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Abstract 26 

In this study, the Rosa damascena leaf powder was evaluated as a biosorbent for 27 

copper removal from aqueous solutions. Optimized conditions of 4.0 g/L biosorbent 28 

dosage, pH of 5.5 and initial copper concentration of 55 mg/L obtained by Response 29 

Surface Methodology were employed for Cu2+  biosorption by R. damascena leaves 30 

and up to 88.7 % Cu2+ was removed. The biosorption data were well fitted to the 31 

pseudo-second order and Elovich kinetic models. The Langmuir and Dubinin- 32 

Radushkevich isotherm models were also best fit the experimental data showing 33 

monolayer isotherm with qmax value of 25.13 mg/g obtained at optimum conditions. 34 

Thermodynamic parameters showed the spontaneity, feasibility and exothermic nature 35 

of adsorption. Scanning electron microscopy, Energy-Dispersive X-Ray, and Fourier 36 

transform infrared spectroscopy were used to characterize the biosorbent before and 37 

after Cu2+ biosorption, revealing outstanding structural characteristics and high 38 

surface functional groups availability. In addition, immobilized R. damascena leaves 39 

adsorbed 90.7 % of copper from aqueous solution, which is greater than free 40 

biosorbent (85.3 %). It can be concluded that R. damascena might be employed as a 41 

low-cost biosorbent for removing heavy metals from aqueous solutions. 42 

Keywords: Rosa damascena leaves; Box–Behnken design; Copper; Isotherms; 43 

Kinetics; Thermodynamics. 44 

Introduction 45 

With the development of agricultural, industrial activities, and other human activity, 46 

various types of generated heavy metals have been released into water, and water 47 

resources have been severely contaminated1. Heavy metal pollution has been a hot 48 

topic for a long time because of its difficulty in removal and high toxicity2. Copper 49 

and its composites are the most frequent heavy metal contaminants in the 50 
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environment, according to the Environmental Protection Agency3. Wastewater from 51 

mining companies, tanneries, metal plating plants and refineries are the most 52 

prevalent sources of copper4. 53 

Copper is a trace metal that is needed as a catalyst by numerous enzymes in living 54 

organisms. High quantities of copper, on the other hand, may be highly poisonous and 55 

cause major health concerns. Extreme ingestion of copper causes liver accumulation, 56 

which can lead to anemia, gastrointestinal issues, and renal difficulties5. Several 57 

strategies for heavy metals removal from wastewaters have been developed in recent 58 

years. Some of these approaches include solvent extraction, membrane filtration, 59 

chemical reduction and precipitation, coagulation and ion exchange. The primary 60 

drawbacks of these procedures include the need for significant chemical amounts, 61 

residual metal solubility, costly capital investment, high operating costs, and the 62 

formation of a huge quantity of sludge6. Adsorption is a potential processing approach 63 

in terms of cost and efficiency for treatment of wastewater7. In recent research, a 64 

variety of typical agricultural waste products, microorganisms, algae, and natural 65 

polymers have been stated as excellent biosorbents for heavy metal removal8-10. 66 

Different parts of plants and their wastes are available and affordable when compared 67 

to chemically modified products. As a result, the majority of adsorption research has 68 

focused on untreated plant products and wastes11-12.  69 

Roses are cultivated as significant shrubs all over the world. These are decorative 70 

plants that are also utilized in medicine, fragrances, and scented products. Rose water, 71 

rose oil, and rose waste biomass are the three products of rose distillation13. Rose oil 72 

is made after distilling rose petals that is a blend of essential volatile oils. Rose oil is 73 

produced from two principal species of rose: Firstly, Rosa damascena which is 74 

commonly grown in China, India, Russia, Turkey, Spain, Italy, Bulgaria, and Saudi 75 



4 

 

Arabia. Rosa centifolia, which is more widely cultivated in France, Morocco, and 76 

Egypt, is the second species. Roses are widely grown in Saudi Arabia's governorates 77 

of Riyadh, Tabuk, Yanbu, and Taif. The Taif’s rose is a widely distributed and 78 

cultivated plant in Saudi Arabia's cold and moderate regions. Because of the soil 79 

temperature and climate, the Taif’s rose has a high-quality fragrance. Rose flowers 80 

biomass as a biosorbent after distillation has been examined in a number of studies13-
81 

16. 82 

Yet, to the best of our knowledge, no reports of Rose leaves being used as waste 83 

biomass for biosorption of heavy metals have been available.  84 

As a result, Rosa damascena leaf powder was employed as a biosorbent to examine its 85 

efficiency in removing copper ions from aqueous solutions. A Response Surface 86 

Methodology (RSM) was used in the present study to optimize the examined 87 

response, providing significant advantages such as time, effort, and resource savings. 88 

Three independent factors were optimized, including biosorbent dosage, pH, and 89 

initial Cu2+ concentration, with the goal of maximizing copper removal by Rosa 90 

damascena leaf powder. Furthermore, to assess the efficiency of immobilized Rosa 91 

damascena biomass as a Cu2+ ion biosorbent. Kinetic, equilibrium, and 92 

thermodynamic investigations were carried out to study more about the biosorbent 93 

nature and the biosorption process. The biosorbent was characterized by SEM, EDX 94 

and FTIR techniques. 95 

Results and Discussion 96 

Box–Behnken Experimental Design 97 

A Box–Behnken design was utilized for decreasing the number of tests and predicting 98 

the best conditions for copper removal by R. damascena leaf powder. Seventeen 99 

experiments were carried out using a BBD with varied combinations of three 100 
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parameters at three levels in order to maximize removal of Cu2+ ions from aqueous 101 

solution. Table 1 illustrates the actual and predicted removal percentages of Cu2+ for 102 

the 17 runs of the employed design matrix. The results show that the copper removal 103 

percentage varies greatly depending on the independent parameters. The copper 104 

removal percentage by R. damascena leaves varied between 44.25 % and 87.68 %. In 105 

run 4, with a biosorbent dosage of 5 g/L, pH of 6, and initial Cu2+ concentration of 60 106 

mg/L, the maximum copper removal was obtained with a value of 87.68 %. Based on 107 

the Box–Behnken design results, a second order polynomial equation was created to 108 

characterize the relationship between the independent parameters and the response, 109 

and the final model generated by backward elimination of insignificant parameters is 110 

as follows (Eq. 4): 111 

Cu2+ removal percentage = 57.2+ 10.54A+ 5.13B− 4.28C+ 5.71A2           (4) 
112 

Where: A, B and C: the biosorbent dosage, pH and initial concentration of copper 113 

ions, respectively. 114 

Table 2 summarizes the results of the analysis of variance (ANOVA) for the 115 

established model. The model was highly statistically significant, as evidenced by the 116 

high F-value (10.26) and low p-value (˂ 0.001). Furthermore, the F-value of lack of 117 

fit was 1.69, suggesting that lack of fit is not significant (as the p value is larger than 118 

0.05) in comparison to the real pure error, and so the model validity may be 119 

affirmed17. 120 

The determination coefficient (R2) and adjusted R2 were used to assess the model's fit. 121 

The R2 value ranges between 0 and 1.0, with values around 1.0 indicates that the 122 

model is more accurate. However, in certain conditions, a larger R2 value indicates 123 

that the model has a large number of insignificant variables, which expects poor 124 

response. As a result, the adjusted R2 was developed, which adjusts the value of R2 125 
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based on the number of variables and sample size in the model. The high value of R2 126 

(0.87; Table 2) in this investigation implies that the actual and expected values are 127 

well correlated, and the model can explain 87.0 % of the variability in the response. 128 

The adjusted R2 of 0.80 agrees rather well with the R2 value of 0.87, indicating that 129 

the model is valid. The actual and expected results were highly correlated, with the 130 

adjusted R2 value being high and close to the predicted R2 value (Table 2).  131 

Moreover, the value of variation coefficient as an estimate for standard error was less 132 

than 10%, indicating that the model was reproducible18. The signal-to-noise ratio is 133 

defined by adequate precision. In this investigation, a ratio of 9.8 (higher than 4) was 134 

found to be sufficient signal19. As a result, the model may be utilized to explore the 135 

design space. So, biosorption studies may be conducted using the model.  136 

Effect of interactive variables  137 

In order to understand the interaction impacts of the factors on the investigated 138 

response, 3-D response surface plots were made using the second-order equation (4) 139 

(Fig. 1). Each plot depicts the impact of two independent factors on the response 140 

within the examined ranges, while all other factors are kept constant.  141 

In Fig. (1a), 3-D plots depict the reciprocal interaction between biosorbent dosage and 142 

pH on Cu2+ removal by R. damascena leaves biomass. The data revealed that raising 143 

the biosorbent dosage improved the Cu2+ biosorption by R. damascena leaves. 144 

ANOVA findings also demonstrated that biosorbent dosage was significant and had a 145 

positive linear influence on the efficiency of copper removal (p= 0.0003; Table 3). As 146 

the biosorbent dosage is increased, the number of binding sites on the surface of R. 147 

damascena leaves rises, resulting in a higher percentage of copper removal20. On the 148 

other hand, the elimination of copper by the R. damascena leaves is pH-dependent as 149 

well. The pH exhibited a significant positive linear influence on removal of copper by 150 
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R. damascena leaves, according to the ANOVA data (Table 3). When the pH was 151 

raised from 2.0 to 6.0, biosorption of Cu2+ increased. Whereas, the copper biosorption 152 

onto R. damascena leaves was minimal at lower pH levels. However, in the pH 6.0 153 

range, the maximum removal efficiency was recorded. These findings are clarified by 154 

the fact that the surface charge of the biomass is positive at lower pH levels, which 155 

makes cation biosorption difficult. Meanwhile, H+ ions compete with copper ions for 156 

active site space, leading to reduced biosorption process. The competitive impact of 157 

H+ ions and electrostatic repulsions between cations and surface sites reduce as pH 158 

rises. As a result, metal biosorption rises21. Fawzy22 stated that, pH 5.0 was shown to 159 

be the most effective for copper removal by Codium vermilara.  160 

Fig. 1b depicts the mutual impacts of biosorbent dosage and initial copper 161 

concentration on the effectiveness of copper removal by R. damascena leaves.  162 

When the biosorbent dosage was increased from 1 to 5 g/L, the copper removal 163 

efficiency increased. More binding sites on the surface of R. damascena leaves 164 

become available to the copper ions as the biosorbent dosage increases, resulting in 165 

enhanced removal efficiency. At 5 g/L of biosorbent dosage, the optimal removal 166 

effectiveness of 79 % could be achieved. Generally, higher biosorbent dosage and 167 

lower copper concentrations improved biosorption process23. 168 

As a result, raising the concentration of copper ions had a significant negative impact 169 

on Cu2+ ions removal (Table 3). Because more copper ions in the solution connected 170 

with the binding sites at lower copper concentrations, biosorption of Cu2+ ions 171 

gradually increased; however, as concentrations of copper increased, biosorption 172 

reduced due to biosorbent site saturation and a large number of ions competing for the 173 

residual binding sites in the biosorbent. 174 
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The joint influence of pH and initial Cu2+ concentrations on the metal ions removal 175 

was also investigated in the pH range of 2- 6 and initial copper concentrations of 30- 176 

90 mg/L as shown in Fig. 1c. The findings revealed that the removal of copper ions 177 

decreases as the pH reduces. The ANOVA analysis revealed that biosorbent dosage 178 

was the most statistically significant factor that influence the removal of copper (p= 179 

0.0003), followed by pH (p= 0.03) and initial copper concentration (p˂ 0.05; Table 3). 180 

Validation of the optimized variables 181 

The goal of the optimization was to find the optimal values for independent 182 

parameters for Cu2+ ions elimination by R. damascena leaf powder. In terms of copper 183 

removal efficiency, the aim was to maximize copper removal efficiency to achieve the 184 

maximum optimal rate of Cu2+ removal. The average value for Cu2+ removal 185 

efficiency was compared to the expected value in triplicate experiments conducted 186 

under optimized conditions. With biosorbent dosage of 4.0 g/L, pH of 5.5, and initial 187 

copper concentration of 55 mg/L, the highest expected Cu2+ elimination by R. 188 

damascena biomass could be achieved. The experimentally observed value of copper 189 

removal efficiency (88.7 %) was found to be in accordance with the expected value 190 

(87.4 %) presented by the design expert software, implying that the optimized 191 

conditions were rational and trustworthy. 192 

Kinetic models 193 

The impact of contact time on the Cu2+ ions biosorption was used to evaluate the 194 

kinetics process. Copper biosorption was examined under optimal conditions of 4.0 195 

g/L biosorbent dosage, pH 5.5, and initial Cu2+ concentration of 55 mg/L by altering 196 

biosorption time from 0 to 150 minutes (Fig. 2a). In the first 30 minutes, the rate of 197 

Cu2+ ion elimination was obviously fast. But, after reaching equilibrium, the 198 

biosorption efficiency increased to a steady level, and within 90 minutes, over 85.5 % 199 

https://bioresourcesbioprocessing.springeropen.com/articles/10.1186/s40643-020-00320-y#Fig10
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of the total metal had been eliminated. The rate of adsorption and desorption are now 200 

in dynamic equilibrium, and no biosorption progress was seen after this optimal 201 

equilibrium duration24. Because copper ions came in contact with unoccupied surface 202 

biosorption sites, biosorption of copper was initially quicker; however, as the 203 

equilibrium reached 90 minutes, the biosorption sites became saturated, and no further 204 

biosorption was allowed25. 205 

Various kinetic models might be used to explain the mechanism and rate of metal ion 206 

sorption26. The biosorption kinetics of copper ions on R. damascena leaf biomass was 207 

studied using pseudo-first order, pseudo-second order, Elvoish, and Intra-particle 208 

diffusion models.  209 

Pseudo-first order kinetic model 210 

This model suggests adsorption of one adsorbate molecule onto one active site of the 211 

biosorbent. It is expressed as follows: 212 𝐿𝑜𝑔 (𝑞𝑒 − 𝑞𝑡) = 𝐿𝑜𝑔 𝑞𝑒 − 𝐾1 𝑡2.303         (5) 213 

Where qe and qt (mg/g): the quantity of copper ions absorbed by the biomass of R. 214 

damascena at equilibrium and at any time, respectively, and K1 (min−1): the pseudo- 215 

first order model's rate constant. 216 

The constants of K1 and qe were estimated from the slope and intercept of plotting log 217 

(qe− qt) vs. time, respectively (Fig. 2b). The high value of determination coefficient 218 

(R2= 0.980; Table 4), indicating that the experimental results accurately fit the 219 

pseudo-first order model for describing copper ion biosorption kinetics. However, the 220 

difference between the copper ions quantity biosorbed onto R. damascena surface 221 

estimated by experiments (qe exp.; 17.1 mg/g) and the modeled value (qe calc.; 13.4 222 

mg/g) were larger. It suggests to the fact that the biosorption process included both 223 

copper ions and biosorbent27. As a result, it is indicated that the pseudo-first order 224 
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model is unable to describe the experimental data of Cu2+ biosorption onto the R. 225 

damascena biomass. The sorption kinetics of various metal ions onto various 226 

adsorbents has been described with similar findings15, 28-29. 227 

The rate constant of pseudo-first order (K1= 0.029 min−1; Table 4), is not a 228 

quantifiable value for clarifying the rapid equilibrium for biosorption of Cu2+ ions 229 

onto R. damascena leaves surface reported within 30 minutes. As a result, this model 230 

was shown to be inadequate to accurately explain the order of copper biosorption by 231 

R. damascena biomass. 232 

Pseudo-second order kinetic model 233 

The pseudo-second order kinetic model states that chemical adsorption, which 234 

includes the exchange or sharing of electrons between the adsorbate and the 235 

adsorbent, controls the process of adsorption. This model can be identified as follows 236 𝑡𝑞𝑡 =  1𝐾2𝑞𝑒2 + 𝑡𝑞𝑒                        (6) 237 

Where K2: is the pseudo-second order model's rate constant (g/mg min), which may 238 

be used to calculate the initial rate of biosorption (h; g/mg min). 239 ℎ = 𝐾2𝑞𝑒2                      (7) 240 

The kinetic constants of K2 and qe were calculated from the intercept and slope of the 241 

t/qt against t plot, respectively, (Fig. 2c). 242 

The rate constant of pseudo-second order (K2) and initial rate of adsorption (h) were 243 

0.005 and 1.55 g/mg min, respectively (Table 4). At the beginning of the biosorption 244 

process, the h value was in good accordance with rapid biosorption of copper ions. 245 

Since the determination coefficient was determined to be 0.983, plots of pseudo- 246 

second order model showed strong linearity with the experimental data (Table 4). As 247 

well as, the experimental qe (17.1 mg/g) is near to the calculated qe (18.6 mg/g). 248 

Therefore, pseudo-second order was chosen as the best fit model, demonstrating 249 
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significant interactions between the adsorbate and the adsorbent, indicating the 250 

presence of copper chemisorption on the surface of R. damascena leaves. Several 251 

results support the pseudo-second order model for adsorption of copper ions by 252 

different biosorbents, including adsorption of Cu2+ onto activated rubber wood 253 

sawdust30, Tectona grandis leaf31, sour orange residue32, banana trunk fiber33, sulfur- 254 

modified bamboo powder34, Platanus orientalis leaf powder35. 255 

Elovich model 256 

The Elovich model was utilized to explain the kinetics of chemical adsorption of a gas 257 

by solid adsorbents, but it was proven to be effective in various types of adsorption. 258 

The Elovich model can be represented by the following equation: 259 𝑞𝑡 =  1𝛽 ln(αβ) +  1β ln(t)                     (8) 260 

Where, α (mg/g min): the initial rate of sorption process, and β (g/mg): the constant of 261 

desorption. 262 

To study the mechanism of Cu2+ biosorption, the experimental data were fitted to the 263 

Elovich kinetic model (Fig. 2d). By plotting qt versus lnt, the Elovich constants (α and 264 

β) were determined from intercept and slope, respectively. The extent of 265 

chemisorption is proportional to the value of α. The high value of Elovich constant 266 

(α= 1.3 g/mg min; Table 4), implying chemisorption is the rate-limiting stage and 267 

approving the pseudo-second order type of biosorption. 268 

The lower the value of Elovich constant β, the lower chemisorption activation energy, 269 

implying quick adsorption36. In the current investigation, the β value is fairly low 270 

(0.303 g/mg), suggesting a reduced activation energy of chemical adsorption. In 271 

addition, the high value of determination coefficient (R2= 0.971), showing that the 272 

experimental data fits well the Elovich kinetic model. 273 

Intra-particle diffusion model       274 
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The intra-particle diffusion kinetic model is related with the adsorbate diffusion to the 275 

inner pores as the rate-controlling step which is represented by eq. 9: 276 𝑞𝑡 =  𝐾𝑖𝑡1/2 + 𝐶𝑖                (9) 277 

Where Ki denotes the intra-particle diffusion rate constant (mg/g min0.5) and Ci 278 

denotes the intercept. 279 

The biosorption of Cu2+ ions on R. damascena leaf surface was studied using an intra- 280 

particle diffusion kinetic model, which had a low R2 value (0.80; Table 4). The linear 281 

plot indicated in Fig. 2e does not pass through the origin, proposing that the intra- 282 

particle model is not the rate-limiting stage during the process of biosorption. Fig. 2e 283 

also exhibited the multilinearity of the plot, which has two steps. All of the points of 284 

experimental data found on two straight lines, with the first line indicating copper ions 285 

biosorption on the most available empty sites or the external surface (external 286 

diffusion) on the R. damascena leaf surface, and the second steep line indicating 287 

copper ions biosorption on internal pores (intra-particle diffusion)37. 288 

Equilibrium Isotherms 289 

At a certain experimental conditions, the adsorption isotherm represents the 290 

equilibrium correlation between the amounts of ions adsorbed by the biosorbent and 291 

the metal ions concentration in solution38. 292 

Biosorption equilibrium isotherms were performed under optimized conditions 293 

obtained by BBD. Langmuir, Freundlich, Temkin and Dubinin-Radushkevich 294 

isotherm models were developed to describe and estimate the experimental data of 295 

copper biosorption. 296 

Langmuir model 297 
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This model implies that metal ions are adsorped by monolayer adsorption on a 298 

homogeneous surface with no interaction between the adsorbed metal ions. The 299 

Langmuir model is represented in linear form as follows: 300 𝐶𝑒𝑞𝑞𝑒 =  1𝑞𝑚𝑎𝑥𝑏 + 𝐶𝑒𝑞𝑞𝑚𝑎𝑥          (10) 301 

Where qmax: the maximal sorption quantity (mg/g) required to produce full monolayer 302 

coverage on R. damascena's surface at a high equilibrium ion concentration (Ceq; 303 

mg/L), and b: the constant of Langmuir model, which is associated with binding site 304 

affinity39. 305 

The high value of R2 (0.979; Table 5) indicated that Langmuir isotherm offers a 306 

suitable model of the biosorption process, which is based on homogeneous 307 

biosorption of copper ions by R. damascena leaf surface.  308 

When Ceq/qe was plotted versus Ceq, a straight line was formed, and the slope and 309 

intercept were used to determine the qmax and b values, respectively (Fig. 3a). The 310 

greater value of Langmuir constant (b= 0.095 L/mg), suggesting a stronger interaction 311 

with the functional groups of R. damascena leaf surface. Furthermore, R. damascena 312 

biomass had a maximum biosorption capacity (qmax) of 25.13 mg/g. Rosa damascena 313 

leaves are a very good biosorbent when compared to the capacity of other biosorbents 314 

occurred in the literature for copper removal. For example, dried marine green 315 

macroalga Caulerpa lentillifera has 5.57 mg/g40, lentil shell has 8.98 mg/g41, 14.4 316 

mg/g for Codium vermilara22 and 23.14 mg/g for dried bael flowers29. 317 

A dimensionless separation factor (RL) may be used to determine the shape and 318 

favorability of the biosorption process, which can be computed using Eq. (11):  319 

        𝑅L= 1/(1 + 𝑏𝐶0)            (11) 320 

Where Co: the metal ion concentration (mg/L). The type of Langmuir isotherm was 321 

determined by the RL value, which was either unfavorable (RL ˃ 1), linear (RL = 1), 322 
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irreversible (RL = 0) or favorable (0 ˂ RL ˂ 1)35. The value of RL between 0 and 1 323 

indicate that the adsorption is favorable. In the current study, the RL value was 324 

determined to be 0.062–0.201, showing that copper biosorption by the leaves of R. 325 

damascena is favorable (Table 5). 326 

Freundlich isotherm model 327 

The adsorption of ions on an energetically heterogeneous surface is described by the 328 

Freundlich isotherm model. The following equation represents the linearized 329 

Freundlich model (12): 330 𝐿𝑛 𝑞𝑒 = 𝐿𝑛 𝐾𝑓 + 1𝑛  𝐿𝑛 𝐶𝑒𝑞            (12) 331 

Where Kf: the Freundlich isotherm constant which reflects the sorption capacity, and 332 

n: the Freundlich constant correlated to the adsorption intensity.  333 

The intercept and slope of the plotting of ln qe against lnCeq are used to calculate the 334 

Kf and 1/n values, respectively (Fig. 3b). The greater the Kf value, the more biosorbent 335 

may be loaded. In addition, the adsorption is favorable when the 1/n value is between 336 

0.1 and 1.042. In this study, the value of 1/n was lower than 1.0 (0.313; Table 5), 337 

indicating that biosorption of copper ions by R. damascena leaves is favorable. The 338 

low value of determination coefficient (R2= 0.735) suggested that Freundlich model is 339 

not appropriate for describing the experimental data of biosorption process (Table 5). 340 

Temkin model 341 

The adsorption in the Temkin model is supposed to be represented by a uniform 342 

distribution of binding energies up to the maximal binding energy, as shown in the 343 

following equation43. 344 𝑞𝑒 =  𝐵 𝑙𝑛𝐴 + 𝐵 𝑙𝑛𝐶𝑒𝑞       (13) 345 

              𝐵 =  𝑅𝑇𝑏                   (14) 346 
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Where A (L/mg): represents the equilibrium binding constant, b (J/mol): the constant 347 

of Temkin isotherm model, and B (J/mol): the heat of sorption constant. 348 

The Temkin model constants (A and b) were determined using the intercept and slope 349 

of the qe versus lnCeq plotting (Fig. 3c). The high b value (551.4 J/mol; Table 5) 350 

indicates that the adsorbate and biosorbent surface interact strongly44. The Temkin 351 

model fails to explain the results reported for copper biosorption by R. damascena 352 

leaves, with copper exhibiting low value of R2 (0.807; Table 5). This demonstrates 353 

that biosorption of Cu2+ is exothermic in nature, with the adsorption heat of the 354 

molecules increasing linearly as the biosorbent surface is covered45. 355 

Dubinin–Radushkevich model (D–R) 356 

The D–R model describes the chemical or physical nature of biosorption process, as 357 

well as the mean sorption energy of the process. D–R model is calculated from the 358 

following Equations: 359 𝐿𝑛𝑞𝑒 = 𝑙𝑛𝑞0 − 𝛽𝜀2           (15) 360 𝜀 = 𝑅𝑇 𝑙𝑛(1 + 1𝐶𝑒𝑞)            (16) 361 

        𝐸 = √1/2𝛽               (17) 362 

Where qo: is the theoretical maximum capacity (mg/g), β: is the constant of D–R 363 

model associated with mean free energy (mol2/J2), ε: Polanyi potential, T (K): the 364 

absolute temperature, R (8.314 J/mol K): the gas constant, and E (kJ/mol): the mean 365 

adsorption energy. 366 

Table 5 shows the values of the D–R model parameters. The mean adsorption energy 367 

of the system (E) was determined using the parameter β (eq. 17). In addition, the 368 

chemical and physical characteristics of the adsorption process may be assessed by 369 

the amount of mean adsorption energy. 370 
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Physical sorption is defined as a value of E less than 8 kJ/mol, whereas chemical 371 

sorption is defined as a value of 8 to 16 kJ/mol25. The value of E (9.13 k/J mol) 372 

indicates that R. damascena removed copper ions mostly by chemisorption. This is 373 

also consistent with predictions from pseudo-second order and Elovich kinetic 374 

models.  375 

From the previous data, it is concluded that, the Langmuir and D–R isotherm models 376 

may best describe the experimental data of copper ions biosorption onto R. 377 

damascena leaf surface, according to a comparison of R2 values (0.926; Fig. 3d; Table 378 

5). 379 

Thermodynamic studies 380 

Gibbs free energy (∆G), enthalpy (∆H) and entropy (∆S) are all thermodynamic 381 

parameters that describe the spontaneity of a biphasic adsorption process46. 382 

The following equations demonstrate the relationship between the thermodynamic 383 

parameters and absolute temperature (T)47. 384 𝛥𝐺 = Δ𝐻 − 𝑇 Δ𝑆         (18) 385 𝛥𝐺 = −𝑅𝑇𝑙𝑛𝐾𝐶            (19) 386 𝐿𝑛𝐾𝐶 = 𝛥𝑆𝑅 −  𝛥𝐻𝑅𝑇           (20) 387 

Where Kc: the equilibrium thermodynamic constant. 388 

At the experimental temperatures, the values of ∆G were negative (Table 6), 389 

indicating that the biosorption process was feasible and spontaneous47. Furthermore, 390 

the negative value of ∆G indicated that the concentration of copper ions on the R. 391 

damascena leaf was significantly higher than that in the aqueous solution48. Also, its 392 

values revealed that as the temperature rose, so did the spontaneity. 393 

The changes of enthalpy and entropy were evaluated from the slope and intercept of 394 

the ln K versus 1/T plot, respectively (Fig. 4). 395 
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The negative ∆H value of 21.7 K/J mol for copper biosorption by R. damascena 396 

leaves indicates that biosorption process was exothermic. In addition, the positive ∆S 397 

value indicated that biosorption of copper ions onto R. damascena leaf surface 398 

occurred as a result of randomization at the adsorbate-biosorbent interface49. 399 

Characterization of R. damascena leaf surface  400 

Scanning electron microscopy (SEM) 401 

The morphology of the R. damascena leaf surface before and after Cu2+ biosorption 402 

was examined by SEM (Fig. 5). SEM micrographs demonstrated that the surface 403 

morphology of the R. damascena leaf before and after Cu2+ biosorption was different. 404 

The SEM micrographs of the R. damascena leaf surface before copper biosorption 405 

revealed a rough surface with substantial porosity (Fig. 5a). This rough flaky surface 406 

allows copper ions to adhere more easily, improving the process of biosorption. The 407 

biosorbent's porosity also helps it interact with the adsorbate more quickly50. On the 408 

other hand, the SEM images after biosorption of copper revealed a flatter biosorbent 409 

surface, appearance of discrete lumps and vanishing of big spaces (Fig. 5b). These 410 

morphological alterations verified the interaction of copper ions with functional 411 

groups on the R. damascena leaf surface22. 412 

Energy dispersive X-ray spectroscopy (EDX)  413 

The EDX analysis was used to determine the adsorbent surface's composition as well 414 

as to confirm the presence of copper ions on the R. damascena leaf surface. Figure 6 415 

displays the EDX spectra of R. damascena biomass. The EDX spectra showed that the 416 

R. damascena leaves consist mostly of C and O, with traces of additional elements 417 

including Na, Mg, Cl, K, Si and Ca that were exchanged or disappeared during the 418 

process of biosorption (Fig. 6a, b). This shows that biosorption of Cu2+ ions was 419 

caused by ion exchange. After biosorption, the EDX spectra of R. damascena biomass 420 
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exhibit an additional Cu2+ peak (1.09 %) on the R. damascena leaf surface, 421 

demonstrating that the biomass of R. damascena is participated in biosorption of Cu2+ 422 

ions from solution (Fig. 6b). In this regard, El-Naggar et al.51 observed that the 423 

distinctive copper peak appeared following contact with copper. 424 

Analysis of Fourier transform infrared spectra (FT-IR)  425 

The functional groups found on the surface of biosorbent biomass play a significant 426 

role in the process of adsorption. Heavy metal biosorption has been related to various 427 

functional groups such as sulfonate, sulfhydryl, amine, carboxyl, hydroxyl, carbonyl, 428 

and others52. Figure 7a, b displays the FT-IR spectra of R. damascena leaves before 429 

and after copper biosorption. 430 

The presence of wide absorption peak at around 3421–3425 cm−1 is allocated to O–H 431 

stretching of hydroxyl radicals of polysaccharides or water53, and to N-H stretching of 432 

proteins (amide A)54. The functional groups such as O–H and N–H are commonly 433 

present in natural cellulose and proteins found in plant cell walls55. The O–H 434 

stretching vibration of the carboxylic acid might be represented by the bands at 2921 435 

cm−1 and 2922 cm−1 55. This refers to the existence of an acidic group in the biosorbent 436 

cell wall, such as -COOH, which serves as a hyper chemical group for the adsorption 437 

of various multivalent metal ions56. Absorption bands at 2852 cm−1 and 2853 cm−1 are 438 

allocated to stretching of C–H, more specifically to C−H stretching vibrations of 439 

lipids57. The C=O stretching of amide I, which is related with proteins, is shown by 440 

the absorption peak at around 1654 cm−158. After copper biosorption onto the R. 441 

damascena leaf surface, the appearance of new absorption bands at 1546 cm−1 and 442 

1460 cm−1 might be attributed to C=O stretching vibration in different carboxylic and 443 

amide (I, II) groups, respectively59. The protein band spectrum identified at 1240 cm−1 444 

on the leaf surface was caused by the P=O asymmetric stretching vibration60. The 445 
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absorption peak at about 1160 cm−1 detected only on the R. damascena leaf surface 446 

following copper biosorption is related to C–O–C stretching of polysaccharides from 447 

carbohydrates53. Furthermore, after copper biosorption, the peak at 878 cm−1 shifts to 448 

893 cm−1, indicating binding of copper ions to the amine group on the leaf surface. 449 

The band found only at 670 and 593 cm−1 onto the R. damascena leaf surface after 450 

copper biosorption may be associated with the compounds of organic halide52. From 451 

the Fig. 7, it can be observed that the R. damascena leaf biomass included several 452 

functional chemical groups such as carbonyl, acids, phosphate, amides, hydroxyl, 453 

halides, carboxyl, and amine groups. They might compensate the biosorption of 454 

copper ions onto R. damascena leaf surface from the aqueous solution. 455 

Copper removal by immobilized R. damascena biomass 456 

The results in Fig. 8 showed that the Ca-alginate immobilized R. damascena leaves 457 

removed 90.7 % of copper ions after 120 minutes under optimized conditions 458 

obtained by BBD such as biosorbent dosage (4 g/L), pH (5.5) and initial copper 459 

concentration (55 mg/L), which was higher than the removal shown using non- 460 

immobilized biosorbent (85.3 %). Various studies stated that immobilized biosorbent 461 

has the ability to use a straightforward approach for recovering and removing heavy 462 

metals from wastewater, in comparison to free biosorbent61-62. In this regard, Ansari et 463 

al.15 reported that immobilized rose waste is more effective than free biomass at 464 

absorbing Pb2+ from aqueous solutions. Ca-alginate immobilized Fucus vesiculosus is 465 

also an effective biosorbent for copper, lead, and cadmium according to Mata et al.63, 466 

with sometimes greater biosorption efficacy than free alga or even alginate alone. 467 

According to Davis et al.64, the metal ions affinity for alginate is proportional to the 468 

quantity of guluronic acid and other uronic acids present. These acids are responsible 469 

for biosorption of heavy metals since they include the majority of the carboxyl groups 470 
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in alginate. Furthermore, the “egg-box” structure of the gels, as well as crosslinking 471 

between carboxyl groups and metal ions have been linked to alginate's metal 472 

selectivity. This selectivity is determined by the stereochemical environment created 473 

by the structure of the gel. Therefore, R. damascena immobilized in Ca-alginate has a 474 

great potential for adsorption of heavy metals from wastewater. 475 

Conclusions 476 

The Box–Behnken experimental design has been shown to be an effective method for 477 

maximizing the removal of copper ions from solutions using the R. damascena leaf by 478 

decreasing the number of experimental tests, expecting the highest efficiency 479 

conditions, and keeping a good accuracy of the predicted response. The maximum 480 

removal percentage of Cu2+ ions (88.7%) was reached under optimal conditions of 481 

biosorbent dose of 4.0 g/L, pH of 5.5, and initial copper content of 55 mg/L. The 482 

pseudo-second order and Elovich kinetic models were best fit to the experimental 483 

data. Furthermore, the equilibrium isotherm studies demonstrated that the D–R and 484 

Langmuir isotherm models could better describe Cu2+ biosorption than the Freundlich 485 

and Temkin models with a highest monolayer biosorption capacity of 25.13 mg/g, 486 

suggesting the chemical interaction between the metal ions and biosorbent. The 487 

thermodynamics parameters such as Gibbs free energy and enthalpy, as well as 488 

entropy, showed that the biosorption process is spontaneous and exothermic. As a 489 

result of the biosorption process, SEM and EDX tests indicated noticeable alterations 490 

in the properties of the R. damascena leaf surface. In addition, FT-IR investigations 491 

revealed the existence of functional groups in the R. damascena leaves biomass such 492 

as carbonyl, acids, phosphate, amide, hydroxyl, halide, carboxyl, and amine groups, 493 

all of which are likely to be involved in biosorption of copper ions. Immobilization 494 

was shown to be a promising method for producing efficient adsorbents, which might 495 
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be used to sequester metal ions from wastewater. Therefore, R. damascena leaves can 496 

be used as a low-cost biosorbent to remove copper ions from aqueous solutions. 497 

Materials and methods 498 

Preparation of biosorbent  499 

Rosa damascena Miller var. trigintipetala Dieck was collected from Taif rose farms at 500 

Al-Shafa highland, Taif region, Saudi Arabia. Voucher specimens were deposited and 501 

identified by staff members of the herbarium of Taif University, Taif, Saudi Arabia. 502 

The leaves of the rose plant were removed off the plant, washed under running water 503 

to eliminate any impurities or pollutants, and then dried at room temperature for two 504 

weeks. For further investigation, the leaves were crushed into fine powder and kept in 505 

an airtight container. 506 

Preparation of copper solutions  507 

About 3.93 g copper sulphate (CuSO4.5H2O) was dissolved in 1000 mL distilled 508 

water to prepare the Cu2+ stock solution. All of the chemicals used in this 509 

investigation were analytical grade and obtained from Sigma-Aldrich, including 510 

CuSO4.5H2O, HCl, NaOH, Na-alginate and CaCl2. 511 

Optimization of Cu2+ removal by Box–Behnken statistical design (BBD) 512 

Response Surface Methodology is a multivariable optimization approach that fits 513 

experimental results to a second-order equation to determine the optimal response of a 514 

process that is a function of numerous independent factors. Designing an experimental 515 

matrix, developing a mathematical model, and optimizing the response are the three 516 

key processes of RSM65. Experiments were developed to determine the optimal 517 

copper biosorption onto R. damascena leaves using Box–Behnken Design of RSM 518 

(Stat-Ease Inc., Minneapolis, USA). The design includes 17 runs with three 519 

independent factors such as biosorbent dosage (1, 3, 5 g/L), pH (2, 4, 6) and initial 520 
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copper concentration (30, 60, 90 mg/L), at three coded levels (−1, 0, +1) (Table 1). 521 

The following equation is a second-order polynomial equation concerning the 522 

independent factors and the dependent response. 523 

Y = βₒ + ∑ βiXi + ∑ βiiXi
2 + ∑ βijXiXj+ ε               (1) 524 

Where Y: is the expected response, β0: is the intercept term, βi, βii and βij: are the 525 

linear, quadratic, and interaction impacts, respectively, Xi and Xj: are the independent 526 

variables, and ε: is the error. 527 

Statistical analysis of the data 528 

It has been stated that three-dimensional response surface plots may be used to 529 

analyze the principal and interaction impacts of two parameters while keeping all 530 

other variables constant. The regression model was used to produce the 3D response 531 

surface plots for the copper removal percentage, by keeping one factor at the center 532 

level. The experimental design and statistical analysis were done in Design Expert 533 

version 7. Multiple regression analysis and ANOVA were used to assess the 534 

experimental data, and the significance was determined at probability levels using the 535 

F test (p ≤ 0.05). 536 

Biosorption experiments 537 

The tests were carried out in 250 mL conical flasks with 100 mL of copper solution, 538 

which were agitated at 170 rpm in a shaker. All of the tests were achieved at a 539 

temperature of 25 °C and a contact period of 90 minutes. Deionized water was used to 540 

prepare the solutions, and the pH was adjusted using 0.1 M HCl or 0.1 M NaOH. 541 

Each experiment was repeated three times, with the average results provided. The 542 

biosorbent was removed from the solutions at the end of the biosorption procedure by 543 

centrifugation for 5 minutes at 4000 rpm. 544 
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The concentration of copper in the filtrate was determined by Inductively Coupled 545 

Plasma-Optical Emission Spectrometer (ICP-OES) model Perkin Elmer Optima 2000 546 

DV. The following equation is used to calculate the biosorption of copper ions onto R. 547 

damascena leaf biomass (qe; mg/g). 548 

𝑞𝑒 = 𝑉 (𝐶𝑖−𝐶𝑒𝑞) 𝑊                    (2) 549 

Where Ci and Ceq (mg/L): the copper ion concentrations before and after the 550 

equilibrium contact time, V (mL): the volume of copper solution, and W (g): the 551 

weight of R. damascena leaf powder. 552 

The removal percentage of Cu2+ ions by R. damascena leaves was calculated by the 553 

following Eq. (3): 554 

Removal (%) = (𝐶𝑖−𝐶𝑒𝑞)𝐶𝑖  × 100         (3) 555 

The optimized conditions obtained from BBD were used to determine the kinetic 556 

biosorption models at various time periods (0- 150 min), as well as to estimate 557 

isothermal models at varied initial Cu2+ concentrations (30, 60, 90, 120 and 150 558 

mg/L) and contact time of 90 minutes at 25 ˚C. Thermodynamic investigations of 559 

Cu2+ ion biosorption were also examined, with the biosorption process being tested 560 

under optimal conditions at different temperatures (25, 35, and 45 ˚C). 561 

Characterization of R. damascena leaves 562 

A scanning electron microscope (SEM– JEOL JSM-6510 L.V operated at 30 KV) 563 

with energy–dispersive X–ray spectroscopy (EDX, JEOL JEM-2100 (HRTEM) 564 

operated at a voltage of 200 KV) was used to examine the surface morphology of the 565 

R. damascena leaves. The functional groups on the R. damascena leaf surface were 566 

determined using Fourier transform infrared radiation (FTIR, Thermo Fisher 567 

Scientific model FT-IR is 10, USA) before and after biosorption process. 568 

Biosorbent immobilization 569 
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Rosa damascena leaf was immobilized for 30 minutes at 60 °C with continual stirring 570 

by dissolving 4 g of Na-alginate in 100 mL distilled water66. In a Na-alginate solution, 571 

4 g/L of R. damascena leaf powder was added. This mixture was then put into a 2 % 572 

CaCl2 solution using a 3 mL syringe for formation of beads. For full gelation, the 573 

spherical beads (3 mm) were maintained for 2 hours in a 2 % calcium chloride 574 

solution. The beads were then rinsed in distilled water to eliminate any excess CaCl2 575 

and kept in the refrigerator until they were needed again. The biosorption experiment 576 

was performed as previously described utilizing immobilized R. damascena leaves 577 

and non-immobilized biosorbent as a control under optimum conditions obtained by 578 

BBD at a temperature of 25 °C and various time intervals (0- 150 min). 579 

All methods were performed in accordance with relevant guidelines and regulations. 580 
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Figure captions: 799 

Fig. 1. 3-D response surface plots for Cu2+ removal percentage showing the 800 

interaction influences of (a) biosorbent dosage and pH, (b) biosorbent dosage and 801 

initial copper concentration, and (c) pH and initial copper concentration. 802 

Fig. 2. (a) Influence of contact time, (b) Pseudo-first order plot, (c) Pseudo- 803 

second order plot, (d) Elovich plot, and (e) Intra-particle diffusion plot for the 804 

biosorption of Cu2+ ions onto R. damascena leaf. 805 

Fig. 3. Biosorption isotherms of copper ions onto R. damascena leaf including (a) 806 

Langmuir, (b) Freundlich, (c) Temkin, and (d) Dubinin–Radushkevich models. 807 

Fig. 4. Plot of 1/T against lnK for copper ions biosorption onto R. damascena. 808 

Fig. 5. SEM images of R. damascena leaf (a) before, and (b) after Cd2+ 809 

biosorption. 810 

Fig. 6. EDX images of R. damascena leaf (a) before, and (b) after Cd2+ 811 

biosorption. 812 

Fig. 7. FTIR spectra of R. damascena leaf (a) before, and (b) after Cd2+ 813 

biosorption. 814 
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Fig. 8. Copper ions removal by Ca-alginate immobilized R. damascena. 815 



Figures

Figure 1

3-D response surface plots for Cu2+ removal percentage showing the interaction in�uences of (a)
biosorbent dosage and pH, (b) biosorbent dosage and initial copper concentration, and (c) pH and initial
copper concentration.



Figure 2

(a) In�uence of contact time, (b) Pseudo-�rst order plot, (c) Pseudo-second order plot, (d) Elovich plot, and
(e) Intra-particle diffusion plot for the biosorption of Cu2+ ions onto R. damascena leaf.



Figure 3

Biosorption isotherms of copper ions onto R. damascena leaf including (a) Langmuir, (b) Freundlich, (c)
Temkin, and (d) Dubinin–Radushkevich models.



Figure 4

Plot of 1/T against lnK for copper ions biosorption onto R. damascena.



Figure 5

SEM images of R. damascena leaf (a) before, and (b) after Cd2+ biosorption.



Figure 6

EDX images of R. damascena leaf (a) before, and (b) after Cd2+ biosorption.



Figure 7

FTIR spectra of R. damascena leaf (a) before, and (b) after Cd2+ biosorption.



Figure 8

Copper ions removal by Ca-alginate immobilized R. damascena.


