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Abstract: Thorns, a novel plant material, were found to exhibit excellent adsorption 

capacity over a wide range of Pb(II) concentration. It was characterized by Fourier 

transform infrared spectroscopy and Scanning Electron Microscopy to support the 

adsorption ofPb(II)ions. Effect of different parameters likes pH, contact time ,initial 

concentration and different electrolytes was investigated using batch process to optimize 

conditions for maximum adsorption. The adsorbent data were analyze using Langmuir, 

Freundlich, isotherm equations at 30°, 40° and 50 °C. Thermodynamic parameters such as 

standard enthalpy change(∆H°), free energy change (∆G°) and entropy change (∆S°)were 

also evaluated and the results indicated that adsorption of Pb(II)spontaneous and 

endothermic. Various kinetics models including the Pseudo-first-order kinetics, Pseudo-

second-order kinetics and Intraparticle diffusion models have been applied to the 

experimental data to predict the adsorption kinetics. Kinetic study was carried out by 

varying initial concentration of Pb(II) at constant temperature and it was found that 

pseudo-second-order rate equation was better obeyed than pseudo-first-order equation 

supporting that chemisorptions process was involved. 
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INTRODUCTION 

The continuously excess of pollution, it's occur by fast excess of developing in the industrial 
production technology, that leads to find the best methods to reduce this great amount of many types of 
pollutants that released to environment, subsequently safe the humans, animals and plants from that 
risky effect. Heavy metals pose a great risk to humans and the environment, when it's accumulate in 
tissues of humans ,plant and animals , because it contains high toxicity, perseverance and un-degradable 
elements also if it's in small concentration. Chromium, Lead, Mercury, Copper, Zinc and Cadmium are 
frequently sense in wastewaters of industrial activities, which are originate as of pesticides, mining tricks, 
industry of battery, smelting, refinery of uranium , metal plating, and so forth. 

Over the years some techniques applied to get rid of the ions of heavy metal ions from soils and 
manufacturing plants waste solution. Many traditional techniques utilized to recovery ions of metal from 
wastewater take in: ion-exchange, electro dialysis, solvent extraction, phyto-extraction, reverse osmosis, 
chemical precipitation, adsorption and ultra-filtration [1].  

 Agriculture activities uses huge quantity from raw materials that used to product it, that produce the 
wastes from solid materials and liquid solution. Utilizing Fertilizers, pesticides and dyes product occur 
vast amounts of hazardous chemicals wastes whilst rice husk, coffee husk, biogases, peanut shell and 
sawdust regarded as from the solid wastes[2].In the last time, the researchers trend to used the solid 
wastes result from agricultural activities as a media to adsorbed the hazardous chemical wastes, that 
achieve this words "waste to treat waste". Depending on this theory, treatment of industrial wastewater 
become easy by low cost materials to adsorption the heavy metals, that was a big problem in 
management of wastewater. Because of concerns of environmental plus the interesting to get pure water, 
putted more guidelines and regulating the limitation to control on the effluent of hazardous and toxic 
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materials to the rivers, lakes and the surface water. That means brought about creating hazardous waste 
reuse strategies to reduce it for a leas amounts rid it in surfaces water. The following treatment of 
wastewater must have advanced techniques to removing hazardous compounds[3].Auxiliary strategies 
are utilized related to cutting edge techniques to separate the refractory natural mixes and inorganic 
compounds(non-biodegradable) [4].For removing the hazardous elements and the heavy metals use the 
advanced technique such as; membrane separation [5], ion exchange [6], lime precipitation, 
neutralization, metal hydroxide precipitation [7], electrolytic methods [8] and adsorption[9]. However, 
these processes are costly, Utilizing resins of ion- exchange and activated carbon are very costly in 
preparation and operation in many countries of third world particularly[10].There are a large quite 
applications for adsorption technique because , there are found many adsorbents kind utilized to remove 
the metals such as ; Silica gel, zeolite, activated carbon ,Clay and adsorbents from agricultural waste like; 
husk of coffee [10], shells of peanut [11], bagasse [12], rice husk [13] and sawdust [14]. Therefore, 
utilizing natural, low cost waste from agricultural activities, plentiful, pollutants adsorption from 
wastewater be able to greatly cheap by observe to processes physicochemical similarly[15].Agriculture 
waste utilizing to remove the metals didn't research by details, according to my knowing , there is no 
paper published utilized Thorns for Lead(II) ions removal from wastewater. 

Adsorption with agriculture adsorbents low cost has been efficiently practical to eliminate toxic 
compounds from contamination water. Lead is a main worry due to its normal use in industrial world 
with its nature like; toxic, non-degradable. 

The Lead persistent toxicity to the environment and humans is also familiar and high Lead 
concentrations cause gastrointestinal annoyance, cancers of bone and lung[16]. Latest years, used diverse 
adsorbents to elimination Lead(II) ions from contaminated solutions. On the other hand, novel 
adsorbents by local availability, great adsorption capability and economical composed materials are still 
desirable. Characteristic materials have phenomenal possibility Concerning illustration modest 
adsorbents. Different adsorbents have been utilized within secret word quite some time for lead particle 
removal, however, those investigation Furthermore improvement for new adsorbents may be constant. 
Biomaterials for example,. cashew nut shells[17],low cost Fly Ash[18], ground nut shell[18], zeolite [19], 
Activated Carbon Derived from Waste Biomass [20], Modified and Non modified Carbon Nano-
tubes[21],Cane Papyrus[22],Multi-Walled Carbon Nano-tubesas a super sorbent [23],a modified lignin 
hydrogel [24],Gamma Irradiated Minerals [25],Synthetic Polymers[26], modified walnut 
shells[27],natural clays[28]etc. have lately been utilize the Pb(II) elimination from waste water. Thorns 
flora are medium size plants or plant with flowers to look like a Thorns since of the cylindrical stalk.  

This worth of effort need been embraced should investigate the adsorption behavior Of this 
guaranteeing novel material stick thorns towards Pb(II) ions. Those impact about parameters for 
example, introductory result pH, substantial metal concentration, and contact run through might have 
been analyzed.  

A few characterization strategies (FTIR, SEM) were likewise utilized to recognize those progressions 
On stick Thorns should determine its materialness in the adsorptive evacuation for Pb(II). This substance 
up till now need to be tried in favor of the adsorption about overwhelming metals from watery result Also 
In this way it's phenomenal adsorption capacity, simplicity about availability, non-toxic nature, 
inexpensiveness and so forth. Provide for those principle advancement of the display investigation. 

MATERIALS AND PROCEDURE 

The Preparation of Adsorbent  

The Adsorbent Preparation (Thorns) was collected from farmlands in the Al- Mustansiriyah University 
/ Baghdad – Iraq.  

The grass were cautiously separate from the plant stalk and wash carefully by valve hose to get rid 
themed, and remains soil particles after that dried by sun for l0 days. The dehydrated biomass was 
ground to fine particles by a hammer mill also weigh. Powder resultant was classified by systematic 
sieves. The Particles in l00-300 µm were used for simulated wastewater samples. The adsorbent showed 
a fluffy and highly porous and rough microstructure containing some voids and cracks which is suitable 
for the adsorption of Pb(II)ions . The Pb(II) ions concentration in aqueous solution was analyzed using 
Atomic Absorption Spectrometer (AAS). Mechanical shaker with regulating velocity, time was used for 
agitation and pH meter was used for all pH measurements. The chemical composition of the adsorbent 
was analyzed using X-ray Fluorescence spectrometer. The chemical composition of the adsorbent is 
presented in (Table l). 
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Table l: Chemical Composition of Thorns 

Compound  

Moisture (% ) 

 Ash (% ) 

Protein (% dry weight )  

Fat (% ) 

Ca (% dry weight) 

P (mg/g dry weight) 

Astaxanthin (mg/kg dry weight) 

 69.1 

23.3 

21.0 

< 1.0 

26.7 

1.4 

65.4 

Surface area of the adsorbent was 30.3µm2(Table 2). The Thorns normal diameter was in range l0 < 
D<20µm and the adsorbent was classified as a mesoporous material. Similarly, reported BET surface 
areas of 2µm2and 2.52 µm2for activated carbon from macadamia nuts used for phenol removal and maize 
tassels for heavy metal removal from polluted waters, respectively although adsorbents with higher 
surface areas have been widely reported in literature. 

Table 2: Grain Statistics 

Data channel: Topography forward 

Number of grains: 121 

Total projected area (abs. 30.3 µm<sup>2</sup> 

Total projected area (rel.):1.66 % 

Mean grain area:251 × 10<sup>-15 

</sup> m<sup>2</sup> 

Mean grain size: 0.41 µm 

Total grain volume (zero): 39 µm<sup>3</sup> 

Total grain volume (minimum): 1.27 µm<sup>3</sup> 

Total grain volume (laplacian): 1.50 µm<sup>3</sup> 

Total projected boundary length: 191 µm 

Used 1g of milled Thorns to adsorption Pb(II) ions onto the surface of Thorns using mechanical shaker 
at 25Co and speed at 200 rpm. The adsorbent dosage effect was investigate by changeable the adsorbent 
initial mass between(5–100) g. The most favorable dosage obtain was use for consequent process. 
Likewise, the pH effects, Pb(II)initial concentration removal was initiated by contacting (0.0 to 5.0) g of 
the adsorbent with a 100 mLPb(II)solution in a closed cylindrical plastic vessel of 250 mL volume. and 
(5–l20) min, respectively. The percentage removal of Pb(II) ions from aqueous solution was estimated by 
using Equation (l):  

𝐀𝐝𝐬𝐨𝐫𝐩𝐭𝐢𝐨𝐧 % =
 𝐂𝐢−𝐂𝐟 

𝐂𝐢
× 𝟏𝟎𝟎 ( l ) 

where, Cfand Ciare the final and initial metal ions concentrations, respectively. 

𝐪𝐞 =
 𝐂𝐨−𝐂𝐞 𝐕

𝐰
 ( 2 ) 

where,qe is the amount of metal adsorbed in mg/g, Ci and Ce represent initial and equilibrium 
concentrations of metal ions in aqueous phase. V is the volume of the solution in liters (L) and W is the 
weight of the adsorbent used in grams.  

Adsorbate solution 
Lead solution was prepared by using the Lead sulfate (PbSO4.6H2O) in an analytical mark(Molar mass 

of PbSO4.6H2O is 411.3543 g/mol)(Table3). The solution of Pb+2 ions was prepared to containing 1000 
mg/L of Pb+2 ions. In the study all solutions prepared by double distilled water. Sulfuric acid and sodium 
hydroxide solutions with 1M concentration were used to adjust the pH value.  

Temperature Studies 
 The temperature effect on the Pb(II) adsorption was studied through changeable the doses of 

adsorbent starting 0.1 to 1.0 gm on initial concentration of Pb(II) 50 mg /L ,with constant volume (50 ml) 
of the solution . These beakers were reserved into water bath shaker at diverse temperatures (30,40 
and50)°C used for 5hr and after that filtered. 
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Table 3: Elemental composition of PbSO4.6H2O 

Symbol Element Atomic weight Atoms Mass percent 

Pb Lead 207.2 1 50.3702 % 
S Sulfur 32.065 1 7.7950 % 
O Oxygen 15.9994 10 38.8945 % 
H Hydrogen 1.00794 12 2.9404 % 

pH Studies 
Pb(II) solution in 50 ml volume, containing50 mg /LPb(II) was in use in a glass as well as adjusted the 

solution through adding 0.1 M H2SO4 or 0.1 M NaOH with pH meter, after that The solution treat with the 
adsorbent in 0.5g after the equilibrium achievement and final Pb(II)concentration determined. The % 
adsorption calculated from Eq.(1) by subtract initial concentration from final concentration. The 
equilibrium or final also record. To study electrolyte effect, similar method repeat with(50 mg/L)solution 
ofPb(II)setwithinKNO3(0.5M). 

Study the Capacity of Breakthrough  
The study used glass column was taken 1gm adsorbent. Pb(II) ions solution in 50 mg/l concentration 

and 1000ml, the flow rate in the column was 10mL/min initial concentration (C0) was passed through . In 
500 mL fractions the effluent was collected and to the (AAS). By plotting volume versus C/C0 of the 
effluent was obtained the capacity curve of breakthrough.  

Electrolytes Studies 
The different electrolytes effect likes Na2SO4,CaSO4, NaHCO3, NaCl , MgSO4and H2SO4on the adsorption 

of Pb(II) was investigated. Solution in 50 ml volume and (50 mg/L)Pb(II) concentration was ready on top 
of electrolytes treat through 0.5 g of adsorbent. The Pb(II)quantity adsorbed in these electrolytes 
attendance were after that determined because its describe before. 

Adsorption Study 
Adsorption investigations were conveyed out by clump procedure. The measure about 0.5g adsorbent 

might have been set for a tapered flask to which 50 mlPb(II) result for fancied focus might have been 
included to a 250mL tapered the mixture and flask might have been shaken over temperature-controlled 
shaker hatchery to 24hr. For filtration paper used filter paper (No.50) kind (Whatman). The final solution 
of metal ions in the filtrate analyzed by atomic Absorption spectrophotometer (AAS). Total Pb(II)ions 
adsorbed was intended with subtract last concentration from first concentration.  

RESULTS AND DISCUSSION 

Infra-red Spectroscopy: The results from the Fourier transform infra-red showed a broad peak at 
4000 cm−l with a high transmittance frequency, which can be attributed to either –OH or –NH groups. As 
shown in Fig. l, the band observed at 3000 cm−l is possibly due to C–H stretching vibrations of saturated 
aliphatic compounds , while the band at 2865 cm−l can be attributed to –NH bending vibration of primary 
amines .  

A small peak was observed at 1725 cm−l and corresponds to the (C–C) stretching vibrations of 
aromatic rings . The peaks observed at l373 cm−l,1319 cm−l and l242 cm−l corresponds to the C–O stretch 
of alcohols, carboxylic acids, esters or ethers. The absorption band at 831 cm−l can be due to the presence 
of an alkyl halide.  

Also confirmed that mucilage extracted from Diceriocaryum species contains carboxyl functional 
group. The presence of acidic functional groups is responsible for its adsorptive property. The stated 
clearly from their studies of natural plant materials that the biochemical characteristics of acidic 
functional groups are responsible for their metal ion uptake[29]. 

  

 

https://www.webqc.org/periodictable-Lead-Pb.html
https://www.webqc.org/periodictable-Sulfur-S.html
https://www.webqc.org/periodictable-Oxygen-O.html
https://www.webqc.org/periodictable-Hydrogen-H.html
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Fig.1: Results from the Fourier transform infra-red 

Zero Charge Point 
The zero charge point of the adsorbent was determined by addition of solid method . 50 mL DDW 

transfer to a sequence of beakers and these solutions has initial pH adjusted roughly among 1 to 10 
witheach0.1 M NaOH or 0.1 M H2SO4 solution. The solutions in these initial pH was correctly record, after 
that add 0.5 g adsorbent to every beaker and allowable the mixture24 h to equilibrate, with irregular 
manual trembling. The supernatant solution final pH was then noted [29]. 

Effect of pH 
The %Pb(II) adsorption increased by raise the initial pH and reach to greatest pHat 6. Adsorption also 

affected with final pH or the equilibrium solution pH. The adsorption mechanism can be explain on the 
initial pH basis, equilibrium pH, the adsorbent surface charge and the metal speciation. The effect of pH 
on Pb(II)ions adsorption onto Thornsis shown in Fig.2. Lead(II) ion elimination was fast affected by 
change in the equilibrium solution pH. Adsorption ofPb(II) was 40 % at pH 1, 65% at pH 4, 90% at pH5 
and 98.5% at pH 6.Theremoval efficiency was decrease in experiential at pH value of after 7 (90%) and 
75% at pH 8. This may be because at and after pH 7 [Pb(II)exist as Pb+2ions (in great amount) with the 
formation of Pb(OH)2 (tiny amount)] .The maximum adsorption of Pb+2 ions occur at pH=6. Higher values 
of pH (pH<7), Pb+2ions started precipitation[30]. 

 

Fig. 2: Effect of pH on the adsorption efficiency of Pb(II) ions onto Thorns 



168                                                                                                                                                      Mohammed Jaafar Ali Alatabe et.al 

Breakthrough Capacity 
The most efficient column method creating the best use of the concentration gradient between the 

residual in the solution and that solute adsorbed by the adsorbent is breakthrough curve. The column is 
operational until the metal ions in the effluent start appearing and for practical purposes the working life 
of the column is over called breakthrough point. That is essential in the method design since it straight 
affect the possibility and process economics Fig.3showtoPb(II) solution in 220 mL could be passed 
through column with node tectPb(II) in the waste matter. The capacity of breakthrough be establish to be 
45 mg/g. 

 

Fig. 3: Breakthrough curve of Pb(II) 

Contact time and Pb(II) Initial Concentration Effect 
The contact time Effect on the adsorption of Pb(II) ions was determined through analyze the 

remaining Pb(II)into solution after contact time starting(5 to 300) min. Batch process Experiments were 
perform using at room temperature. 1gm add of adsorbent to100ml solution in diverse Pb(II) initial 
concentrations (10–50 mg/L).The Samples were withdrawn from beakers after specific time period and 
analyze for remaining metal content. The metal mechanism uptake normally depends on the adsorbent 
mass that contact with the heavy metals initial concentration. Small concentrations the specific site is 
dependable for adsorption, whilst in case of increase concentrations of metal the specific site is saturated 
with adsorption sites are packed. The Pb(II) initial concentration effect on the amount of adsorption that 
is shown in Fig.4. Increasing adsorption with time and achieve maximum for all the concentrations. 
Capacities of the adsorption 10, 30 and 50 mg/l, initial Pb (II) concentrations were establish to be 2.4, 2.7 
and 3 mg/g, respectively. Increasing driving force by means of increasing Pb(II) ions concentration might 
be causes this result. The metal ions uptake at any particular concentration increased with contact time. 
Fig.4 show that the rate is rapid then it slow down awaiting it reach stability. This is due to the fact that a 
great amount of residual vacant plane site is obtainable for adsorption through first step by the time 
raise, the residual vacant plane site is not easy to be in use because of disgusting forces between the bulk 
phases and solute molecules on the solid. On the other hand, by increasing Pb(II)ions initial concentration 
also increasing the contact time and need to achieve equilibrium. From experimental the equilibrium is 
attain at (50,15 and 5)min for (50, 30 and10) mg/L ofPb(II) concentrations, respectively. 

 

Fig.4: Efficiency adsorption of Pb+2ions with contact time onto Thorns 

Adsorption Isotherms 
To optimize the adsorption design system for thePb(II) ions removal from wastewater , it is significant 

to give details about association among equilibrium concentration of residual metal ion in solution (Ce) 
and adsorbed Pb(II)ions per unit mass of adsorbent (qe). The adsorption isotherm figures study by 
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correct them to diverse isotherm models of adsorption is significant step to get the appropriate isotherm 
model of adsorption to use for design purpose. investigational data were fitted within the , Freundlich, 
Langmuir models at different temperatures. To calculate the data suitability, determination coefficient 
(R2)that evaluate between calculated data and experimental data for both model. Consistent with model 
of Langmuir[31]adsorption occurs on a homogenous surface form adsorbate monolayer with steady 
adsorption temperature for all sites with no interface among adsorbed molecules . The Langmuir model 
may be known as linear form : 

𝒍

𝐪𝐞
=  

𝒍

𝐪𝐦𝐚𝐱
+ {

𝒍

𝐛𝐪𝐦𝐚𝐱
}

𝒍

 𝐂𝐞
 (4) 

where, Ce is the equilibrium concentration ions o fPb(II) in the solution (mg/L), qe is the Pb(II) 
adsorbed quantity per adsorbent unit weight (mg /g), qmax is the Pb(II) required amount to form 
monolayer (mg/g) and b is a constant related to adsorption energy(L/mg) that represent enthalpy of 
adsorption that differ with temperature. The qmax and b values were calculated at diverse temperatures 
from the intercept and slope of the linear plots of 1/Ce versus 1/qe. From this model, the data obtain 
indicate that is applicability at diverse temperature(30,40 and 50) °C , however data were fixed greatest 
by high temperatures(40 and 50)°C like indicate through high determination coefficient (R2). The value of 
qmax and b increase by rising temperature representing adsorption higher heat by rising temperature and 
confirm the adsorption endothermic nature.Fig.5representing that the adsorption conform to Langmuir 
model indifferent temperature . The adsorption capacity and the greatest Cr+3 ions concentration 
adsorbed was calculate from the intercept and slope of the scheme. The adsorption process agreement to 
Langmuir model was determined using Equation (5): 

𝐑𝐥 =  
𝒍

( 𝐥+𝐛𝐂𝐨)
 (5) 

where, (Rl( separation factor, (Co) initial concentration of metal (mg/L) and (b) langmuir coefficient 
(l/mg). Rl> l indicate an unfavorable adsorption monolayer process, Rl = l linear, 0 < Rl< l favorable and Rl 
= 0 irreversible. From this study the result obtain is Rl values between (zero to one), representing a 
favorable adsorption process. This implies that chemisorptions process duly explains the Cr+3 ions 
adsorption onto Thorns. 

 

Fig. 5: Langmuir Isotherm adsorption plot for Pb+2 ions onto Thorns in different temperature.  

The Freundlich model[32]is an empirical equation based on the adsorption of adsorbate onto 
heterogeneous surface. The linear form of Freundlich model can be represented as. 

qe= Kf Ce
l/n (6) 

where Ce is the equilibrium concentration in mg/L , Kf is the Freundlich constant which indicate the 
adsorbent qualified adsorption ability correlated to bonding energy and n is the heterogeneity factor 
representing the difference from linearity of adsorption and is also recognized as Freundlich coefficient. 
Equation (7) was obtained by taking the logarithm of Equation (6): 

logqe = log Kl+ 
𝒍

𝒏
 logCe (7) 

 A plot of log qe versus log Ce in different temperature should producedirectly line and values of 1/n 
and Kf can be calculated from the slope and intercept. The data obtain from this model indicate that the 
values of Kf and n increased with the increase in temperature from 30 to50 °C as shown in Fig.6. 
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Freundlich model was best obeyed at 50 °C because of high R2. The n values between 0.0 and 1.0 indicated 
favorable adsorption. 

 

Fig.6: Freundlich Isotherm adsorption plot for Pb+2ions onto Thornsin different temperature.  

Adsorption Kinetics 
The rate constants were calculated using pseudo-first-order [33]and pseudo-second-order kinetics 

models. The first-order rate expression is given below 

𝐥𝐨𝐠(𝒒𝒆 − 𝒒𝒕) = 𝒍𝒐𝒈𝒒𝒆 − {
𝑲𝒕

𝟐.𝟑𝟎𝟑
} (8) 

where qe is the amount of Pb(II) adsorbed per unit weight of adsorbent at equilibrium or adsorption 
capacity (mg/g), qt is the amount of Pb(II) adsorbed per unit weight of adsorbent at any given time t, K1 is 
the rate constant for pseudo-first-order model. The values of K1 and qe were calculated from slope and 
intercept of the linear plot of lin (qe - qt) versus t at various concentrations. A plot of log (qe - qt) versus t 
gave straight lines confirming the applicability of the pseudo-first-order rate equationFig.7. 

 

Fig.7: Pseudo first order kinetics for Pb+2ions adsorption onto Thorns. 

 The pseudo-second-order rate expression is used to describe chemisorptions involving valence forces 
through the sharing or exchange of electrons between the adsorbent and adsorbate as covalent forces, 
and ion exchange [34]. The pseudo-second-order kinetic rate equation is given as 

𝐭

𝐪𝐭
=  

𝟏

𝐊𝟐𝐪𝐭𝟐
+   

𝟏

𝐪𝐞
 𝐭 (9) 

where K2 is the pseudo-second-order adsorption rate constant in (g/ mg.min). The K2 and qe values 
were calculated from the intercept and slope of the linear plots of t/qt versus t at various Pb(II) 
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concentrations. directly line plots of t/qt versus t indicate the pseudo-second-order model applicability 
(Fig,8). 

 

Fig. 8: Pb+2 ions Adsorption onto Thornsby Ho's Pseudo-Second-order model. 

Table 3: Pb+2 ions Adsorptiononto Thorns by Lagergren rate equation constants and Pseudo-second-
order rate equation constant. 

Concentr- 
ation 

Lagergren rate 
 Equation 

Pseudo-seconnd-  
order rate equation 

K1 R2 K2 g/ 
mg.min 

 R2 

10 mg/l 0.0025 0.7825 0.1156 0.9821 
30 mg/l 0.0032 0.8115 0.2268 0.9900 
50 mg/l 0.0046 0.9274 0.2089 0.9950 

Table3 provides data of pseudo-first-order rate constants K1, pseudo-second-order rate constants K2, 
R2, calculated equilibrium adsorption capability qe and investigational equilibrium adsorption capability 
eat diverse initial Pb(II) concentrations. It establish that qe values from pseudo-first-order model differ 
significantly from the experimental values showing that system did not follow pseudo-first-order model. 
The values of qe were very close to qe values in pseudo-second-order kinetic model at different initial 
Pb(II) concentrations as compare to pseudo-first-order model representing that pseudo-second model 
was superior obeyed. The data also shows that the values of determination coefficient (R2) for pseudo-
first-order model(Table 3)lesser as compare to pseudo-second-order kinetic model at diverse initial 
concentration values[35]. 

Thermodynamic Study 
The effect ofPb(II) ions adsorption on the temperature was calculated on temperature range starting 

30,40 and 50 °C. The Gibbs energy change (∆G°) indicates the degree of spontaneity of an adsorption 
process, and a higher negative value reflects a more energetically favorable adsorption. Thermodynamic 
parameters such as standard free energy change (∆G°), standard enthalpy change (∆H°) and standard 
entropy change (∆S°) were calculated using the following relations[34]: 

∆𝐆° = −𝐑𝐓𝐥𝐢𝐧Kc(10) 
∆𝐆° = ∆𝐇° − 𝐓∆𝐒°(11) 

where R is the universal gas constant (8.314 J/mol. K), T is the temperature (K) and Kc is the 
thermodynamic equilibrium constant without units.The enthalpy change (ΔH°) and entropy change (ΔS°) 
of adsorption are obtained from the following equation 

𝐥𝐢𝐧Kc=
∆𝐒°

𝐑
−

∆𝐇°

𝐑𝐓
 (12) 
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According to Equation (9), (ΔH°) and (ΔS°) parameters can be calculated from the slope and intercept 
of a plot of linKc versus 1/T, respectively Fig.9. 

 
Fig. 9: Thermodynamic Parameters for Pb+2 ions Adsorption onto Thorns 

These parameters of thermodynamic can present imminent into the kind and method of an adsorption 
procedure. Free energy ∆G° values change are depressing confirm that adsorption of Pb(II) ions is 
thermodynamically and natural approving while ∆G° became further negative by raise into temperature(-
0.27,-0.39 and-0.63)KJ/mol. at (30,40 and50)Co respectively, representing high dynamic power and 
therefore resultant in upper capacity of adsorption by upper temperature. The ∆H° value in positive that 
indicate the process of adsorption is endothermic (0.756 KJ/mol.). A little but positive value of ∆S° 
(0.0225 KJ/mol.K)at the range of temperature from 30–50 °C recommended enlarged chance in the 
interface of solid-solution for the reason that a little molecules of water are dislodge through Pb(II) ions 
adsorption[35].  

Effect of Electrolytes 
The contaminated water with Pb(II)also contains a new ions number that may possibly power the 

adsorption procedure. In this work evaluate the Pb(II) ions adsorption activities within the attendance 
salted solution in 0.05–0.1 M of different electrolytes like to sulphate, carbonate and chloride separately 
at the first concentration of Pb(II) ions 50 mg/L. Different electrolytes effect on the Pb(II) ions 
adsorptions listed in Table 6.Pb(II) ions adsorption is decrease by raise the electrolytes concentration like 
toNa2SO4,CaSO4, NaCl,NaHCO3,MgSO4, H2SO4. That can be qualified to greater than before opposition for 
adsorption sites between Pb(II) ions and electrolyte ions as well as decreasethe Pb(II) ions 
activity[36].The electrolytes influence and their result in poisonous pollutants removal using natural 
materials has been observed in recent past [37,38]. Many studies showed that reduce the metal ions 
adsorption into the electrolytes ions attendance. However, Pb(II) ions adsorption enlargedbyrisingNa2SO4 
concentrations which may be due to raise in final pH of the Na2SO4 solution with increased concentration 
(pH 7–8.5) as report in (Table 4). 

Table 4: The % adsorption onto electrolytes Influence of Pb+2 ions at 50 mg/L. 

% Adsorption 
Electrolytes 0.05M 0.1M 
MgSO4 82 54 
Na2SO4 95 62 
NaCl   
CaSO4   
NaHCO3   
H2SO4   

CONCLUTION 

The adsorption ability of powdered Thorns has been investigated and found effective for the removal 
of Pb(II)ions from wastewater. The removal concentration was dependent on the time of equilibrium. The 
experimental results showed that the adsorbent always had a higher capability to adsorb Pb(II) ions and 
the maximum adsorption could be possible from the aqueous solution at pH 6. At higher temperatures the 
isotherm of Freundlich , Langmuir were greatest obeyed. The Pb(II) ions adsorption was affected with 
rising the different electrolytes concentration. Kinetic data show the pseudo-second- order model confirm 
improved applicability that the Pb(II) ions adsorption was nature chemical sorption . Thermodynamic 
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data indicate the Pb(II) ions adsorption was endothermic and natural. Column experiments showed that 
the breakthrough began at 220 mL . 
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