDHs consists of 

elongated grooves and large chasms. This 

results in active sites for the sorbing of the 

adsorbate molecules as well as a high surface 

area, thereby demonstrating the benefit of such 

morphological features of the surface of the 

SFH-Mg/Al-LDHs. Upon the calcination 

temperature of 300 °C being reached, a 

substantial change in the morphological 

properties of the SFH-Mg/Al-LDHs occurs, as 

demonstrated by the SEM image of the SFH- 

Mg/Al-LDHs after being subjected to said 

temperature and made evident by comparing 

Figure 3b and 3c. The merging of multiple pre-

separated aggregates is observed while a 

smoother surface also appears in the SFH-

Mg/Al-LDHs. Nonetheless, many large ravines 

and grooves appear in the exterior biomass 

surface upon the calcination temperature 

reaching 350 °C, as seen in Figure 3d. 

Adsorbate molecules are captured more 

effectively due to the large surface area 

generated by such biomass morphological 

surface features. Miniscule pores and holes are 

observed in an irregular biomass morphology 

when a calcination temperature 400 °C is 

applied, as seen in Figure 3e.  Figure 4 and 

Table 1 demonstrates the presence of Fe, Ca, K, 

C, K, O, Cl, P, Mg, Na, and Al which were 

detected at the distinct calcination temperatures 

following and prior to synthesis with Mg/Al-

LDHs via the Energy Dispersive Spectrum 

(EDS) of biomass. 
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Fig. 3. SEM micrographs of (a) raw SFH, (b) SFH-Mg/Al-LDHs, (c) SFH-Mg/Al-LDHs at 

300°C, (d) SFH-Mg/Al-LDHs at 350°C, and (e) SFH-Mg/Al-LDHs at 400°C adsorbents 

a b 

c d 

e 
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Fig. 4. EDS spectra of (a) raw SFH, (b) SFH-Mg/Al-LDHs, (c) SFH-Mg/Al-LDHs at 300°C, (d) 

SFH-Mg/Al-LDHs at 350°C, and (e) SFH-Mg/Al-LDHs at 400°C adsorbents 

Table 1. elements percent of raw SFH, SFH-Mg/Al-LDHs, SFH-Mg/Al-LDHs at 300°C, SFH-

Mg/Al-LDHs at 350°C, and SFH-Mg/Al-LDHs at 400°C adsorbents 

raw SFH SFH-Mg/Al-LDHs 
SFH-Mg/Al-LDHs at 

300°C 

SFH-Mg/Al-LDHs at 

350°C 

SFH-Mg/Al-LDHs at 

400°C 

Element 
Weight 

% 
Element 

Weight 

% 
Element 

Weight 

% 
Element 

Weight 

% 
Element 

Weight 

% 

C 66.54 C 55.98 C 46.87 C 50.40 C 42.39 

O 22.49 O 28.60 O 31.12 O 33.78 O 37.51 

Na 4.39 Na 10.97 Na 15.60 Na 11.59 Na 7.09 

Cl 5.06 Cl 2.96 Cl 5.57 Cl 2.05 Mg 6.02 

K 0.91 Mg 0.55 K 0.23 Mg 0.86 Cl 4.94 

Ca 0.13 Al 0.33 Al 0.16 Al 0.51 Al 1.36 

Fe 0.00 K 0.19 Fe 0.00 Ca 0.07 Ca 0.14 

Cu 0.29 Ca 0.07 Cu 0.32 Fe 0.00 Cu 0.27 

Al 0.02 Cu 0.30 Mg 0.12 Cu 0.36 Fe 0.04 

P 0.06 Fe 0.05 Ca 0.02 K 0.18 K 0.24 

Mg 0.09 Total 100.00 Total 100.00 S 0.18 Total 100.00 

Total 100.00     Total 100.00   

Biosorbent preparation: he separation of 

MER from aqueous solutions within raw SFH-

Mg/Al-LDHs and SFH biosorbent specimens 

was tested. The establishment of equilibrium 

was determined by stirring each solution for 4 

hours following the addition 0.5 g of each 

biosorbent to 50 mL of 50 mg/L MER solution. 

The raw SFH-Mg/Al-LDHs sample 

demonstrated a 67% removal of MER while the 

raw SFH specimen demonstrated a 51% 

removal of MER, as per the findings of this 

paper. Thus, removal efficacy of MER was 

found to be greater when Mg/Al-LDHs were 

incorporated with the SFH.  Eight hours of 

d 

e 
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distinct calcination temperatures between 300 

°C and 400 °C was enacted upon the SFH-

Mg/Al-LDHs specimen to investigate how 

MER separation is impacted by calcination 

temperatures. 0.5 g of calcined samples was 

added to 50 mL of 50 mg/L MER solution at 4 

hours and percentage removal of MER was 

studied. Table 2 portrays the findings of said 

analysis where a decrease in the MER removal 

percentage was observed at temperatures 

beyond 350 °C, while up to said temperature, an 

increase was observed. At a calcination 

temperature of 350 °C, the SFH-Mg/Al-LDHs 

sample exhibited the maximum removal 

percentage, reaching 91%. As mentioned, a rise 

in removal percentage was witness when 

calcination temperatures rose up to 350 °C, 

which could be attributed to the concurrent 

increase in LDHs surface area and porosity as a 

result of higher temperatures. However, the 

reduction in the removal percentage could be 

attributed to LDHs structural deformations upon 

the calcination temperature superseding 350 °C 

(21).  

Table 2. Impact of calcination temperature on removal percentage of MER 
Biosorbents Calcination temperature (°C) Percentage removal of MER from 

50 mg/L solution (%) 

SFH-Mg/Al-LDHs 25 67 

SFH-Mg/Al-LDHs 300 72 

SFH-Mg/Al-LDHs 350 91 

SFH-Mg/Al-LDHs 400 82 

Impact of adsorbent dose 

In the study of adsorption processes, one of the 

vital aspects is identifying the optimal 

adsorbent dose, particularly regarding the 

economic angle. The adsorbent dosage was 

enhanced via distinct quantities of biomass 

being used in the batch equilibrium experiments 

undertaken. Figure 5 illustrates the 4-hour 

contact time, 6 solution pH, and the MER 

removal efficacy dependence on the adsorbent 

dosage between 0.05 and 2 g/50 mL for the 

specimen of 100 mg/l initial concentration. 

Upon the biomass dosage rising from 0.05 to 

1.50 g/50 mL, the removal efficacy of MER 

rose from 08% to 64% for raw SFH, 10% to 

82% for SFH-Mg/Al-LDHs, 12% to 86%  for 

SFH-Mg/Al-LDHs at 300 °C, 17% to 97% for 

SFH-Mg/Al-LDHs at 350 °C, and 11% to 91% 

for SFH-Mg/Al-LDHs at 350 °C, as per Figure 

5. The removal efficacy improves due to the 

increased number of adsorption sites and 

function groups as well as the increased pore 

volume and surface area provided by higher 

adsorbent doses (14, 27). Nonetheless, the 

removal efficacy of MER was not notably 

altered beyond the dosage of 1.5 g/50 mL. The 

overlapping of active sites at elevated dosage 

levels could be the cause for this phenomenon. 

Thus, the accumulation of exchanger particles 

negated an effective increase in surface area 

(21, 50). Distinct adsorbents divulged 

equivalent findings in several other antibiotic 

adsorption processes (14, 28).    

 
Fig. 5. Impact of adsorbent dose on removal efficacy of MER (temperature = 25°C, agitation 

speed = 150 rpm, contact time = 4 hour, pH = 6, and Co = 100 mg L
–1

) 
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Impact of pH 

The surface morphology and chemistry of the 

adsorbents are substantially impacted by pH 

which, in turn, impacts the performance of LDH 

and its hybrids. The ionic chemistry of a 

solution and the surface charge of the adsorbent 

explicate the mentioned phenomenon (15). The 

pH is modified via the incorporation to the 

solute of base and acid with the objective of 

investigating the impact of pH on adsorption 

capacity. The pH of the solution impacts 

alterations to the ionization state of organic 

compounds. As seen in Figure 6, a contact time 

of 240 minutes, adsorbents dosage of 0.5 g/50 

mL, and an initial MER concentration of 100 

mg/l are used to evaluate the removal efficacy 

of MER as a function of solution pH between 2 

and 9. The removal efficacy diminished when 

the solution pH superseded 7, while it increases 

up to said value such as when the solution pH 

increased from 3 to 7. Within aqueous 

solutions, the reduced competition of H
+
 ions 

with MER molecules regarding active sites 

contributes to the enhanced removal efficacy 

alongside the low protonation of functional 

groups on the adsorbent surfaces (58). The 

adsorption starts to diminish when the 

electrostatic repulsion between the negatively 

charge adsorbate (MER) and the adsorbent 

occurs and the positively charged adsorbent 

turns negative, upon the solution pH 

superseding a value of 7 (4). The majority of 

the MER was existent as anionic species when 

the pH was between 8 and 9 (> pKa 8.31). At 

the same time, the negative charging of SFH-

Mg/Al-LDHs occurs due to the ionizing of OH- 

and multiple other Lewis acid sites on the SFH-

Mg/Al-LDHs. Significant electrostatic 

repulsion between the negatively charged MER 

and the surface of the SFH-Mg/Al-LDHs can 

lead to a diminished adsorption affinity (47).  

 
Fig. 6. Impact of pH on removal efficacy of MER (temperature = 25°C, adsorbents dose = 0.5 

g/50 mL, contact time = 4 hour, agitation speed = 150 rpm, Co = 100 mg L
–1

) 

Impact of initial MER concentration 

Within the adsorption process, a substantial 

supportive factor is the initial concentration of 

the pollutant, which, in turn, can help surpass 

the mass transmission resistance of dissolved 

materials among the aquatic and solid stages 

(37). As illustrated in Figure 7, a contact time of 

240 min, adsorbents dosage of 0.5 g/50 mL, and 

pH 6 was used to analyze the removal efficacy 

and how it is impacted by the initial 

concentration of MER which was between 10 

and 350 mg L
-1

. As the initial concentration 

rose from 10 to 350 mg L
-1

, the removal 

efficacy lessened while low initial 

concentrations led to high removal efficacy of 

MER reached to 98%. Larger initial 

concentrations of MER could need more active 

site which explicates the drop in efficacy. In 

lower concentrations, every adsorbent can react 

with the adsorbate molecules, thereby 

eliminating them from the solution due to the 

high ratio of total adsorbate molecules to 

adsorbent active sites (44). As aforementioned, 

increases in MER concentration led to the 

reduced elimination of MER as a result of the 

saturation of active sites numbering too few to 

interact with every adsorbent. Nevertheless, a 

rise in initial concentration elevates the 
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adsorption capacity when at equilibrium as the 

resistances to mass transfer of antibiotics 

between the SFH-Mg/Al-LDHs and the aqueous 

are surpassed by the increasing concentration 

gradient (14). The adsorption of several 

antibiotics by distinct adsorbents has produced 

equivalent findings, as per the literature (14, 

44).  

 
Fig. 7. Impact of initial concentration on removal efficacy of MER (temperature = 25°C, 

adsorbents dose = 0.5 g/50 mL, contact time = 4 hour, agitation speed = 150 rpm, pH = 6) 

Impact of contact time 

The effective implementation of adsorbents for 

practical uses is influenced crucially by the vital 

parameter of contact time (7). Figure 8 displays 

an adsorbents dosage of 0.5 g/50 mL, contact 

time between 3 and 360 minutes, 100 mg/l 

initial MER concentration, and pH 6 to portray 

the dependence of removal efficacy of MER on 

the contact time. The attainment of equilibrium 

and the use of active sites slowed the rise in the 

removal efficacy of MER in the second stage 

which was preceded, in the opening time course 

of adsorbents process, by an extremely fast 

removal rate of MER. In the opening 2 hours, 

the removal percentage experiences a swift 

increase. The leftover active sites on the 

adsorbent, the availability of the bare surface 

area, and the rapid transfer to the surface of 

prepared adsorbents particles of adsorbate ions 

via the increased driving force could explicate 

the rapid adsorption observed in the opening 

phase (4, 60).  

 
Fig. 8. Impact of contact time on removal efficacy of MER (temperature = 25°C, adsorbents 

dose = 0.5 g/50 mL, initial concentration = 100 mgL
-1

, agitation speed = 150 rpm, pH = 6) 

Adsorption kinetics 

Adsorption efficacy is impacted by a crucial 

feature known as adsorption kinetics (29). The 

shaking of the solution for 360, 240, 120, 90, 

60, 30, 15, 6, and 3 minutes took place after the 

amalgamation of 0.5 g of raw SFH-Mg/Al-

LDHs at 400 °C, SFH-Mg/Al-LDHs at 350 °C, 

SFH-Mg/Al-LDHs at 300 °C, SFH-Mg/Al-

LDHs, and SFH adsorbent with 50 mL (100 mg 

L
-1

) of MER solution in this paper. The 
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intraparticle diffusion model, the pseudo-first 

order model, and the pseudo-second order 

model were used to examine the kinetics data 

and the mechanism of adsorption while 

identifying the rate of controlling step (4). The 

mentioned model’s mathematical expressions 

are presented below:     

Equation 3 below outlines the pseudo-first order 

rate expression of Lagergren (33): 

ln(qe − qt) = ln qe − k1t                      (3)          

The quantity of meropenem adsorbed (mg·g
−1

) 

at time t (min) and equilibrium is represented 

by qt and qe respectively. The slope of the linear 

plots of ln(qe–qt) against t generates the rate k1 

and the first-order rate constant (min
-1

) is 

represented by k1. 

The exchange or sharing of electrons between 

adsorbate and adsorbent in the chemical 

adsorption process including valence forces 

could be the rate-limiting step which, in turn, 

serves as the foundational assumption of the 

pseudo-second order model (60). The equation 

stated below can be presented in such a form 

given that the quantity of actives sites employed 

on the adsorbent are assumed to be proportional 

to the adsorption capacity (52):   
𝑡

𝑞𝑡
=

1

𝑘2 𝑞𝑒
2 +

1

𝑞𝑒
𝑡                                  (4)       

The pseudo-second order rate constant is 

represented by k2 (g·mg
−1

·min
−1

) and a plot of 

t/qt against t was used to determine the values 

of qe and k2. The role of diffusion is often 

predicted via the implementation of the intra-

particle diffusion model (58). Below lies the 

intraparticle diffusion equation (4): 

𝑞𝑡  =  𝑘𝑝𝑡
1

2  +  𝐶                                 (5)    

The intraparticle diffusion rate constant (mg g
-1

 

min
-1/2

) and the intercept (mg g
-1

) are 

represented by kp and C respectively. Table 3 

includes the C factors, k1, k2, qcal, kp, qe, and 

other kinetic parameters that in tandem with 

such models produced the correlation 

coefficients (R
2
). A linear relation with R

2
 over 

0.999 was demonstrated by the plots in line 

with the pseudo-second order kinetics 

assumption, as seen in Table 3. Additionally, 

fitting findings determined from experimental 

data were almost equivalent to the meropenem 

adsorption quantities attained from the same 

data. Thus, the pseudo-second order kinetics 

was adhered to within the meropenem 

adsorption procedure on SFH-Mg/Al-LDHs at 

400 °C, SFH-Mg/Al-LDHs at 350 °C, SFH-

Mg/Al-LDHs at 300 °C, SFH-Mg/Al-LDHs, 

and raw SFH adsorbents. The quantity of 

actives sites on the sorbent is proportional to the 

adsorption capacity and chemical interactions 

regulate the adsorption rate, as per the 

assumption of the pseudo-second order model 

(22, 52). 

Table 3.  The coefficients of regression and the kinetic model parameters for meropenem 

adsorption 
Models                                           Parameters 

Pseudo-first order Adsorbents qexp 

(mg/g) 

qcal 

(mg/g) 

K1 R2 

 Raw SFH 4.4 2.65 0.0097 0.9220 

SFH-Mg/Al-LDHs 6.2 5.56 0.0105 0.9781 

SFH-Mg/Al-LDHs at 300°C 6.3 4.21 0.0109 0.9350 

SFH-Mg/Al-LDHs at 350°C 8.98 6.51 0.0147 0.9461 

SFH-Mg/Al-LDHs at 400°C 7.9 4.49 0.0099 0.8232 

Pseudo-second order Adsorbents qexp 

(mg/g) 

qcal 

(mg/g) 

K1 R2 

Raw SFH 4.4 4.54 0.0138 0.9991 

SFH-Mg/Al-LDHs 6.2 6.76 0.0035 0.9876 

SFH-Mg/Al-LDHs at 300°C 6.3 6.67 0.0066 0.9997 

SFH-Mg/Al-LDHs at 350°C 8.98 9.32 0.0059 0.9992 

SFH-Mg/Al-LDHs at 400°C 7.9 8.34 0.0074 0.9994 

Intra-particle diffusion Adsorbents qexp 

(mg/g) 

qcal 

(mg/g) 

C Kp R2 

Raw SFH 4.4 5.02 1.43 0.1893 0.8254 

SFH-Mg/Al-LDHs 6.2 6.16 -0.67 0.5089 0.9706 

SFH-Mg/Al-LDHs at 300°C 6.3 7.62 1.04 0.3469 0.8362 

SFH-Mg/Al-LDHs at 350°C 8.98 10.71 1.93 0.4627 0.8118 

SFH-Mg/Al-LDHs at 400°C 7.9 9.81 1.74 0.4255 0.7919 

qexp is  experimental, qcal is theoretical.  

Adsorption isotherm 

Further comprehension of the interactions 

between an adsorbent and an adsorbate is 

divulged while the adsorption capacity of an 

adsorbent is assessed through an adsorption 

isotherm (29). MER removal from aqueous 

solutions with distinct initial concentrations of 
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MER – 350, 300, 250, 200, 150, 100, 50, 10 mg 

L
-1

 – with 240 minutes of contact time, pH 6, 

150 rpm agitation speed, and adsorbents dosage 

of 0.5 g/50 mL and its ties to experimental 

equilibrium data were assessed via the 

investigation of adsorption models. The 

isotherm data of MER adsorption on SFH-

Mg/Al-LDHs at 400 °C, SFH-Mg/Al-LDHs at 

350 °C, SFH-Mg/Al-LDHs at 300 °C, SFH-

Mg/Al-LDHs, and raw SFH adsorbents is 

examined via the implementation of the widely 

used Freundlich and Langmuir equations stated 

below:  

The total monolayer coverage on the adsorbent 

surface and its correspondent approximation of 

the maximum sorption capacity led to the 

selection of the Langmuir isotherm model (28). 

The mentioned equation is stated below: 

𝑞𝑒 =
𝑞𝑚 𝑏𝑙𝐶𝑒

1+𝑏𝑙𝐶𝑒
                              (6)   

The convergence between adsorbents and 

meropenem (L mg
-1

), the capacity of adsorption 

at equilibrium (mg g
-1

), the concentrations of 

meropenem at equilibrium (mg L
-1

), and the 

maximum capacity of adsorption (mg g
-1

) in 

relation to the Langmuir equilibrium constant 

are represented by 𝑏𝑙, qm, Ce, and qe 

respectively. The single-layer adsorption that 

forms following the equilibrium form of 

heterogeneous adsorption mechanisms may not 

be sufficiently explicated by the Langmuir 

isotherm. The use of the dimensionless 

differentiation factor (RL) can be said to be the 

core feature of the Langmuir equation. As seen 

in Equation 7 below, the dimensionless constant 

is represented by RL (34):    

𝑅𝐿 =
1

1+𝑏𝑙𝐶𝑂
                                   (7)   

The initial meropenem concentration is 

represented by C0 (mg L
-1

). The adsorption 

process is irreversible, favorable, linear, and 

unfavorable when the RL value is 0, between 0 

and 1, equal to 1, and over 1 respectively (6). 

Adsorption on a heterogeneous surface 

compatible with diverse affinities serves as the 

basis for the empirical equation of the 

Freundlich isotherm equation found below (35): 

𝑞𝑒 = 𝐾𝑓𝐶𝑒
1/𝑛

                           (8)         

The constant giving adsorption intensity and 

capacity are represented by n Kf respectively. A 

decent adsorption potential is demonstrated 

when n values lie between 1 and 10 (16). Table 

4 describe the R
2
 values for SFH-Mg/Al-LDHs 

at 400 °C, SFH-Mg/Al-LDHs at 350 °C, SFH-

Mg/Al-LDHs at 300 °C, SFH-Mg/Al-LDHs, 

and raw SFH adsorbents as well as the 

constants of both isotherm equations. The high 

correlation coefficient values found in the 

Freundlich model indicate that mentioned 

model can outline the adsorption isotherm of 

MER better than Langmuir’s model. The 

heterogeneous and multi-layer active sites of 

the adsorbent’s surface were the location for the 

reaction of the MER molecules which links to 

the MER surfaces consisting of distinct 

adsorption sites. The complex mechanism of 

MER adsorption onto the surface of the 

adsorbents was divulged through the mentioned 

results. A standard Freundlich isotherm was 

suggested as the 1/n values were well below 

1(28).= 

Table 4. Isotherm parameters for the adsorption of MER onto adsorbents 
Models                                            Parameters 

Langmuir Adsorbents qmax 

(mg g-1) 

b 

(mg-1) 

RL  R2 

 Raw SFH 15 0.0069 0.52  0.8948 

SFH-Mg/Al-LDHs 17 0.0114 0.42  0.8845 

SFH-Mg/Al-LDHs at 300°C 30 0.0062 0.54  0.9795 

SFH-Mg/Al-LDHs at 350°C 30 0.0381 0.22  0.9947 

SFH-Mg/Al-LDHs at 400°C 21 0.0273 0.27  0.9270 

Freundlich Adsorbents Kf 

(mg g-1)(mg L-1)1/nf 

n 1/n R2 

Raw SFH 0.44 1.77 0.56 0.9270 

SFH-Mg/Al-LDHs 0.72 1.86 0.54 0.9104 

SFH-Mg/Al-LDHs at 

300°C 

0.57 1.55 0.65 0.9874 

SFH-Mg/Al-LDHs at 

350°C 

3.43 2.31 0.43 0.9699 

SFH-Mg/Al-LDHs at 

400°C 

1.79 2.17 0.46 0.9290 

CONCLUSION 

The separation of MER from aqueous solutions 

using SFH-Mg/Al-LDHs and raw SFH 

adsorbent specimens was tested for in this 

paper. A MER removal percentage of 67% and 

51% was achieved by the SFH-Mg/Al-LDHs 
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and raw SFH respectively, as per the findings of 

this paper. The removal efficacy of MER was 

found to be enhanced via the incorporation of 

Mg/Al-LDHs to SFH. This study also involved 

the examination of the impact on SFH-Mg/Al-

LDHs by calcination temperatures between 300 

°C and 400 °C. At a calcination temperature of 

350 °C, the SFH-Mg/Al-LDHs demonstrated its 

maximum removal percentage of MER reaching 

91%. The best adsorption conditions were 

determined by undertaking multiple batch 

studies. When subjected to the ideal conditions, 

the removal efficacy of MER reached 98% 

upon the implementation of the adsorption 

process. The intraparticle diffusion rate 

mechanism, the pseudo-first order, and the 

pseudo-second order served as the basis for the 

kinetic investigation of MER on adsorbents. 

The adsorption of MER could be regulated by 

the chemisorption that functions as the rate 

limiting step and the pseudo-second order 

model can outline the adsorption kinetics. The 

mathematical expressions of the adsorption 

equilibrium data were presented via the 

Langmuir and Freundlich adsorption isotherm 

models. The optimum correlation for the 

adsorption process was demonstrated by the 

Freundlich isotherm model. The heterogeneous 

and multi-layer active sites of the adsorbent’s 

surface were the location where the MER 

molecules reacted. Overall, the separation of 

MER from aqueous environments can be 

carried out via the eco-friendly, efficient, and 

economic biomass system proposed in this 

paper.  
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