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Adsorption of Pb (II) Ions on to Raw Diatomite from Kenya: Equilibrium, Kinetic and Thermodynamics


ABSTRACT
Lead (Pb) is one of the most toxic heavy metals commonly found in industrial effluents discharged into the environment, hence its removal from waste water is essential. In this study, raw diatomite mineral from Kenya was employed in the adsorptive removal of Pb (II) ions from aqueous solutions. The raw diatomite was purified by acid treatment using HNO3 and then it was characterized by X-ray Fluorescence (XRF) and Fourier Transform Infrared Spectroscopy (FT-IR) techniques. XRF data showed that the diatomite was composed mainly of silica. Effect of pH, initial metal ion concentration, contact time, adsorbent dose and temperature on the removal efficiency of Pb (II) ions from aqueous solutions by the raw diatomite was evaluated. The removal efficiency of Pb (II) ions was found to increase with increase in adsorbent dose, contact time and pH but decreased with increasing temperature and initial metal ion concentration. Optimum removal conditions obtained were: pH of 4, 10mg/L initial metal ion concentration, contact time 60 minutes, adsorbent dose of 4g/L and temperature of 25±2°C. The equilibrium was observed to be well described by adsorption isotherms in the order Langmuir > Freundlich> Temkin isotherm model. The adsorption kinetics of Pb (II) ions was described better by pseudo-second -order kinetic model (R2=1), which ascertained that chemisorption was the rate limiting step in the sorption of Pb (II) ions onto raw diatomite. The thermodynamics of the adsorption process indicated that adsorption of Pb (II) ions onto raw diatomite was spontaneous and exothermic in nature. This study demonstrated that raw diatomite from Kenya is effective in heavy metal remediation even without chemical or thermal modifications, therefore, it acts as a promising adsorbent for heavy metal remediation. 
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1. INTRODUCTION
Heavy metals are toxic pollutants that pose a significant environmental and public health concerns in many parts of the world. In the quest of achieving national development goals, most countries have emphasized on urbanization and industrialization growth at the expense of the environment. Despite the economic benefits, this focus has led to increased pollution, habitat destruction, and a greater risk of environmental hazards (Zulfiqar et al., 2024). The rapid industrialization has led to the indiscriminate discharge of heavy metals and metalloids such as lead (Pb), cadmium (Cd), chromium (Cr), mercury (Hg), arsenic (As) and copper (Cu) into the environment. These heavy metals are toxic even at low concentrations hence their presence in the environment is a subject of great concern (Angon et al., 2024). Unlike organic pollutants, Heavy metals are non-biodegradable, therefore, tend to accumulate in the environment and in animals and plant tissues causing serious health concerns (Tomno et al., 2020).

[bookmark: _Hlk174799790]Lead (Pb) is among the most common heavy metals routinely discharged into the environment due to its prolific use in industrial processes such as manufacture of batteries, paints and coatings, solder, bullets and shot gun shells and electroplating (Arowojobe et al., 2020). Other sources of lead pollution include use of lead-containing pesticides and the discharge of lead containing sludge by wastewater treatment plants. Chronic exposure to lead can cause several unwanted health effects such as damage to the kidneys, cardiovascular system, central nervous system, increased blood pressure, anaemia, infertility in men through sperm damage, miscarriage and stillbirths in pregnant women, stunted growth and diminished learning abilities in children (Ungureanu and Mustatea, 2022). The international agency for research on cancer (IARC) and the US environmental protection agency (USEPA) have classified lead as a probable human carcinogen. Due to its toxicity, the WHO have set the maximum contaminant level (MCL) for lead in drinking water as 0.01mg/L. In Kenya, the national environment management authority (NEMA) has set 0.01mg/L as the maximum allowed limit for discharge of lead into the environment (NEMA, 2006).

Various conventional techniques have been employed in heavy metal remediation such as chemical precipitation, ion exchange and membrane filtration technologies. However, these techniques are complicated, too expensive and require high energy to operate (Abdulwasiu et al., 2022), therefore, they are unsuitable for wastewater remediation especially in developing countries. In addition, chemical precipitation technique produces heavy metal bearing sludge that requires further treatment before discharge into the environment. Although adsorption has proved to be efficient in heavy metal remediation, the high cost of adsorbents such as activated carbon limits its application. Therefore, there is a great need to come up with low-cost adsorbents that replace expensive commercial adsorbents in heavy metal remediation.  As a consequence, researchers have focused on the selection or production of low-cost adsorbents with high adsorption capacities for heavy metals. Industrial waste such as blast furnace slag (Abdelbasir and Khalek, 2022), agricultural waste (Naik et al., 2023) and natural minerals such as Clay minerals (Uddin, 2017) and zeolites (Azizi et al., 2021) have been employed as low-cost adsorbents for heavy metal removal. Among the low-cost adsorbents, natural minerals have gained a lot of interest due to their availability, mechanical and chemical stability, large surface area and cation exchange capabilities. 

Diatomite is a soft sedimentary rock of mineral biogenetic origin composed primarily of siliceous skeletal remains of diatoms. It mainly contains silica (SiO2.nH2O) with varying amounts of impurities such as clay, carbonate minerals, iron oxide and organic materials depending on the source (Akafu et al., 2019; Şenol, et al., 2020). Diatomite is of particular interest as an adsorbent due to its unique physiochemical properties such as large surface area, high porosity, high permeability, chemical inertness, fine particle size and low thermal conductivity (Akafu et al., 2019). Studies by Vassileva et al., (2013), Bilgin and Tulun, (2015), Salman et al. (2016) and El Sayed, (2018) have show that diatomite has good adsorption capabilities and is effective in heavy metal remediation. In aqueous solutions, the surface of diatomite has a negative charge due to the dissociation of the surface silanols (Si-OH) groups in the silica matrix, into Si-O‾ and H+ which makes diatomite to have a high affinity for heavy metal cations (Zhao et al., 2019). 

Despite Kenya having huge deposits of diatomite mineral in Nakuru and Baringo Counties, the mineral has not been employed extensively in heavy metal remediation in the country. In this study, the adsorption of Pb (II) ions onto raw diatomite from Kenya was investigated. Pb (II) chosen as the preferred heavy metal due to its widespread presence in Kenya’s aquatic environment and industrial effluents. The effect of various adsorption parameters namely: pH, Initial metal ion concentration, contact time, adsorbent dose and solution temperature were investigated. Adsorption isotherms, kinetics and thermodynamic studies were also investigated in order to describe the adsorption process. 

2. MATERIALS AND METHODS
2.1 Materials
The powdered raw diatomite sample was obtained from the African Diatomite Industries Limited (ADIL) in Kariandusi, Gilgil, Nakuru County, Kenya. Reagents used in the study were Lead (II) nitrate [Pb(NO3)2; 99%], nitric acid (HNO3; 70%), sodium hydroxide pellets (NaOH, 98%) and deionised water, which were purchased from Sigma-Aldrich. All the reagents were analytical grade and were used as received without further purification. 

2.2 Adsorbent Preparation
Adsorbent preparation employed the procedure followed by Zang et al. (2013) with modification. The raw diatomite powder was washed with deionised water five times to remove any adhered impurities, filtered and oven dried at 100ºC for 6 hours. After cooling, 15g of the diatomite sample was placed in a beaker containing 150ml 4M HNO3 acid. The mixture was then placed in an orbital shaker (BioBase SK-0180-Pro) and agitated at 240 rpm for 30 minutes to remove impurities such as calcite that may be present. The diatomite was then filtered through Whatman filter paper No. 40 and washed several times with deionised water until the pH of the rinsing water was 7. The sample was then oven dried at 100ºC for 6 hours.

2.3 Adsorbent Characterization 
The chemical composition of the raw diatomite was determined by X-ray fluorescence (XRF) spectroscopy (Empyrean PaNanalytical XRF spectrometer). The infrared spectra (IR) of the raw diatomite was recorded using Fourier transform infrared spectrometer (Shimadzu IRAffinity-1S FT-IR spectrophotometer) in the wave number range 400-4000cm-1 using the KBr pellet technique.

2.4 Batch Adsorption Studies
Batch experiments were carried out to examine the adsorption of Pb (II) ions onto raw diatomite. Experimental parameters namely: initial metal ion concentration (10-70) mg/L; pH (2 to 6), contact time (20-140) minutes; temperature (25 to 65) ºC and adsorbent dosage (0.4-10) g/ L were investigated by changing one parameter at a time while holding the other parameters constant. First, 50 mL Pb (II) ion solutions were prepared in 150 mL plastic bottles via dilution of Pb (II) ions stock solutions with deionised water. The pH of the solutions was monitored using a pH meter (Model HANNA HI 2211) and then it was adjusted by dropwise addition of 0.1 M HNO3 or 0.1 M NaOH solutions. Then, a predetermined amount of raw diatomite was added and the mixture was agitated using an orbital shaker (BioBase SK-0180-Pro) at 240 rpm for 60 minutes. After each run, samples were withdrawn and filtered through Whatman filter paper No. 40. The filtrates were then analyzed for metal ion concentration using Flame Atomic Absorption Spectrophotometer (FAAS) (Model PG 990).

Equations 1 and 2 were used to determine the percentage removal (removal efficiency) and the adsorption capacity, Qe (mg/g) respectively at equilibrium in order evaluate the performance of the raw diatomite as an adsorbent. 
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Where Co and Ce are the initial and equilibrium concentrations (mg/L) of metal ions in the test solution respectively. m is the mass of the adsorbent mass (g), and V is the volume of the test solution used in litres (L).

The adsorption data obtained was applied to Langmuir, Freundlich and Temkin isotherm models while the kinetic experimental data were fitted to pseudo-first-order and pseudo-second order kinetic models. Adsorption thermodynamics were determined by varying the solution temperature from 25 to 65 ºC. 

2.5 Adsorption Isotherms
Adsorption isotherms are crucial in describing the adsorption process. Adsorption isotherms relate the amount of adsorbate adsorbed per unit mass of adsorbent (Qe) to the concentration of adsorbate that remains in the bulk solution at equilibrium under constant temperature (Mishra et al., 2017). In this study Langmuir, Freundlich and Temkin isotherm models were applied to describe the adsorption of Pb (II) ions onto raw diatomite.

2.5.1 Langmuir Isotherm
Langmuir isotherm model assumes a monolayer adsorption that is homogeneous exists at all the adsorption sites and there is no interaction between the neighbouring adsorbate molecules (Mustapha et al., 2019). Once a site is filled, no further sorption can take place at that site, hence, the adsorbent surface reaches a saturation point where the maximum adsorption by the surface is achieved (Ajenifuja et al., 2017). Equation 3 represents the linear form of Langmuir isotherm.
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[bookmark: _Hlk11592808]Where  refers to the equilibrium concentration of adsorbate (in mg/l),  refers to the amount of metal adsorbed per gram of the adsorbent at equilibrium (in mg/g),  is the maximum monolayer coverage capacity (in mg/g),  is the Langmuir isotherm constant related to the heat of adsorption (in L/mg). The Langmuir parameters  and  were calculated from the slope and interception of the plot of  against . The affinity between the adsorbent and the adsorbate was determined by the use of a dimensionless separation factor, RL whose value indicates the nature of the adsorption process. Equation 4 represents the separation factor, RL.
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Where  is the initial concentration (in mg/L) and   is the Langmuir isotherm constant (in L/mg). The magnitude of the factor indicates whether the adsorption process is unfavourable (RL> 1), linear (RL = 1), favourable (0 < RL< 1), or irreversible (RL = 0) (Etong et al., 2025). 

2.5.2 Freundlich isotherm
The Freundlich isotherm accounts for intermolecular interactions between the adsorbate molecules and postulates that adsorbate adsorption takes place on heterogeneous surface through multiyear adsorption. Additionally, it assumes that adsorption takes place in decreasing order of energy, with the stronger binding sites being occupied first and the binding strength decreases as the degree of site occupation increases (Ayawei et al., 2017; Akafu et al., 2019). Equation 5 represents the linearized form of Freundlich isotherm model.
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Where Qe refers to the amount of metal adsorbed per gram of the adsorbent at equilibrium (in mg/g), Kf refers to the Freundlich constant related to the adsorption capacity, n refers to the Freundlich constant related to the adsorption intensity, Ce refers to the equilibrium concentration of adsorbate (in mg/l). The values of n and Kf were calculated from the slope and intercept respectively of the plot log Qe against log Ce. The n value indicates the degree of non-linearity between solution concentration and adsorption as follows: If n = 1, then adsorption is linear; if n > 1, then adsorption is a physical process: if n < 1, then adsorption is a chemical process (Akinyeye et al., 2016; Mishra et al., 2017). 

2.5.3 Temkin Isotherm
The Temkin isotherm accounts for the indirect interaction between the molecules of the adsorbate and implies that adsorption is characterized by a uniform distribution of the binding energies up to a maximum binding energy and that the heat of adsorption of all molecules in the layer decreases linearly with the increase of adsorbent coverage at average concentrations. The isotherm model ignores the extremely low and large concentrations values of the adsorbate (Brazesh et al., 2021). The Linearized form of Temkin isotherm equation is illustrated by equation 6.
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If , then equation 6 becomes:
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[bookmark: _Hlk56333754][bookmark: _Hlk174483618]Where Qe is the adsorption capacity ((mg/g), Ce is the equilibrium concentration of adsorbate (mg/L), At refers to Temkin isotherm binding constant (L/g), bt is the Temkin isotherm constant, B is a parameter related to the heat of adsorption (J/mol); R is the universal gas constant (8.314 J/molK), and T is temperature at 298K (25 ºC). The values for constants At and bt were determined from the intercept and slope, respectively, of the plot of Qe against . If B<8kJ/mol, the adsorption process is a physical adsorption; B>8kJ/mol shows that adsorption is chemical adsorption (Nandiyanto et al., 2022; Ragadhita and Nandiyanto, 2022; Saeed-Ul-Hassan et al., 2024).


2.6 Adsorption Kinetics
Adsorption kinetics are significant in wastewater treatment since they provide valuable insight on the adsorption rate, the adsorption mechanism and also reactions on the adsorbent surface during the adsorption process (Krstić, 2021). The most common kinetic models used to investigate the kinetics of the adsorption process are Lagergren’s pseudo-first-order model and Ho’s pseudo-second-order kinetic models.

[bookmark: _Toc170927822]2.6.1 Pseudo-First-Order Model
Pseudo-first-order model is based on the assumption that the rate of adsorption is proportional to the number of available sites (Adewale et al., 2024). This model assumes that physisorption is the rate limiting step in the adsorption of particles onto the adsorbent (Liu et al., 2019; Ndung’u, 2021). The pseudo-first-order equation is expressed by equation 8.
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The linearized form of pseudo-first-order model is represented by equation 9.
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Where  and are the adsorption capacities at equilibrium time and at time  (mg/g) respectively,  is the pseudo-first-order rate constant (min -1) and  is the time (min). The values of  and  were determined from the slope and intercept of the linear plot of  verses . 

2.6.2 Pseudo-Second-Order Model
Pseudo-second-order model is based on the assumption that the rate -limiting mechanism is chemisorption process (Liu et al., 2019). This kinetic model considers that the rate of occupation of the adsorption sites is proportional to the square of the number of unoccupied sites. Pseudo-second-order is expressed by equation 10.
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The linear form of the model is represented by equation 11.

	
	(11)



Where  and are the adsorption capacities at equilibrium time and at time  (mg/g) respectively,  is the pseudo-second-order rate constant (g/mg.min) and  is the time (min). The plot of  verses  should gave a straight line and the values of the values of  and  were determined from the intercept and slope respectively. 

2.7 Thermodynamic Study
Thermodynamic parameters namely: change in Gibbs free energy (ΔG°), enthalpy change (ΔH°) and entropy change (ΔS°) provide insights into the nature of interactions between the adsorbate and adsorbent, and helps in understanding the feasibility and spontaneity of the adsorption process (Adewale et al., 2024). These parameters were determined using equations 12 – 15.
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Where is the equilibrium constant,  is the adsorbent phase concentration at equilibrium (mg/L), Ce is the equilibrium concentration in the bulk solution (mg/L), R is the universal gas constant (8.314 J/mol/K), T is the absolute solution temperature (K). The magnitude of ΔH° (kJ/mol) and ΔS° (J/mol.K) were determined from the slope and intercept of the Van ’t Hoff plots of  against 1/T respectively. The values of ΔG° (kJ/mol) were determined using equation 12. 

The ΔG° values indicate the favourability and spontaneity of the adsorption process. A negative ΔG° value indicates that the adsorption process is feasible and spontaneous at a known temperature. The ΔH° indicates whether adsorption process is exothermic or endothermic in nature. Positive ΔH° values suggest an endothermic adsorption process while a negative ΔH° value correspond to exothermic process (Raji et al., 2023). ΔS° shows disorderliness (randomness) of an adsorbent surface during adsorbent-adsorbate interactions. Positive ΔS° illustrates an increase in the randomness of the adsorption process at the solid-liquid interface while a negative ΔS° indicates decreased randomness (increased order) at the solid-liquid interface (Ndung’u, 2021; Tunceli et al., 2022). 

3. RESULTS AND DISCUSSION
3.1 Characterization of the adsorbent
FT-IR spectral analysis was carried out in order to identify the functional groups present in the raw diatomite that might be involved in the adsorption process. The FT-IR spectrum of raw diatomite is presented in Figure 1. The peaks observed at 3463.34cm-1 and 1650cm-1 correspond to stretching and bending vibration modes of -OH groups from physically adsorbed water in the diatomite matrix (Du et al., 2015; Chaudhry et al., 2016). The presence of silica was verified by peaks at 1088.86cm-1 and 476.44cm-1 which were attributed to siloxane (Si-O-Si) asymmetric stretching and bending vibration modes respectively. In addition, the absorption bands at 618.21cm-1 and 719.81cm-1 correspond to stretching vibrational modes of Al-O-Si bond in diatomite (Akafu et al., 2019). The weak peaks at 2926.14cm-1 and 2859.59cm-1 were ascribed to asymmetric and symmetric stretching of the alkyl (C–H) group respectively while the peak at 2013.77cm-1 was ascribed to stretching of the C≡C group. These peaks were as a result of the presence of organic matter impurities in the raw diatomite (Zhang et al., 2019).
[image: ]
Figure 1: Shows the FT-IR spectrum of raw diatomite.

The chemical composition of the raw diatomite was obtained by X-ray Fluorescence Spectrometer. The XRF analysis indicated that raw diatomite from Kenya was mainly composed of silica (SiO2), 90.73%; alumina (Al2O3), 4.51%; iron oxide (Fe2O3), 1.53%; magnesium oxide (MgO), 1.33%; calcium oxide (CaO), 0.80%; potassium oxide, (K2O), 0.69%, among other traces such as titanium (Ti), 0.14%, chlorine (Cl), 0.057% and manganese (Mn), 0.039%. The XRF studies proved that diatomite is mainly composed of silica and the results are in agreement with studies by Kipsanai (2017) and Flores-Cano et al. (2013) on diatomite from Kenya and Jalisco in Mexico respectively. 

3.2 Effect of Initial Metal Ion Concentration
The effect of initial metal ion concentration on the removal efficiency of Pb (II) ions was investigated by varying the concentrations from 10mg/L to 70mg/L, while Other holding the other parameters constant (pH of 4, temperature of 25±2 oC, contact time of 60 minutes, adsorbent dose of 2g/L and shaking speed at 240rpm). Figure 2 shows the effect of initial metal ion concentration on the removal efficiency of Pb (II) ions by raw diatomite. 
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Figure 2: Shows the effect of initial Pb (II) ions concentration on the removal efficiency (a) and adsorption capacity (b) of raw diatomite (Contact time 60 minutes, pH of 4, adsorbent dosage 2g/L, temperature 25±2 oC, and shaking speed 240rpm).

From Figure 2, it is evident that the percentage removal of Pb (II) ions decreased with increase in initial concentration of Pb (II) ions. The removal efficiency decreased from 99.21% to 97.89% when the initial Pb (II) ion concentration was increased from 10mg/L to 70mg/L. This was due to saturation of the active sorption sites on the raw diatomite surface at higher initial concentrations. Since the adsorbent dosage used was fixed at 2g/L, it had a fixed number of active sites. Hence, at higher initial concentrations, most of the active binding sites on the adsorbent were saturated due to the presence of more Pb (II) ions compared to the available sorption sites leading lower removal efficiency. At low initial concentrations of Pb (II) ions, sufficient number of adsorption sites exists on the raw diatomite surface, therefore, more Pb (II) ions interact with the adsorbent leading to higher removal efficiency. Similar observations were observed by Sun et al. (2019) on the adsorption of lead using raw diatomite. However, the adsorption capacity of the raw diatomite for Pb (II) ions increased form 4.961mg/g to 34.264mg/g when the initial concentration was increased from 10mg/L to 70mg/L. This was attributed to the increased rate of mass transfer due to the increased diffusivity of the driving force (Gebretsadik et al., 2020).

3.3 Effect of pH
The pH value of a solution greatly influences the chemical speciation of metal ions in the sorbate and also the ionization of functional groups on the adsorbent surface (Abbar et al., 2017). The effect of pH on the adsorption of Pb (II) ions on to raw diatomite was studied by varying the pH from 2 to 6 while holding the other parameters constant. Figure 3 shows effect of pH on the removal efficiency of Pb (II) ions by the raw diatomite. It was observed that the removal efficiency increased from 77.22% to 99.21% when the solution pH was raised from 2 to 4. Further increase in pH from 4 to 6 led to a slight decrease in Pb (II) ions removal from 99.21% to 98.93%. The maximum removal efficiency was obtained at optimal pH of 4. The low removal efficiency at lower pH values was attributed to saturation of active binding sites with hydrogen ions and also due to the competition for the active binding sites between hydrogen ions and Pb (II) ions at low pH values leading to low adsorption of Pb (II)ions. In addition, the hydroxyl groups (-OH) on the diatomite surface protonate at low pH values making the diatomite surface be charge positively, therefore the positively charged surface repels the Pb (II) cations resulting in the low removal efficiency at low pH values. At higher pH values, the hydroxyl groups lose a proton making the diatomite surface to be negatively (Bilgin and Tulun, 2015, El Sayed,2018).













Figure 3: Shows the effect of pH on the removal efficiency of Pb (II) ions by raw diatomite (Contact time 60 minutes, initial Pb (II) ions concentration 10mg/L, adsorbent dosage 2g/L, temperature 25±2 oC, and shaking speed 240rpm). 

3.4 Effect of Contact Time
The effect of contact time on the adsorption of Pb (II) ions onto diatomite was studied by varying the contact time from 20min to 140min at optimal initial concentrations (10mg/L) and pH (pH of 4). The adsorbent dosage, temperature and shaking speed were held constant at 2g/L, 25±2 oC and 240rpm respectively. Figure 4 shows the effect of contact time on the removal efficiency of Pb (II) ions.














Figure 4: Shows the effect of contact time on the percentage removal of Pb (II) ions by diatomite (pH of 4, initial Pb (II) ions concentration 10mg/L, adsorbent dosage 2g/L, temperature 25±2 oC, and shaking speed 240rpm).

It was observed that the Pb (II) ions removal was rapid for the first 40 minutes, then it gradually increased and equilibrium was finally reached after 60 minutes. Further increase in contact time led to no significant change in the percentage removal of Pb (II) ions. The rapid percentage removal at the beginning was due to the high number of active binding sites on the adsorbent surface. As adsorption progressed with time, these sites reduced in number leading to slow uptake of metal ions. At equilibrium, the maximum percentage removal of Pb (II) was 99.21%. El Sayed (2018) observed similar patterns for the removal of Pb (II) ions by raw diatomite from Egypt.

3.5 Effect of Temperature
The effect of temperature on the percentage removal of Pb (II) ions was investigated by varying the solution temperature from 25±2 oC to 65±2 oC while keeping the other optimal parameters constant. Figure 5 shows variations of percentage removal of Pb (II) ions with increasing temperature. From the figure, it is clear that the percentage removal of Pb (II) ions decreased slightly from 99.21% to 98.76% when the temperature was increased from 25±2 oC to 65±2 oC. The decrease in percentage removal of Pb (II) ions with increasing temperature may be due to weakening of the adsorptive forces between the Pb (II) ions and the actives sites on adsorbent surface (Thanthri et al., 2021). Hence, at higher temperatures, the rate of desorption was more significant than the rate of adsorption implying that the adsorption process was exothermic in nature (Francis, 2015). Similar trend was reported by Thanthri et al. (2021) in the adsorption of Cu2+ ions by Bael flowers. Studies by Liu et al. (2013) showed contrary behaviour in the adsorption of Pb (II) ions onto modified diatomite.  














Figure 5: Shows the effect of temperature on the percentage removal of Pb (II) ions by diatomite (pH of 4, initial Pb (II) ions concentration 10mg/L, contact time 60 minutes, adsorbent dosage 2g/L, and shaking speed 240rpm).

3.6 Effect of Adsorbent Dose
The effect of adsorbent dosage on the percentage removal of Pb (II) ions was investigated by varying the adsorbent dosage from 0.4g/L to 10g/L at optimal conditions (Initial concentration 10mg/L; pH of 4; contact time of 60 minutes; temperature 25±2 oC). Figure 6 shows the percentage removal of Pb (II) ions as a function of adsorbent dosage. 














Figure 6: Shows the effect of adsorbent dose on the percentage removal of Pb (II) ions by diatomite (pH of 4, initial Pb (II) ions concentration 10mg/L, contact time 60 minutes, temperature 25±2 oC, and shaking speed 240rpm).

It was observed that percentage removal of Pb (II) ions increased from 95.45% to 100% when the adsorbent dosage was increase from 0.4g/L to 4g/L. This was attributed to the increase in adsorbent surface area at higher adsorbent dosage, thereby, resulting in the availability of more binding sites for adsorption of metal ions. In addition, high adsorbent dosage led to increased probability of collision between adsorbent particles and metal ions in the solution (Dargahi et al., 2016). Similar trends were observed by Salman et al. (2016) in the removal of Pb (II) ions using diatomite from Turkey. 

3.7 Adsorption isotherms
The adsorption data was applied to Langmuir, Freundlich and Temkin isotherm models in order to determine the nature of interaction between the Pb (II) ions and the adsorbent, as well as the maximum adsorption capacity. The fitting the adsorption data to these models also provides useful information on favourability of the adsorption process and adsorbate affinity for a particular adsorbent. Figures 7 represents the the Langmuir, Freundlich and Temkin isotherms isotherm for Pb (II) ions adsorption using raw diatomite. The isotherm parameters obtained are shown in table 1. The equilibrium data for the adsorption of Pb (II) ions onto raw diatomite was found to correlate well with all the isotherms but Langmuir isotherm model (R2=0.9906) agreed slightly better compared to the Freundlich (R2= 0.9846) and Temkin (R2= 0.9703) isotherm models. This indicates monolayer adsorption onto the raw diatomite surface containing a finite number of adsorption sites.  

[bookmark: _Toc170923713]TABLE 1: Shows the Langmuir, Freundlich and Temkin isotherm parameters for the adsorption of Pb (II) ions onto raw diatomite.
	Langmuir
	
	Freundlich
	
	Temkin

	Qmax (mg/)
	KL (L/m)
	RL
	R2
	
	Kf  (L/mg)
	n
	R2
	
	B (J/mol)
	At (L/g)
	bt
	R2

	52.63
	1.28
	0.0727
	0.9906
	
	29.99
	1.49
	0.9846
	
	10.32
	1.43
	240.10
	0.9703



The maximum adsorption capacity for the adsorption of Pb (II) onto raw diatomite was 52.632mg/g. From the Langmuir isotherm, the separation factor value RL= 0.07272 is between 0 and 1 indicating that adsorption of Pb (II) ions onto raw diatomite is favourable. In the Freundlich isotherm model, the Freundlich constant n related to adsorption capacity has a value n=1.49. Since n>1, it indicates that the adsorption of Pb (II) ions onto raw diatomite was a physical process. In the Temkin isotherm, the parameters At and B which are equilibrium binding constant (corresponding to maximum binding energy) and parameter related to heat of adsorption were found to be 1.43 L/g and 10.32 J/mol, respectively. The positive B value (B>0) indicates the adsorption was exothermic (Batool et al., 2018; Edet and Ifelebuegu, 2020), which is in agreement with the thermodynamic study. In addition, the B value was less than 8kJ/mol (B<8kJ/mol) signifying that the adsorption of Pb (II) ions onto raw diatomite was a physical process (Nandiyanto et al., 2022; Ragadhita and Nandiyanto, 2022; Saeed-Ul-Hassan et al., 2024).
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Figure 7: Shows Langmuir isotherm (a), Freundlich isotherm (b) and Temkin isotherm (c) for Pb (II) ions adsorption onto raw diatomite. 

3.8 Adsorption Kinetics
Adsorption kinetics describes the relationship between adsorption time and the rate of solute uptake. In this study, the adsorption kinetics of Pb (II) ions onto raw diatomite were studied for the range of contact time 0 to 140 minutes at optimal pH, initial Pb (II) ion concentration and temperature. The kinetic data obtained was applied to Lagergren’s pseudo-first-order and Ho’s pseudo-second-order kinetic models in order to describe the adsorption process. Figure 8 shows the pseudo-first-order and pseudo-second-order plots for adsorption of Pb (II) ions onto raw diatomite. The experimental and model predicted parameters obtained are tabulated in table 2. From the data, it was observed that pseudo-second order model fit well to the kinetic data with R2 =1 to describe the kinetics of adsorption of Pb (II) onto both raw diatomite compared to pseudo-first order (R2 =0.9513). This indicated that chemisorption was the rate limiting step in the sorption of Pb (II) ions onto raw diatomite. In addition, the equilibrium adsorption capacity predicted by pseudo-second order model (qe= 3.6277mg/g) was consistent with the experimental adsorption capacities (qe= 4.9605mg/g). The equilibrium adsorption capacity predicted by pseudo-first-order model (qe= 3.6277mg/g) was way different than the experimental adsorption capacity. This confirmed that pseudo-second order model was the better model to describe the adsorption of Pb (II) ions onto raw diatomite. 

TABLE 2: Shows the parameters of pseudo-first order and pseudo-second order kinetic models for adsorption of Pb (II) ions
	Experimental
	
	Pseudo-first-order
	
	Pseudo-second-order

	qe (mg/g)
	
	qe (mg/g)
	k1
(min-1)
	R2
	
	qe 
(mg/g)
	k2
(g/mg.min)
	R2

	4.9605
	
	3.6277
	0.1241
	0.9513
	
	4.99
	0.2944
	1


Where, k1 is the pseudo-first-order rate constant (min-1) of adsorption, qe is the adsorption capacity at equilibrium (mg/g), k2 is the rate constant of pseudo-second-order adsorption (g/mg min).























Figure 8: Shows pseudo-first-order (a) and pseudo-second-order (b) plots for the adsorption of Pb (II) ions onto raw diatomite

3.9 Adsorption Thermodynamics
Thermodynamic studies were conducted to evaluate the effect of temperature on the adsorption of Pb (II) ions onto raw diatomite. During the study, temperatures was varied (298, 308,318,328 and 338K) while keeping the other optimal parameters constant. Thermodynamic parameters namely: change in Gibbs free energy (ΔG°), enthalpy change (ΔH°) and entropy change (ΔS°) were determined in order to establish the nature of the adsorption process. The magnitude of ΔH° (kJ/mol) and ΔS° (Jmol-1K-1) were determined from the slope and intercept, respectively of the Van’t Hoff plot of  against 1/T as shown in figure 9. The calculated thermodynamic parameters are shown in table 3. The Gibbs free energy (ΔG°) values obtained were all negative indicating that the adsorption processes of Pb (II) ions onto raw diatomite was feasible and spontaneous. Increase in temperature form 298K to 328K results in ΔG° values becoming more negative from -11.974 to -12.309 kJ/mol respectively, suggesting that the adsorption process became more spontaneous with increase in temperature form 298K to 328K. However, further increase in temperature from 328K to 338K led to ΔG° values becoming less negative suggesting that the adsorption of Pb (II) ions became less spontaneous at very higher temperatures. This may be due to deterioration of the raw diatomite structure at higher temperatures (above 328K) resulting in loss of adsorptive surfaces (Abunah, et al., 2019), leading to reduction in the removal efficiency of Pb (II) ions at higher temperatures.

The enthalpy change (ΔH°) value was negative, ΔH°= -8.407 kJ/mol indicating that the adsorption of Pb (II) ions onto raw diatomite was exothermic, hence increase in temperature led to decrease in the adsorption and removal efficiency. The entropy change (ΔS°) value for adsorption of Pb (II) ions onto raw diatomite was positive (ΔS°= 11.951 J/mol/K) corresponding to increase in randomness (decreased order) at the solid-solution interphase. 

[bookmark: _Toc170923716]TABLE 3: Shows thermodynamic parameters for the adsorption of Pb (II) ions onto raw diatomite.
	ΔG° (kJ/mol)
	ΔH° (kJ/mol)
	ΔS° (J/mol/K)

	298K
	308K
	318K
	328K
	338K
	
	

	-11.974
	-12.024
	-12.204
	-12.526
	-12.309
	-8.407
	11.951


















Figure 9: Shows Van’t Hoff plot for adsorption of Pb (II) onto raw diatomite

4. CONCLUSION
In this work, raw diatomite from Kariandusi, Gilgil, Nakuru county, Kenya was used in the removal of Pb (II) ions from aqueous solutions. The adsorption of Pb (II) ions on to raw diatomite was greatly influenced by pH, initial Pb (II) ions concentration, contact time, adsorbent dosage and the solution temperature. Maximum percentage removal of 100% was observed at pH 4, 10mg/L initial Pb (II) ions concentration, contact time 60 minutes, adsorbent dose 4g/L and temperature 25±2 oC. The adsorption isotherm of Pb (II) ions was well described by Langmuir isotherm model. The kinetic data was well described by pseudo-second-order kinetic model (R2 =1). The thermodynamic parameters showed that the adsorption of Pb (II) ions onto raw diatomite was spontaneous and exothermic process. This study clearly shows that raw diatomite from Kenya is effective in heavy metal removal. 
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		1		10		0.6799		4.66005		93.201		0.6799		0.1458997221		-0.1675549588		0.6683905765		-0.3858095504		4.66005

		2		20		1.6987		9.15065		91.5065		1.6987		0.1856370859		0.2301166868		0.9614519445		0.5298632526		9.15065

		3		30		3.237		13.3815		89.21		3.237		0.2419011322		0.5101426994		1.1265047984		1.1746469749		13.3815

		4		40		6.4381		16.78095		83.90475		6.4381		0.3836552758		0.8087577181		1.2248165434		1.8622334655		16.78095

		5		50		9.6017		20.19915		80.7966		9.6017		0.4753516856		0.9823481325		1.3053330943		2.2619401661		20.19915

		6		60		12.9683		23.51585		78.3861666667		12.9683		0.5514706039		1.1128830486		1.3713606813		2.562507918		23.51585

		7		70		18.6846		25.6577		73.3077142857		18.6846		0.7282258347		1.2714838049		1.4092177229		2.9276996552		25.6577

		langmuir isotherm application														Ce/Qe=1/KLQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL		RL max		RL min		R²		Plot Ce/Qe vs Ce

		0.1422		0.0322		31.0559006211		0.2264416315		0.3063334769		0.0593439613		0.9907		slope=1/Qmax						slope=1/Qmax

																intercept=1/KLQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.811		0.5034		0.5034		6.4714261575		0.9762		1.9864918554				slope=1/n				intercept=logKf

		Temkin isotherm application														Qe=RT/btInAt + RT/btInCe

		Intercept		Slope		B		At		R²		bt				plot Qe vs InCe				intercept=RT/bt InAt				slope=RT/bt

		6.2075		6.3928		6.3928		2.6406213942		0.987		387.5566262045				Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Effect of initial concentration on Cadmium Using Raw diatomite and Mn D2

		Raw Diatomite																														% removal Cd

		Initial Concentration		Co		Ce		% removal		Qe		ce		Ce/Qe		logCe		logQe		InCe		Qe								Initial concentration  Co		Raw Diatomite		MnO₂-diatomite composite

				10		0.9184		90.816		4.5408		0.9184		0.2022551092		-0.0369681249		0.6571323738		-0.0851222534		4.5408								10		90.816		83.453

				20		2.8788		85.606		8.5606		2.8788		0.3362848398		0.459211494		0.9325042048		1.0573735407		8.5606								20		85.606		65.66

				30		5.5209		81.597		12.23955		5.5209		0.451070505		0.7420098808		1.0877654508		1.7085408905		12.23955								30		81.597		59.9466666667

				40		8.6956		78.261		15.6522		8.6956		0.5555512963		0.9392995539		1.1945753886		2.1628171506		15.6522								40		78.261		54.41

				50		12.394		75.212		18.803		12.394		0.6591501356		1.0932114918		1.274227146		2.5172124845		18.803								50		75.212		42.39

				60		21.0096		64.984		19.4952		21.0096		1.0776806599		1.322417784		1.2899276949		3.0449794761		19.4952								60		64.984		36.7333333333

				70		29.8522		57.354		20.0739		29.8522		1.4871151097		1.4749763426		1.3026317563		3.396258539		20.0739								70		57.354		35.3785714286

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax																Loading capacity (mg/g)

		intercept		slope		Qmax (mg/g)		KL(b)		RL max		RLmin		R²		Plot 1/Qe vs 1/Ce      or            Ce/Qe vs Ce														Initial concentration  Co		Pb (Raw Diatomite)		Pb (MnO₂-diatomite composite)		Cd (Raw Diatomite)		Cd (MnO₂-diatomite composite)

		0.1817		0.043		23.2558139535		0.236653825		0.2970410332		0.0569289094		0.9952		slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)										10		4.9605		4.66005		4.5408		4.17265

																intercept=1/Qmax		intercept=1/KlQmax												20		9.90694		9.15065		8.5606		6.566

																														30		14.853285		13.3815		12.23955		8.992

		Freudlich isotherm application														logQe=logKf+1/nlogCe														40		19.739166		16.78095		15.6522		10.882

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe														50		24.64555		20.19915		18.803		10.5975

		0.7243		0.4453		0.4453		5.3002944884		0.9499		2.2456770716				slope=1/n		intercept=logKf												60		29.53599		23.51585		19.4952		11.02

																														70		34.26395		25.6577		20.0739		12.3825

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		4.5363		4.8986		4.8986		2.5244926026		0.9665		505.7714449026				plot Qe vs InCe      intercept=RT/bt InAt				slope=RT/bt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Mn-D2

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		1.6547		83.453		4.17265		1.6547		0.3965585419		0.2187192669		0.6204119578		0.5036197235		4.17265

				20		6.868		65.66		6.566		6.868		1.0459945172		0.8368302865		0.8173008784		1.926872943		6.566

				30		12.016		59.9466666667		8.992		12.016		1.3362989324		1.0797599197		0.9538562982		2.486239095		8.992

				40		18.236		54.41		10.882		18.236		1.6757948906		1.2609295835		1.0367087216		2.9033976624		10.882

				50		28.805		42.39		10.5975		28.805		2.7180938901		1.4594678796		1.0252034252		3.3605489832		10.5975

				60		37.96		36.7333333333		11.02		37.96		3.444646098		1.5793262038		1.0421815945		3.6365329737		11.02

				70		45.235		35.3785714286		12.3825		45.235		3.6531395114		1.6554745947		1.0928083367		3.8118711235		12.3825

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL		RL max		RLmin		R²		Plot 1/Qe vs 1/Ce      or                        Ce/Qe vs Ce										used

		0.4006		0.076		13.1578947368		0.1897154269		0.3451662933		0.0700276195		0.9871		slope=1/KlQmax				slope=1/Qmax		RL=1/(1+CoKl)

																intercept=1/Qmax				intercept=1/KlQmax

		Freudlich isotherm application

		Intercept		Slope		1/n		Kf		R²		n				logQe=logKf+1/nlogCe

		0.5657		0.3249		0.3249		3.6787476697		0.9552		3.0778701139				plot logQe vs logCe

																slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt

		2.7361		2.4403		2.4403		3.0685790515		0.9495		1015.2735319428				Qe=RT/btInAt + RT/btInCe

																plot Qe vs InCe      intercept=RT/bt InAt				slope=RT/bt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Effect of pH on lead Using Raw diatomite and Mn D2

		Raw Diatomite

		pH		Co		Ce		% Removal		Qe						pH		Raw Diatomite		MnO₂-Diatomite composite

		2		10		2.2778		77.222		3.8611						2		77.222		65.65

		3		10		0.11026		98.8974		4.94487						3		98.8974		89.187

		4		10		0.07898		99.2102		4.96051						4		99.2102		93.201

		5		10		0.09186		99.0814		4.95407						5		99.0814		96.88

		6		10		0.1056		98.944		4.9472						6		98.944		98.422

		Mn-D2														Adscorption capacity

		pH		Co		Ce		% Removal		Qe						pH		Raw Diatomite		MnO₂-Diatomite composite

		2		10		3.435		65.65		3.2825						2		19.3055		3.2825

		3		10		1.0813		89.187		4.45935						3		24.7244		4.4594

		4		10		0.6799		93.201		4.66005						4		24.8372		4.6601

		5		10		0.2998		97.002		4.8501						5		24.7704		4.8501

		6		10		0.1578		98.422		4.9211						6		24.7335		4.9211

		Effect of pH on Cadmium using Raw Diatomite and MnD2

		Raw Diatomite

		pH		Co		Ce		% Removal		Qe						pH		Raw Diatomite		MnO₂-Diatomite composite

		2		10		4.2926		57.074		2.8537						2		57.074		38.432

		3		10		3.0262		69.738		3.4869						3		69.738		56.17

		4		10		2.2067		77.933		3.89665						4		77.933		63.79

		5		10		1.5474		84.526		4.2263						5		84.526		70.52

		6		10		0.9196		90.804		4.5402						6		90.804		83.447

		Mn-D2

		pH		Co		Ce		% Removal		Qe						Adscorption capacity

		2		10		6.1568		38.432		1.9216						pH		Raw Diatomite		MnO₂-Diatomite composite

		3		10		4.383		56.17		2.8085						2		2.8537		1.9216

		4		10		3.621		63.79		3.1895						3		3.4869		2.8085

		5		10		2.948		70.52		3.526						4		3.89665		3.1895

		6		10		1.6553		83.447		4.17235						5		4.2263		3.526

																6		4.5402		4.17235

		Effect of contact time on Lead Using Raw diatomite and Mn D2

		Raw diatomite														1st order				2nd order								Contact Time		Raw Diatomite		MnO₂-Diatomite composite								1st order										2nd order

		Contact Time		Co		Ce		% Removal		Qt		qe		In(qe-qt)		t		In(qe-qt)		t		t/qt						0		0		0						t		raw diatomite		MnO₂-Diatomite composite						t		raw diatomite		MnO₂-Diatomite composite

		20		10		0.4076		95.924		4.7962		4.9605		-1.8060612539		20		-1.8060612539		20		4.1699678912						20		95.924		80.278						20		-1.8060612539		-0.0972821228						20		4.1699678912		4.982685169

		40		10		0.2412		97.588		4.8794		4.9605		-2.5120723179		40		-2.5120723179		40		8.197729229						40		97.588		89.053						40		-2.5120723179		-0.7581124594						40		8.197729229		8.9834143712

		60		10		0.079		99.21		4.9605		4.9605		0		60				60		12.0955548836						60		99.2101		98.424						60										60		12.0955548836		12.1921482565

		80		10		0.079		99.21		4.9605		4.9605		0		80				80		16.1274065114						80		99.21		98.423						80										80		16.1274065114		16.2561976754

		100		10		0.079006		99.20994		4.960497		4.9605		-12.7168982695		100		-12.7168982695		100		20.1592703312						100		99.21		98.397						100		-12.7168982695		-11.512925465						100		20.1592703312		20.3202883855

		120		10		0.079007		99.20993		4.9604965		4.9605		-12.5627475895		120		-12.5627475895		120		24.1911268358						120		99.209		98.397						120		-12.5627475895								120		24.1911268358		24.384296513

		140		10		0.079		99.21		4.9605		4.9605		0		140				140		28.222961395						140		99.208		98.421						140				-12.2060726456						140		28.222961395		28.4483748358

								qe		k1		intercept		slope		R²				k2		intercept		slope		R²		qe

								3.627704213		0.1241		1.2886		-0.1241		0.9513				0.2944293255		0.1364		0.2004		1		4.9900199601

								^

		Mn-D2														1st order				2nd order

		Contact Time		Co		Ce		% Removal		Qt		qe		In(qe-qt)		t		In(qe-qt)		t		t/qt										Loading capacity (mg/g)

		20		10		1.9722		80.278		4.0139		4.9212		-0.0972821228		20		-0.0972821228		20		4.982685169								Initial concentration  Co		Pb (Raw Diatomite)		Pb (MnO₂-diatomite composite)		Cd (Raw Diatomite)		Cd (MnO₂-diatomite composite)

		40		10		1.0947		89.053		4.45265		4.9212		-0.7581124594		40		-0.7581124594		40		8.9834143712								0		0		0		0		0

		60		10		0.1576		98.424		4.9212		4.9212		0		60				60		12.1921482565								20		24.1785		4.0139		3.5491		3.49165

		80		10		0.1576		98.424		4.9212		4.9212		0		80				80		16.2561976754								40		24.5945		4.45265		4.147665		4.075

		100		10		0.15762		98.4238		4.92119		4.9212		-11.512925465		100		-11.512925465		100		20.3202883855								60		24.8025		4.9212		4.5409		4.19835

		120		10		0.1576		98.424		4.9212		4.9212		0		120				120		24.384296513								80		24.79		4.92115		4.54635		4.2249

		140		10		0.15761		98.4239		4.921195		4.9212		-12.2060726456		140		-12.2060726456		140		28.4483748358								100		24.7875		4.91985		4.54525		4.224465

								qe		k1		intercept		slope		R²				k2		intercept		slope		R²		qe		120		24.7925		4.91985		4.546		4.22445

								12.2411104989		0.1153		2.5048		-0.1153		0.9226				0.0427403702		0.8915		0.1952		0.999		5.1229508197		140		24.7915		4.92105		4.5459		4.2244

		Effect of contact time on Cadmium Using Raw diatomite and Mn D2

		Raw Diatomite														1st order				2nd order								Contact Time		Raw Diatomite		MnO₂-Diatomite composite

		ContactTime		Co		Ce		% Removal		Qt		qe		In(qe-qt)		t		In(qe-qt)		t		t/qt						0		0		0

		20		10		2.9018		70.982		3.5491		4.54635		-0.0027537882		20		-0.0027537882		20		5.6352314671						20		70.982		69.833

		40		10		1.70467		82.9533		4.147665		4.54635		-0.9195836476		40		-0.9195836476		40		9.6439804083						40		82.9533		81.5

		60		10		0.9182		90.818		4.5409		4.54635		-5.2121396703		60		-5.2121396703		60		13.2132396661						60		90.818		83.967

		80		10		0.9073		90.927		4.54635		4.54635		0		80				80		17.5965334829						80		90.927		84.498

		100		10		0.9095		90.905		4.54525		4.54635		-6.8124450992		100		-6.8124450992		100		22.0009900446						100		90.905		84.4893

		120		10		0.908		90.92		4.546		4.54635		-7.9575774035		120		-7.9575774035		120		26.3968323801						120		90.92		84.489

		140		10		0.9082		90.918		4.5459		4.54635		-7.7062629752		140		-7.7062629752		140		30.7969818958						140		90.918		84.488

								qe		k1		intercept		slope		R²				k2		intercept		slope		R²		qe

								2.1651724243		0.0693		0.7725		-0.0693		0.8851				0.0412479855		1.0722		0.2103		0.9989		4.7551117451

		Mn-D2														1st order				2nd order

		Contact Time		Co		Ce		% Removal		Qt		qe		In(qe-qt)		t		In(qe-qt)		t		t/qt

		20		10		3.0167		69.833		3.49165		4.2249		-0.3102685711		20		-0.3102685711		20		5.7279509687

		40		10		1.85		81.5		4.075		4.2249		-1.8977868739		40		-1.8977868739		40		9.8159509202

		60		10		1.6033		83.967		4.19835		4.2249		-3.6287255313		60		-3.6287255313		60		14.2913287363

		80		10		1.5502		84.498		4.2249		4.2249		0		80				80		18.9353594168

		100		10		1.5502		84.498		4.2249		4.2249		0		100				100		23.669199271

		120		10		1.55021		84.4979		4.224895		4.2249		-12.2060726456		120		-12.2060726456		120		28.4030727391

		140		10		1.55022		84.4978		4.22489		4.2249		-11.512925465		140		-11.512925465		140		33.1369574119

								qe		k1		intercept		slope		R²				k2		intercept		slope		R²		qe

								8.1743401669		0.1054		2.101		-0.1054		0.9632				0.0713514972		0.7414		0.23		0.9995		4.347826087

		Effect of Adsorbent Dosage on lead Using Raw diatomite and Mn D2

		Raw Diatomite

		Adsorbent Dosage		Co		Ce		% Removal		Qe		Initial concentration  Co		dosage (g/L)		raw diatomite		MnO₂-Diatomite composite				Initial concentration  Co		raw diatomite		MnO₂-Diatomite composite

		0.02		10		0.4552		95.448		23.862		0.02		0.4		95.448		89.549				0.02		95.448		89.549

		0.05		10		0.11026		98.8974		9.88974		0.05		1		98.8974		93.151				0.05		98.8974		93.151

		0.1		10		0.0791		99.209		4.96045		0.1		2		99.209		98.368				0.1		99.209		98.368

		0.2		10		0		100		2.5		0.2		4		100		99.879				0.2		100		99.879

		0.3		10		0		100		1.6666666667		0.3		6		100		100				0.3		100		100

		0.4		10		0		100		1.25		0.4		8		100		100				0.4		100		100

		0.5		10		0		100		1		0.5		10		100		100				0.5		100		100

		Mn-D2														Loading capacity (mg/g)

		Dosage		Co		Ce		% Removal		Qe				Initial concentration  Co		Pb (Raw Diatomite)		Pb (MnO₂-diatomite composite)

		0.02		10		1.0451		89.549		22.38725				0.02		119.31		22.38725

		0.05		10		0.6849		93.151		9.3151				0.05		49.4487		9.3151

		0.1		10		0.1632		98.368		4.9184				0.1		24.80335		4.9184

		0.2		10		0.0121		99.879		2.496975				0.2		12.5		2.496975

		0.3		10		0		100		1.6666666667				0.3		8.3333333333		1.6666666667

		0.4		10		0		100		1.25				0.4		6.25		1.25

		0.5		10		0		100		1				0.5		5		1

		Effect of Adsorbent Dosage on cadmium Using Raw diatomite and Mn D2

		Raw Diatomite

		Adsorbent Dosage		Co		Ce		% Removal		Qe				Dosage g/50ml		dosage (g/L)		raw diatomite		MnO₂-Diatomite composite				Dosage g/50ml		raw diatomite		MnO₂-Diatomite composite

		0.02		10		2.3827		76.173		19.04325				0.02		0.4		76.173		70.691				0.02		76.173		70.691

		0.05		10		1.5026		84.974		8.4974				0.05		1		84.974		79.851				0.05		84.974		79.851

		0.1		10		0.9074		90.926		4.5463				0.1		2		90.926		84.496				0.1		90.926		84.496

		0.2		10		0.087		99.13		2.47825				0.2		4		99.13		86.687				0.2		99.13		86.687

		0.3		10		0		100		1.6666666667				0.3		6		100		98.672				0.3		100		98.672

		0.4		10		0		100		1.25				0.4		8		100		100				0.4		100		100

		0.5		10		0		100		1				0.5		10		100		100				0.5		100		100

						0

		Mn-D2

		Dosage		Co		Ce		% Removal		Qe

		0.02		10		2.9309		70.691		17.67275

		0.05		10		2.0149		79.851		7.9851

		0.1		10		1.5504		84.496		4.2248

		0.2		10		1.3313		86.687		2.167175

		0.3		10		0.1328		98.672		1.6445333333

		0.4		10		0		100		1.25

		0.5		10		0		100		1

		Effect of temperature on Lead Using Raw diatomite and Mn D2																ΔG =-RTInKc

		Raw Diatomite																		Van't Hoff eqn												Arrhenius equation				plot In (1-θ) vs 1/T

		Temperature		Co		Ce		% Removal		Qe		Cad,eq		Cad,eq/Ce		lnKc=InCad/Ce		T		1/T		lnKc		ΔG (kJ/mol)		ΔH (kJ/mol)		ΔS (J/mol/K)				θ(surface coverage)		In (1-θ)		1/T		In (1-θ)								Temperature		raw diatomite		MnO₂-Diatomite composite								Temperature		Raw diatomite		MnO₂-Diatomite composite

		25		10		0.079		99.21		4.9605		9.921		125.582278481		4.8329611492		298		0.0033557047		4.8329611492		-11.9740092203		-8.4071168		11.9505436				0.9921		-4.8408925195		0.0033557047		-4.8408925195								298		99.21		98.362								298		99.21		98.362

		35		10		0.09054		99.0946		4.95473		9.90946		109.4484205876		4.6954533934		308		0.0032467532		4.6954533934		-12.02370385		-8.4071168		11.9505436				0.990946		-4.70454863		0.0032467532		-4.70454863								308		99.0946		97.0226								308		99.0946		97.0226

		45		10		0.097939		99.02061		4.9510305		9.902061		101.1043710881		4.6161533604		318		0.0031446541		4.6161533604		-12.2044262942		-8.4071168		11.9505436				0.9902061		-4.6259955361		0.0031446541		-4.6259955361								318		99.02061		92.727								318		99.02061		94.727

		55		10		0.10019		98.9981		4.949905		9.89981		98.8103603154		4.5932024607		328		0.0030487805		4.5932024607		-12.5256263648		-8.4071168		11.9505436				0.989981		-4.6032719887		0.0030487805		-4.6032719887								328		98.9981		87.6214								328		98.9981		92.6214

		65		10		0.123659		98.76341		4.9381705		9.876341		79.8675470447		4.3803696006		338		0.0029585799		4.3803696006		-12.3094167865		-8.4071168		11.9505436				0.9876341		-4.3928125946		0.0029585799		-4.3928125946								338		98.76341		80.152								338		98.76341		86.154

														R²		slope		intercept		ΔH		ΔS		ΔG=ΔH-TΔS								R2		slope		intercept		Ea (activation energy)		S* (sticking probability)

														0.9237		1011.2		1.4374		-8.4071168		11.9505436										0.924		-1001.2		-1.4788		-8.3239768		0.2279110176

		Mn-D2																														Arrhenius equation				plot In (1-θ) vs 1/T

		Temperature		Co		Ce		% Removal		Qe		Cad,eq		Cad,eq/Ce		lnKc=InCad/Ce		T		1/T		lnKc		ΔG (kJ/mol)		ΔH (kJ/mol)		ΔS (J/mol/K)				θ(surface coverage)		In (1-θ)		1/T		In (1-θ)

		25		10		0.1638		98.362		4.9181		9.8362		60.0500610501		4.0951785652		298		0.0033557047		4.0951785652		-10.1460997481		-45.9398384		-120.09573				0.98362		-4.1116942006		0.0033557047		-4.1116942006

		35		10		0.29774		97.0226		4.85113		9.70226		32.5863505072		3.4838935046		308		0.0032467532		3.4838935046		-8.9212479039		-45.9398384		-120.09573				0.970226		-3.5141197495		0.0032467532		-3.5141197495

		45		10		0.5273		94.727		4.73635		9.4727		17.9645363171		2.8883996099		318		0.0031446541		2.8883996099		-7.6365010854		-45.9398384		-120.09573				0.94727		-2.9425707254		0.0031446541		-2.9425707254

		55		10		0.73786		92.6214		4.63107		9.26214		12.5527064755		2.5299362977		328		0.0030487805		2.5299362977		-6.8991160445		-45.9398384		-120.09573				0.926214		-2.6065862673		0.0030487805		-2.6065862673

		65		10		1.3846		86.154		4.3077		8.6154		6.22230247		1.8281400103		338		0.0029585799		1.8281400103		-5.1373147434		-45.9398384		-120.09573				0.86154		-1.9771738037		0.0029585799		-1.9771738037

														R²		slope		intercept		ΔH		ΔS		ΔG=ΔH-TΔS								R2		slope		intercept		Ea (activation energy)		S* (sticking probability)

														0.9921		5525.6		-14.445		-45.9398384		-120.09573										0.9934		-5215.7		13.404		-43.3633298		662648.524738099

		Effect of temperature on cadmium Using Raw diatomite and Mn D2

		Raw Diatomite																		Van't Hoff eqn												Arrhenius equation				plot In (1-θ) vs 1/T

		Temperature		Co		Ce		% Removal		Qe		Cad,eq		Cad,eq/Ce		lnKc=InCad/Ce		T		1/T		lnKc1		ΔG (kJ/mol)		ΔH (kJ/mol)		ΔS (J/mol/K)				θ(surface coverage)		In (1-θ)		1/T		In (1-θ)						Temperature		raw diatomite		MnO₂-Diatomite composite

		25		10		0.9073		90.927		4.54635		9.0927		10.0217127742		2.3047540166		298		0.0033557047		2.3047540166		-5.7101940184		86.432344		304.259144				0.90927		-2.3998672158		0.0033557047		-2.3998672158						298		90.927		84.498

		35		10		0.7364		92.636		4.6318		9.2636		12.5795763172		2.5320745716		308		0.0032467532		2.5320745716		-6.4839137405		86.432344		304.259144				0.92636		-2.6085669226		0.0032467532		-2.6085669226						308		92.636		86.25

		45		10		0.402		95.98		4.799		9.598		23.8756218905		3.1728579338		318		0.0031446541		3.1728579338		-8.388566794		86.432344		304.259144				0.9598		-3.2138882834		0.0031446541		-3.2138882834						318		95.98		91.247

		55		10		0.0815		99.185		4.95925		9.9185		121.6993865031		4.8015539589		328		0.0030487805		4.8015539589		-13.0937992335		86.432344		304.259144				0.99185		-4.8097373517		0.0030487805		-4.8097373517						328		99.185		92.758

		65		10		0.0167		99.833		4.99165		9.9833		597.8023952096		6.3932602565		338		0.0029585799		6.3932602565		-17.9659052313		86.432344		304.259144				0.99833		-6.3949316526		0.0029585799		-6.3949316526						338		99.833		96.608

														R²		slope		intercept		ΔH		ΔS		ΔG=ΔH-TΔS								R2		slope		intercept		Ea (activation energy)		S* (sticking probability)

														0.8911		-10396		36.596		86.432344		304.259144										0.8857		10138		-35.829		84.287332		2.75209238022865E-16

		Mn-D2																														Arrhenius equation				plot In (1-θ) vs 1/T

		Temperature		Co		Ce		% Removal		Qe		Cad,eq		Cad,eq/Ce		lnKc=InCad/Ce		T		1/T		lnKc2		ΔG (kJ/mol)		ΔH (kJ/mol)		ΔS (J/mol/K)				θ(surface coverage)		In (1-θ)		1/T		In (1-θ)								lnKc1		lnKc2

		25		10		1.5502		84.498		4.2249		8.4498		5.4507805444		1.6957588176		298		0.0033557047		1.6957588176		-4.2013645652		33.372396		124.75157				0.84498		-1.8642011381		0.0033557047		-1.8642011381				T		1/T		raw diatomite		MnO₂-Diatomite composite

		35		10		1.375		86.25		4.3125		8.625		6.2727272727		1.8362112318		308		0.0032467532		1.8362112318		-4.7020081358		33.372396		124.75157				0.8625		-1.9841313619		0.0032467532		-1.9841313619				298		0.0033557047		1.8781631536		1.2993169239

		45		10		0.8753		91.247		4.56235		9.1247		10.4246544042		2.3441736165		318		0.0031446541		2.3441736165		-6.1976481042		33.372396		124.75157				0.91247		-2.4357736872		0.0031446541		-2.4357736872				308		0.0032467532		1.7066402404		1.2274578755

		55		10		0.7242		92.758		4.6379		9.2758		12.8083402375		2.5500965398		328		0.0030487805		2.5500965398		-6.9540928632		33.372396		124.75157				0.92758		-2.6252727746		0.0030487805		-2.6252727746				318		0.0031446541		2.4396327402		0.9768362081

		65		10		0.3392		96.608		4.8304		9.6608		28.4811320755		3.3492418356		338		0.0029585799		3.3492418356		-9.4118116579		33.372396		124.75157				0.96608		-3.3837504681		0.0029585799		-3.3837504681				328		0.0030487805		2.9840135934		0.7369109634

														R²		slope		intercept		ΔH		ΔS		ΔG=ΔH-TΔS								R2		slope		intercept		Ea (activation energy)		S* (sticking probability)		338		0.0029585799		3.1354942159		0.5922446206

														0.9183		-4014.8		15.005		33.3790472		124.75157										0.9089		3672.1		-14.029		30.5298394		0.0000008078

		BINARY STUDIES

		Effect if initial concentration

		Lead

		single				pH=6

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		0.105599		98.94401		4.9472005		0.105599		0.0213452032		-0.9763401945		0.6943595118		-2.2481063775		4.9472005

				20		0.259242		98.70379		9.870379		0.259242		0.026264645		-0.5862946367		0.9943338289		-1.3499932906		9.870379

				30		0.433318		98.5556066667		14.783341		0.433318		0.0293112362		-0.36319327		1.1697725947		-0.8362834094		14.783341

				40		0.6280679		98.42983025		19.68596605		0.6280679		0.0319043474		-0.2019934024		1.2941567318		-0.4651069973		19.68596605

				50		0.94186		98.11628		24.52907		0.94186		0.0383977053		-0.0260136468		1.3896810826		-0.0598986354		24.52907

				60		1.20762		97.9873		29.39619		1.20762		0.0410808339		0.081930297		1.4682910457		0.1886514805		29.39619

				70		1.7983		97.431		34.10085		1.7983		0.0527347559		0.2548621443		1.5327652044		0.5868417742		34.10085

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax																% removal of Pb pH=6										Qe for Pb

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce								%		%		%						Qe		Qe		Qe

		0.0209		0.0177		56.4971751412		0.8468899522		0.1056088934		0.9921				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax						Co		Cd=0mg/L (single)		Cd=10mg/L		Cd=30mg/L				Co		single		10ppm		30ppm

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax						10		98.94401		98.6934		96.485				10		4.9472005		4.93467		4.82425

																														20		98.70379		98.32935		96.0113				20		9.870379		9.832935		9.60113

		Freudlich isotherm application														logQe=logKf+1/nlogCe														30		98.5556066667		98.0974333333		95.79				30		14.783341		14.714615		14.3685

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe														40		98.42983025		97.771		95.179				40		19.68596605		19.5542		19.0358

		1.4012		0.6963		0.6963		25.1883662784		0.9913		1.4361625736				slope=1/n		intercept=logKf												50		98.11628		97.241		94.5831				50		24.52907		24.31025		23.645775

																														60		97.9873		96.6032		94.1358				60		29.39619		28.98096		28.24074

		Tempkin isotherm application																												70		97.431		96.1824428571		92.8624				70		34.10085		33.663855		32.50184

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		25.956		10.607		10.607		1.5047896263		0.9628		233.5789572924				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		effect of cadmium on the adsorption of lead (binary)

		Cd=10ppm

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		0.13066		98.6934		4.93467		0.13066		0.026477961		-0.8838573461		0.6932581151		-2.0351567496		4.93467

				20		0.33413		98.32935		9.832935		0.33413		0.0339806985		-0.4760845293		0.9926831683		-1.0962251402		9.832935

				30		0.57077		98.0974333333		14.714615		0.57077		0.0387893261		-0.2435388617		1.1677489035		-0.5607689526		14.714615

				40		0.8916		97.771		19.5542		0.8916		0.0455963425		-0.0498299402		1.2912400528		-0.1147376775		19.5542

				50		1.3795		97.241		24.31025		1.3795		0.0567456114		0.1397217048		1.385789425		0.3217211147		24.31025

				60		2.03808		96.6032		28.98096		2.03808		0.0703247926		0.3092212272		1.4621127675		0.7120081882		28.98096

				70		2.67229		96.1824428571		33.663855		2.67229		0.07938158		0.4268835865		1.5271638475		0.9829357827		33.663855

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.0265		0.0207		48.309178744		0.7811320755		0.113490364		0.9913				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		1.2874		0.6324		0.6324		19.3820629607		0.99		1.5812776724				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		21.876		9.574		9.574		1.5490604171		0.9693		258.7812826405				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Cd=30ppm

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		0.3515		96.485		4.82425		0.3515		0.0728610665		-0.4540746706		0.6834298055		-1.0455455677		4.82425

				20		0.79774		96.0113		9.60113		0.79774		0.0830881365		-0.0981386312		0.9823223501		-0.2259725492		9.60113

				30		1.263		95.79		14.3685		1.263		0.0879006159		0.1014033506		1.1574114323		0.2334898434		14.3685

				40		1.9284		95.179		19.0358		1.9284		0.101303859		0.2851971228		1.2795711332		0.6566906435		19.0358

				50		2.70845		94.5831		23.645775		2.70845		0.1145426614		0.4327208226		1.3737535528		0.9963765155		23.645775

				60		3.51852		94.1358		28.24074		3.51852		0.1245902197		0.546360024		1.4508760725		1.2580404466		28.24074

				70		4.99632		92.8624		32.50184		4.99632		0.1537242199		0.6986502459		1.511907948		1.6087016415		32.50184

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.0677		0.017		58.8235294118		0.2511078287		0.2848127892		0.9964				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		1.0481		0.729		0.729		11.1712044466		0.9899		1.3717421125				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		13.557		10.718		10.718		2.2046921578		0.9692		231.1599178951				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Cadmium

		single

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		0.9184		90.816		4.5408		0.9184		0.2022551092		-0.0369681249		0.6571323738		-0.0851222534		4.5408

				20		2.8788		85.606		8.5606		2.8788		0.3362848398		0.459211494		0.9325042048		1.0573735407		8.5606

				30		5.5209		81.597		12.23955		5.5209		0.451070505		0.7420098808		1.0877654508		1.7085408905		12.23955

				40		8.6956		78.261		15.6522		8.6956		0.5555512963		0.9392995539		1.1945753886		2.1628171506		15.6522

				50		12.394		75.212		18.803		12.394		0.6591501356		1.0932114918		1.274227146		2.5172124845		18.803

				60		21.0096		64.984		19.4952		21.0096		1.0776806599		1.322417784		1.2899276949		3.0449794761		19.4952

				70		29.8522		57.354		20.0739		29.8522		1.4871151097		1.4749763426		1.3026317563		3.396258539		20.0739

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL max		RLmin		R²		Plot 1/Qe vs 1/Ce      or            Ce/Qe vs Ce																% of Cd										Qe of Cd

		0.1817		0.043		23.2558139535		0.236653825		0.2970410332		0.0569289094		0.9952		slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)										Co		Pb=0mg/L (single)		Pb=10mg/L		Pb=30mg/L				Co		Pb=0mg/L (single)		Pb=10mg/L		Pb=30mg/L

																intercept=1/Qmax		intercept=1/KlQmax												10		90.816		88.52		82.151				10		4.5408		4.426		4.10755

																														20		85.606		80.031		70.692				20		8.5606		8.0031		7.0692

		Freudlich isotherm application														logQe=logKf+1/nlogCe														30		81.597		76.729		64.018				30		12.23955		11.50935		9.6027

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe														40		78.261		71.2316		50.597				40		15.6522		14.24632		10.1194

		0.7243		0.4453		0.4453		5.3002944884		0.9499		2.2456770716				slope=1/n		intercept=logKf												50		75.212		67.942		47.25				50		18.803		16.9855		11.8125

																														60		64.984		58.378		39.67				60		19.4952		17.5134		11.901

		Tempkin isotherm application																												70		57.354		50.5017142857		34.94				70		20.0739		17.6756		12.229

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		4.5363		4.8986		4.8986		2.5244926026		0.9665		505.7714449026				plot Qe vs InCe      intercept=RT/bt InAt				slope=RT/bt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Effect of lead on adsorption of Cadmium (binry)

		Pb=10ppm

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		1.148		88.52		4.426		1.148		0.2593764121		0.0599418881		0.6460114096		0.1380212979		4.426

				20		3.9938		80.031		8.0031		3.9938		0.4990316252		0.6013863126		0.9032582435		1.3847431586		8.0031

				30		6.9813		76.729		11.50935		6.9813		0.6065763922		0.8439363009		1.0610507972		1.9432351459		11.50935

				40		11.50736		71.2316		14.24632		11.50736		0.8077426311		1.0609756999		1.1537026952		2.4429868307		14.24632

				50		16.029		67.942		16.9855		16.029		0.9436872627		1.2049064289		1.2300783357		2.7743995816		16.9855

				60		24.9732		58.378		17.5134		24.9732		1.4259481311		1.3974741953		1.2433704669		3.2178032499		17.5134

				70		34.6488		50.5017142857		17.6756		34.6488		1.9602616036		1.5396881982		1.2473741649		3.545263093		17.6756

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.2413		0.0485		20.618556701		0.2009946125		0.3322318601		0.9932				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.6557		0.4315		0.4315		4.5258483737		0.9562		2.3174971031				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		3.3436		4.3346		4.3346		3.6560638857		0.963		571.5803072948				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Pb=30ppm

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		1.7849		82.151		4.10755		1.7849		0.4345412716		0.2516138895		0.6135828587		0.5793623913		4.10755

				20		5.8616		70.692		7.0692		5.8616		0.8291744469		0.7680161785		0.8493702688		1.7684226039		7.0692

				30		10.7946		64.018		9.6027		10.7946		1.1241213409		1.0332065539		0.9823933612		2.3790460091		9.6027

				40		19.7612		50.597		10.1194		19.7612		1.9528035259		1.2958133136		1.0051547631		2.9837204192		10.1194

				50		26.375		47.25		11.8125		26.375		2.2328042328		1.4211924683		1.0723418215		3.2724165918		11.8125

				60		36.198		39.67		11.901		36.198		3.0415931434		1.5586845757		1.0755834552		3.5890038687		11.901

				70		45.542		34.94		12.229		45.542		3.7240984545		1.658412099		1.087390945		3.8186349771		12.229

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.3557		0.0741		13.4952766532		0.2083216193		0.3243366463		0.9966				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.5716		0.3361		0.3361		3.7290653996		0.9497		2.9753049688				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		2.7551		2.5859		2.5859		2.5563657506		0.9772		958.1082021733				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Effect of pH on lead and cadmium Using Raw diatomite binary														time=60,0.1g

		Lead

		pH		Co		Ce		% Removal		Qe				pH		% Pb-single		% Pb-binary		% Cd-single		% Cd-binary

		2		10		3.22267		67.7733		3.388665

		3		10		1.0012		89.988		4.4994				2		77.222		67.7733		57.074		41.955

		4		10		0.100589		98.99411		4.9497055				3		98.8974		89.988		69.738		47.002

		5		10		0.11485		98.8515		4.942575				4		99.2102		98.99411		77.933		74.513

		6		10		0.13066		98.6934		4.93467				5		99.0814		98.8515		84.526		82.737

														6		98.944		98.6934		90.804		88.52

		Cadmium

		pH		Co		Ce		% Removal		Qe				pH		% Pb-binary		% Cd-binary

		2		10		5.8045		41.955		2.09775				2		67.7733		41.955

		3		10		5.2998		47.002		2.3501				3		89.988		47.002

		4		10		2.5487		74.513		3.72565				4		98.99411		74.513

		5		10		1.7263		82.737		4.13685				5		98.8515		82.737

		6		10		1.148		88.52		4.426				6		98.6934		88.52

		Effect of contact time on Lead  and cadmiumUsing Raw diatomite (binary)

		lead

																		1st order				2nd order

		Contact Time		Co		Ce		% Removal		Qt		qe		qe-qt		In(qe-qt)		t		In(qe-qt)		t		t/qt

		20		10		0.60368		93.9632		4.69816		4.93467		0.23651		-1.4417647886		20		-1.4417647886		20		4.2569857136								t		Pb (single)		Pb (Binary)		Cd (single)		Cd (Binary)				t		Pb (Binary)		Cd (Binary)

		40		10		0.40808		95.9192		4.79596		4.93467		0.13871		-1.9753698562		40		-1.9753698562		40		8.3403531306								0		0		0		0		0				0		0		0

		60		10		0.13066		98.6934		4.93467		4.93467		0		0		60				60		12.1588677662								20		95.924		93.9632		70.982		62.007				20		93.9632		62.007

		80		10		0.13066		98.6934		4.93467		4.93467		0		0		80				80		16.2118236883								40		97.588		95.9192		82.9533		78.7933				40		95.9192		78.7933

		100		10		0.130662		98.69338		4.934669		4.93467		0.000001		-13.8155105587		100		-13.8155105587		100		20.264783717								60		99.21		98.6934		90.816		87.0225				60		98.6934		87.0225

		120		10		0.130661		98.69339		4.9346695		4.93467		0.0000005		-14.5086577393		120		-14.5086577393		120		24.3177379964								80		99.21		98.6934		90.927		88.52				80		98.6934		88.52

										qe (predicted)		k1		intercept		slope		R²				intercept		slope		R²		qe (predicted)		k2		100		99.20994		98.69338		90.905		88.519				100		98.69338		88.519

										11.5513232788		0.1483		2.4468		-0.1483		0.9621				0.2454		0.2002		0.9999		4.995004995		0.1633253464		120		99.20993		98.69339		90.92		88.52				120		98.69339		88.52

																																		99.21				90.918

		cadmium														1st order				2nd order										%		%

		ContactTime		Co		Ce		% Removal		Qt		qe		In(qe-qt)		t		In(qe-qt)		t		t/qt						t		Pb		Cd				62.429

		20		10		3.7993		62.007		3.10035		4.426		0.2819029052		20		0.2819029052		20		6.4508845775						0		0		0				79.2153

		40		10		2.12067		78.7933		3.939665		4.426		-0.7208575921		40		-0.7208575921		40		10.1531475392						20		93.9632		62.007				87.4445

		60		10		1.29775		87.0225		4.351125		4.426		-2.5919352225		60		-2.5919352225		60		13.7895371887						40		95.9192		78.7933				88.942

		80		10		1.148		88.52		4.426		4.426		0		80				80		18.0750112969						60		98.6934		87.0225				88.941

		100		10		1.1481		88.519		4.42595		4.426		-9.9034875526		100		-9.9034875526		100		22.5940193631						80		98.6934		88.52				88.942

		120		10		1.148		88.52		4.426		4.426		0		120				120		27.1125169453						100		98.69338		88.519

																												120		98.69339		88.52

								qe (predicted)		k1		intercept		slope		R²				intercept		slope		R²		qe (predicted)		k2

								52.3734613372		0.1308		3.9584		-0.1308		0.9414				1.8709		0.207		0.9976		4.8309178744		0.022902881

		Effect of Adsorbent Dosage on lead and Cadmium Using Raw diatomite (binary)

		lead								time=80min, pH=6

		Adsorbent Dosage		Co		Ce		% Removal		Qe				Adsorbent dosage (g)		Adsorbent dosage (g/L)		Pb binary		Cd binary

		0.02		10		0.612		93.88		23.47				0.02		0.4		93.88		69.52

		0.05		10		0.2866667		97.133333		9.7133333				0.05		1		97.133333		76.3264						Adsorbent dosage (g)		Cd binary		Cd single

		0.1		10		0.13066		98.6934		4.93467				0.1		2		98.6934		88.5201						0.05		76.3264		84.974		76.3264

		0.2		10		0.01003		99.8997		2.4974925				0.2		4		99.8997		96.2022						0.1		88.5201		90.926		88.5201

		0.3		10		0.0002		99.998		1.6666333333				0.3		6		99.998		97.66667						0.2		96.2022		99.13		96.2022

		0.4		10		0		100		1.25				0.4		8		100		99.8969						0.3		97.66667		100		97.66667

		0.5		10		0		100		1				0.5		10		100		100						0.4		99.9879		100		100

																										0.5		100		100		100

		Cadmium										Adsorbent (g)		Adsorbent dosage (g/L)		Pb (single)		Pb (Binary)		Cd (single)		Cd (Binary)

		Adsorbent Dosage		Co		Ce		% Removal		Qe		0.02		0.4		95.448		93.88		76.173		69.52

		0.02		10		3.048		69.52		17.38		0.05		1		98.8974		97.133333		84.974		76.3264

		0.05		10		2.36736		76.3264		7.63264		0.1		2		99.209		98.6934		90.926		88.5201

		0.1		10		1.14799		88.5201		4.426005		0.2		4		100		99.8997		99.13		96.2022

		0.2		10		0.37978		96.2022		2.405055		0.3		6		100		99.998		100		97.66667

		0.3		10		0.233333		97.66667		1.6277778333		0.4		8		100		100		100		99.8969

		0.4		10		0.00121		99.9879		1.24984875		0.5		10		100		100		100		100

		0.5		10		0		100		1

		Effect of temperature on Lead and cadmium Using Raw diatomite (binary)

		lead																						time=80min, 0.1g, pH=6

		Temperature		Co		Ce		% Removal		Qe		Cad,eq		Cad,eq/Ce		lnKc=InCad/Ce		T		1/T		lnKc		ΔG (kJ/mol)		ΔH (kJ/mol)		ΔS (J/mol/K)				temp		Pb binary		Cd binary

		25		10		0.13066		98.6934		4.93467		9.86934		75.5345170672		4.3245897315		298		0.0033557047		4.3245897315		-10.7144824302		-13.9932934		-10.9520322				298		98.6934		88.52

		35		10		0.1501		98.499		4.92495		9.8499		65.6222518321		4.1839148432		308		0.0032467532		4.1839148432		-10.7138009459		-13.9932934		-10.9520322				308		98.499		89.595

		45		10		0.1887		98.113		4.90565		9.8113		51.9941706412		3.9511316092		318		0.0031446541		3.9511316092		-10.4462072074		-13.9932934		-10.9520322				318		98.113		90.2146

		55		10		0.2242		97.758		4.8879		9.7758		43.6030330062		3.7751267123		328		0.0030487805		3.7751267123		-10.2947403434		-13.9932934		-10.9520322				328		97.758		90.2627

		65		10		0.24233		97.5767		4.878835		9.75767		40.2660421739		3.6955084878		338		0.0029585799		3.6955084878		-10.3848666578		-13.9932934		-10.9520322				338		97.5767		90.70101

														R²		slope		intercept		ΔH		ΔS

														0.9838		1683.1		-1.3173		-13.9932934		-10.9520322

																																Temperature (ᵒC)		Pb (single)		Pb (Binary)		Cd (single)		Cd (Binary)

		cadmium																														298		99.21		98.6934		90.927		88.52

		Temperature		Co		Ce		% Removal		Qe		Cad,eq		Cad,eq/Ce		lnKc=InCad/Ce		T		1/T		lnKc1		ΔG (kJ/mol)		ΔH (kJ/mol)		ΔS (J/mol/K)				308		99.0946		98.499		92.636		89.595

		25		10		1.148		88.52		4.426		8.852		7.7108013937		2.0426221243		298		0.0033557047		2.0426221243		-5.0607433817		4.59922166		32.6515722				318		99.0206		98.113		95.98		90.2146

		35		10		1.0405		89.595		4.47975		8.9595		8.6107640557		2.153013055		308		0.0032467532		2.153013055		-5.5132463661		4.59922166		32.6515722				328		98.9981		97.758		99.185		90.2627

		45		10		0.97854		90.2146		4.51073		9.02146		9.2193063135		2.2212997976		318		0.0031446541		2.2212997976		-5.8727879125		4.59922166		32.6515722				338		98.7634		97.5767		99.833		90.70101

		55		10		0.97373		90.2627		4.513135		9.02627		9.2697873127		2.2267604357		328		0.0030487805		2.2267604357		-6.0723578941		4.59922166		32.6515722

		65		10		0.929899		90.70101		4.5350505		9.070101		9.7538560639		2.2776627006		338		0.0029585799		2.2776627006		-6.40053284		4.59922166		32.6515722

														R²		slope		intercept		ΔH		ΔS

														0.9159		-553.19		3.9273		4.59922166		32.6515722
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		SINGLE

		Effect of initial concentration on Cadmium Using Raw diatomite and Mn D2

		Raw Diatomite

		Initial Concentration		Co		Ce		% removal		Qe		ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		0.9184		90.816		4.5408		0.9184		0.2022551092		-0.0369681249		0.6571323738		-0.0851222534		4.5408

				20		2.1158		89.421		8.9421		2.1158		0.2366110869		0.3254746128		0.9514395223		0.7494329916		8.9421

				30		4.2182		85.9393333333		12.8909		4.2182		0.3272230798		0.6251271674		1.1102832394		1.4394084968		12.8909

				40		6.7612		83.097		16.6194		6.7612		0.4068257578		0.8300237828		1.2206153407		1.9112003891		16.6194

				50		9.0695		81.861		20.46525		9.0695		0.4431658543		0.9575833451		1.3110170543		2.2049171358		20.46525

				60		13.7728		77.0453333333		23.1136		13.7728		0.5958742905		1.139022241		1.3638675932		2.6226956327		23.1136

				70		17.6112		74.8411428571		26.1944		17.6112		0.6723269096		1.2457889491		1.4182084551		2.8685350633		26.1944

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL max		RLmin		R²		Plot 1/Qe vs 1/Ce      or            Ce/Qe vs Ce

		0.1914		0.0284		35.2112676056		0.1483803553		0.4026083298		0.0878223364		0.99		slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)

																intercept=1/Qmax		intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.7247		0.5819		0.5819		5.3051784888		0.9849		1.7185083348				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		3.8537		7.3256		7.3256		1.6922504984		0.9791		338.2073823305				plot Qe vs InCe      intercept=RT/bt InAt				slope=RT/bt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Mn-D2

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		1.6547		83.453		4.17265		1.6547		0.3965585419		0.2187192669		0.6204119578		0.5036197235		4.17265

				20		4.305		78.475		7.8475		4.305		0.5485823511		0.6339731558		0.8947313244		1.4597771379		7.8475

				30		7.2133		75.9556666667		11.39335		7.2133		0.6331149311		0.8581339948		1.056651439		1.9759265442		11.39335

				40		11.4016		71.496		14.2992		11.4016		0.7973592928		1.0569658007		1.1553117406		2.4337536964		14.2992

				50		16.9805		66.039		16.50975		16.9805		1.0285134542		1.2299504741		1.217740497		2.8320656269		16.50975

				60		22.1232		63.128		18.9384		22.1232		1.1681662654		1.3448479455		1.2773432851		3.0966268317		18.9384

				70		26.994		61.4371428571		21.503		26.994		1.2553597172		1.4312672435		1.3324990549		3.2956146191		21.503

				80

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL		RL max		RLmin		R²		Plot 1/Qe vs 1/Ce      or                        Ce/Qe vs Ce										used

		0.3876		0.0343		29.1545189504		0.0884932921		0.5305228579		0.1389944775		0.9843		slope=1/KlQmax				slope=1/Qmax		RL=1/(1+CoKl)

																intercept=1/Qmax				intercept=1/KlQmax

		Freudlich isotherm application

		Intercept		Slope		1/n		Kf		R²		n				logQe=logKf+1/nlogCe

		0.5229		0.555575		0.555575		3.3334964733		0.9899		1.7999370022				plot logQe vs logCe

																slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt

		-0.0846		6.1072		6.1072		0.9862430024		0.9754		405.6805082526				Qe=RT/btInAt + RT/btInCe

																plot Qe vs InCe      intercept=RT/bt InAt				slope=RT/bt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		BINARY

		Cadmium

		single

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		0.9184		90.816		4.5408		0.9184		0.2022551092		-0.0369681249		0.6571323738		-0.0851222534		4.5408

				20		2.1158		89.421		8.9421		2.1158		0.2366110869		0.3254746128		0.9514395223		0.7494329916		8.9421

				30		4.2182		85.9393333333		12.8909		4.2182		0.3272230798		0.6251271674		1.1102832394		1.4394084968		12.8909

				40		6.7612		83.097		16.6194		6.7612		0.4068257578		0.8300237828		1.2206153407		1.9112003891		16.6194

				50		9.0695		81.861		20.46525		9.0695		0.4431658543		0.9575833451		1.3110170543		2.2049171358		20.46525

				60		13.7728		77.0453333333		23.1136		13.7728		0.5958742905		1.139022241		1.3638675932		2.6226956327		23.1136

				70		17.6112		74.8411428571		26.1944		17.6112		0.6723269096		1.2457889491		1.4182084551		2.8685350633		26.1944

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.1914		0.0284		35.2112676056		0.1483803553		0.4026083298		0.99				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.7247		0.5819		0.5819		5.3051784888		0.9849		1.7185083348				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		3.8537		7.3256		7.3256		6.6920910072		0.9791		338.2073823305				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Effect of lead on adsorption of Cadmium (binry)

		Pb=10ppm

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		1.148		88.52		4.426		1.148		0.2593764121		0.0599418881		0.6460114096		0.1380212979		4.426

				20		3.2308		83.846		8.3846		3.2308		0.3853254777		0.5093100742		0.9234823488		1.1727297846		8.3846

				30		5.6786		81.0713333333		12.1607		5.6786		0.4669632505		0.7542412781		1.0849585747		1.7367047235		12.1607

				40		9.573		76.0675		15.2135		9.573		0.6292437638		0.9810480589		1.1822291388		2.258946636		15.2135

				50		13.7045		72.591		18.14775		13.7045		0.7551624857		1.1368631952		1.2588227879		2.6177242461		18.14775

				60		17.7364		70.4393333333		21.1318		17.7364		0.8393227269		1.2488654746		1.3249364917		2.8756190251		21.1318

				70		22.4078		67.9888571429		23.7961		22.4078		0.9416585071		1.3503992196		1.3765057853		3.1094091125		23.7961

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.2792		0.0316		31.6455696203		0.1131805158		0.4690860215		0.9751				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.631		0.5595		0.5595		4.2756288615		0.9959		1.7873100983				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		1.9291		6.4531		6.4531		28.3644056541		0.9634		383.9351629449				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Pb=30ppm

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		1.7849		82.151		4.10755		1.7849		0.4345412716		0.2516138895		0.6135828587		0.5793623913		4.10755

				20		5.8986		70.507		7.0507		5.8986		0.8365977846		0.7707489465		0.8482322363		1.7747150346		7.0507

				30		10.3919		65.3603333333		9.80405		10.3919		1.0599599145		1.0166949589		0.9914055175		2.3410266565		9.80405

				40		15.0268		62.433		12.4866		15.0268		1.2034340813		1.1768665062		1.0964441996		2.7098352736		12.4866

				50		20.5505		58.899		14.72475		20.5505		1.3956433895		1.3128223929		1.16804793		3.0228852715		14.72475

				60		28.3612		52.7313333333		15.8194		28.3612		1.7928113582		1.4527246025		1.1991900075		3.3450220139		15.8194

				70		35.401		49.4271428571		17.2995		35.401		2.0463597214		1.5490155301		1.2380335511		3.5667400683		17.2995

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.4982		0.045		22.2222222222		0.0903251706		0.5254165788		0.9787				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.4856		0.4987		0.4987		3.0591445595		0.9923		2.0052135552				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		0.2281		4.5962		4.5962		563644470.572082		0.9605		539.0479091423				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt





		

		August 2028 update

		original results updated (backup)

		Mn-D2

		Effect of Concentration on removal of lead by Mn-D

		Expt		Co		Ce		Qe		% removal		Ce		Ce/Qe		log Ce		logQe		InCe		Qe

		1		10		0.6799		4.66005		93.201		0.6799		0.1458997221		-0.1675549588		0.6683905765		-0.3858095504		4.66005

		2		20		2.0987		8.95065		89.5065		2.0987		0.2344745912		0.3219503625		0.9518545751		0.7413181054		8.95065

		3		30		6.837		11.5815		77.21		6.837		0.5903380391		0.8348655799		1.0637648115		1.9223490389		11.5815

		4		40		13.538		13.231		66.155		13.538		1.0232030837		1.1315545098		1.1215926694		2.6055005461		13.231

		5		50		19.1017		15.44915		61.7966		19.1017		1.2364240104		1.28107202		1.1889045899		2.9497773363		15.44915

		6		60		27.5683		16.21585		54.0528333333		27.5683		1.7000835602		1.4404099861		1.2099397184		3.3166665619		16.21585

		7		70		35.5846		17.2077		49.1648571429		35.5846		2.0679463264		1.5512620884		1.2357228259		3.57191296		17.2077

		langmuir isotherm application														Ce/Qe=1/KLQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL		RL max		RL min		R²		Plot Ce/Qe vs Ce

		0.171		0.055		18.1818181818		0.3216374269		0.2371705964		0.0425267346		0.9924		slope=1/Qmax						slope=1/Qmax

																intercept=1/KLQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.7807		0.3089		0.3089		6.035315805		0.956		3.2372936225				slope=1/n				intercept=logKf

		Temkin isotherm application														Qe=RT/btInAt + RT/btInCe

		Intercept		Slope		B		At		R²		bt				plot Qe vs InCe				intercept=RT/bt InAt				slope=RT/bt

		6.036		3.0597		3.0597		7.1903685257		0.9885		809.7434388992				Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		single

		Effect of initial concentration on Cadmium Using Raw diatomite and Mn D2

		Raw Diatomite

		Initial Concentration		Co		Ce		% removal		Qe		ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		0.9184		90.816		4.5408		0.9184		0.2022551092		-0.0369681249		0.6571323738		-0.0851222534		4.5408

				20		2.8788		85.606		8.5606		2.8788		0.3362848398		0.459211494		0.9325042048		1.0573735407		8.5606

				30		5.5209		81.597		12.23955		5.5209		0.451070505		0.7420098808		1.0877654508		1.7085408905		12.23955

				40		8.6956		78.261		15.6522		8.6956		0.5555512963		0.9392995539		1.1945753886		2.1628171506		15.6522

				50		12.394		75.212		18.803		12.394		0.6591501356		1.0932114918		1.274227146		2.5172124845		18.803

				60		21.0096		64.984		19.4952		21.0096		1.0776806599		1.322417784		1.2899276949		3.0449794761		19.4952

				70		29.8522		57.354		20.0739		29.8522		1.4871151097		1.4749763426		1.3026317563		3.396258539		20.0739

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL max		RLmin		R²		Plot 1/Qe vs 1/Ce      or            Ce/Qe vs Ce

		0.1817		0.043		23.2558139535		0.236653825		0.2970410332		0.0569289094		0.9952		slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)

																intercept=1/Qmax		intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.7243		0.4453		0.4453		5.3002944884		0.9499		2.2456770716				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		4.5363		4.8986		4.8986		2.5244926026		0.9665		505.7714449026				plot Qe vs InCe      intercept=RT/bt InAt				slope=RT/bt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Mn-D2

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		1.6547		83.453		4.17265		1.6547		0.3965585419		0.2187192669		0.6204119578		0.5036197235		4.17265

				20		6.868		65.66		6.566		6.868		1.0459945172		0.8368302865		0.8173008784		1.926872943		6.566

				30		12.016		59.9466666667		8.992		12.016		1.3362989324		1.0797599197		0.9538562982		2.486239095		8.992

				40		18.236		54.41		10.882		18.236		1.6757948906		1.2609295835		1.0367087216		2.9033976624		10.882

				50		28.805		42.39		10.5975		28.805		2.7180938901		1.4594678796		1.0252034252		3.3605489832		10.5975

				60		37.96		36.7333333333		11.02		37.96		3.444646098		1.5793262038		1.0421815945		3.6365329737		11.02

				70		45.235		35.3785714286		12.3825		45.235		3.6531395114		1.6554745947		1.0928083367		3.8118711235		12.3825

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL		RL max		RLmin		R²		Plot 1/Qe vs 1/Ce      or                        Ce/Qe vs Ce										used

		0.4006		0.076		13.1578947368		0.1897154269		0.3451662933		0.0700276195		0.9871		slope=1/KlQmax				slope=1/Qmax		RL=1/(1+CoKl)

																intercept=1/Qmax				intercept=1/KlQmax

		Freudlich isotherm application

		Intercept		Slope		1/n		Kf		R²		n				logQe=logKf+1/nlogCe

		0.5657		0.3249		0.3249		3.6787476697		0.9552		3.0778701139				plot logQe vs logCe

																slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt

		2.7361		2.4403		2.4403		3.0685790515		0.9495		1015.2735319428				Qe=RT/btInAt + RT/btInCe

																plot Qe vs InCe      intercept=RT/bt InAt				slope=RT/bt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Binary

		Cadmium

		single

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		0.9184		90.816		4.5408		0.9184		0.2022551092		-0.0369681249		0.6571323738		-0.0851222534		4.5408

				20		2.8788		85.606		8.5606		2.8788		0.3362848398		0.459211494		0.9325042048		1.0573735407		8.5606

				30		5.5209		81.597		12.23955		5.5209		0.451070505		0.7420098808		1.0877654508		1.7085408905		12.23955

				40		8.6956		78.261		15.6522		8.6956		0.5555512963		0.9392995539		1.1945753886		2.1628171506		15.6522

				50		12.394		75.212		18.803		12.394		0.6591501356		1.0932114918		1.274227146		2.5172124845		18.803

				60		21.0096		64.984		19.4952		21.0096		1.0776806599		1.322417784		1.2899276949		3.0449794761		19.4952

				70		29.8522		57.354		20.0739		29.8522		1.4871151097		1.4749763426		1.3026317563		3.396258539		20.0739

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL max		RLmin		R²		Plot 1/Qe vs 1/Ce      or            Ce/Qe vs Ce

		0.1817		0.043		23.2558139535		0.236653825		0.2970410332		0.0569289094		0.9952		slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)

																intercept=1/Qmax		intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.7243		0.4453		0.4453		5.3002944884		0.9499		2.2456770716				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		4.5363		4.8986		4.8986		2.5244926026		0.9665		505.7714449026				plot Qe vs InCe      intercept=RT/bt InAt				slope=RT/bt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Effect of lead on adsorption of Cadmium (binry)

		Pb=10ppm

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		1.148		88.52		4.426		1.148		0.2593764121		0.0599418881		0.6460114096		0.1380212979		4.426

				20		3.9938		80.031		8.0031		3.9938		0.4990316252		0.6013863126		0.9032582435		1.3847431586		8.0031

				30		6.9813		76.729		11.50935		6.9813		0.6065763922		0.8439363009		1.0610507972		1.9432351459		11.50935

				40		11.50736		71.2316		14.24632		11.50736		0.8077426311		1.0609756999		1.1537026952		2.4429868307		14.24632

				50		16.029		67.942		16.9855		16.029		0.9436872627		1.2049064289		1.2300783357		2.7743995816		16.9855

				60		24.9732		58.378		17.5134		24.9732		1.4259481311		1.3974741953		1.2433704669		3.2178032499		17.5134

				70		34.6488		50.5017142857		17.6756		34.6488		1.9602616036		1.5396881982		1.2473741649		3.545263093		17.6756

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.2413		0.0485		20.618556701		0.2009946125		0.3322318601		0.9932				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.6557		0.4315		0.4315		4.5258483737		0.9562		2.3174971031				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		3.3436		4.3346		4.3346		3.6560638857		0.963		571.5803072948				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Pb=30ppm

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		1.7849		82.151		4.10755		1.7849		0.4345412716		0.2516138895		0.6135828587		0.5793623913		4.10755

				20		5.8616		70.692		7.0692		5.8616		0.8291744469		0.7680161785		0.8493702688		1.7684226039		7.0692

				30		10.7946		64.018		9.6027		10.7946		1.1241213409		1.0332065539		0.9823933612		2.3790460091		9.6027

				40		19.7612		50.597		10.1194		19.7612		1.9528035259		1.2958133136		1.0051547631		2.9837204192		10.1194

				50		26.375		47.25		11.8125		26.375		2.2328042328		1.4211924683		1.0723418215		3.2724165918		11.8125

				60		36.198		39.67		11.901		36.198		3.0415931434		1.5586845757		1.0755834552		3.5890038687		11.901

				70		45.542		34.94		12.229		45.542		3.7240984545		1.658412099		1.087390945		3.8186349771		12.229

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.3557		0.0741		13.4952766532		0.2083216193		0.3243366463		0.9966				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.5716		0.3361		0.3361		3.7290653996		0.9497		2.9753049688				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		2.7551		2.5859		2.5859		2.5563657506		0.9772		958.1082021733				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt





		

																1st order						2nd order						t		Co		ce		%

		Contact Time		Co		Ce		% Removal		Qt		qe		In(qe-qt)		t		In(qe-qt)				t		t/qt				20		10		0.4076		95.924				95.924

		20		10		0.4076		95.924		4.7962		4.9605		-1.8060612539		20		-1.8060612539				20		4.1699678912				40		10		0.2412		97.588				97.588

		40		10		0.2412		97.588		4.8794		4.9605		-2.5120723179		40		-2.5120723179				40		8.197729229				60		10		0.079		99.21				99.21

		60		10		0.079		99.21		4.9605		4.9605		0		60						60		12.0955548836				80		10		0.079		99.21				99.21

		80		10		0.079		99.21		4.9605		4.9605		0		80						80		16.1274065114				100		10		0.10154		98.9846				98.9846

		100		10		0.079006		99.20994		4.960497		4.9605		-12.7168982695		100		-12.7168982695				100		20.1592703312				120		10		0.09974		99.0026				99.0026

		120		10		0.079007		99.20993		4.9604965		4.9605		-12.5627475895		120		-12.5627475895				120		24.1911268358				140		10		0.1156		98.844				98.844

		140		10		0.079		99.21		4.9605		4.9605		0		140						140		28.222961395

												intercept		slope		R²						intercept		slope		R²

		Mn-D2										3.0368		0.0155		0.9295						0.0885		0.2008		1
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																																																		Pb using raw diatomite single								pb binary

		Initial Concentration		Co		Ce		% removal		Qe		1/Ce		1/Qe		logCe		logQe		InCe		Qe		Ce		Ce/Qe				Co		ce		%		Co		%				Co		Ce		%				Co		%				Co		%				co		%				co		%				co		%

				10		1.148		88.52		4.426		0.8710801394		0.2259376412		0.0599418881		0.6460114096		0.1380212979		4.426		1.148		0.2593764121				10		0.079		99.21		10		97.8		97.867		10		0.22		97.8				10		99.8		99.2		10		99.8				10		97.8		97.52		10		99.8				10		99.21

				20		3.698		81.51		8.151		0.2704164413		0.1226843332		0.5679669068		0.9112108931		1.307792133		8.151		3.698		0.4536866642				20		0.18612		99.0694		25		91.2		98.4533335		20		0.48		97.6				20		97.6		97		20		97.6				20		95.2		94.92		20		91.42				20		99.0694

				30		11.3997		62.001		9.30015		0.0877216067		0.1075251474		1.0568934224		0.9684899532		2.4335870393		9.30015		11.3997		1.2257544233				30		0.28143		99.0619		50		88.5		98.5822223333		30		1.74		94.2				30		94.2		93.6		30		94.2				30		88.5		88.22		30		84.4				30		99.0219

				40		18.9756		52.561		10.5122		0.0526992559		0.0951275661		1.278195517		1.021693615		2.9431539433		10.5122		18.9756		1.8051026426				40		0.521668		98.69583		75		84.6		98.69583325		40		4.32		89.2				40		89.2		88.6		40		89.2				40		84.6		84.32		40		76.8				40		98.69583

				50		26.375		47.25		11.8125		0.0379146919		0.0846560847		1.4211924683		1.0723418215		3.2724165918		11.8125		26.375		2.2328042328				50		0.7089		98.5822		100		80.9		99.1		50		7.97		84.06				50		84.06		83.46		50		84.06				50		80.9		80.62		50		71.2				50		98.5822

				60		35.642		40.5966666667		12.179		0.0280567869		0.0821085475		1.5519620659		1.0856116305		3.5735247178		12.179		35.642		2.92651285				60		0.92802		98.4533		125		76		99.0594445		60		10.86		81.9				60		81.9		81.3		60		81.9				60		76		75.72		60		67.7				60		98.4533

				70		45.0412		35.6554285714		12.4794		0.0222018952		0.0801320576		1.6536099526		1.0961937053		3.8075776265		12.4794		45.0412		3.6092440342				70		1.4721		97.897		150		69.9		99.0161904286		70		15.12		78.4				70		78.4		77.8		70		78.4				70		69.9		69.62		70		63.3				70		97.897

																														0		0		62.5		175		62.5																																57.4

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax														0		0		56		200		56

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or            Ce/Qe vs Ce														0		0		50.8		250		50.8

		0.2774		0.068		14.7058823529		0.2451333814		0.2897430541		0.9918				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)

																intercept=1/Qmax		intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.6734		0.2978		0.2978		4.7141131237		0.9535		3.3579583613				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		4.2252		2.5077		2.5077		5.3918606916		0.9751		987.9858037245				plot Qe vs InCe      intercept=RT/bt InAt				slope=RT/bt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt
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		binary with Cd updated to 10ppm befor factoring the effect of binary on each metal

		binary (Raw diatomite used)

		Effect of initial concentration on lead Using Raw diatomite

		Raw Diatomite																langmuir				freudlich												Pb

		Initial Concentration		Co		Ce		% removal				Qe		1/Ce		1/Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe				Initial Concentration		% removal

				10		0.2162		97.838				4.8919		4.625346901		0.2044195507		0.2162		0.0441955069		-0.6651443104		0.6894775706		-1.5315513738		4.8919				10		97.838

				20		0.3218		98.391				9.8391		3.1075201989		0.1016353122		0.3218		0.0327062435		-0.4924139602		0.9929553746		-1.1338250444		9.8391				20		98.391

				30		0.4449		98.517				14.77755		2.2476961115		0.067670216		0.4449		0.0301064791		-0.3517375943		1.1696024375		-0.8099057412		14.77755				30		98.517

				40		0.5508		98.623				19.7246		1.8155410312		0.050698113		0.5508		0.0279245206		-0.2590060684		1.2950082048		-0.5963835121		19.7246				40		98.623

				50		0.6059		98.7882				24.69705		1.6504373659		0.0404906659		0.6059		0.0245332945		-0.2175990475		1.392645081		-0.501040323		24.69705				50		98.7882

				60		0.7398		98.767				29.6301		1.3517166802		0.0337494642		0.7398		0.0249678536		-0.130885673		1.4717331172		-0.3013753996		29.6301				60		98.767

				70		0.8673		98.761				34.56635		1.1530035743		0.0289298697		0.8673		0.025090876		-0.0618306536		1.5386535231		-0.1423703413		34.56635				70		98.761

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.044		-0.0262		-38.1679389313		-0.5954545455		-0.0347551343		0.73339				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		1.6613		1.4134		1.4134		45.8458469249		0.9915		0.7075137965				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		35.174		21.547		21.547		1.8451916695		0.9552		114.9845454124				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Effect of initial concentration on Cadmium Using Raw diatomite

		Raw Diatomite																																				Co		binary				Co		single		binary				Co		Qe single		Qe binary

		Initial Concentration		Co		Ce		% removal		Qe		1/Ce		1/Qe		logCe		logQe		InCe		Qe		Ce		Ce/Qe						Co		% removal				15		88.2013333333				10		90.816		88.52				10		4.5408		4.426

				10		1.148		88.52		4.426		0.8710801394		0.2259376412		0.0599418881		0.6460114096		0.1380212979		4.426		1.148		0.2593764121						15		94.4313333333				20		87.511				20		84.606		81.51				20		8.4606		8.151

				20		3.698		81.51		8.151		0.2704164413		0.1226843332		0.5679669068		0.9112108931		1.307792133		8.151		3.698		0.4536866642						20		89.06				25		79.6296				30		71.597		62.001				30		10.73955		9.30015

				30		11.3997		62.001		9.30015		0.0877216067		0.1075251474		1.0568934224		0.9684899532		2.4335870393		9.30015		11.3997		1.2257544233						25		88.37				30		66.001				40		61.561		52.561				40		12.3122		10.5122

				40		18.9756		52.561		10.5122		0.0526992559		0.0951275661		1.278195517		1.021693615		2.9431539433		10.5122		18.9756		1.8051026426						30		77.2866666667				35		67.1337142857				50		57.212		47.25				50		14.303		11.8125

				50		26.375		47.25		11.8125		0.0379146919		0.0846560847		1.4211924683		1.0723418215		3.2724165918		11.8125		26.375		2.2328042328						35		66.85				40		61.561				60		48.984		40.5966666667				60		14.6952		12.179

				60		35.642		40.5966666667		12.179		0.0280567869		0.0821085475		1.5519620659		1.0856116305		3.5735247178		12.179		35.642		2.92651285						40		62.42				45		57.8277777778				70		46.05		35.6554285714				70		16.1175		12.4794

				70		45.0412		35.6554285714		12.4794		0.0222018952		0.0801320576		1.6536099526		1.0961937053		3.8075776265		12.4794		45.0412		3.6092440342						45		58.6866666667

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or            Ce/Qe vs Ce												co+Q714N696:QN696:Q710		ce				%						ce		%

		0.2497		0.0757		13.2100396301		0.3031637966		0.2480381444		0.9955				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)								10		1.148				88.52				10		1.148		88.52

																intercept=1/Qmax		intercept=1/KlQmax										20		3.6978				81.511				20		3.698		81.51

																												30		11.3997				62.001				30		11.3997		62.001

		Freudlich isotherm application														logQe=logKf+1/nlogCe												40		16.9756				57.561				40		18.9756		52.561

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe												50		24.875				50.25				50		26.375		47.25

		0.6844		0.2649		0.2649		4.8350392059		0.9356		3.7750094375				slope=1/n		intercept=logKf										60		34.842				41.93				60		39.642		33.93

																												70		42.6412				39.084				70		56.6412		19.084

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe																								%				Co		%

		4.5393		2.1221		2.1221		8.4914550085		0.975		1167.5095424344				plot Qe vs InCe      intercept=RT/bt InAt				slope=RT/bt										ce				%				10		92.52				10		88.52

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt								10		0.748				92.52				15		88.201				20		81.51

																												15		1.76985				88.201				20		87.511				30		62

																												20		2.4978				87.511				25		76.4297				40		57.56

		Effect of pH on lead and cadmium Using Raw diatomite binary														time=60,0.1g												25		5.892575				76.4297				30		66.001				50		50.25

		Lead																										30		10.1997				66.001				35		65.991				60		43.2633333333

		pH		Co		Ce		% Removal		Qe						pH		Pb		Cd								35		11.90315				65.991				40		61.561				70		39.3697142857

		2		50		16.479		67.042		16.7605						2		67.042		27.785								40		15.3756				61.561				45		57.8277

		3		50		6.15		87.7		21.925						3		87.7		32.832								45		18.977535				57.8277				50		54.25

		4		50		0.55		98.9		24.725						4		98.9		60.343								50		22.875				54.25				60		43.93

		5		50		0.5735		98.853		24.71325						5		98.853		68.567								60		32.442				45.93				70		39.084

		6		50		0.6055		98.789		24.69725						6		98.789		74.35								70		42.6412				39.084

		Cadmium

		pH		Co		Ce		% Removal		Qe

		2		10		4.8286		51.714		2.5857								ce		%

		3		10		4.324		56.76		2.838						10		6.15686		38.4314

		4		10		2.5729		74.271		3.71355						10		6.7168		32.832

		5		10		1.7571		82.429		4.12145						10		3.9657		60.343

		6		10		1.1478		88.522		4.4261						10		3.1433		68.567

																10		2.565		74.35

																10		6.607		33.93

		Effect of contact time on Lead  and cadmiumUsing Raw diatomite (binary)														70		56.6412		19.084

		lead

																		1st order						2nd order

		Contact Time		Co		Ce		% Removal		Qt		qe		qe-qt		In(qe-qt)		t		In(qe-qt)				t		t/qt

		20		50		2.388		95.224		23.806		24.6952		0.8892		-0.1174330969		20		-0.1174330969				20		0.8401243384				2.388

		40		50		1.41		97.18		24.295		24.6952		0.4002		-0.9157908568		40		-0.9157908568				40		1.6464293064				1.41

		60		50		0.6096		98.7808		24.6952		24.6952		0		0		60						60		2.4296219508				0.56425

		80		50		0.6293		98.7414		24.68535		24.6952		0.00985		-4.6202838238		80		-4.6202838238				80		3.2407885649				0.467

		100		50		0.63		98.74		24.685		24.6952		0.0102		-4.5853675587		100		-4.5853675587				100		4.0510431436				0.495

		120		50		0.6165		98.767		24.69175		24.6952		0.00345		-5.6693810479		120		-5.6693810479				120		4.8599228487				0.565

														intercept		slope		R²						intercept		slope		R²

														1.0261		0.0584		0.9493						0.0323		0.0402		1

		cadmium														1st order						2nd order								%		%																Ce		% Removal

		ContactTime		Co		Ce		% Removal		Qt		qe		In(qe-qt)		t		In(qe-qt)				t		t/qt				t		Pb		Cd																4.41229995		70.584667

		20		10		3.8416		61.584		3.0792		4.4265		0.2981025898		20		0.2981025898				20		6.4951935568				20		95.224		61.584																2.94430005		80.371333

		40		10		2.06287		79.3713		3.968565		4.4265		-0.7810280263		40		-0.7810280263				40		10.0792099915				40		97.18		79.3713																1.7703		88.198

		60		10		1.147		88.53		4.4265		4.4265		0		60						60		13.5547272111				60		98.7808		88.53																1.628		89.1466666667

		80		10		1.147		88.53		4.4265		4.4265		0		80						80		18.0729696148				80		98.7414		88.53																1.6305		89.13

		100		10		1.1481		88.519		4.42595		4.4265		-7.5055922797		100		-7.5055922797				100		22.5940193631				100		98.74		88.519																1.629		89.14

		120		10		1.148		88.52		4.426		4.4265		-7.6009024595		120		-7.6009024595				120		27.1125169453				120		98.767		88.52

												intercept		slope		R²						intercept		slope		R²

												2.245		-0.0877		0.9687						1.8032		0.2074		0.9965

		Effect of Adsorbent Dosage on lead and Cadmium Using Raw diatomite (binary)

		lead

		Adsorbent Dosage		Co		Ce		% Removal		Qe				Adsorbent dosage (g)		Pb		Cd				time=80min, pH=6				Adsorbent dosage (g)		Cd binary		Cd single

		0.05		50		1.43335		97.1333		48.56665				0.05		97.1333		80.754								0.025				76.173

		0.1		50		0.6294		98.7412		24.6853				0.1		98.7412		88.531								0.05				84.974

		0.2		50		0.06335		99.8733		12.4841625				0.2		99.8733		94.728								0.1				90.926

		0.3		50		0.06665		99.8667		8.322225				0.3		99.8667		96.15								0.2				99.13

		0.4		50		0.246665		99.50667		6.219166875				0.4		99.50667		96.67								0.3				100

		0.5		50		0.25305		99.4939		4.974695				0.5		99.4939		97.25								0.4				100

																										0.5				100

		Cadmium

		Adsorbent Dosage		Co		Ce		% Removal		Qe

		0.05		10		1.9246		80.754		8.0754

		0.1		10		1.1469		88.531		4.42655

		0.2		10		0.5272		94.728		2.3682

		0.3		10		0.385		96.15		1.6025

		0.4		10		0.333		96.67		1.208375

		0.5		10		0.275		97.25		0.9725

		Effect of temperature on Lead and cadmium Using Raw diatomite (binary)

		lead

		Temperature		Co		Ce		% Removal		Qe		Cad,eq		Cad,eq/Ce		lnKc=InCad/Ce		T		1/T		lnKc		time=80min, 0.1g, pH=6														temp		Pb		Cd

		25		50		0.6296		98.7408		24.6852		49.3704		78.415501906		4.3620216362		298		0.0033557047		4.3620216362																25		98.7408		89.146

		35		50		0.7062		98.5876		24.6469		49.2938		69.8014726706		4.245655108		308		0.0032467532		4.245655108																35		98.5876		90.6106666667

		45		50		1.1796		97.6408		24.4102		48.8204		41.3872499152		3.7229728603		318		0.0031446541		3.7229728603																45		97.6408		95.2306666667

		55		50		1.2683		97.4634		24.36585		48.7317		38.4228494836		3.6486523213		328		0.0030487805		3.6486523213																55		97.4634		97.2686666667

		65		50		1.3139		97.3722		24.34305		48.6861		37.0546464723		3.6123937547		338		0.0029585799		3.6123937547																65		97.3722		97.7466666667

														R²		slope		intercept		ΔH		ΔS

														0.8784		2128.5		-2.7883		-17696.349		-23.1819262

		cadmium

		Temperature		Co		Ce		% Removal		Qe		Cad,eq		Cad,eq/Ce		lnKc=InCad/Ce		T		1/T		lnKc1								ce		%

		25		10		1.1468		88.532		4.4266		8.8532		7.7199162888		2.0438035206		298		0.0033557047		2.0438035206				20		10		1.1468		88.532

		35		10		1.0393		89.607		4.48035		8.9607		8.6218608679		2.1543009393		308		0.0032467532		2.1543009393				40		10		1.03933		89.6067

		45		10		0.97734		90.2266		4.51133		9.02266		9.2318538073		2.2226598742		318		0.0031446541		2.2226598742				60		10		0.97734		90.2266

		55		10		0.97253		90.2747		4.513735		9.02747		9.2824591529		2.2281265066		328		0.0030487805		2.2281265066				80		10		0.97353		90.2647

		65		10		0.9287		90.713		4.53565		9.0713		9.7677398514		2.2790851037		338		0.0029585799		2.2790851037				100		10		0.9287		90.713

														R²		slope		intercept		ΔH		ΔS				120		10		0.275		97.25

														0.9159		-553.76		3.9304		4603.96064		32.6773456				140		10		1.1489		88.511

								Temperature		binary		single

								25		88.532		90.927

								35		89.607		92.636

								45		90.2266		95.98

								55		90.2747		99.185

								65		90.713		99.833

		Initial Concentration		Co		Ce		% removal		Qe		1/Ce		1/Qe		logCe		logQe		InCe		Qe		Ce		Ce/Qe

				10		0.3468		96.532		4.8266		2.8835063437		0.2071851821		-0.4599209112		0.6836413086		-1.0590070341		4.8266		0.3468		0.0718518212

				20		2.0028		89.986		8.9986		0.4993009786		0.1111283978		0.3016375827		0.9541749473		0.6945462015		8.9986		2.0028		0.222567955

				30		5.03202		83.2266		12.48399		0.1987273501		0.0801025954		0.7017423586		1.0963534121		1.615821494		12.48399		5.03202		0.4030778621

				40		10.2944		74.264		14.8528		0.0971401927		0.0673273726		1.0126010392		1.1718083331		2.3316000581		14.8528		10.2944		0.6930949047

				50		17.1435		65.713		16.42825		0.0583311459		0.0608707562		1.2340994918		1.2155913032		2.841619093		16.42825		17.1435		1.0435378083

				60		26.25		56.25		16.875		0.0380952381		0.0592592593		1.4191293077		1.2272437815		3.267665989		16.875		26.25		1.5555555556

				70		33.2395		52.515		18.38025		0.0300846884		0.0544062241		1.5216544824		1.2643514142		3.5037389278		18.38025		33.2395		1.808435685

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or            Ce/Qe vs Ce

		0.2497		0.0757		13.2100396301		0.3031637966		0.2480381444		0.9955				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)

																intercept=1/Qmax		intercept=1/KlQmax

																												ce		%

		Freudlich isotherm application														logQe=logKf+1/nlogCe								20		50		0.535		98.93

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe								40		50		0.6075		98.785

		0.6844		0.2649		0.2649		4.8350392059		0.9356		3.7750094375				slope=1/n		intercept=logKf						60		50		0.99		98.02

																								80		50		1.219		97.562

		Tempkin isotherm application																						100		50		17.1435		65.713

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe								120		60		26.25		56.25

		4.5393		2.1221		2.1221		8.4914550085		0.975		1167.5095424344				plot Qe vs InCe      intercept=RT/bt InAt				slope=RT/bt				140		70		33.2395		52.515

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Effect of lead on adsorption of Cd

		Cd concentration constant @ 10ppm, pH=6, time=60 min

		Pb concentration		Co Cd		Ce Cd		%bremoval of cadmium

		0		10		0.92		90.8

		10		10		1.148		88.52

		30		10		1.7849		82.151

		50		10		2.566		74.34

		Effect of cadmium on adsorption of Pb

		Pb concentration constant @ 50ppm, pH=6, time=60 min

		Cd concentration		Co Pb		Ce Pb		%bremoval of lead

		0		50		0.535		98.93

		10		50		0.6075		98.785

		30		50		0.99		98.02

		50		50		1.219		97.562





		effect of concentration on lead for single and binary

		single

																																Co		ce		%

		Raw Diatomite																langmuir				freudlich										10		0.079		99.21		Co		%		Initial concentration  Co		Raw Diatomite		MnO₂-diatomite composite

		Initial Concentration		Co		Ce		% removal				Qe		1/Ce		1/Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe				20		0.18612		99.0694		10		99.21		10		99.21		93.201

				10		0.079		99.21				4.9605		12.6582278481		0.2015925814		0.079		0.0159258139		-1.1023729087		0.695525454		-2.5383074265		4.9605				30		0.29343		99.0219		20		99.0694		20		99.0694		89.5065

				20		0.18612		99.0694				9.90694		5.3728777133		0.1009393415		0.18612		0.0187868302		-0.7302069561		0.9959395328		-1.681363652		9.90694				40		0.521668		98.69583		30		99.0219		30		99.0219		77.21

				30		0.29343		99.0219				14.853285		3.4079678288		0.0673251742		0.29343		0.0197552259		-0.5324954864		1.1718225142		-1.226116169		14.853285				50		0.7089		98.5822		40		98.69583		40		98.69583		66.155

				40		0.521668		98.69583				19.739166		1.9169280079		0.0506607017		0.521668		0.0264280669		-0.2826058028		1.2953287993		-0.6507239088		19.739166				60		0.92802		98.4533		50		98.5822		50		98.5822		61.7966

				50		0.7089		98.5822				24.64555		1.4106361969		0.0405752763		0.7089		0.0287638133		-0.1494150236		1.3917385145		-0.3440408061		24.64555				70		1.4721		97.897		60		98.4533		60		98.4533		54.0528333333

				60		0.92802		98.4533				29.53599		1.0775629836		0.0338569995		0.92802		0.0314199727		-0.0324426641		1.4703515323		-0.0747019947		29.53599				0		0		62.5		70		97.897		70		97.897		49.1648571429

				70		1.4721		97.897				34.26395		0.6793016779		0.0291851932		1.4721		0.0429635229		0.1679373127		1.5348374276		0.3866899528		34.26395				0		0		56

																																0		0		50.8

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.0149		0.019		52.6315789474		1.2751677852		0.0727183992		0.9906				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		1.4769		0.6697		0.6697		29.984720158		0.9846		1.4932059131				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		28.736		10.319		10.319		1.4320351346		0.9703		240.0980715186				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt
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																																Co		ce		%						Initial concentration  Co		Raw Diatomite		MnO₂-diatomite composite

		Raw Diatomite																langmuir				freudlich										10		1.8849		81.151		99.2				10		99.21		93.201

		Initial Concentration		Co		Ce		% removal				Qe		1/Ce		1/Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe				20		0.58612		97.0694		97				20		97.0694		89.5065

				10		0.079		99.21				4.9605		12.6582278481		0.2015925814		0.079		0.0159258139		-1.1023729087		0.695525454		-2.5383074265		4.9605				30		1.91343		93.6219		93.6				30		93.6219		77.21

				20		0.58612		97.0694				9.70694		1.7061352624		0.1030190771		0.58612		0.0603815415		-0.2320134591		0.9870823452		-0.5342307322		9.70694				40		4.521668		88.69583		88.6				40		88.69583		66.155

				30		1.91343		93.6219				14.043285		0.5226216794		0.0712084103		1.91343		0.1362523085		0.2818125788		1.1474687097		0.648897443		14.043285				50		8.27089		83.45822		83.46				50		83.45822		61.7966

				40		4.52167		88.695825				17.739165		0.2211572273		0.0563724392		4.52167		0.2548975671		0.6552988635		1.2489331733		1.5088813946		17.739165				60		11.18802		81.3533		81.3				60		81.3533		54.0528333333

				50		8.27089		83.45822				20.864555		0.1209059726		0.0479281729		8.27089		0.3964086461		0.9175522449		1.3194091265		2.1127421211		20.864555				70		15.4721		77.897		77.8				70		77.897		49.1648571429

				60		11.188		81.3533333333				24.406		0.0893814802		0.0409735311		11.188		0.4584118659		1.0487524577		1.3874966069		2.4148417753		24.406				80		30		62.5

				70		15.4721		77.897				27.26395		0.0646324675		0.036678471		15.4721		0.5674929715		1.1895492637		1.4355887766		2.739038402		27.26395				0		0		56

																																0		0		50.8

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.0565		0.0356		28.0898876404		0.6300884956		0.136969697		0.9723				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		1.0499		0.3161		0.3161		11.2176012975		0.9979		3.1635558368				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		13.284		40.927		40.927		21.778525606		0.9396		60.5363696337				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt
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																																Co		ce		%

		Raw Diatomite														langmuir				freudlich												10		1.148		88.52		97.52				Initial concentration  Co		Pb binary		Cd binary		Pb single		Cd single				Initial concentration  Co		Pb binary		Cd binary		Pb single		Cd single

		Initial Concentration		Co		Ce		% removal		Qe		1/Ce		1/Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe						20		3.2308		83.846		94.92				10		97.5201		88.52		99.21		90.816				10		97.5201		88.52		99.21		90.816

				10		1.148		88.52		4.426		0.8710801394		0.2259376412		1.148		0.2593764121		0.0599418881		0.6460114096		0.1380212979		4.426						30		5.6786		81.0713333333		88.22				20		94.967		81.51		97.0694		84.606				20		96.367		81.51		99.0694		84.606

				20		3.2308		83.846		8.3846		0.3095208617		0.1192662739		3.2308		0.3853254777		0.5093100742		0.9234823488		1.1727297846		8.3846						40		9.57296		76.0676		84.32				30		88.2903		62.001		93.6219		71.597				30		95.90375		62.001		99.0219		71.597

				30		5.6786		81.0713333333		12.1607		0.1760997429		0.0822321083		5.6786		0.4669632505		0.7542412781		1.0849585747		1.7367047235		12.1607						50		12.7045		74.591		79.62				40		84.338		52.561		88.695825		61.561				40		94.3383		52.561		98.69583		61.561

				40		9.57296		76.0676		15.21352		0.1044608982		0.0657310077		9.57296		0.6292403073		0.9810462442		1.1822297098		2.2589424575		15.21352						60		17.7364		70.4393333333		75.72				50		79.6742		47.25		83.45822		57.212				50		93.7425		47.25		98.5822		57.212

				50		13.7045		72.591		18.14775		0.0729687329		0.0551032497		13.7045		0.7551624857		1.1368631952		1.2588227879		2.6177242461		18.14775						70		22.4078		67.9888571429		69.62				60		75.7415		40.5966666667		81.3533333333		48.984				60		91.415		40.5966666667		98.4533		48.984

				60		17.7364		70.4393333333		21.1318		0.0563812273		0.0473220454		17.7364		0.8393227269		1.2488654746		1.3249364917		2.8756190251		21.1318						0		0								70		69.6428		35.6554285714		77.897		46.05				70		90.6428		35.6554285714		97.897		46.05

				70		22.4078		67.9888571429		23.7961		0.0446273173		0.042023693		22.4078		0.9416585071		1.3503992196		1.3765057853		3.1094091125		23.7961						0		0

																																0		0

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax																										Initial concentration  Co		Pb Diatomite		Cd Diatomite								Initial concentration  Co		Pb binary		Pb single						Initial concentration  Co		Pb binary		Pb single				Initial concentration  Co		raw		mnd						single		10ppm		30ppm						10		30

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce																		10		96.575		88.52								10		97.5201		99.21						10		97.5201		99.21				10		90.816		90.816				90.816		90.816		88.52		82.151		2.296		8.665		88.52		82.151

		0.27772		0.0312		32.0512820513		0.1123433674		0.4709353592		0.9852				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax								90.816		90.816		0						20		97.123		81.51								20		96.367		99.0694						20		94.967		97.0694				20		89.421		85.606				89.421		85.606		80.031		70.692		5.575		14.914		83.846		74.507

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax								89.421		85.606		3.815						30		97.249		62.001								30		95.90375		99.0219						30		88.2903		93.6219				30		85.9393333333		81.597				85.9393333333		81.597		76.729		64.018		4.868		17.579		81.0713333333		68.3603333333

																																85.9393333333		81.597		4.3423333333						40		97.355		52.561								40		94.3383		98.69583						40		84.338		88.695825				40		83.097		78.261				83.097		78.261		71.2316		50.597		7.0294		27.664		76.0676		55.433

		Freudlich isotherm application														logQe=logKf+1/nlogCe																83.097		78.261		4.836						50		97.52		47.25								50		93.7425		98.5822						50		79.6742		83.45822				50		81.861		75.212				81.861		75.212		67.942		47.25		7.27		27.962		74.591		53.899

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe																81.861		75.212		6.649						60		97.499		40.5966666667								60		91.415		98.4533						60		75.7415		81.3533333333				60		77.0453333333		64.984				77.0453333333		64.984		58.378		39.67		6.606		25.314		70.4393333333		51.7313333333

		0.63		0.5657		0.5657		4.265795188		0.9904		1.7677214071				slope=1/n		intercept=logKf														77.0453333333		64.984		12.0613333333						70		97.493		35.6554285714								70		90.6428		97.897						70		69.6428		77.897				70		74.8411428571		57.354				74.8411428571		57.354		50.5017142857		34.94		6.8522857143		22.414		67.9888571429		52.4271428571

																																74.8411428571		57.354		17.4871428571

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe																90.816		7.363		83.453						Initial concentration  Co		%

		1.8869		6.5459		6.5459		32.1087718651		0.9687		378.4921859485				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt								89.421		19.946		69.475						10		90.816																				Initial concentration  Co		Raw Diatomite		MnO₂-diatomite composite				Initial concentration  Co		single		10ppm		30ppm				Initial concentration  Co		10ppm		30ppm

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt												85.9393333333		21.6503		64.2890333333						20		89.421																				10		90.816		83.453				10		90.816		88.52		80.151				10		88.52		82.151

																																83.097		23.851		59.246						30		85.9393333333																				20		85.606		65.66				20		89.421		83.846		70.507				20		80.031		70.692

																																81.861		32.822		49.039						40		83.097																				30		81.597		59.9466666667				30		85.9393333333		81.0713333333		65.3603333333				30		76.729		64.018

																																77.0453333333		28.2507		48.7946333333						50		81.261																				40		78.261		54.41				40		83.097		76.0676		62.433				40		71.2316		50.597

																																74.8411428571		21.9754		52.8657428571						60		77.0453333333																				50		75.212		42.39				50		81.861		72.591		58.899				50		67.942		47.25

																																										70		74.8411428571																				60		64.984		36.7333333333				60		77.0453333333		70.4393333333		52.7313333333				60		58.378		39.67

																																																																70		57.354		35.3785714286				70		74.8411428571		67.9888571429		49.4271428571				70		50.5017142857		34.94

																																																																												88.52

																																																																												83.846

																																																																												81.0713333333

																																																																												76.0676

																																																																												74.591

																																																																												70.4393333333

																																																																												65.9888571429

		Temperature		Co		Ce		% Removal		Qe		Cad,eq		Cad,eq/Ce		lnKc=InCad/Ce		T		1/T		lnKc		time=80min, 0.1g, pH=6						ΔG (kJ/mol)

		25		10		0.13099		98.6901		4.934505		9.86901		75.3417054737		4.322033839		298		0.0033557047		4.322033839		98.3031						-10.7081500226

		35		10		0.1501		98.499		4.92495		9.8499		65.6222518321		4.1839148432		308		0.0032467532		4.1839148432		98.112						-10.7138009459

		45		10		0.1887		98.113		4.90565		9.8113		51.9941706412		3.9511316092		318		0.0031446541		3.9511316092		97.726						-10.4462072074

		55		10		0.2242		97.758		4.8879		9.7758		43.6030330062		3.7751267123		328		0.0030487805		3.7751267123		97.371						-10.2947403434

		65		10		0.24233		97.5767		4.878835		9.75767		40.2660421739		3.6955084878		338		0.0029585799		3.6955084878		97.1897						-10.3848666578

														R²		slope		intercept		ΔH		ΔS		ΔG

														0.8836		2090.2		-2.7093		-17377.9228		-22.5251202

		Contact Time		Co		Ce		% Removal		Qt		qe		qe-qt		In(qe-qt)		t		In(qe-qt)				t		t/qt

		20		10		0.60368		93.9632		4.69816		4.8567		0.15854		-1.8417483516		20		-1.8417483516				20		4.2569857136

		40		10		0.40808		95.9192		4.79596		4.8567		0.06074		-2.8011528194		40		-2.8011528194				40		8.3403531306

		60		10		0.131		98.69		4.9345		4.8567		-0.0778		0		60						60		12.1592866552

		80		10		0.131		98.69		4.9345		4.8567		-0.0778		0		80						80		16.2123822069

		100		10		0.13101		98.6899		4.934495		4.8567		-0.077795		0		100		0				100		20.2654982931

		120		10		0.13099		98.6901		4.934505		4.8567		-0.077805		0		120		0				120		24.318548669

														intercept		slope		R²						intercept		slope		R²

														0.2261		-0.0915		0.9478						0.1412		0.2045		1
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		cadmium

		single

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe				Co		ce		%

				10		0.9184		90.816		4.5408		0.9184		0.2022551092		-0.0369681249		0.6571323738		-0.0851222534		4.5408				10		0.9184		90.816

				20		2.8788		85.606		8.5606		2.8788		0.3362848398		0.459211494		0.9325042048		1.0573735407		8.5606				20		2.8788		85.606

				30		5.5209		81.597		12.23955		5.5209		0.451070505		0.7420098808		1.0877654508		1.7085408905		12.23955				30		5.5209		81.597

				40		8.6956		78.261		15.6522		8.6956		0.5555512963		0.9392995539		1.1945753886		2.1628171506		15.6522				40		8.6956		78.261

				50		12.394		75.212		18.803		12.394		0.6591501356		1.0932114918		1.274227146		2.5172124845		18.803				50		12.394		75.212

				60		21.0096		64.984		19.4952		21.0096		1.0776806599		1.322417784		1.2899276949		3.0449794761		19.4952				60		21.0096		64.984

				70		29.8522		57.354		20.0739		29.8522		1.4871151097		1.4749763426		1.3026317563		3.396258539		20.0739				70		29.8522		57.354

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce								%		%		%						Qe		Qe		Qe

		0.1817		0.043		23.2558139535		0.236653825		0.2970410332		0.9952				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax						Co		10ppm		30ppm		single				Co		10ppm		30ppm		single

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax						10		88.52		82.151		90.816				10		4.426		4.05755		4.5408

																														20		80.031		70.692		85.606				20		8.0031		7.5692		8.5606

		Freudlich isotherm application														logQe=logKf+1/nlogCe														30		76.729		64.018		81.597				30		11.50935		9.30015		12.23955

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe														40		71.2316		50.597		78.261				40		14.24632		10.0122		15.6522

		0.7243		0.4453		0.4453		5.3002944884		0.9499		2.2456770716				slope=1/n		intercept=logKf												50		67.942		47.25		75.212				50		16.9855		11.8125		18.803

																														60		58.378		39.67		64.984				60		17.5134		11.901		19.4952

		Tempkin isotherm application																												70		50.5017142857		34.94		57.354				70		17.6756		12.22939		20.0739

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		4.5363		4.8986		4.8986		2.9442874985		0.9665		505.7714449026				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		10ppm

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe				Co		ce		%

				10		1.148		88.52		4.426		1.148		0.2593764121		0.0599418881		0.6460114096		0.1380212979		4.426				10		1.148		88.52

				20		3.9938		80.031		8.0031		3.9938		0.4990316252		0.6013863126		0.9032582435		1.3847431586		8.0031				20		3.9938		80.031

				30		6.9813		76.729		11.50935		6.9813		0.6065763922		0.8439363009		1.0610507972		1.9432351459		11.50935				30		6.9813		76.729

				40		11.50736		71.2316		14.24632		11.50736		0.8077426311		1.0609756999		1.1537026952		2.4429868307		14.24632				40		11.50736		71.2316

				50		16.029		67.942		16.9855		16.029		0.9436872627		1.2049064289		1.2300783357		2.7743995816		16.9855				50		16.029		67.942

				60		24.9732		58.378		17.5134		24.9732		1.4259481311		1.3974741953		1.2433704669		3.2178032499		17.5134				60		24.9732		58.378

				70		34.6488		50.5017142857		17.6756		34.6488		1.9602616036		1.5396881982		1.2473741649		3.545263093		17.6756				70		36.2488		48.216

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax																%		%

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce						Co		10ppm		30ppm

		0.2413		0.0485		20.618556701		0.2009946125		0.3322318601		0.9932				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax						10		88.52		81.151

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax						20		82.031		70.692

																														30		67.729		62.001

		Freudlich isotherm application														logQe=logKf+1/nlogCe														40		56.2316		50.061

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe														50		51.942		47.25

		0.6557		0.4315		0.4315		4.5258483737		0.9562		2.3174971031				slope=1/n		intercept=logKf												60		45.378		39.67

																														70		42.836		34.9411142857

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		3.3436		4.3346		4.3346		3.6560638857		0.963		571.5803072948				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		30ppm

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe				Co		ce		%

				10		1.7849		82.151		4.10755		1.7849		0.4345412716		0.2516138895		0.6135828587		0.5793623913		4.10755				10		1.7849		82.151

				20		5.8616		70.692		7.0692		5.8616		0.8291744469		0.7680161785		0.8493702688		1.7684226039		7.0692				20		5.8616		70.692

				30		10.7946		64.018		9.6027		10.7946		1.1241213409		1.0332065539		0.9823933612		2.3790460091		9.6027				30		10.7946		64.018

				40		19.7612		50.597		10.1194		19.7612		1.9528035259		1.2958133136		1.0051547631		2.9837204192		10.1194				40		19.7612		50.597

				50		26.375		47.25		11.8125		26.375		2.2328042328		1.4211924683		1.0723418215		3.2724165918		11.8125				50		26.375		47.25

				60		36.198		39.67		11.901		36.198		3.0415931434		1.5586845757		1.0755834552		3.5890038687		11.901				60		36.198		39.67

				70		45.542		34.94		12.229		45.542		3.7240984545		1.658412099		1.087390945		3.8186349771		12.229				70		45.542		34.94

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.3557		0.0741		13.4952766532		0.2083216193		0.3243366463		0.9966				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.5716		0.3361		0.3361		3.7290653996		0.9497		2.9753049688				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		2.7551		2.5859		2.5859		2.5563657506		0.9772		958.1082021733				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Lead

		single

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		0.079		99.21		4.9605		0.079		0.0159258139		-1.1023729087		0.695525454		-2.5383074265		4.9605

				20		0.18612		99.0694		9.90694		0.18612		0.0187868302		-0.7302069561		0.9959395328		-1.681363652		9.90694

				30		0.29343		99.0219		14.853285		0.29343		0.0197552259		-0.5324954864		1.1718225142		-1.226116169		14.853285

				40		0.521668		98.69583		19.739166		0.521668		0.0264280669		-0.2826058028		1.2953287993		-0.6507239088		19.739166

				50		0.7089		98.5822		24.64555		0.7089		0.0287638133		-0.1494150236		1.3917385145		-0.3440408061		24.64555

				60		0.92802		98.4533		29.53599		0.92802		0.0314199727		-0.0324426641		1.4703515323		-0.0747019947		29.53599

				70		1.4721		97.897		34.26395		1.4721		0.0429635229		0.1679373127		1.5348374276		0.3866899528		34.26395

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce								%		%		%						Qe		Qe		Qe

		0.0149		0.019		52.6315789474		1.2751677852		0.0727183992		0.9906				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax						Co		10ppm		30ppm		single				Co		10ppm		30ppm		single

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax						10		97.3299		96.485		99.21				10		4.866495		4.82425		4.9605

																														20		96.97305		96.01115		99.0694				20		9.697305		9.601115		9.90694

		Freudlich isotherm application														logQe=logKf+1/nlogCe														30		96.514		95.79		99.0219				30		14.4771		14.3685		14.853285

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe														40		96.268		94.483		98.69583				40		19.2536		18.8966		19.739166

		1.4769		0.6697		0.6697		29.984720158		0.9846		1.4932059131				slope=1/n		intercept=logKf												50		95.905		93.745		98.5822				50		23.97625		23.43625		24.64555

																														60		95.2643333333		91.415		98.4533				60		28.5793		27.4245		29.53599

		Tempkin isotherm application																												70		94.849		90.6426		97.897				70		33.19715		31.72491		34.26395

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		28.736		10.316		10.316		1.4318856398		0.9703		240.1678945328				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		10ppm

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		0.26701		97.3299		4.866495		0.26701		0.0548670039		-0.5734724732		0.6872162815		-1.3204691681		4.866495

				20		0.60539		96.97305		9.697305		0.60539		0.0624286851		-0.2179647571		0.9866510553		-0.5018824005		9.697305

				30		1.0458		96.514		14.4771		1.0458		0.0722382245		0.0194486375		1.1606815743		0.0447821428		14.4771

				40		1.4928		96.268		19.2536		1.4928		0.0775335522		0.1740016264		1.284511945		0.4006535511		19.2536

				50		2.0475		95.905		23.97625		2.0475		0.0853970075		0.3112239104		1.3797812583		0.7166195367		23.97625

				60		2.8414		95.2643333333		28.5793		2.8414		0.0994216093		0.4535323761		1.4560515873		1.0442968885		28.5793

				70		3.6057		94.849		33.19715		3.6057		0.1086147455		0.5569895899		1.5211008008		1.2825159266		33.19715

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax																%		%

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce						Co		10ppm		30ppm

		0.0531		0.0159		62.893081761		0.2994350282		0.2503536068		0.9921				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax						10		88.52		81.151

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax						20		82.031		70.692

																														30		67.729		62.001

		Freudlich isotherm application														logQe=logKf+1/nlogCe														40		56.2316		50.061

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe														50		51.942		47.25

		1.1345		0.7382		0.7382		13.6301300621		0.9954		1.3546464373				slope=1/n		intercept=logKf												60		45.378		39.67

																														70		42.836		34.9411142857

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		16.548		10.929		10.929		1.9356483782		0.958		226.6970445603				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		30ppm

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe				Co		ce		%

				10		0.3515		96.485		4.82425		0.3515		0.0728610665		-0.4540746706		0.6834298055		-1.0455455677		4.82425				10		0.3515		96.485

				20		0.79774		96.0113		9.60113		0.79774		0.0830881365		-0.0981386312		0.9823223501		-0.2259725492		9.60113				20		0.79774		96.0113

				30		1.263		95.79		14.3685		1.263		0.0879006159		0.1014033506		1.1574114323		0.2334898434		14.3685				30		1.263		95.79

				40		1.9284		95.179		19.0358		1.9284		0.101303859		0.2851971228		1.2795711332		0.6566906435		19.0358				40		1.9284		95.179

				50		2.70845		94.5831		23.645775		2.70845		0.1145426614		0.4327208226		1.3737535528		0.9963765155		23.645775				50		2.70845		94.5831

				60		3.51852		94.1358		28.24074		3.51852		0.1245902197		0.546360024		1.4508760725		1.2580404466		28.24074				60		3.51852		94.1358

				70		4.99632		92.8624		32.50184		4.99632		0.1537242199		0.6986502459		1.511907948		1.6087016415		32.50184				70		4.99632		92.8624

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.0677		0.017		58.8235294118		0.2511078287		0.2848127892		0.9964				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		1.0481		0.729		0.729		11.1712044466		0.9899		1.3717421125				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		13.557		10.718		10.718		2.2046921578		0.9692		231.1599178951				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt
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		Raw Diatomite														langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		1/Ce		1/Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe				Co		ce		%

				10		0.13066		98.6934		4.93467		7.6534517067		0.2026477961		0.13066		0.026477961		-0.8838573461		0.6932581151		-2.0351567496		4.93467				10		0.13066		98.6934

				20		0.33413		98.32935		9.832935		2.9928470954		0.1016990349		0.33413		0.0339806985		-0.4760845293		0.9926831683		-1.0962251402		9.832935				20		0.3341		98.3295

				30		0.57077		98.0974333333		14.714615		1.7520192021		0.0679596442		0.57077		0.0387893261		-0.2435388617		1.1677489035		-0.5607689526		14.714615				30		0.570777		98.09741

				40		0.8916		97.771		19.5542		1.1215791835		0.0511399086		0.8916		0.0455963425		-0.0498299402		1.2912400528		-0.1147376775		19.5542				40		0.8916		97.771

				50		1.3795		97.241		24.31025		0.7249003262		0.0411349122		1.3795		0.0567456114		0.1397217048		1.385789425		0.3217211147		24.31025				50		1.3795		97.241

				60		2.03808		96.6032		28.98096		0.4906578741		0.0345054132		2.03808		0.0703247926		0.3092212272		1.4621127675		0.7120081882		28.98096				60		2.03808		96.6032

				70		2.67229		96.1824428571		33.663855		0.3742108828		0.0297054511		2.67229		0.07938158		0.4268835865		1.5271638475		0.9829357827		33.663855				70		2.6723		96.1824285714

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.0263		0.021		47.619047619		0.7984790875		0.1112991959		0.9941				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		1.2964		0.6525		0.6525		19.7879133523		0.9908		1.5325670498				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		21.789		9.5003		9.5003		1.546529804		0.9725		260.7888171952				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		10ppm

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe								Co		ce		%

				10		1.148		88.52		4.426		1.148		0.2593764121		0.0599418881		0.6460114096		0.1380212979		4.426								10		1.148		88.52

				20		3.5938		82.031		8.2031		3.5938		0.4381026685		0.5555539043		0.9139780059		1.2792101385		8.2031								20		3.5938		82.031

				30		9.6813		67.729		10.15935		9.6813		0.9529448242		0.9859336781		1.0068659225		2.2701961898		10.15935								30		9.6813		67.729

				40		17.50736		56.2316		11.24632		17.50736		1.5567189979		1.2432206621		1.0510104367		2.8626213639		11.24632								40		17.50736		56.2316

				50		24.029		51.942		12.9855		24.029		1.8504485773		1.3807356974		1.1134586766		3.1792614342		12.9855								50		24.029		51.942

				60		32.7732		45.378		13.6134		32.7732		2.4074220988		1.5155188483		1.1339666055		3.4896111082		13.6134								60		34.5732		42.378

				70		40.0148		42.836		14.9926		40.0148		2.6689700252		1.6022206506		1.1758769542		3.6892493857		14.9926								70		42.5488		39.216

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax																%		%		%						Qe		Qe		Qe

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce						Co		10ppm		30ppm		single				Co		10ppm		30ppm		single

		0.285		0.0632		15.8227848101		0.221754386		0.3107960742		0.9864				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax						10		88.52		81.151		90.816				10		4.426		4.05755		4.5408

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax						20		82.031		70.692		84.606				20		8.2031		7.5692		8.4606

																														30		67.729		62.001		71.597				30		10.15935		9.30015		10.73955

		Freudlich isotherm application														logQe=logKf+1/nlogCe														40		56.2316		50.061		61.561				40		11.24632		10.0122		12.3122

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe														50		51.942		47.25		57.212				50		12.9855		11.8125		14.303

		0.6744		0.316		0.316		4.7249802768		0.9622		3.164556962				slope=1/n		intercept=logKf												60		45.378		39.67		48.984				60		13.6134		11.901		14.6952

																														70		42.836		34.9411142857		46.05				70		14.9926		12.22939		16.1175

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe																				90.816

		4.1299		2.763		2.763		1.9523298672		0.9813		896.696344553				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt												85.606

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt																81.597

																																				78.261

																																				75.212

		30ppm																																		64.984

		Raw Diatomite										langmuir				freudlich																				57.354

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe								Co		ce		%

				10		1.8849		81.151		4.05755		1.8849		0.4645414105		0.2752883144		0.6082638802		0.6338747691		4.05755								10		1.7849		82.151

				20		4.8616		75.692		7.5692		4.8616		0.6422871638		0.6867792233		0.8790499807		1.5813676018		7.5692								20		5.8616		70.692

				30		11.3997		62.001		9.30015		11.3997		1.2257544233		1.0568934224		0.9684899532		2.4335870393		9.30015								30		8.7924		70.692

				40		19.9756		50.061		10.0122		19.9756		1.9951259463		1.3004998329		1.0005295163		2.9945115287		10.0122								40		18.9756		52.561

				50		26.375		47.25		11.8125		26.375		2.2328042328		1.4211924683		1.0723418215		3.2724165918		11.8125								50		26.375		47.25

				60		36.198		39.67		11.901		36.198		3.0415931434		1.5586845757		1.0755834552		3.5890038687		11.901								60		37.44198		37.5967

				70		45.54122		34.9411142857		12.22939		45.54122		3.7239159108		1.6584046607		1.087404795		3.8186178499		12.22939								70		48.54122		30.6554

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.3444		0.0746		13.4048257373		0.2166085947		0.3158473955		0.9957				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.5848		0.3265		0.3265		3.8441471176		0.9237		3.0627871363				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		2.9607		2.519		2.519		2.3415481377		0.9726		983.553791187				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Ratio 1:1

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe								Co		ce		%

				10		1.148		88.52		4.426		1.148		0.2593764121		0.0599418881		0.6460114096		0.1380212979		4.426								10		0.24799		97.5201

				20		3.698		81.51		8.151		3.698		0.4536866642		0.5679669068		0.9112108931		1.307792133		8.151								20		0.7266		96.367

				30		11.3997		62.001		9.30015		11.3997		1.2257544233		1.0568934224		0.9684899532		2.4335870393		9.30015								30		1.228875		95.90375

				40		18.9756		52.561		10.5122		18.9756		1.8051026426		1.278195517		1.021693615		2.9431539433		10.5122								40		2.26468		94.3383

				50		26.375		47.25		11.8125		26.375		2.2328042328		1.4211924683		1.0723418215		3.2724165918		11.8125								50		3.12875		93.7425

				60		35.642		40.5966666667		12.179		35.642		2.92651285		1.5519620659		1.0856116305		3.5735247178		12.179								60		5.151		91.415

				70		45.0412		35.6554285714		12.4794		45.0412		3.6092440342		1.6536099526		1.0961937053		3.8075776265		12.4794								70		6.55004		90.6428

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.2497		0.0757		13.2100396301		0.3031637966		0.2480381444		0.9955				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.6844		0.2649		0.2649		4.8350392059		0.9356		3.7750094375				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		4.5393		2.1221		2.1221		1.5959912048		0.975		1167.5095424344				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		trial

																														Co		ce		%

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe								10		1.6547		83.453

				10		1.6547		83.453		4.17265		1.6547		0.3965585419		0.2187192669		0.6204119578		0.5036197235		4.17265								20		4.068		79.66

				20		4.068		79.66		7.966		4.068		0.510670349		0.6093809443		0.9012403021		1.4031514782		7.966								30		7.816		73.9466666667

				30		7.816		73.9466666667		11.092		7.816		0.7046520014		0.8929845507		1.0450098609		2.0561729147		11.092								40		12.236		69.41

				40		12.236		69.41		13.882		12.236		0.8814291889		1.0876394683		1.1424520401		2.5043824263		13.882								50		20.305		59.39

				50		20.305		59.39		14.8475		20.305		1.367570298		1.3076029938		1.1716533339		3.0108671611		14.8475								60		27.76		53.7333333333

				60		27.76		53.7333333333		16.12		27.76		1.7220843672		1.4434194618		1.2073650375		3.3235961356		16.12								70		34.735		50.3785714286

				70		34.735		50.3785714286		17.6325		34.735		1.9699418687		1.5407673032		1.2463138925		3.5477478241		17.6325

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.285		0.0632		15.8227848101		0.221754386		0.3107960742		0.9864				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax						Co		Trial		raw		Mn

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax						10		90.816		90.816		83.453		95.453		83.453

																														20		88.606		85.606		79.66		94.66		80.66

		Freudlich isotherm application														logQe=logKf+1/nlogCe														30		87.597		81.597		73.9466666667		88.9466666667		74.9466666667

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe														40		86.261		78.261		69.41		84.41		69.41

		0.6744		0.316		0.316		4.7249802768		0.9622		3.164556962				slope=1/n		intercept=logKf												50		82.261		75.212		59.39		74.39		57.39

																														60		79.984		64.984		53.7333333333		68.7333333333		51.7333333333

		Tempkin isotherm application																												70		70.354		57.354		50.3785714286		65.3785714286		50.3785714286

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		4.1299		2.763		2.763		1.9523298672		0.9813		896.696344553				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

																																83.453

																																65.66

		30ppm																														59.9466666667

																																54.41

																																42.39

																																36.7333333333

																																35.3785714286
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		BINARY WITH RATIO 1:1

		binary (Raw diatomite used)

		Effect of initial concentration on lead Using Raw diatomite

		Raw Diatomite																langmuir				freudlich

		Initial Concentration		Co		Ce		% removal				Qe		1/Ce		1/Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		0.28667		97.1333				4.856665		3.488331531		0.2059026101		0.28667		0.0590261012		-0.5426177536		0.686338148		-1.2494235506		4.856665

				20		0.726598		96.36701				9.636701		1.3762768408		0.103769952		0.726598		0.0753990396		-0.1387058019		0.9839283842		-0.3193819117		9.636701

				30		1.22875		95.9041666667				14.385625		0.8138351984		0.0695138376		1.22875		0.0854151279		0.0894635308		1.1579287351		0.2059973925		14.385625

				40		2.26468		94.3383				18.86766		0.441563488		0.0530007431		2.26468		0.1200297228		0.3550068447		1.2757180415		0.8174334686		18.86766

				50		3.12875		93.7425				23.435625		0.3196164602		0.0426700803		3.12875		0.1335040137		0.4953708626		1.3698765401		1.1406335638		23.435625

				60		5.151		91.415				27.4245		0.1941370608		0.0364637459		5.151		0.1878247552		0.7118915499		1.4381387183		1.6391908706		27.4245

				70		6.55004		90.6428				31.72498		0.1526708234		0.0315209025		6.55004		0.2064631719		0.8162439522		1.501401357		1.8794711565		31.72498

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce								Initial concentration  Co		Pb Diatomite		Cd Diatomite

		0.058		0.0239		41.8410041841		0.4120689655		0.1952861953		0.9889				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax								10		97.1333		88.52

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax								20		96.36701		81.51

																																30		95.9041666667		62.001

		Freudlich isotherm application														logQe=logKf+1/nlogCe																40		94.3383		52.561

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe																50		93.7425		47.25

		1.052		0.5873		0.5873		11.2719745618		0.9836		1.7027073046				slope=1/n		intercept=logKf														60		91.415		40.5966666667

																																70		90.6428		35.6554285714

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		13.591		8.5544		8.5544		1.8765153612		0.976		289.6254559057				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Effect of initial concentration on Cadmium Using Raw diatomite

		Raw Diatomite																																				Co		binary				Co		single		binary				Co		Qe single		Qe binary

		Initial Concentration		Co		Ce		% removal		Qe		1/Ce		1/Qe		logCe		logQe		InCe		Qe		Ce		Ce/Qe												15		88.2013333333				10		90.816		88.52				10		4.5408		4.426

				10		1.148		88.52		4.426		0.8710801394		0.2259376412		0.0599418881		0.6460114096		0.1380212979		4.426		1.148		0.2593764121												20		87.511				20		84.606		81.51				20		8.4606		8.151

				20		3.698		81.51		8.151		0.2704164413		0.1226843332		0.5679669068		0.9112108931		1.307792133		8.151		3.698		0.4536866642												25		79.6296				30		71.597		62.001				30		10.73955		9.30015

				30		11.3997		62.001		9.30015		0.0877216067		0.1075251474		1.0568934224		0.9684899532		2.4335870393		9.30015		11.3997		1.2257544233												30		66.001				40		61.561		52.561				40		12.3122		10.5122

				40		18.9756		52.561		10.5122		0.0526992559		0.0951275661		1.278195517		1.021693615		2.9431539433		10.5122		18.9756		1.8051026426												35		67.1337142857				50		57.212		47.25				50		14.303		11.8125

				50		26.375		47.25		11.8125		0.0379146919		0.0846560847		1.4211924683		1.0723418215		3.2724165918		11.8125		26.375		2.2328042328												40		61.561				60		48.984		40.5966666667				60		14.6952		12.179

				60		35.642		40.5966666667		12.179		0.0280567869		0.0821085475		1.5519620659		1.0856116305		3.5735247178		12.179		35.642		2.92651285												45		57.8277777778				70		46.05		35.6554285714				70		16.1175		12.4794

				70		45.0412		35.6554285714		12.4794		0.0222018952		0.0801320576		1.6536099526		1.0961937053		3.8075776265		12.4794		45.0412		3.6092440342

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or            Ce/Qe vs Ce

		0.2497		0.0757		13.2100396301		0.3031637966		0.2480381444		0.9955				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)

																intercept=1/Qmax		intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.6844		0.2649		0.2649		4.8350392059		0.9356		3.7750094375				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		4.5393		2.1221		2.1221		8.4914550085		0.975		1167.5095424344				plot Qe vs InCe      intercept=RT/bt InAt				slope=RT/bt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Effect of lead on adsorption of cadmium

		Cd concentration constant @ 10ppm, pH=6, time=60 min

		Pb concentration		Co Cd		Ce Cd		%bremoval of cadmium

		0		10		0.92		90.8

		10		10		1.148		88.52

		30		10		1.7849		82.151

		50		10		2.566		74.34

		Effect of cadmium on adsorption of lead

		Pb concentration constant @ 50ppm, pH=6, time=60 min

		Cd concentration		Co Pb		Ce Pb		%bremoval of lead

		0		10		0.535		98.934

		10		10		0.6075		97.132

		30		10		0.99		94.755

		50		10		1.219		91.397

		Cadmium single studies

		Effect of initial concentration on Cadmium Using Raw diatomite and Mn D2

		Raw Diatomite

		Initial Concentration		Co		Ce		% removal		Qe		1/Ce		1/Qe		logCe		logQe		InCe		Qe		ce		Ce/Qe

				10		0.9184		90.816		4.5408		1.0888501742		0.2202255109		-0.0369681249		0.6571323738		-0.0851222534		4.5408		0.9184		0.2022551092

				20		3.0788		84.606		8.4606		0.3248018709		0.1181949271		0.4883814779		0.927401163		1.1245399107		8.4606		3.0788		0.3638985415

				30		8.5209		71.597		10.73955		0.117358495		0.0931137711		0.9304854685		1.0309860843		2.1425219691		10.73955		8.5209		0.7934131318

				40		15.3756		61.561		12.3122		0.0650381123		0.0812202531		1.1868320722		1.0903356616		2.7327818373		12.3122		15.3756		1.2488101233

				50		21.394		57.212		14.303		0.0467420772		0.0699154024		1.3302919915		1.1554271386		3.0631105089		14.303		21.394		1.4957701182

				60		30.6096		48.984		14.6952		0.0326694893		0.0680494311		1.4858576544		1.1671755011		3.4213136852		14.6952		30.6096		2.0829658664

				70		37.765		46.05		16.1175		0.0264795446		0.0620443617		1.577089489		1.2072976789		3.6313827478		16.1175		37.765		2.3431053203

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL max		RLmin		R²		Plot 1/Qe vs 1/Ce      or            Ce/Qe vs Ce

		0.2334		0.0586		17.0648464164		0.2510711225		0.2848425677		0.0538358629		0.99		slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)

																intercept=1/Qmax		intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.7138		0.3216		0.3216		5.1736852007		0.9702		3.1094527363				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		4.7598		2.985		2.985		4.9262244564		0.9882		830.0073701843				plot Qe vs InCe      intercept=RT/bt InAt				slope=RT/bt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		effect of cadmium on the adsorption of lead (binary)

		Cd=10ppm

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		0.26701		97.3299		4.866495		0.26701		0.0548670039		-0.5734724732		0.6872162815		-1.3204691681		4.866495

				20		0.60539		96.97305		9.697305		0.60539		0.0624286851		-0.2179647571		0.9866510553		-0.5018824005		9.697305

				30		1.0458		96.514		14.4771		1.0458		0.0722382245		0.0194486375		1.1606815743		0.0447821428		14.4771

				40		1.4928		96.268		19.2536		1.4928		0.0775335522		0.1740016264		1.284511945		0.4006535511		19.2536

				50		2.0475		95.905		23.97625		2.0475		0.0853970075		0.3112239104		1.3797812583		0.7166195367		23.97625

				60		2.8414		95.2643333333		28.5793		2.8414		0.0994216093		0.4535323761		1.4560515873		1.0442968885		28.5793

				70		3.6057		94.849		33.19715		3.6057		0.1086147455		0.5569895899		1.5211008008		1.2825159266		33.19715

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.0531		0.0159		62.893081761		0.2994350282		0.2503536068		0.9921				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		1.1345		0.7382		0.7382		13.6301300621		0.9954		1.3546464373				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		16.548		10.929		10.929		1.9356483782		0.958		226.6970445603				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt
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		Effect of initial concentration on Lead

		Raw diatomite

		Effect of Concentration on removal of lead uding RD																														% Removal of Pb

		Expt		Co		Ce		Qe		% removal		Ce		Ce/Qe		logCe		logQe		InCe		Qe								Initial concentration  Co		Raw Diatomite		MnO₂-diatomite composite

		1		10		0.079		4.9605		99.21		0.079		0.0159258139		-1.1023729087		0.695525454		-2.5383074265		4.9605								10		99.21		93.201

		2		20		0.18612		9.90694		99.0694		0.18612		0.0187868302		-0.7302069561		0.9959395328		-1.681363652		9.90694								20		99.0694		91.5065

		3		30		0.29343		14.853285		99.0219		0.29343		0.0197552259		-0.5324954864		1.1718225142		-1.226116169		14.853285								30		99.0219		89.21

		4		40		0.521668		19.739166		98.69583		0.521668		0.0264280669		-0.2826058028		1.2953287993		-0.6507239088		19.739166								40		98.69583		83.90475

		5		50		0.7089		24.64555		98.5822		0.7089		0.0287638133		-0.1494150236		1.3917385145		-0.3440408061		24.64555								50		98.5822		80.7966

		6		60		0.92802		29.53599		98.4533		0.92802		0.0314199727		-0.0324426641		1.4703515323		-0.0747019947		29.53599								60		98.4533		78.3861666667

		7		70		1.4721		34.26395		97.897		1.4721		0.0429635229		0.1679373127		1.5348374276		0.3866899528		34.26395								70		97.897		73.3077142857

		langmuir isotherm application														Ce/Qe=1/KLQmax+Ce/Qmax																Qe of Pb		Qe

		intercept		slope		Qmax (mg/g)		KL(b)		RL max		RL min		R²		Plot Ce/Qe vs Ce														Initial concentration  Co		Raw Diatomite		MnO₂-diatomite composite

		0.0149		0.019		52.6315789474		1.2751677852		0.0727183992		0.0110788906		0.9906		slope=1/Qmax						slope=1/Qmax								10		4.9605		4.66005

																intercept=1/KLQmax						intercept=1/KlQmax								20		9.90694		9.15065

																														30		14.853285		13.3815

		Freudlich isotherm application														logQe=logKf+1/nlogCe														40		19.739166		16.78095

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe														50		24.64555		20.19915

		1.4769		0.6697		0.6697		29.984720158		0.9846		1.4932059131				slope=1/n				intercept=logKf										60		29.53599		23.51585

																														70		34.26395		25.6577

		Tempkin isotherm application														Qe=RT/btInAt + RT/btInCe

		Intercept		Slope		B		At		R²		bt				plot Qe vs InCe				intercept=RT/bt InAt				slope=RT/bt

		28.736		10.319		10.319		1.4320351346		0.9703		240.0980715186				Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Mn-D2

		Effect of Concentration on removal of lead by Mn-D

		Expt		Co		Ce		Qe		% removal		Ce		Ce/Qe		log Ce		logQe		InCe		Qe

		1		10		0.6799		4.66005		93.201		0.6799		0.1458997221		-0.1675549588		0.6683905765		-0.3858095504		4.66005

		2		20		1.6987		9.15065		91.5065		1.6987		0.1856370859		0.2301166868		0.9614519445		0.5298632526		9.15065

		3		30		3.237		13.3815		89.21		3.237		0.2419011322		0.5101426994		1.1265047984		1.1746469749		13.3815

		4		40		6.4381		16.78095		83.90475		6.4381		0.3836552758		0.8087577181		1.2248165434		1.8622334655		16.78095

		5		50		9.6017		20.19915		80.7966		9.6017		0.4753516856		0.9823481325		1.3053330943		2.2619401661		20.19915

		6		60		12.9683		23.51585		78.3861666667		12.9683		0.5514706039		1.1128830486		1.3713606813		2.562507918		23.51585

		7		70		18.6846		25.6577		73.3077142857		18.6846		0.7282258347		1.2714838049		1.4092177229		2.9276996552		25.6577

		langmuir isotherm application														Ce/Qe=1/KLQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL		RL max		RL min		R²		Plot Ce/Qe vs Ce

		0.1422		0.0322		31.0559006211		0.2264416315		0.3063334769		0.0593439613		0.9907		slope=1/Qmax						slope=1/Qmax

																intercept=1/KLQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.811		0.5034		0.5034		6.4714261575		0.9762		1.9864918554				slope=1/n				intercept=logKf

		Temkin isotherm application														Qe=RT/btInAt + RT/btInCe

		Intercept		Slope		B		At		R²		bt				plot Qe vs InCe				intercept=RT/bt InAt				slope=RT/bt

		6.2075		6.3928		6.3928		2.6406213942		0.987		387.5566262045				Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Effect of initial concentration on Cadmium Using Raw diatomite and Mn D2

		Raw Diatomite																														% removal Cd

		Initial Concentration		Co		Ce		% removal		Qe		ce		Ce/Qe		logCe		logQe		InCe		Qe								Initial concentration  Co		Raw Diatomite		MnO₂-diatomite composite

				10		0.9184		90.816		4.5408		0.9184		0.2022551092		-0.0369681249		0.6571323738		-0.0851222534		4.5408								10		90.816		83.453

				20		2.8788		85.606		8.5606		2.8788		0.3362848398		0.459211494		0.9325042048		1.0573735407		8.5606								20		85.606		65.66

				30		5.5209		81.597		12.23955		5.5209		0.451070505		0.7420098808		1.0877654508		1.7085408905		12.23955								30		81.597		59.9466666667

				40		8.6956		78.261		15.6522		8.6956		0.5555512963		0.9392995539		1.1945753886		2.1628171506		15.6522								40		78.261		54.41

				50		12.394		75.212		18.803		12.394		0.6591501356		1.0932114918		1.274227146		2.5172124845		18.803								50		75.212		42.39

				60		21.0096		64.984		19.4952		21.0096		1.0776806599		1.322417784		1.2899276949		3.0449794761		19.4952								60		64.984		36.7333333333

				70		29.8522		57.354		20.0739		29.8522		1.4871151097		1.4749763426		1.3026317563		3.396258539		20.0739								70		57.354		35.3785714286

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax																Loading capacity (mg/g)

		intercept		slope		Qmax (mg/g)		KL(b)		RL max		RLmin		R²		Plot 1/Qe vs 1/Ce      or            Ce/Qe vs Ce														Initial concentration  Co		Pb (Raw Diatomite)		Pb (MnO₂-diatomite composite)		Cd (Raw Diatomite)		Cd (MnO₂-diatomite composite)

		0.1817		0.043		23.2558139535		0.236653825		0.2970410332		0.0569289094		0.9952		slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)										10		4.9605		4.66005		4.5408		4.17265

																intercept=1/Qmax		intercept=1/KlQmax												20		9.90694		9.15065		8.5606		6.566

																														30		14.853285		13.3815		12.23955		8.992

		Freudlich isotherm application														logQe=logKf+1/nlogCe														40		19.739166		16.78095		15.6522		10.882

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe														50		24.64555		20.19915		18.803		10.5975

		0.7243		0.4453		0.4453		5.3002944884		0.9499		2.2456770716				slope=1/n		intercept=logKf												60		29.53599		23.51585		19.4952		11.02

																														70		34.26395		25.6577		20.0739		12.3825

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		4.5363		4.8986		4.8986		2.5244926026		0.9665		505.7714449026				plot Qe vs InCe      intercept=RT/bt InAt				slope=RT/bt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Mn-D2

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		1.6547		83.453		4.17265		1.6547		0.3965585419		0.2187192669		0.6204119578		0.5036197235		4.17265

				20		6.868		65.66		6.566		6.868		1.0459945172		0.8368302865		0.8173008784		1.926872943		6.566

				30		12.016		59.9466666667		8.992		12.016		1.3362989324		1.0797599197		0.9538562982		2.486239095		8.992

				40		18.236		54.41		10.882		18.236		1.6757948906		1.2609295835		1.0367087216		2.9033976624		10.882

				50		28.805		42.39		10.5975		28.805		2.7180938901		1.4594678796		1.0252034252		3.3605489832		10.5975

				60		37.96		36.7333333333		11.02		37.96		3.444646098		1.5793262038		1.0421815945		3.6365329737		11.02

				70		45.235		35.3785714286		12.3825		45.235		3.6531395114		1.6554745947		1.0928083367		3.8118711235		12.3825

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL		RL max		RLmin		R²		Plot 1/Qe vs 1/Ce      or                        Ce/Qe vs Ce										used

		0.4006		0.076		13.1578947368		0.1897154269		0.3451662933		0.0700276195		0.9871		slope=1/KlQmax				slope=1/Qmax		RL=1/(1+CoKl)

																intercept=1/Qmax				intercept=1/KlQmax

		Freudlich isotherm application

		Intercept		Slope		1/n		Kf		R²		n				logQe=logKf+1/nlogCe

		0.5657		0.3249		0.3249		3.6787476697		0.9552		3.0778701139				plot logQe vs logCe

																slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt

		2.7361		2.4403		2.4403		3.0685790515		0.9495		1015.2735319428				Qe=RT/btInAt + RT/btInCe

																plot Qe vs InCe      intercept=RT/bt InAt				slope=RT/bt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Effect of pH on lead Using Raw diatomite and Mn D2

		Raw Diatomite

		pH		Co		Ce		% Removal		Qe						pH		Raw Diatomite		MnO₂-Diatomite composite

		2		10		2.2778		77.222		3.8611						2		77.222		65.65

		3		10		0.11026		98.8974		4.94487						3		98.8974		89.187

		4		10		0.07898		99.2102		4.96051						4		99.2102		93.201

		5		10		0.09186		99.0814		4.95407						5		99.0814		96.88

		6		10		0.1056		98.944		4.9472						6		98.944		98.422

		Mn-D2														Adscorption capacity

		pH		Co		Ce		% Removal		Qe						pH		Raw Diatomite		MnO₂-Diatomite composite

		2		10		3.435		65.65		3.2825						2		19.3055		3.2825

		3		10		1.0813		89.187		4.45935						3		24.7244		4.4594

		4		10		0.6799		93.201		4.66005						4		24.8372		4.6601

		5		10		0.2998		97.002		4.8501						5		24.7704		4.8501

		6		10		0.1578		98.422		4.9211						6		24.7335		4.9211

		Effect of pH on Cadmium using Raw Diatomite and MnD2

		Raw Diatomite

		pH		Co		Ce		% Removal		Qe						pH		Raw Diatomite		MnO₂-Diatomite composite

		2		10		4.2926		57.074		2.8537						2		57.074		38.432

		3		10		3.0262		69.738		3.4869						3		69.738		56.17

		4		10		2.2067		77.933		3.89665						4		77.933		63.79

		5		10		1.5474		84.526		4.2263						5		84.526		70.52

		6		10		0.9196		90.804		4.5402						6		90.804		83.447

		Mn-D2

		pH		Co		Ce		% Removal		Qe						Adscorption capacity

		2		10		6.1568		38.432		1.9216						pH		Raw Diatomite		MnO₂-Diatomite composite

		3		10		4.383		56.17		2.8085						2		2.8537		1.9216

		4		10		3.621		63.79		3.1895						3		3.4869		2.8085

		5		10		2.948		70.52		3.526						4		3.89665		3.1895

		6		10		1.6553		83.447		4.17235						5		4.2263		3.526

																6		4.5402		4.17235

		Effect of contact time on Lead Using Raw diatomite and Mn D2

		Raw diatomite														1st order				2nd order								Contact Time		Raw Diatomite		MnO₂-Diatomite composite								1st order										2nd order

		Contact Time		Co		Ce		% Removal		Qt		qe		In(qe-qt)		t		In(qe-qt)		t		t/qt						0		0		0						t		raw diatomite		MnO₂-Diatomite composite						t		raw diatomite		MnO₂-Diatomite composite

		20		10		0.4076		95.924		4.7962		4.9605		-1.8060612539		20		-1.8060612539		20		4.1699678912						20		95.924		80.278						20		-1.8060612539		-0.0972821228						20		4.1699678912		4.982685169

		40		10		0.2412		97.588		4.8794		4.9605		-2.5120723179		40		-2.5120723179		40		8.197729229						40		97.588		89.053						40		-2.5120723179		-0.7581124594						40		8.197729229		8.9834143712

		60		10		0.079		99.21		4.9605		4.9605		0		60				60		12.0955548836						60		99.2101		98.424						60										60		12.0955548836		12.1921482565

		80		10		0.079		99.21		4.9605		4.9605		0		80				80		16.1274065114						80		99.21		98.423						80										80		16.1274065114		16.2561976754

		100		10		0.079006		99.20994		4.960497		4.9605		-12.7168982695		100		-12.7168982695		100		20.1592703312						100		99.21		98.397						100		-12.7168982695		-11.512925465						100		20.1592703312		20.3202883855

		120		10		0.079007		99.20993		4.9604965		4.9605		-12.5627475895		120		-12.5627475895		120		24.1911268358						120		99.209		98.397						120		-12.5627475895								120		24.1911268358		24.384296513

		140		10		0.079		99.21		4.9605		4.9605		0		140				140		28.222961395						140		99.208		98.421						140				-12.2060726456						140		28.222961395		28.4483748358

								qe		k1		intercept		slope		R²				k2		intercept		slope		R²		qe

								3.627704213		0.1241		1.2886		-0.1241		0.9513				0.2944293255		0.1364		0.2004		1		4.9900199601

								^

		Mn-D2														1st order				2nd order

		Contact Time		Co		Ce		% Removal		Qt		qe		In(qe-qt)		t		In(qe-qt)		t		t/qt										Loading capacity (mg/g)

		20		10		1.9722		80.278		4.0139		4.9212		-0.0972821228		20		-0.0972821228		20		4.982685169								Initial concentration  Co		Pb (Raw Diatomite)		Pb (MnO₂-diatomite composite)		Cd (Raw Diatomite)		Cd (MnO₂-diatomite composite)

		40		10		1.0947		89.053		4.45265		4.9212		-0.7581124594		40		-0.7581124594		40		8.9834143712								0		0		0		0		0

		60		10		0.1576		98.424		4.9212		4.9212		0		60				60		12.1921482565								20		24.1785		4.0139		3.5491		3.49165

		80		10		0.1576		98.424		4.9212		4.9212		0		80				80		16.2561976754								40		24.5945		4.45265		4.147665		4.075

		100		10		0.15762		98.4238		4.92119		4.9212		-11.512925465		100		-11.512925465		100		20.3202883855								60		24.8025		4.9212		4.5409		4.19835

		120		10		0.1576		98.424		4.9212		4.9212		0		120				120		24.384296513								80		24.79		4.92115		4.54635		4.2249

		140		10		0.15761		98.4239		4.921195		4.9212		-12.2060726456		140		-12.2060726456		140		28.4483748358								100		24.7875		4.91985		4.54525		4.224465

								qe		k1		intercept		slope		R²				k2		intercept		slope		R²		qe		120		24.7925		4.91985		4.546		4.22445

								12.2411104989		0.1153		2.5048		-0.1153		0.9226				0.0427403702		0.8915		0.1952		0.999		5.1229508197		140		24.7915		4.92105		4.5459		4.2244

		Effect of contact time on Cadmium Using Raw diatomite and Mn D2

		Raw Diatomite														1st order				2nd order								Contact Time		Raw Diatomite		MnO₂-Diatomite composite

		ContactTime		Co		Ce		% Removal		Qt		qe		In(qe-qt)		t		In(qe-qt)		t		t/qt						0		0		0

		20		10		2.9018		70.982		3.5491		4.54635		-0.0027537882		20		-0.0027537882		20		5.6352314671						20		70.982		69.833

		40		10		1.70467		82.9533		4.147665		4.54635		-0.9195836476		40		-0.9195836476		40		9.6439804083						40		82.9533		81.5

		60		10		0.9182		90.818		4.5409		4.54635		-5.2121396703		60		-5.2121396703		60		13.2132396661						60		90.818		83.967

		80		10		0.9073		90.927		4.54635		4.54635		0		80				80		17.5965334829						80		90.927		84.498

		100		10		0.9095		90.905		4.54525		4.54635		-6.8124450992		100		-6.8124450992		100		22.0009900446						100		90.905		84.4893

		120		10		0.908		90.92		4.546		4.54635		-7.9575774035		120		-7.9575774035		120		26.3968323801						120		90.92		84.489

		140		10		0.9082		90.918		4.5459		4.54635		-7.7062629752		140		-7.7062629752		140		30.7969818958						140		90.918		84.488

								qe		k1		intercept		slope		R²				k2		intercept		slope		R²		qe

								2.1651724243		0.0693		0.7725		-0.0693		0.8851				0.0412479855		1.0722		0.2103		0.9989		4.7551117451

		Mn-D2														1st order				2nd order

		Contact Time		Co		Ce		% Removal		Qt		qe		In(qe-qt)		t		In(qe-qt)		t		t/qt

		20		10		3.0167		69.833		3.49165		4.2249		-0.3102685711		20		-0.3102685711		20		5.7279509687

		40		10		1.85		81.5		4.075		4.2249		-1.8977868739		40		-1.8977868739		40		9.8159509202

		60		10		1.6033		83.967		4.19835		4.2249		-3.6287255313		60		-3.6287255313		60		14.2913287363

		80		10		1.5502		84.498		4.2249		4.2249		0		80				80		18.9353594168

		100		10		1.5502		84.498		4.2249		4.2249		0		100				100		23.669199271

		120		10		1.55021		84.4979		4.224895		4.2249		-12.2060726456		120		-12.2060726456		120		28.4030727391

		140		10		1.55022		84.4978		4.22489		4.2249		-11.512925465		140		-11.512925465		140		33.1369574119

								qe		k1		intercept		slope		R²				k2		intercept		slope		R²		qe

								8.1743401669		0.1054		2.101		-0.1054		0.9632				0.0713514972		0.7414		0.23		0.9995		4.347826087

		Effect of Adsorbent Dosage on lead Using Raw diatomite and Mn D2

		Raw Diatomite

		Adsorbent Dosage		Co		Ce		% Removal		Qe		Initial concentration  Co		dosage (g/L)		raw diatomite		MnO₂-Diatomite composite				Initial concentration  Co		raw diatomite		MnO₂-Diatomite composite

		0.02		10		0.4552		95.448		23.862		0.02		0.4		95.448		89.549				0.02		95.448		89.549

		0.05		10		0.11026		98.8974		9.88974		0.05		1		98.8974		93.151				0.05		98.8974		93.151

		0.1		10		0.0791		99.209		4.96045		0.1		2		99.209		98.368				0.1		99.209		98.368

		0.2		10		0		100		2.5		0.2		4		100		99.879				0.2		100		99.879

		0.3		10		0		100		1.6666666667		0.3		6		100		100				0.3		100		100

		0.4		10		0		100		1.25		0.4		8		100		100				0.4		100		100

		0.5		10		0		100		1		0.5		10		100		100				0.5		100		100

		Mn-D2														Loading capacity (mg/g)

		Dosage		Co		Ce		% Removal		Qe				Initial concentration  Co		Pb (Raw Diatomite)		Pb (MnO₂-diatomite composite)

		0.02		10		1.0451		89.549		22.38725				0.02		119.31		22.38725

		0.05		10		0.6849		93.151		9.3151				0.05		49.4487		9.3151

		0.1		10		0.1632		98.368		4.9184				0.1		24.80335		4.9184

		0.2		10		0.0121		99.879		2.496975				0.2		12.5		2.496975

		0.3		10		0		100		1.6666666667				0.3		8.3333333333		1.6666666667

		0.4		10		0		100		1.25				0.4		6.25		1.25

		0.5		10		0		100		1				0.5		5		1

		Effect of Adsorbent Dosage on cadmium Using Raw diatomite and Mn D2

		Raw Diatomite

		Adsorbent Dosage		Co		Ce		% Removal		Qe				Dosage g/50ml		dosage (g/L)		raw diatomite		MnO₂-Diatomite composite				Dosage g/50ml		raw diatomite		MnO₂-Diatomite composite

		0.02		10		2.3827		76.173		19.04325				0.02		0.4		76.173		70.691				0.02		76.173		70.691

		0.05		10		1.5026		84.974		8.4974				0.05		1		84.974		79.851				0.05		84.974		79.851

		0.1		10		0.9074		90.926		4.5463				0.1		2		90.926		84.496				0.1		90.926		84.496

		0.2		10		0.087		99.13		2.47825				0.2		4		99.13		86.687				0.2		99.13		86.687

		0.3		10		0		100		1.6666666667				0.3		6		100		98.672				0.3		100		98.672

		0.4		10		0		100		1.25				0.4		8		100		100				0.4		100		100

		0.5		10		0		100		1				0.5		10		100		100				0.5		100		100

						0

		Mn-D2

		Dosage		Co		Ce		% Removal		Qe

		0.02		10		2.9309		70.691		17.67275

		0.05		10		2.0149		79.851		7.9851

		0.1		10		1.5504		84.496		4.2248

		0.2		10		1.3313		86.687		2.167175

		0.3		10		0.1328		98.672		1.6445333333

		0.4		10		0		100		1.25

		0.5		10		0		100		1

		Effect of temperature on Lead Using Raw diatomite and Mn D2																ΔG =-RTInKc

		Raw Diatomite																		Van't Hoff eqn												Arrhenius equation				plot In (1-θ) vs 1/T

		Temperature		Co		Ce		% Removal		Qe		Cad,eq		Cad,eq/Ce		lnKc=InCad/Ce		T		1/T		lnKc		ΔG (kJ/mol)		ΔH (kJ/mol)		ΔS (J/mol/K)				θ(surface coverage)		In (1-θ)		1/T		In (1-θ)								Temperature		raw diatomite		MnO₂-Diatomite composite								Temperature		Raw diatomite		MnO₂-Diatomite composite

		25		10		0.079		99.21		4.9605		9.921		125.582278481		4.8329611492		298		0.0033557047		4.8329611492		-11.9740092203		-8.4071168		11.9505436				0.9921		-4.8408925195		0.0033557047		-4.8408925195								298		99.21		98.362								298		99.21		98.362

		35		10		0.09054		99.0946		4.95473		9.90946		109.4484205876		4.6954533934		308		0.0032467532		4.6954533934		-12.02370385		-8.4071168		11.9505436				0.990946		-4.70454863		0.0032467532		-4.70454863								308		99.0946		97.0226								308		99.0946		97.0226

		45		10		0.097939		99.02061		4.9510305		9.902061		101.1043710881		4.6161533604		318		0.0031446541		4.6161533604		-12.2044262942		-8.4071168		11.9505436				0.9902061		-4.6259955361		0.0031446541		-4.6259955361								318		99.02061		92.727								318		99.02061		94.727

		55		10		0.10019		98.9981		4.949905		9.89981		98.8103603154		4.5932024607		328		0.0030487805		4.5932024607		-12.5256263648		-8.4071168		11.9505436				0.989981		-4.6032719887		0.0030487805		-4.6032719887								328		98.9981		87.6214								328		98.9981		92.6214

		65		10		0.123659		98.76341		4.9381705		9.876341		79.8675470447		4.3803696006		338		0.0029585799		4.3803696006		-12.3094167865		-8.4071168		11.9505436				0.9876341		-4.3928125946		0.0029585799		-4.3928125946								338		98.76341		80.152								338		98.76341		86.154

														R²		slope		intercept		ΔH		ΔS		ΔG=ΔH-TΔS								R2		slope		intercept		Ea (activation energy)		S* (sticking probability)

														0.9237		1011.2		1.4374		-8.4071168		11.9505436										0.924		-1001.2		-1.4788		-8.3239768		0.2279110176

		Mn-D2																														Arrhenius equation				plot In (1-θ) vs 1/T

		Temperature		Co		Ce		% Removal		Qe		Cad,eq		Cad,eq/Ce		lnKc=InCad/Ce		T		1/T		lnKc		ΔG (kJ/mol)		ΔH (kJ/mol)		ΔS (J/mol/K)				θ(surface coverage)		In (1-θ)		1/T		In (1-θ)

		25		10		0.1638		98.362		4.9181		9.8362		60.0500610501		4.0951785652		298		0.0033557047		4.0951785652		-10.1460997481		-45.9398384		-120.09573				0.98362		-4.1116942006		0.0033557047		-4.1116942006

		35		10		0.29774		97.0226		4.85113		9.70226		32.5863505072		3.4838935046		308		0.0032467532		3.4838935046		-8.9212479039		-45.9398384		-120.09573				0.970226		-3.5141197495		0.0032467532		-3.5141197495

		45		10		0.5273		94.727		4.73635		9.4727		17.9645363171		2.8883996099		318		0.0031446541		2.8883996099		-7.6365010854		-45.9398384		-120.09573				0.94727		-2.9425707254		0.0031446541		-2.9425707254

		55		10		0.73786		92.6214		4.63107		9.26214		12.5527064755		2.5299362977		328		0.0030487805		2.5299362977		-6.8991160445		-45.9398384		-120.09573				0.926214		-2.6065862673		0.0030487805		-2.6065862673

		65		10		1.3846		86.154		4.3077		8.6154		6.22230247		1.8281400103		338		0.0029585799		1.8281400103		-5.1373147434		-45.9398384		-120.09573				0.86154		-1.9771738037		0.0029585799		-1.9771738037

														R²		slope		intercept		ΔH		ΔS		ΔG=ΔH-TΔS								R2		slope		intercept		Ea (activation energy)		S* (sticking probability)

														0.9921		5525.6		-14.445		-45.9398384		-120.09573										0.9934		-5215.7		13.404		-43.3633298		662648.524738099

		Effect of temperature on cadmium Using Raw diatomite and Mn D2

		Raw Diatomite																		Van't Hoff eqn												Arrhenius equation				plot In (1-θ) vs 1/T

		Temperature		Co		Ce		% Removal		Qe		Cad,eq		Cad,eq/Ce		lnKc=InCad/Ce		T		1/T		lnKc1		ΔG (kJ/mol)		ΔH (kJ/mol)		ΔS (J/mol/K)				θ(surface coverage)		In (1-θ)		1/T		In (1-θ)						Temperature		raw diatomite		MnO₂-Diatomite composite

		25		10		0.9073		90.927		4.54635		9.0927		10.0217127742		2.3047540166		298		0.0033557047		2.3047540166		-5.7101940184		86.432344		304.259144				0.90927		-2.3998672158		0.0033557047		-2.3998672158						298		90.927		84.498

		35		10		0.7364		92.636		4.6318		9.2636		12.5795763172		2.5320745716		308		0.0032467532		2.5320745716		-6.4839137405		86.432344		304.259144				0.92636		-2.6085669226		0.0032467532		-2.6085669226						308		92.636		86.25

		45		10		0.402		95.98		4.799		9.598		23.8756218905		3.1728579338		318		0.0031446541		3.1728579338		-8.388566794		86.432344		304.259144				0.9598		-3.2138882834		0.0031446541		-3.2138882834						318		95.98		91.247

		55		10		0.0815		99.185		4.95925		9.9185		121.6993865031		4.8015539589		328		0.0030487805		4.8015539589		-13.0937992335		86.432344		304.259144				0.99185		-4.8097373517		0.0030487805		-4.8097373517						328		99.185		92.758

		65		10		0.0167		99.833		4.99165		9.9833		597.8023952096		6.3932602565		338		0.0029585799		6.3932602565		-17.9659052313		86.432344		304.259144				0.99833		-6.3949316526		0.0029585799		-6.3949316526						338		99.833		96.608

														R²		slope		intercept		ΔH		ΔS		ΔG=ΔH-TΔS								R2		slope		intercept		Ea (activation energy)		S* (sticking probability)

														0.8911		-10396		36.596		86.432344		304.259144										0.8857		10138		-35.829		84.287332		2.75209238022865E-16

		Mn-D2																														Arrhenius equation				plot In (1-θ) vs 1/T

		Temperature		Co		Ce		% Removal		Qe		Cad,eq		Cad,eq/Ce		lnKc=InCad/Ce		T		1/T		lnKc2		ΔG (kJ/mol)		ΔH (kJ/mol)		ΔS (J/mol/K)				θ(surface coverage)		In (1-θ)		1/T		In (1-θ)								lnKc1		lnKc2

		25		10		1.5502		84.498		4.2249		8.4498		5.4507805444		1.6957588176		298		0.0033557047		1.6957588176		-4.2013645652		33.372396		124.75157				0.84498		-1.8642011381		0.0033557047		-1.8642011381				T		1/T		raw diatomite		MnO₂-Diatomite composite

		35		10		1.375		86.25		4.3125		8.625		6.2727272727		1.8362112318		308		0.0032467532		1.8362112318		-4.7020081358		33.372396		124.75157				0.8625		-1.9841313619		0.0032467532		-1.9841313619				298		0.0033557047		1.8781631536		1.2993169239

		45		10		0.8753		91.247		4.56235		9.1247		10.4246544042		2.3441736165		318		0.0031446541		2.3441736165		-6.1976481042		33.372396		124.75157				0.91247		-2.4357736872		0.0031446541		-2.4357736872				308		0.0032467532		1.7066402404		1.2274578755

		55		10		0.7242		92.758		4.6379		9.2758		12.8083402375		2.5500965398		328		0.0030487805		2.5500965398		-6.9540928632		33.372396		124.75157				0.92758		-2.6252727746		0.0030487805		-2.6252727746				318		0.0031446541		2.4396327402		0.9768362081

		65		10		0.3392		96.608		4.8304		9.6608		28.4811320755		3.3492418356		338		0.0029585799		3.3492418356		-9.4118116579		33.372396		124.75157				0.96608		-3.3837504681		0.0029585799		-3.3837504681				328		0.0030487805		2.9840135934		0.7369109634

														R²		slope		intercept		ΔH		ΔS		ΔG=ΔH-TΔS								R2		slope		intercept		Ea (activation energy)		S* (sticking probability)		338		0.0029585799		3.1354942159		0.5922446206

														0.9183		-4014.8		15.005		33.3790472		124.75157										0.9089		3672.1		-14.029		30.5298394		0.0000008078

		BINARY STUDIES

		Effect if initial concentration

		Lead

		single				pH=6

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		0.105599		98.94401		4.9472005		0.105599		0.0213452032		-0.9763401945		0.6943595118		-2.2481063775		4.9472005

				20		0.259242		98.70379		9.870379		0.259242		0.026264645		-0.5862946367		0.9943338289		-1.3499932906		9.870379

				30		0.433318		98.5556066667		14.783341		0.433318		0.0293112362		-0.36319327		1.1697725947		-0.8362834094		14.783341

				40		0.6280679		98.42983025		19.68596605		0.6280679		0.0319043474		-0.2019934024		1.2941567318		-0.4651069973		19.68596605

				50		0.94186		98.11628		24.52907		0.94186		0.0383977053		-0.0260136468		1.3896810826		-0.0598986354		24.52907

				60		1.20762		97.9873		29.39619		1.20762		0.0410808339		0.081930297		1.4682910457		0.1886514805		29.39619

				70		1.7983		97.431		34.10085		1.7983		0.0527347559		0.2548621443		1.5327652044		0.5868417742		34.10085

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax																% removal of Pb pH=6										Qe for Pb

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce								%		%		%						Qe		Qe		Qe

		0.0209		0.0177		56.4971751412		0.8468899522		0.1056088934		0.9921				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax						Co		Cd=0mg/L (single)		Cd=10mg/L		Cd=30mg/L				Co		single		10ppm		30ppm

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax						10		98.94401		98.6934		96.485				10		4.9472005		4.93467		4.82425

																														20		98.70379		98.32935		96.0113				20		9.870379		9.832935		9.60113

		Freudlich isotherm application														logQe=logKf+1/nlogCe														30		98.5556066667		98.0974333333		95.79				30		14.783341		14.714615		14.3685

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe														40		98.42983025		97.771		95.179				40		19.68596605		19.5542		19.0358

		1.4012		0.6963		0.6963		25.1883662784		0.9913		1.4361625736				slope=1/n		intercept=logKf												50		98.11628		97.241		94.5831				50		24.52907		24.31025		23.645775

																														60		97.9873		96.6032		94.1358				60		29.39619		28.98096		28.24074

		Tempkin isotherm application																												70		97.431		96.1824428571		92.8624				70		34.10085		33.663855		32.50184

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		25.956		10.607		10.607		1.5047896263		0.9628		233.5789572924				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		effect of cadmium on the adsorption of lead (binary)

		Cd=10ppm

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		0.13066		98.6934		4.93467		0.13066		0.026477961		-0.8838573461		0.6932581151		-2.0351567496		4.93467

				20		0.33413		98.32935		9.832935		0.33413		0.0339806985		-0.4760845293		0.9926831683		-1.0962251402		9.832935

				30		0.57077		98.0974333333		14.714615		0.57077		0.0387893261		-0.2435388617		1.1677489035		-0.5607689526		14.714615

				40		0.8916		97.771		19.5542		0.8916		0.0455963425		-0.0498299402		1.2912400528		-0.1147376775		19.5542

				50		1.3795		97.241		24.31025		1.3795		0.0567456114		0.1397217048		1.385789425		0.3217211147		24.31025

				60		2.03808		96.6032		28.98096		2.03808		0.0703247926		0.3092212272		1.4621127675		0.7120081882		28.98096

				70		2.67229		96.1824428571		33.663855		2.67229		0.07938158		0.4268835865		1.5271638475		0.9829357827		33.663855

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.0265		0.0207		48.309178744		0.7811320755		0.113490364		0.9913				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		1.2874		0.6324		0.6324		19.3820629607		0.99		1.5812776724				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		21.876		9.574		9.574		1.5490604171		0.9693		258.7812826405				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Cd=30ppm

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		0.3515		96.485		4.82425		0.3515		0.0728610665		-0.4540746706		0.6834298055		-1.0455455677		4.82425

				20		0.79774		96.0113		9.60113		0.79774		0.0830881365		-0.0981386312		0.9823223501		-0.2259725492		9.60113

				30		1.263		95.79		14.3685		1.263		0.0879006159		0.1014033506		1.1574114323		0.2334898434		14.3685

				40		1.9284		95.179		19.0358		1.9284		0.101303859		0.2851971228		1.2795711332		0.6566906435		19.0358

				50		2.70845		94.5831		23.645775		2.70845		0.1145426614		0.4327208226		1.3737535528		0.9963765155		23.645775

				60		3.51852		94.1358		28.24074		3.51852		0.1245902197		0.546360024		1.4508760725		1.2580404466		28.24074

				70		4.99632		92.8624		32.50184		4.99632		0.1537242199		0.6986502459		1.511907948		1.6087016415		32.50184

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.0677		0.017		58.8235294118		0.2511078287		0.2848127892		0.9964				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		1.0481		0.729		0.729		11.1712044466		0.9899		1.3717421125				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		13.557		10.718		10.718		2.2046921578		0.9692		231.1599178951				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Cadmium

		single

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		0.9184		90.816		4.5408		0.9184		0.2022551092		-0.0369681249		0.6571323738		-0.0851222534		4.5408

				20		2.8788		85.606		8.5606		2.8788		0.3362848398		0.459211494		0.9325042048		1.0573735407		8.5606

				30		5.5209		81.597		12.23955		5.5209		0.451070505		0.7420098808		1.0877654508		1.7085408905		12.23955

				40		8.6956		78.261		15.6522		8.6956		0.5555512963		0.9392995539		1.1945753886		2.1628171506		15.6522

				50		12.394		75.212		18.803		12.394		0.6591501356		1.0932114918		1.274227146		2.5172124845		18.803

				60		21.0096		64.984		19.4952		21.0096		1.0776806599		1.322417784		1.2899276949		3.0449794761		19.4952

				70		29.8522		57.354		20.0739		29.8522		1.4871151097		1.4749763426		1.3026317563		3.396258539		20.0739

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL max		RLmin		R²		Plot 1/Qe vs 1/Ce      or            Ce/Qe vs Ce																% of Cd										Qe of Cd

		0.1817		0.043		23.2558139535		0.236653825		0.2970410332		0.0569289094		0.9952		slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)										Co		Pb=0mg/L (single)		Pb=10mg/L		Pb=30mg/L				Co		Pb=0mg/L (single)		Pb=10mg/L		Pb=30mg/L

																intercept=1/Qmax		intercept=1/KlQmax												10		90.816		88.52		82.151				10		4.5408		4.426		4.10755

																														20		85.606		80.031		70.692				20		8.5606		8.0031		7.0692

		Freudlich isotherm application														logQe=logKf+1/nlogCe														30		81.597		76.729		64.018				30		12.23955		11.50935		9.6027

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe														40		78.261		71.2316		50.597				40		15.6522		14.24632		10.1194

		0.7243		0.4453		0.4453		5.3002944884		0.9499		2.2456770716				slope=1/n		intercept=logKf												50		75.212		67.942		47.25				50		18.803		16.9855		11.8125

																														60		64.984		58.378		39.67				60		19.4952		17.5134		11.901

		Tempkin isotherm application																												70		57.354		50.5017142857		34.94				70		20.0739		17.6756		12.229

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		4.5363		4.8986		4.8986		2.5244926026		0.9665		505.7714449026				plot Qe vs InCe      intercept=RT/bt InAt				slope=RT/bt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Effect of lead on adsorption of Cadmium (binry)

		Pb=10ppm

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		1.148		88.52		4.426		1.148		0.2593764121		0.0599418881		0.6460114096		0.1380212979		4.426

				20		3.9938		80.031		8.0031		3.9938		0.4990316252		0.6013863126		0.9032582435		1.3847431586		8.0031

				30		6.9813		76.729		11.50935		6.9813		0.6065763922		0.8439363009		1.0610507972		1.9432351459		11.50935

				40		11.50736		71.2316		14.24632		11.50736		0.8077426311		1.0609756999		1.1537026952		2.4429868307		14.24632

				50		16.029		67.942		16.9855		16.029		0.9436872627		1.2049064289		1.2300783357		2.7743995816		16.9855

				60		24.9732		58.378		17.5134		24.9732		1.4259481311		1.3974741953		1.2433704669		3.2178032499		17.5134

				70		34.6488		50.5017142857		17.6756		34.6488		1.9602616036		1.5396881982		1.2473741649		3.545263093		17.6756

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.2413		0.0485		20.618556701		0.2009946125		0.3322318601		0.9932				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.6557		0.4315		0.4315		4.5258483737		0.9562		2.3174971031				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		3.3436		4.3346		4.3346		3.6560638857		0.963		571.5803072948				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Pb=30ppm

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		1.7849		82.151		4.10755		1.7849		0.4345412716		0.2516138895		0.6135828587		0.5793623913		4.10755

				20		5.8616		70.692		7.0692		5.8616		0.8291744469		0.7680161785		0.8493702688		1.7684226039		7.0692

				30		10.7946		64.018		9.6027		10.7946		1.1241213409		1.0332065539		0.9823933612		2.3790460091		9.6027

				40		19.7612		50.597		10.1194		19.7612		1.9528035259		1.2958133136		1.0051547631		2.9837204192		10.1194

				50		26.375		47.25		11.8125		26.375		2.2328042328		1.4211924683		1.0723418215		3.2724165918		11.8125

				60		36.198		39.67		11.901		36.198		3.0415931434		1.5586845757		1.0755834552		3.5890038687		11.901

				70		45.542		34.94		12.229		45.542		3.7240984545		1.658412099		1.087390945		3.8186349771		12.229

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.3557		0.0741		13.4952766532		0.2083216193		0.3243366463		0.9966				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.5716		0.3361		0.3361		3.7290653996		0.9497		2.9753049688				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		2.7551		2.5859		2.5859		2.5563657506		0.9772		958.1082021733				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Effect of pH on lead and cadmium Using Raw diatomite binary														time=60,0.1g

		Lead

		pH		Co		Ce		% Removal		Qe				pH		% Pb-single		% Pb-binary		% Cd-single		% Cd-binary

		2		10		3.22267		67.7733		3.388665

		3		10		1.0012		89.988		4.4994				2		77.222		67.7733		57.074		41.955

		4		10		0.100589		98.99411		4.9497055				3		98.8974		89.988		69.738		47.002

		5		10		0.11485		98.8515		4.942575				4		99.2102		98.99411		77.933		74.513

		6		10		0.13066		98.6934		4.93467				5		99.0814		98.8515		84.526		82.737

														6		98.944		98.6934		90.804		88.52

		Cadmium

		pH		Co		Ce		% Removal		Qe				pH		% Pb-binary		% Cd-binary

		2		10		5.8045		41.955		2.09775				2		67.7733		41.955

		3		10		5.2998		47.002		2.3501				3		89.988		47.002

		4		10		2.5487		74.513		3.72565				4		98.99411		74.513

		5		10		1.7263		82.737		4.13685				5		98.8515		82.737

		6		10		1.148		88.52		4.426				6		98.6934		88.52

		Effect of contact time on Lead  and cadmiumUsing Raw diatomite (binary)

		lead

																		1st order				2nd order

		Contact Time		Co		Ce		% Removal		Qt		qe		qe-qt		In(qe-qt)		t		In(qe-qt)		t		t/qt

		20		10		0.60368		93.9632		4.69816		4.93467		0.23651		-1.4417647886		20		-1.4417647886		20		4.2569857136								t		Pb (single)		Pb (Binary)		Cd (single)		Cd (Binary)				t		Pb (Binary)		Cd (Binary)

		40		10		0.40808		95.9192		4.79596		4.93467		0.13871		-1.9753698562		40		-1.9753698562		40		8.3403531306								0		0		0		0		0				0		0		0

		60		10		0.13066		98.6934		4.93467		4.93467		0		0		60				60		12.1588677662								20		95.924		93.9632		70.982		62.007				20		93.9632		62.007

		80		10		0.13066		98.6934		4.93467		4.93467		0		0		80				80		16.2118236883								40		97.588		95.9192		82.9533		78.7933				40		95.9192		78.7933

		100		10		0.130662		98.69338		4.934669		4.93467		0.000001		-13.8155105587		100		-13.8155105587		100		20.264783717								60		99.21		98.6934		90.816		87.0225				60		98.6934		87.0225

		120		10		0.130661		98.69339		4.9346695		4.93467		0.0000005		-14.5086577393		120		-14.5086577393		120		24.3177379964								80		99.21		98.6934		90.927		88.52				80		98.6934		88.52

										qe (predicted)		k1		intercept		slope		R²				intercept		slope		R²		qe (predicted)		k2		100		99.20994		98.69338		90.905		88.519				100		98.69338		88.519

										11.5513232788		0.1483		2.4468		-0.1483		0.9621				0.2454		0.2002		0.9999		4.995004995		0.1633253464		120		99.20993		98.69339		90.92		88.52				120		98.69339		88.52

																																		99.21				90.918

		cadmium														1st order				2nd order										%		%

		ContactTime		Co		Ce		% Removal		Qt		qe		In(qe-qt)		t		In(qe-qt)		t		t/qt						t		Pb		Cd				62.429

		20		10		3.7993		62.007		3.10035		4.426		0.2819029052		20		0.2819029052		20		6.4508845775						0		0		0				79.2153

		40		10		2.12067		78.7933		3.939665		4.426		-0.7208575921		40		-0.7208575921		40		10.1531475392						20		93.9632		62.007				87.4445

		60		10		1.29775		87.0225		4.351125		4.426		-2.5919352225		60		-2.5919352225		60		13.7895371887						40		95.9192		78.7933				88.942

		80		10		1.148		88.52		4.426		4.426		0		80				80		18.0750112969						60		98.6934		87.0225				88.941

		100		10		1.1481		88.519		4.42595		4.426		-9.9034875526		100		-9.9034875526		100		22.5940193631						80		98.6934		88.52				88.942

		120		10		1.148		88.52		4.426		4.426		0		120				120		27.1125169453						100		98.69338		88.519

																												120		98.69339		88.52

								qe (predicted)		k1		intercept		slope		R²				intercept		slope		R²		qe (predicted)		k2

								52.3734613372		0.1308		3.9584		-0.1308		0.9414				1.8709		0.207		0.9976		4.8309178744		0.022902881

		Effect of Adsorbent Dosage on lead and Cadmium Using Raw diatomite (binary)

		lead								time=80min, pH=6

		Adsorbent Dosage		Co		Ce		% Removal		Qe				Adsorbent dosage (g)		Adsorbent dosage (g/L)		Pb binary		Cd binary

		0.02		10		0.612		93.88		23.47				0.02		0.4		93.88		69.52

		0.05		10		0.2866667		97.133333		9.7133333				0.05		1		97.133333		76.3264						Adsorbent dosage (g)		Cd binary		Cd single

		0.1		10		0.13066		98.6934		4.93467				0.1		2		98.6934		88.5201						0.05		76.3264		84.974		76.3264

		0.2		10		0.01003		99.8997		2.4974925				0.2		4		99.8997		96.2022						0.1		88.5201		90.926		88.5201

		0.3		10		0.0002		99.998		1.6666333333				0.3		6		99.998		97.66667						0.2		96.2022		99.13		96.2022

		0.4		10		0		100		1.25				0.4		8		100		99.8969						0.3		97.66667		100		97.66667

		0.5		10		0		100		1				0.5		10		100		100						0.4		99.9879		100		100

																										0.5		100		100		100

		Cadmium										Adsorbent (g)		Adsorbent dosage (g/L)		Pb (single)		Pb (Binary)		Cd (single)		Cd (Binary)

		Adsorbent Dosage		Co		Ce		% Removal		Qe		0.02		0.4		95.448		93.88		76.173		69.52

		0.02		10		3.048		69.52		17.38		0.05		1		98.8974		97.133333		84.974		76.3264

		0.05		10		2.36736		76.3264		7.63264		0.1		2		99.209		98.6934		90.926		88.5201

		0.1		10		1.14799		88.5201		4.426005		0.2		4		100		99.8997		99.13		96.2022

		0.2		10		0.37978		96.2022		2.405055		0.3		6		100		99.998		100		97.66667

		0.3		10		0.233333		97.66667		1.6277778333		0.4		8		100		100		100		99.8969

		0.4		10		0.00121		99.9879		1.24984875		0.5		10		100		100		100		100

		0.5		10		0		100		1

		Effect of temperature on Lead and cadmium Using Raw diatomite (binary)

		lead																						time=80min, 0.1g, pH=6

		Temperature		Co		Ce		% Removal		Qe		Cad,eq		Cad,eq/Ce		lnKc=InCad/Ce		T		1/T		lnKc		ΔG (kJ/mol)		ΔH (kJ/mol)		ΔS (J/mol/K)				temp		Pb binary		Cd binary

		25		10		0.13066		98.6934		4.93467		9.86934		75.5345170672		4.3245897315		298		0.0033557047		4.3245897315		-10.7144824302		-13.9932934		-10.9520322				298		98.6934		88.52

		35		10		0.1501		98.499		4.92495		9.8499		65.6222518321		4.1839148432		308		0.0032467532		4.1839148432		-10.7138009459		-13.9932934		-10.9520322				308		98.499		89.595

		45		10		0.1887		98.113		4.90565		9.8113		51.9941706412		3.9511316092		318		0.0031446541		3.9511316092		-10.4462072074		-13.9932934		-10.9520322				318		98.113		90.2146

		55		10		0.2242		97.758		4.8879		9.7758		43.6030330062		3.7751267123		328		0.0030487805		3.7751267123		-10.2947403434		-13.9932934		-10.9520322				328		97.758		90.2627

		65		10		0.24233		97.5767		4.878835		9.75767		40.2660421739		3.6955084878		338		0.0029585799		3.6955084878		-10.3848666578		-13.9932934		-10.9520322				338		97.5767		90.70101

														R²		slope		intercept		ΔH		ΔS

														0.9838		1683.1		-1.3173		-13.9932934		-10.9520322

																																Temperature (ᵒC)		Pb (single)		Pb (Binary)		Cd (single)		Cd (Binary)

		cadmium																														298		99.21		98.6934		90.927		88.52

		Temperature		Co		Ce		% Removal		Qe		Cad,eq		Cad,eq/Ce		lnKc=InCad/Ce		T		1/T		lnKc1		ΔG (kJ/mol)		ΔH (kJ/mol)		ΔS (J/mol/K)				308		99.0946		98.499		92.636		89.595

		25		10		1.148		88.52		4.426		8.852		7.7108013937		2.0426221243		298		0.0033557047		2.0426221243		-5.0607433817		4.59922166		32.6515722				318		99.0206		98.113		95.98		90.2146

		35		10		1.0405		89.595		4.47975		8.9595		8.6107640557		2.153013055		308		0.0032467532		2.153013055		-5.5132463661		4.59922166		32.6515722				328		98.9981		97.758		99.185		90.2627

		45		10		0.97854		90.2146		4.51073		9.02146		9.2193063135		2.2212997976		318		0.0031446541		2.2212997976		-5.8727879125		4.59922166		32.6515722				338		98.7634		97.5767		99.833		90.70101

		55		10		0.97373		90.2627		4.513135		9.02627		9.2697873127		2.2267604357		328		0.0030487805		2.2267604357		-6.0723578941		4.59922166		32.6515722

		65		10		0.929899		90.70101		4.5350505		9.070101		9.7538560639		2.2776627006		338		0.0029585799		2.2776627006		-6.40053284		4.59922166		32.6515722

														R²		slope		intercept		ΔH		ΔS

														0.9159		-553.19		3.9273		4.59922166		32.6515722
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		Effect of initial concentration on Cadmium Using Raw diatomite and Mn D2

		Raw Diatomite

		Initial Concentration		Co		Ce		% removal		Qe		ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		0.9184		90.816		4.5408		0.9184		0.2022551092		-0.0369681249		0.6571323738		-0.0851222534		4.5408

				20		2.1158		89.421		8.9421		2.1158		0.2366110869		0.3254746128		0.9514395223		0.7494329916		8.9421

				30		4.2182		85.9393333333		12.8909		4.2182		0.3272230798		0.6251271674		1.1102832394		1.4394084968		12.8909

				40		6.7612		83.097		16.6194		6.7612		0.4068257578		0.8300237828		1.2206153407		1.9112003891		16.6194

				50		9.0695		81.861		20.46525		9.0695		0.4431658543		0.9575833451		1.3110170543		2.2049171358		20.46525

				60		13.7728		77.0453333333		23.1136		13.7728		0.5958742905		1.139022241		1.3638675932		2.6226956327		23.1136

				70		17.6112		74.8411428571		26.1944		17.6112		0.6723269096		1.2457889491		1.4182084551		2.8685350633		26.1944

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL max		RLmin		R²		Plot 1/Qe vs 1/Ce      or            Ce/Qe vs Ce

		0.1914		0.0284		35.2112676056		0.1483803553		0.4026083298		0.0878223364		0.99		slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)

																intercept=1/Qmax		intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.7247		0.5819		0.5819		5.3051784888		0.9849		1.7185083348				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		3.8537		7.3256		7.3256		1.6922504984		0.9791		338.2073823305				plot Qe vs InCe      intercept=RT/bt InAt				slope=RT/bt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Mn-D2

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		1.6547		83.453		4.17265		1.6547		0.3965585419		0.2187192669		0.6204119578		0.5036197235		4.17265

				20		4.305		78.475		7.8475		4.305		0.5485823511		0.6339731558		0.8947313244		1.4597771379		7.8475

				30		7.2133		75.9556666667		11.39335		7.2133		0.6331149311		0.8581339948		1.056651439		1.9759265442		11.39335

				40		11.4016		71.496		14.2992		11.4016		0.7973592928		1.0569658007		1.1553117406		2.4337536964		14.2992

				50		16.9805		66.039		16.50975		16.9805		1.0285134542		1.2299504741		1.217740497		2.8320656269		16.50975

				60		22.1232		63.128		18.9384		22.1232		1.1681662654		1.3448479455		1.2773432851		3.0966268317		18.9384

				70		26.994		61.4371428571		21.503		26.994		1.2553597172		1.4312672435		1.3324990549		3.2956146191		21.503

				80

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL		RL max		RLmin		R²		Plot 1/Qe vs 1/Ce      or                        Ce/Qe vs Ce										used

		0.3876		0.0343		29.1545189504		0.0884932921		0.5305228579		0.1389944775		0.9843		slope=1/KlQmax				slope=1/Qmax		RL=1/(1+CoKl)

																intercept=1/Qmax				intercept=1/KlQmax

		Freudlich isotherm application

		Intercept		Slope		1/n		Kf		R²		n				logQe=logKf+1/nlogCe

		0.5229		0.555575		0.555575		3.3334964733		0.9899		1.7999370022				plot logQe vs logCe

																slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt

		-0.0846		6.1072		6.1072		0.9862430024		0.9754		405.6805082526				Qe=RT/btInAt + RT/btInCe

																plot Qe vs InCe      intercept=RT/bt InAt				slope=RT/bt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		BINARY

		Cadmium

		single

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		0.9184		90.816		4.5408		0.9184		0.2022551092		-0.0369681249		0.6571323738		-0.0851222534		4.5408

				20		2.1158		89.421		8.9421		2.1158		0.2366110869		0.3254746128		0.9514395223		0.7494329916		8.9421

				30		4.2182		85.9393333333		12.8909		4.2182		0.3272230798		0.6251271674		1.1102832394		1.4394084968		12.8909

				40		6.7612		83.097		16.6194		6.7612		0.4068257578		0.8300237828		1.2206153407		1.9112003891		16.6194

				50		9.0695		81.861		20.46525		9.0695		0.4431658543		0.9575833451		1.3110170543		2.2049171358		20.46525

				60		13.7728		77.0453333333		23.1136		13.7728		0.5958742905		1.139022241		1.3638675932		2.6226956327		23.1136

				70		17.6112		74.8411428571		26.1944		17.6112		0.6723269096		1.2457889491		1.4182084551		2.8685350633		26.1944

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.1914		0.0284		35.2112676056		0.1483803553		0.4026083298		0.99				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.7247		0.5819		0.5819		5.3051784888		0.9849		1.7185083348				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		3.8537		7.3256		7.3256		6.6920910072		0.9791		338.2073823305				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Effect of lead on adsorption of Cadmium (binry)

		Pb=10ppm

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		1.148		88.52		4.426		1.148		0.2593764121		0.0599418881		0.6460114096		0.1380212979		4.426

				20		3.2308		83.846		8.3846		3.2308		0.3853254777		0.5093100742		0.9234823488		1.1727297846		8.3846

				30		5.6786		81.0713333333		12.1607		5.6786		0.4669632505		0.7542412781		1.0849585747		1.7367047235		12.1607

				40		9.573		76.0675		15.2135		9.573		0.6292437638		0.9810480589		1.1822291388		2.258946636		15.2135

				50		13.7045		72.591		18.14775		13.7045		0.7551624857		1.1368631952		1.2588227879		2.6177242461		18.14775

				60		17.7364		70.4393333333		21.1318		17.7364		0.8393227269		1.2488654746		1.3249364917		2.8756190251		21.1318

				70		22.4078		67.9888571429		23.7961		22.4078		0.9416585071		1.3503992196		1.3765057853		3.1094091125		23.7961

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.2792		0.0316		31.6455696203		0.1131805158		0.4690860215		0.9751				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.631		0.5595		0.5595		4.2756288615		0.9959		1.7873100983				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		1.9291		6.4531		6.4531		28.3644056541		0.9634		383.9351629449				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Pb=30ppm

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		1.7849		82.151		4.10755		1.7849		0.4345412716		0.2516138895		0.6135828587		0.5793623913		4.10755

				20		5.8986		70.507		7.0507		5.8986		0.8365977846		0.7707489465		0.8482322363		1.7747150346		7.0507

				30		10.3919		65.3603333333		9.80405		10.3919		1.0599599145		1.0166949589		0.9914055175		2.3410266565		9.80405

				40		15.0268		62.433		12.4866		15.0268		1.2034340813		1.1768665062		1.0964441996		2.7098352736		12.4866

				50		20.5505		58.899		14.72475		20.5505		1.3956433895		1.3128223929		1.16804793		3.0228852715		14.72475

				60		28.3612		52.7313333333		15.8194		28.3612		1.7928113582		1.4527246025		1.1991900075		3.3450220139		15.8194

				70		35.401		49.4271428571		17.2995		35.401		2.0463597214		1.5490155301		1.2380335511		3.5667400683		17.2995

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.4982		0.045		22.2222222222		0.0903251706		0.5254165788		0.9787				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.4856		0.4987		0.4987		3.0591445595		0.9923		2.0052135552				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		0.2281		4.5962		4.5962		563644470.572082		0.9605		539.0479091423				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt





		

		August 2028 update

		original results updated (backup)

		Mn-D2

		Effect of Concentration on removal of lead by Mn-D

		Expt		Co		Ce		Qe		% removal		Ce		Ce/Qe		log Ce		logQe		InCe		Qe

		1		10		0.6799		4.66005		93.201		0.6799		0.1458997221		-0.1675549588		0.6683905765		-0.3858095504		4.66005

		2		20		2.0987		8.95065		89.5065		2.0987		0.2344745912		0.3219503625		0.9518545751		0.7413181054		8.95065

		3		30		6.837		11.5815		77.21		6.837		0.5903380391		0.8348655799		1.0637648115		1.9223490389		11.5815

		4		40		13.538		13.231		66.155		13.538		1.0232030837		1.1315545098		1.1215926694		2.6055005461		13.231

		5		50		19.1017		15.44915		61.7966		19.1017		1.2364240104		1.28107202		1.1889045899		2.9497773363		15.44915

		6		60		27.5683		16.21585		54.0528333333		27.5683		1.7000835602		1.4404099861		1.2099397184		3.3166665619		16.21585

		7		70		35.5846		17.2077		49.1648571429		35.5846		2.0679463264		1.5512620884		1.2357228259		3.57191296		17.2077

		langmuir isotherm application														Ce/Qe=1/KLQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL		RL max		RL min		R²		Plot Ce/Qe vs Ce

		0.171		0.055		18.1818181818		0.3216374269		0.2371705964		0.0425267346		0.9924		slope=1/Qmax						slope=1/Qmax

																intercept=1/KLQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.7807		0.3089		0.3089		6.035315805		0.956		3.2372936225				slope=1/n				intercept=logKf

		Temkin isotherm application														Qe=RT/btInAt + RT/btInCe

		Intercept		Slope		B		At		R²		bt				plot Qe vs InCe				intercept=RT/bt InAt				slope=RT/bt

		6.036		3.0597		3.0597		7.1903685257		0.9885		809.7434388992				Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		single

		Effect of initial concentration on Cadmium Using Raw diatomite and Mn D2

		Raw Diatomite

		Initial Concentration		Co		Ce		% removal		Qe		ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		0.9184		90.816		4.5408		0.9184		0.2022551092		-0.0369681249		0.6571323738		-0.0851222534		4.5408

				20		2.8788		85.606		8.5606		2.8788		0.3362848398		0.459211494		0.9325042048		1.0573735407		8.5606

				30		5.5209		81.597		12.23955		5.5209		0.451070505		0.7420098808		1.0877654508		1.7085408905		12.23955

				40		8.6956		78.261		15.6522		8.6956		0.5555512963		0.9392995539		1.1945753886		2.1628171506		15.6522

				50		12.394		75.212		18.803		12.394		0.6591501356		1.0932114918		1.274227146		2.5172124845		18.803

				60		21.0096		64.984		19.4952		21.0096		1.0776806599		1.322417784		1.2899276949		3.0449794761		19.4952

				70		29.8522		57.354		20.0739		29.8522		1.4871151097		1.4749763426		1.3026317563		3.396258539		20.0739

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL max		RLmin		R²		Plot 1/Qe vs 1/Ce      or            Ce/Qe vs Ce

		0.1817		0.043		23.2558139535		0.236653825		0.2970410332		0.0569289094		0.9952		slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)

																intercept=1/Qmax		intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.7243		0.4453		0.4453		5.3002944884		0.9499		2.2456770716				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		4.5363		4.8986		4.8986		2.5244926026		0.9665		505.7714449026				plot Qe vs InCe      intercept=RT/bt InAt				slope=RT/bt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Mn-D2

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		1.6547		83.453		4.17265		1.6547		0.3965585419		0.2187192669		0.6204119578		0.5036197235		4.17265

				20		6.868		65.66		6.566		6.868		1.0459945172		0.8368302865		0.8173008784		1.926872943		6.566

				30		12.016		59.9466666667		8.992		12.016		1.3362989324		1.0797599197		0.9538562982		2.486239095		8.992

				40		18.236		54.41		10.882		18.236		1.6757948906		1.2609295835		1.0367087216		2.9033976624		10.882

				50		28.805		42.39		10.5975		28.805		2.7180938901		1.4594678796		1.0252034252		3.3605489832		10.5975

				60		37.96		36.7333333333		11.02		37.96		3.444646098		1.5793262038		1.0421815945		3.6365329737		11.02

				70		45.235		35.3785714286		12.3825		45.235		3.6531395114		1.6554745947		1.0928083367		3.8118711235		12.3825

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL		RL max		RLmin		R²		Plot 1/Qe vs 1/Ce      or                        Ce/Qe vs Ce										used

		0.4006		0.076		13.1578947368		0.1897154269		0.3451662933		0.0700276195		0.9871		slope=1/KlQmax				slope=1/Qmax		RL=1/(1+CoKl)

																intercept=1/Qmax				intercept=1/KlQmax

		Freudlich isotherm application

		Intercept		Slope		1/n		Kf		R²		n				logQe=logKf+1/nlogCe

		0.5657		0.3249		0.3249		3.6787476697		0.9552		3.0778701139				plot logQe vs logCe

																slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt

		2.7361		2.4403		2.4403		3.0685790515		0.9495		1015.2735319428				Qe=RT/btInAt + RT/btInCe

																plot Qe vs InCe      intercept=RT/bt InAt				slope=RT/bt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Binary

		Cadmium

		single

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		0.9184		90.816		4.5408		0.9184		0.2022551092		-0.0369681249		0.6571323738		-0.0851222534		4.5408

				20		2.8788		85.606		8.5606		2.8788		0.3362848398		0.459211494		0.9325042048		1.0573735407		8.5606

				30		5.5209		81.597		12.23955		5.5209		0.451070505		0.7420098808		1.0877654508		1.7085408905		12.23955

				40		8.6956		78.261		15.6522		8.6956		0.5555512963		0.9392995539		1.1945753886		2.1628171506		15.6522

				50		12.394		75.212		18.803		12.394		0.6591501356		1.0932114918		1.274227146		2.5172124845		18.803

				60		21.0096		64.984		19.4952		21.0096		1.0776806599		1.322417784		1.2899276949		3.0449794761		19.4952

				70		29.8522		57.354		20.0739		29.8522		1.4871151097		1.4749763426		1.3026317563		3.396258539		20.0739

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL max		RLmin		R²		Plot 1/Qe vs 1/Ce      or            Ce/Qe vs Ce

		0.1817		0.043		23.2558139535		0.236653825		0.2970410332		0.0569289094		0.9952		slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)

																intercept=1/Qmax		intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.7243		0.4453		0.4453		5.3002944884		0.9499		2.2456770716				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		4.5363		4.8986		4.8986		2.5244926026		0.9665		505.7714449026				plot Qe vs InCe      intercept=RT/bt InAt				slope=RT/bt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Effect of lead on adsorption of Cadmium (binry)

		Pb=10ppm

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		1.148		88.52		4.426		1.148		0.2593764121		0.0599418881		0.6460114096		0.1380212979		4.426

				20		3.9938		80.031		8.0031		3.9938		0.4990316252		0.6013863126		0.9032582435		1.3847431586		8.0031

				30		6.9813		76.729		11.50935		6.9813		0.6065763922		0.8439363009		1.0610507972		1.9432351459		11.50935

				40		11.50736		71.2316		14.24632		11.50736		0.8077426311		1.0609756999		1.1537026952		2.4429868307		14.24632

				50		16.029		67.942		16.9855		16.029		0.9436872627		1.2049064289		1.2300783357		2.7743995816		16.9855

				60		24.9732		58.378		17.5134		24.9732		1.4259481311		1.3974741953		1.2433704669		3.2178032499		17.5134

				70		34.6488		50.5017142857		17.6756		34.6488		1.9602616036		1.5396881982		1.2473741649		3.545263093		17.6756

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.2413		0.0485		20.618556701		0.2009946125		0.3322318601		0.9932				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.6557		0.4315		0.4315		4.5258483737		0.9562		2.3174971031				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		3.3436		4.3346		4.3346		3.6560638857		0.963		571.5803072948				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Pb=30ppm

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		1.7849		82.151		4.10755		1.7849		0.4345412716		0.2516138895		0.6135828587		0.5793623913		4.10755

				20		5.8616		70.692		7.0692		5.8616		0.8291744469		0.7680161785		0.8493702688		1.7684226039		7.0692

				30		10.7946		64.018		9.6027		10.7946		1.1241213409		1.0332065539		0.9823933612		2.3790460091		9.6027

				40		19.7612		50.597		10.1194		19.7612		1.9528035259		1.2958133136		1.0051547631		2.9837204192		10.1194

				50		26.375		47.25		11.8125		26.375		2.2328042328		1.4211924683		1.0723418215		3.2724165918		11.8125

				60		36.198		39.67		11.901		36.198		3.0415931434		1.5586845757		1.0755834552		3.5890038687		11.901

				70		45.542		34.94		12.229		45.542		3.7240984545		1.658412099		1.087390945		3.8186349771		12.229

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.3557		0.0741		13.4952766532		0.2083216193		0.3243366463		0.9966				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.5716		0.3361		0.3361		3.7290653996		0.9497		2.9753049688				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		2.7551		2.5859		2.5859		2.5563657506		0.9772		958.1082021733				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt





		

																1st order						2nd order						t		Co		ce		%

		Contact Time		Co		Ce		% Removal		Qt		qe		In(qe-qt)		t		In(qe-qt)				t		t/qt				20		10		0.4076		95.924				95.924

		20		10		0.4076		95.924		4.7962		4.9605		-1.8060612539		20		-1.8060612539				20		4.1699678912				40		10		0.2412		97.588				97.588

		40		10		0.2412		97.588		4.8794		4.9605		-2.5120723179		40		-2.5120723179				40		8.197729229				60		10		0.079		99.21				99.21

		60		10		0.079		99.21		4.9605		4.9605		0		60						60		12.0955548836				80		10		0.079		99.21				99.21

		80		10		0.079		99.21		4.9605		4.9605		0		80						80		16.1274065114				100		10		0.10154		98.9846				98.9846

		100		10		0.079006		99.20994		4.960497		4.9605		-12.7168982695		100		-12.7168982695				100		20.1592703312				120		10		0.09974		99.0026				99.0026

		120		10		0.079007		99.20993		4.9604965		4.9605		-12.5627475895		120		-12.5627475895				120		24.1911268358				140		10		0.1156		98.844				98.844

		140		10		0.079		99.21		4.9605		4.9605		0		140						140		28.222961395

												intercept		slope		R²						intercept		slope		R²

		Mn-D2										3.0368		0.0155		0.9295						0.0885		0.2008		1
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																																																		Pb using raw diatomite single								pb binary

		Initial Concentration		Co		Ce		% removal		Qe		1/Ce		1/Qe		logCe		logQe		InCe		Qe		Ce		Ce/Qe				Co		ce		%		Co		%				Co		Ce		%				Co		%				Co		%				co		%				co		%				co		%

				10		1.148		88.52		4.426		0.8710801394		0.2259376412		0.0599418881		0.6460114096		0.1380212979		4.426		1.148		0.2593764121				10		0.079		99.21		10		97.8		97.867		10		0.22		97.8				10		99.8		99.2		10		99.8				10		97.8		97.52		10		99.8				10		99.21

				20		3.698		81.51		8.151		0.2704164413		0.1226843332		0.5679669068		0.9112108931		1.307792133		8.151		3.698		0.4536866642				20		0.18612		99.0694		25		91.2		98.4533335		20		0.48		97.6				20		97.6		97		20		97.6				20		95.2		94.92		20		91.42				20		99.0694

				30		11.3997		62.001		9.30015		0.0877216067		0.1075251474		1.0568934224		0.9684899532		2.4335870393		9.30015		11.3997		1.2257544233				30		0.28143		99.0619		50		88.5		98.5822223333		30		1.74		94.2				30		94.2		93.6		30		94.2				30		88.5		88.22		30		84.4				30		99.0219

				40		18.9756		52.561		10.5122		0.0526992559		0.0951275661		1.278195517		1.021693615		2.9431539433		10.5122		18.9756		1.8051026426				40		0.521668		98.69583		75		84.6		98.69583325		40		4.32		89.2				40		89.2		88.6		40		89.2				40		84.6		84.32		40		76.8				40		98.69583

				50		26.375		47.25		11.8125		0.0379146919		0.0846560847		1.4211924683		1.0723418215		3.2724165918		11.8125		26.375		2.2328042328				50		0.7089		98.5822		100		80.9		99.1		50		7.97		84.06				50		84.06		83.46		50		84.06				50		80.9		80.62		50		71.2				50		98.5822

				60		35.642		40.5966666667		12.179		0.0280567869		0.0821085475		1.5519620659		1.0856116305		3.5735247178		12.179		35.642		2.92651285				60		0.92802		98.4533		125		76		99.0594445		60		10.86		81.9				60		81.9		81.3		60		81.9				60		76		75.72		60		67.7				60		98.4533

				70		45.0412		35.6554285714		12.4794		0.0222018952		0.0801320576		1.6536099526		1.0961937053		3.8075776265		12.4794		45.0412		3.6092440342				70		1.4721		97.897		150		69.9		99.0161904286		70		15.12		78.4				70		78.4		77.8		70		78.4				70		69.9		69.62		70		63.3				70		97.897

																														0		0		62.5		175		62.5																																57.4

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax														0		0		56		200		56

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or            Ce/Qe vs Ce														0		0		50.8		250		50.8

		0.2774		0.068		14.7058823529		0.2451333814		0.2897430541		0.9918				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)

																intercept=1/Qmax		intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.6734		0.2978		0.2978		4.7141131237		0.9535		3.3579583613				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		4.2252		2.5077		2.5077		5.3918606916		0.9751		987.9858037245				plot Qe vs InCe      intercept=RT/bt InAt				slope=RT/bt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt
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		binary with Cd updated to 10ppm befor factoring the effect of binary on each metal

		binary (Raw diatomite used)

		Effect of initial concentration on lead Using Raw diatomite

		Raw Diatomite																langmuir				freudlich												Pb

		Initial Concentration		Co		Ce		% removal				Qe		1/Ce		1/Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe				Initial Concentration		% removal

				10		0.2162		97.838				4.8919		4.625346901		0.2044195507		0.2162		0.0441955069		-0.6651443104		0.6894775706		-1.5315513738		4.8919				10		97.838

				20		0.3218		98.391				9.8391		3.1075201989		0.1016353122		0.3218		0.0327062435		-0.4924139602		0.9929553746		-1.1338250444		9.8391				20		98.391

				30		0.4449		98.517				14.77755		2.2476961115		0.067670216		0.4449		0.0301064791		-0.3517375943		1.1696024375		-0.8099057412		14.77755				30		98.517

				40		0.5508		98.623				19.7246		1.8155410312		0.050698113		0.5508		0.0279245206		-0.2590060684		1.2950082048		-0.5963835121		19.7246				40		98.623

				50		0.6059		98.7882				24.69705		1.6504373659		0.0404906659		0.6059		0.0245332945		-0.2175990475		1.392645081		-0.501040323		24.69705				50		98.7882

				60		0.7398		98.767				29.6301		1.3517166802		0.0337494642		0.7398		0.0249678536		-0.130885673		1.4717331172		-0.3013753996		29.6301				60		98.767

				70		0.8673		98.761				34.56635		1.1530035743		0.0289298697		0.8673		0.025090876		-0.0618306536		1.5386535231		-0.1423703413		34.56635				70		98.761

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.044		-0.0262		-38.1679389313		-0.5954545455		-0.0347551343		0.73339				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		1.6613		1.4134		1.4134		45.8458469249		0.9915		0.7075137965				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		35.174		21.547		21.547		1.8451916695		0.9552		114.9845454124				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Effect of initial concentration on Cadmium Using Raw diatomite

		Raw Diatomite																																				Co		binary				Co		single		binary				Co		Qe single		Qe binary

		Initial Concentration		Co		Ce		% removal		Qe		1/Ce		1/Qe		logCe		logQe		InCe		Qe		Ce		Ce/Qe						Co		% removal				15		88.2013333333				10		90.816		88.52				10		4.5408		4.426

				10		1.148		88.52		4.426		0.8710801394		0.2259376412		0.0599418881		0.6460114096		0.1380212979		4.426		1.148		0.2593764121						15		94.4313333333				20		87.511				20		84.606		81.51				20		8.4606		8.151

				20		3.698		81.51		8.151		0.2704164413		0.1226843332		0.5679669068		0.9112108931		1.307792133		8.151		3.698		0.4536866642						20		89.06				25		79.6296				30		71.597		62.001				30		10.73955		9.30015

				30		11.3997		62.001		9.30015		0.0877216067		0.1075251474		1.0568934224		0.9684899532		2.4335870393		9.30015		11.3997		1.2257544233						25		88.37				30		66.001				40		61.561		52.561				40		12.3122		10.5122

				40		18.9756		52.561		10.5122		0.0526992559		0.0951275661		1.278195517		1.021693615		2.9431539433		10.5122		18.9756		1.8051026426						30		77.2866666667				35		67.1337142857				50		57.212		47.25				50		14.303		11.8125

				50		26.375		47.25		11.8125		0.0379146919		0.0846560847		1.4211924683		1.0723418215		3.2724165918		11.8125		26.375		2.2328042328						35		66.85				40		61.561				60		48.984		40.5966666667				60		14.6952		12.179

				60		35.642		40.5966666667		12.179		0.0280567869		0.0821085475		1.5519620659		1.0856116305		3.5735247178		12.179		35.642		2.92651285						40		62.42				45		57.8277777778				70		46.05		35.6554285714				70		16.1175		12.4794

				70		45.0412		35.6554285714		12.4794		0.0222018952		0.0801320576		1.6536099526		1.0961937053		3.8075776265		12.4794		45.0412		3.6092440342						45		58.6866666667

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or            Ce/Qe vs Ce												co+Q714N696:QN696:Q710		ce				%						ce		%

		0.2497		0.0757		13.2100396301		0.3031637966		0.2480381444		0.9955				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)								10		1.148				88.52				10		1.148		88.52

																intercept=1/Qmax		intercept=1/KlQmax										20		3.6978				81.511				20		3.698		81.51

																												30		11.3997				62.001				30		11.3997		62.001

		Freudlich isotherm application														logQe=logKf+1/nlogCe												40		16.9756				57.561				40		18.9756		52.561

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe												50		24.875				50.25				50		26.375		47.25

		0.6844		0.2649		0.2649		4.8350392059		0.9356		3.7750094375				slope=1/n		intercept=logKf										60		34.842				41.93				60		39.642		33.93

																												70		42.6412				39.084				70		56.6412		19.084

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe																								%				Co		%

		4.5393		2.1221		2.1221		8.4914550085		0.975		1167.5095424344				plot Qe vs InCe      intercept=RT/bt InAt				slope=RT/bt										ce				%				10		92.52				10		88.52

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt								10		0.748				92.52				15		88.201				20		81.51

																												15		1.76985				88.201				20		87.511				30		62

																												20		2.4978				87.511				25		76.4297				40		57.56

		Effect of pH on lead and cadmium Using Raw diatomite binary														time=60,0.1g												25		5.892575				76.4297				30		66.001				50		50.25

		Lead																										30		10.1997				66.001				35		65.991				60		43.2633333333

		pH		Co		Ce		% Removal		Qe						pH		Pb		Cd								35		11.90315				65.991				40		61.561				70		39.3697142857

		2		50		16.479		67.042		16.7605						2		67.042		27.785								40		15.3756				61.561				45		57.8277

		3		50		6.15		87.7		21.925						3		87.7		32.832								45		18.977535				57.8277				50		54.25

		4		50		0.55		98.9		24.725						4		98.9		60.343								50		22.875				54.25				60		43.93

		5		50		0.5735		98.853		24.71325						5		98.853		68.567								60		32.442				45.93				70		39.084

		6		50		0.6055		98.789		24.69725						6		98.789		74.35								70		42.6412				39.084

		Cadmium

		pH		Co		Ce		% Removal		Qe

		2		10		4.8286		51.714		2.5857								ce		%

		3		10		4.324		56.76		2.838						10		6.15686		38.4314

		4		10		2.5729		74.271		3.71355						10		6.7168		32.832

		5		10		1.7571		82.429		4.12145						10		3.9657		60.343

		6		10		1.1478		88.522		4.4261						10		3.1433		68.567

																10		2.565		74.35

																10		6.607		33.93

		Effect of contact time on Lead  and cadmiumUsing Raw diatomite (binary)														70		56.6412		19.084

		lead

																		1st order						2nd order

		Contact Time		Co		Ce		% Removal		Qt		qe		qe-qt		In(qe-qt)		t		In(qe-qt)				t		t/qt

		20		50		2.388		95.224		23.806		24.6952		0.8892		-0.1174330969		20		-0.1174330969				20		0.8401243384				2.388

		40		50		1.41		97.18		24.295		24.6952		0.4002		-0.9157908568		40		-0.9157908568				40		1.6464293064				1.41

		60		50		0.6096		98.7808		24.6952		24.6952		0		0		60						60		2.4296219508				0.56425

		80		50		0.6293		98.7414		24.68535		24.6952		0.00985		-4.6202838238		80		-4.6202838238				80		3.2407885649				0.467

		100		50		0.63		98.74		24.685		24.6952		0.0102		-4.5853675587		100		-4.5853675587				100		4.0510431436				0.495

		120		50		0.6165		98.767		24.69175		24.6952		0.00345		-5.6693810479		120		-5.6693810479				120		4.8599228487				0.565

														intercept		slope		R²						intercept		slope		R²

														1.0261		0.0584		0.9493						0.0323		0.0402		1

		cadmium														1st order						2nd order								%		%																Ce		% Removal

		ContactTime		Co		Ce		% Removal		Qt		qe		In(qe-qt)		t		In(qe-qt)				t		t/qt				t		Pb		Cd																4.41229995		70.584667

		20		10		3.8416		61.584		3.0792		4.4265		0.2981025898		20		0.2981025898				20		6.4951935568				20		95.224		61.584																2.94430005		80.371333

		40		10		2.06287		79.3713		3.968565		4.4265		-0.7810280263		40		-0.7810280263				40		10.0792099915				40		97.18		79.3713																1.7703		88.198

		60		10		1.147		88.53		4.4265		4.4265		0		60						60		13.5547272111				60		98.7808		88.53																1.628		89.1466666667

		80		10		1.147		88.53		4.4265		4.4265		0		80						80		18.0729696148				80		98.7414		88.53																1.6305		89.13

		100		10		1.1481		88.519		4.42595		4.4265		-7.5055922797		100		-7.5055922797				100		22.5940193631				100		98.74		88.519																1.629		89.14

		120		10		1.148		88.52		4.426		4.4265		-7.6009024595		120		-7.6009024595				120		27.1125169453				120		98.767		88.52

												intercept		slope		R²						intercept		slope		R²

												2.245		-0.0877		0.9687						1.8032		0.2074		0.9965

		Effect of Adsorbent Dosage on lead and Cadmium Using Raw diatomite (binary)

		lead

		Adsorbent Dosage		Co		Ce		% Removal		Qe				Adsorbent dosage (g)		Pb		Cd				time=80min, pH=6				Adsorbent dosage (g)		Cd binary		Cd single

		0.05		50		1.43335		97.1333		48.56665				0.05		97.1333		80.754								0.025				76.173

		0.1		50		0.6294		98.7412		24.6853				0.1		98.7412		88.531								0.05				84.974

		0.2		50		0.06335		99.8733		12.4841625				0.2		99.8733		94.728								0.1				90.926

		0.3		50		0.06665		99.8667		8.322225				0.3		99.8667		96.15								0.2				99.13

		0.4		50		0.246665		99.50667		6.219166875				0.4		99.50667		96.67								0.3				100

		0.5		50		0.25305		99.4939		4.974695				0.5		99.4939		97.25								0.4				100

																										0.5				100

		Cadmium

		Adsorbent Dosage		Co		Ce		% Removal		Qe

		0.05		10		1.9246		80.754		8.0754

		0.1		10		1.1469		88.531		4.42655

		0.2		10		0.5272		94.728		2.3682

		0.3		10		0.385		96.15		1.6025

		0.4		10		0.333		96.67		1.208375

		0.5		10		0.275		97.25		0.9725

		Effect of temperature on Lead and cadmium Using Raw diatomite (binary)

		lead

		Temperature		Co		Ce		% Removal		Qe		Cad,eq		Cad,eq/Ce		lnKc=InCad/Ce		T		1/T		lnKc		time=80min, 0.1g, pH=6														temp		Pb		Cd

		25		50		0.6296		98.7408		24.6852		49.3704		78.415501906		4.3620216362		298		0.0033557047		4.3620216362																25		98.7408		89.146

		35		50		0.7062		98.5876		24.6469		49.2938		69.8014726706		4.245655108		308		0.0032467532		4.245655108																35		98.5876		90.6106666667

		45		50		1.1796		97.6408		24.4102		48.8204		41.3872499152		3.7229728603		318		0.0031446541		3.7229728603																45		97.6408		95.2306666667

		55		50		1.2683		97.4634		24.36585		48.7317		38.4228494836		3.6486523213		328		0.0030487805		3.6486523213																55		97.4634		97.2686666667

		65		50		1.3139		97.3722		24.34305		48.6861		37.0546464723		3.6123937547		338		0.0029585799		3.6123937547																65		97.3722		97.7466666667

														R²		slope		intercept		ΔH		ΔS

														0.8784		2128.5		-2.7883		-17696.349		-23.1819262

		cadmium

		Temperature		Co		Ce		% Removal		Qe		Cad,eq		Cad,eq/Ce		lnKc=InCad/Ce		T		1/T		lnKc1								ce		%

		25		10		1.1468		88.532		4.4266		8.8532		7.7199162888		2.0438035206		298		0.0033557047		2.0438035206				20		10		1.1468		88.532

		35		10		1.0393		89.607		4.48035		8.9607		8.6218608679		2.1543009393		308		0.0032467532		2.1543009393				40		10		1.03933		89.6067

		45		10		0.97734		90.2266		4.51133		9.02266		9.2318538073		2.2226598742		318		0.0031446541		2.2226598742				60		10		0.97734		90.2266

		55		10		0.97253		90.2747		4.513735		9.02747		9.2824591529		2.2281265066		328		0.0030487805		2.2281265066				80		10		0.97353		90.2647

		65		10		0.9287		90.713		4.53565		9.0713		9.7677398514		2.2790851037		338		0.0029585799		2.2790851037				100		10		0.9287		90.713

														R²		slope		intercept		ΔH		ΔS				120		10		0.275		97.25

														0.9159		-553.76		3.9304		4603.96064		32.6773456				140		10		1.1489		88.511

								Temperature		binary		single

								25		88.532		90.927

								35		89.607		92.636

								45		90.2266		95.98

								55		90.2747		99.185

								65		90.713		99.833

		Initial Concentration		Co		Ce		% removal		Qe		1/Ce		1/Qe		logCe		logQe		InCe		Qe		Ce		Ce/Qe

				10		0.3468		96.532		4.8266		2.8835063437		0.2071851821		-0.4599209112		0.6836413086		-1.0590070341		4.8266		0.3468		0.0718518212

				20		2.0028		89.986		8.9986		0.4993009786		0.1111283978		0.3016375827		0.9541749473		0.6945462015		8.9986		2.0028		0.222567955

				30		5.03202		83.2266		12.48399		0.1987273501		0.0801025954		0.7017423586		1.0963534121		1.615821494		12.48399		5.03202		0.4030778621

				40		10.2944		74.264		14.8528		0.0971401927		0.0673273726		1.0126010392		1.1718083331		2.3316000581		14.8528		10.2944		0.6930949047

				50		17.1435		65.713		16.42825		0.0583311459		0.0608707562		1.2340994918		1.2155913032		2.841619093		16.42825		17.1435		1.0435378083

				60		26.25		56.25		16.875		0.0380952381		0.0592592593		1.4191293077		1.2272437815		3.267665989		16.875		26.25		1.5555555556

				70		33.2395		52.515		18.38025		0.0300846884		0.0544062241		1.5216544824		1.2643514142		3.5037389278		18.38025		33.2395		1.808435685

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or            Ce/Qe vs Ce

		0.2497		0.0757		13.2100396301		0.3031637966		0.2480381444		0.9955				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)

																intercept=1/Qmax		intercept=1/KlQmax

																												ce		%

		Freudlich isotherm application														logQe=logKf+1/nlogCe								20		50		0.535		98.93

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe								40		50		0.6075		98.785

		0.6844		0.2649		0.2649		4.8350392059		0.9356		3.7750094375				slope=1/n		intercept=logKf						60		50		0.99		98.02

																								80		50		1.219		97.562

		Tempkin isotherm application																						100		50		17.1435		65.713

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe								120		60		26.25		56.25

		4.5393		2.1221		2.1221		8.4914550085		0.975		1167.5095424344				plot Qe vs InCe      intercept=RT/bt InAt				slope=RT/bt				140		70		33.2395		52.515

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Effect of lead on adsorption of Cd

		Cd concentration constant @ 10ppm, pH=6, time=60 min

		Pb concentration		Co Cd		Ce Cd		%bremoval of cadmium

		0		10		0.92		90.8

		10		10		1.148		88.52

		30		10		1.7849		82.151

		50		10		2.566		74.34

		Effect of cadmium on adsorption of Pb

		Pb concentration constant @ 50ppm, pH=6, time=60 min

		Cd concentration		Co Pb		Ce Pb		%bremoval of lead

		0		50		0.535		98.93

		10		50		0.6075		98.785

		30		50		0.99		98.02

		50		50		1.219		97.562





		effect of concentration on lead for single and binary

		single

																																Co		ce		%

		Raw Diatomite																langmuir				freudlich										10		0.079		99.21		Co		%		Initial concentration  Co		Raw Diatomite		MnO₂-diatomite composite

		Initial Concentration		Co		Ce		% removal				Qe		1/Ce		1/Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe				20		0.18612		99.0694		10		99.21		10		99.21		93.201

				10		0.079		99.21				4.9605		12.6582278481		0.2015925814		0.079		0.0159258139		-1.1023729087		0.695525454		-2.5383074265		4.9605				30		0.29343		99.0219		20		99.0694		20		99.0694		89.5065

				20		0.18612		99.0694				9.90694		5.3728777133		0.1009393415		0.18612		0.0187868302		-0.7302069561		0.9959395328		-1.681363652		9.90694				40		0.521668		98.69583		30		99.0219		30		99.0219		77.21

				30		0.29343		99.0219				14.853285		3.4079678288		0.0673251742		0.29343		0.0197552259		-0.5324954864		1.1718225142		-1.226116169		14.853285				50		0.7089		98.5822		40		98.69583		40		98.69583		66.155

				40		0.521668		98.69583				19.739166		1.9169280079		0.0506607017		0.521668		0.0264280669		-0.2826058028		1.2953287993		-0.6507239088		19.739166				60		0.92802		98.4533		50		98.5822		50		98.5822		61.7966

				50		0.7089		98.5822				24.64555		1.4106361969		0.0405752763		0.7089		0.0287638133		-0.1494150236		1.3917385145		-0.3440408061		24.64555				70		1.4721		97.897		60		98.4533		60		98.4533		54.0528333333

				60		0.92802		98.4533				29.53599		1.0775629836		0.0338569995		0.92802		0.0314199727		-0.0324426641		1.4703515323		-0.0747019947		29.53599				0		0		62.5		70		97.897		70		97.897		49.1648571429

				70		1.4721		97.897				34.26395		0.6793016779		0.0291851932		1.4721		0.0429635229		0.1679373127		1.5348374276		0.3866899528		34.26395				0		0		56

																																0		0		50.8

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.0149		0.019		52.6315789474		1.2751677852		0.0727183992		0.9906				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		1.4769		0.6697		0.6697		29.984720158		0.9846		1.4932059131				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		28.736		10.319		10.319		1.4320351346		0.9703		240.0980715186				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt
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																																Co		ce		%						Initial concentration  Co		Raw Diatomite		MnO₂-diatomite composite

		Raw Diatomite																langmuir				freudlich										10		1.8849		81.151		99.2				10		99.21		93.201

		Initial Concentration		Co		Ce		% removal				Qe		1/Ce		1/Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe				20		0.58612		97.0694		97				20		97.0694		89.5065

				10		0.079		99.21				4.9605		12.6582278481		0.2015925814		0.079		0.0159258139		-1.1023729087		0.695525454		-2.5383074265		4.9605				30		1.91343		93.6219		93.6				30		93.6219		77.21

				20		0.58612		97.0694				9.70694		1.7061352624		0.1030190771		0.58612		0.0603815415		-0.2320134591		0.9870823452		-0.5342307322		9.70694				40		4.521668		88.69583		88.6				40		88.69583		66.155

				30		1.91343		93.6219				14.043285		0.5226216794		0.0712084103		1.91343		0.1362523085		0.2818125788		1.1474687097		0.648897443		14.043285				50		8.27089		83.45822		83.46				50		83.45822		61.7966

				40		4.52167		88.695825				17.739165		0.2211572273		0.0563724392		4.52167		0.2548975671		0.6552988635		1.2489331733		1.5088813946		17.739165				60		11.18802		81.3533		81.3				60		81.3533		54.0528333333

				50		8.27089		83.45822				20.864555		0.1209059726		0.0479281729		8.27089		0.3964086461		0.9175522449		1.3194091265		2.1127421211		20.864555				70		15.4721		77.897		77.8				70		77.897		49.1648571429

				60		11.188		81.3533333333				24.406		0.0893814802		0.0409735311		11.188		0.4584118659		1.0487524577		1.3874966069		2.4148417753		24.406				80		30		62.5

				70		15.4721		77.897				27.26395		0.0646324675		0.036678471		15.4721		0.5674929715		1.1895492637		1.4355887766		2.739038402		27.26395				0		0		56

																																0		0		50.8

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.0565		0.0356		28.0898876404		0.6300884956		0.136969697		0.9723				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		1.0499		0.3161		0.3161		11.2176012975		0.9979		3.1635558368				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		13.284		40.927		40.927		21.778525606		0.9396		60.5363696337				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt
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																																Co		ce		%

		Raw Diatomite														langmuir				freudlich												10		1.148		88.52		97.52				Initial concentration  Co		Pb binary		Cd binary		Pb single		Cd single				Initial concentration  Co		Pb binary		Cd binary		Pb single		Cd single

		Initial Concentration		Co		Ce		% removal		Qe		1/Ce		1/Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe						20		3.2308		83.846		94.92				10		97.5201		88.52		99.21		90.816				10		97.5201		88.52		99.21		90.816

				10		1.148		88.52		4.426		0.8710801394		0.2259376412		1.148		0.2593764121		0.0599418881		0.6460114096		0.1380212979		4.426						30		5.6786		81.0713333333		88.22				20		94.967		81.51		97.0694		84.606				20		96.367		81.51		99.0694		84.606

				20		3.2308		83.846		8.3846		0.3095208617		0.1192662739		3.2308		0.3853254777		0.5093100742		0.9234823488		1.1727297846		8.3846						40		9.57296		76.0676		84.32				30		88.2903		62.001		93.6219		71.597				30		95.90375		62.001		99.0219		71.597

				30		5.6786		81.0713333333		12.1607		0.1760997429		0.0822321083		5.6786		0.4669632505		0.7542412781		1.0849585747		1.7367047235		12.1607						50		12.7045		74.591		79.62				40		84.338		52.561		88.695825		61.561				40		94.3383		52.561		98.69583		61.561

				40		9.57296		76.0676		15.21352		0.1044608982		0.0657310077		9.57296		0.6292403073		0.9810462442		1.1822297098		2.2589424575		15.21352						60		17.7364		70.4393333333		75.72				50		79.6742		47.25		83.45822		57.212				50		93.7425		47.25		98.5822		57.212

				50		13.7045		72.591		18.14775		0.0729687329		0.0551032497		13.7045		0.7551624857		1.1368631952		1.2588227879		2.6177242461		18.14775						70		22.4078		67.9888571429		69.62				60		75.7415		40.5966666667		81.3533333333		48.984				60		91.415		40.5966666667		98.4533		48.984

				60		17.7364		70.4393333333		21.1318		0.0563812273		0.0473220454		17.7364		0.8393227269		1.2488654746		1.3249364917		2.8756190251		21.1318						0		0								70		69.6428		35.6554285714		77.897		46.05				70		90.6428		35.6554285714		97.897		46.05

				70		22.4078		67.9888571429		23.7961		0.0446273173		0.042023693		22.4078		0.9416585071		1.3503992196		1.3765057853		3.1094091125		23.7961						0		0

																																0		0

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax																										Initial concentration  Co		Pb Diatomite		Cd Diatomite								Initial concentration  Co		Pb binary		Pb single						Initial concentration  Co		Pb binary		Pb single				Initial concentration  Co		raw		mnd						single		10ppm		30ppm						10		30

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce																		10		96.575		88.52								10		97.5201		99.21						10		97.5201		99.21				10		90.816		90.816				90.816		90.816		88.52		82.151		2.296		8.665		88.52		82.151

		0.27772		0.0312		32.0512820513		0.1123433674		0.4709353592		0.9852				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax								90.816		90.816		0						20		97.123		81.51								20		96.367		99.0694						20		94.967		97.0694				20		89.421		85.606				89.421		85.606		80.031		70.692		5.575		14.914		83.846		74.507

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax								89.421		85.606		3.815						30		97.249		62.001								30		95.90375		99.0219						30		88.2903		93.6219				30		85.9393333333		81.597				85.9393333333		81.597		76.729		64.018		4.868		17.579		81.0713333333		68.3603333333

																																85.9393333333		81.597		4.3423333333						40		97.355		52.561								40		94.3383		98.69583						40		84.338		88.695825				40		83.097		78.261				83.097		78.261		71.2316		50.597		7.0294		27.664		76.0676		55.433

		Freudlich isotherm application														logQe=logKf+1/nlogCe																83.097		78.261		4.836						50		97.52		47.25								50		93.7425		98.5822						50		79.6742		83.45822				50		81.861		75.212				81.861		75.212		67.942		47.25		7.27		27.962		74.591		53.899

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe																81.861		75.212		6.649						60		97.499		40.5966666667								60		91.415		98.4533						60		75.7415		81.3533333333				60		77.0453333333		64.984				77.0453333333		64.984		58.378		39.67		6.606		25.314		70.4393333333		51.7313333333

		0.63		0.5657		0.5657		4.265795188		0.9904		1.7677214071				slope=1/n		intercept=logKf														77.0453333333		64.984		12.0613333333						70		97.493		35.6554285714								70		90.6428		97.897						70		69.6428		77.897				70		74.8411428571		57.354				74.8411428571		57.354		50.5017142857		34.94		6.8522857143		22.414		67.9888571429		52.4271428571

																																74.8411428571		57.354		17.4871428571

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe																90.816		7.363		83.453						Initial concentration  Co		%

		1.8869		6.5459		6.5459		32.1087718651		0.9687		378.4921859485				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt								89.421		19.946		69.475						10		90.816																				Initial concentration  Co		Raw Diatomite		MnO₂-diatomite composite				Initial concentration  Co		single		10ppm		30ppm				Initial concentration  Co		10ppm		30ppm

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt												85.9393333333		21.6503		64.2890333333						20		89.421																				10		90.816		83.453				10		90.816		88.52		80.151				10		88.52		82.151

																																83.097		23.851		59.246						30		85.9393333333																				20		85.606		65.66				20		89.421		83.846		70.507				20		80.031		70.692

																																81.861		32.822		49.039						40		83.097																				30		81.597		59.9466666667				30		85.9393333333		81.0713333333		65.3603333333				30		76.729		64.018

																																77.0453333333		28.2507		48.7946333333						50		81.261																				40		78.261		54.41				40		83.097		76.0676		62.433				40		71.2316		50.597

																																74.8411428571		21.9754		52.8657428571						60		77.0453333333																				50		75.212		42.39				50		81.861		72.591		58.899				50		67.942		47.25

																																										70		74.8411428571																				60		64.984		36.7333333333				60		77.0453333333		70.4393333333		52.7313333333				60		58.378		39.67

																																																																70		57.354		35.3785714286				70		74.8411428571		67.9888571429		49.4271428571				70		50.5017142857		34.94

																																																																												88.52

																																																																												83.846

																																																																												81.0713333333

																																																																												76.0676

																																																																												74.591

																																																																												70.4393333333

																																																																												65.9888571429

		Temperature		Co		Ce		% Removal		Qe		Cad,eq		Cad,eq/Ce		lnKc=InCad/Ce		T		1/T		lnKc		time=80min, 0.1g, pH=6						ΔG (kJ/mol)

		25		10		0.13099		98.6901		4.934505		9.86901		75.3417054737		4.322033839		298		0.0033557047		4.322033839		98.3031						-10.7081500226

		35		10		0.1501		98.499		4.92495		9.8499		65.6222518321		4.1839148432		308		0.0032467532		4.1839148432		98.112						-10.7138009459

		45		10		0.1887		98.113		4.90565		9.8113		51.9941706412		3.9511316092		318		0.0031446541		3.9511316092		97.726						-10.4462072074

		55		10		0.2242		97.758		4.8879		9.7758		43.6030330062		3.7751267123		328		0.0030487805		3.7751267123		97.371						-10.2947403434

		65		10		0.24233		97.5767		4.878835		9.75767		40.2660421739		3.6955084878		338		0.0029585799		3.6955084878		97.1897						-10.3848666578

														R²		slope		intercept		ΔH		ΔS		ΔG

														0.8836		2090.2		-2.7093		-17377.9228		-22.5251202

		Contact Time		Co		Ce		% Removal		Qt		qe		qe-qt		In(qe-qt)		t		In(qe-qt)				t		t/qt

		20		10		0.60368		93.9632		4.69816		4.8567		0.15854		-1.8417483516		20		-1.8417483516				20		4.2569857136

		40		10		0.40808		95.9192		4.79596		4.8567		0.06074		-2.8011528194		40		-2.8011528194				40		8.3403531306

		60		10		0.131		98.69		4.9345		4.8567		-0.0778		0		60						60		12.1592866552

		80		10		0.131		98.69		4.9345		4.8567		-0.0778		0		80						80		16.2123822069

		100		10		0.13101		98.6899		4.934495		4.8567		-0.077795		0		100		0				100		20.2654982931

		120		10		0.13099		98.6901		4.934505		4.8567		-0.077805		0		120		0				120		24.318548669

														intercept		slope		R²						intercept		slope		R²

														0.2261		-0.0915		0.9478						0.1412		0.2045		1
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		cadmium

		single

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe				Co		ce		%

				10		0.9184		90.816		4.5408		0.9184		0.2022551092		-0.0369681249		0.6571323738		-0.0851222534		4.5408				10		0.9184		90.816

				20		2.8788		85.606		8.5606		2.8788		0.3362848398		0.459211494		0.9325042048		1.0573735407		8.5606				20		2.8788		85.606

				30		5.5209		81.597		12.23955		5.5209		0.451070505		0.7420098808		1.0877654508		1.7085408905		12.23955				30		5.5209		81.597

				40		8.6956		78.261		15.6522		8.6956		0.5555512963		0.9392995539		1.1945753886		2.1628171506		15.6522				40		8.6956		78.261

				50		12.394		75.212		18.803		12.394		0.6591501356		1.0932114918		1.274227146		2.5172124845		18.803				50		12.394		75.212

				60		21.0096		64.984		19.4952		21.0096		1.0776806599		1.322417784		1.2899276949		3.0449794761		19.4952				60		21.0096		64.984

				70		29.8522		57.354		20.0739		29.8522		1.4871151097		1.4749763426		1.3026317563		3.396258539		20.0739				70		29.8522		57.354

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce								%		%		%						Qe		Qe		Qe

		0.1817		0.043		23.2558139535		0.236653825		0.2970410332		0.9952				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax						Co		10ppm		30ppm		single				Co		10ppm		30ppm		single

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax						10		88.52		82.151		90.816				10		4.426		4.05755		4.5408

																														20		80.031		70.692		85.606				20		8.0031		7.5692		8.5606

		Freudlich isotherm application														logQe=logKf+1/nlogCe														30		76.729		64.018		81.597				30		11.50935		9.30015		12.23955

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe														40		71.2316		50.597		78.261				40		14.24632		10.0122		15.6522

		0.7243		0.4453		0.4453		5.3002944884		0.9499		2.2456770716				slope=1/n		intercept=logKf												50		67.942		47.25		75.212				50		16.9855		11.8125		18.803

																														60		58.378		39.67		64.984				60		17.5134		11.901		19.4952

		Tempkin isotherm application																												70		50.5017142857		34.94		57.354				70		17.6756		12.22939		20.0739

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		4.5363		4.8986		4.8986		2.9442874985		0.9665		505.7714449026				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		10ppm

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe				Co		ce		%

				10		1.148		88.52		4.426		1.148		0.2593764121		0.0599418881		0.6460114096		0.1380212979		4.426				10		1.148		88.52

				20		3.9938		80.031		8.0031		3.9938		0.4990316252		0.6013863126		0.9032582435		1.3847431586		8.0031				20		3.9938		80.031

				30		6.9813		76.729		11.50935		6.9813		0.6065763922		0.8439363009		1.0610507972		1.9432351459		11.50935				30		6.9813		76.729

				40		11.50736		71.2316		14.24632		11.50736		0.8077426311		1.0609756999		1.1537026952		2.4429868307		14.24632				40		11.50736		71.2316

				50		16.029		67.942		16.9855		16.029		0.9436872627		1.2049064289		1.2300783357		2.7743995816		16.9855				50		16.029		67.942

				60		24.9732		58.378		17.5134		24.9732		1.4259481311		1.3974741953		1.2433704669		3.2178032499		17.5134				60		24.9732		58.378

				70		34.6488		50.5017142857		17.6756		34.6488		1.9602616036		1.5396881982		1.2473741649		3.545263093		17.6756				70		36.2488		48.216

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax																%		%

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce						Co		10ppm		30ppm

		0.2413		0.0485		20.618556701		0.2009946125		0.3322318601		0.9932				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax						10		88.52		81.151

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax						20		82.031		70.692

																														30		67.729		62.001

		Freudlich isotherm application														logQe=logKf+1/nlogCe														40		56.2316		50.061

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe														50		51.942		47.25

		0.6557		0.4315		0.4315		4.5258483737		0.9562		2.3174971031				slope=1/n		intercept=logKf												60		45.378		39.67

																														70		42.836		34.9411142857

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		3.3436		4.3346		4.3346		3.6560638857		0.963		571.5803072948				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		30ppm

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe				Co		ce		%

				10		1.7849		82.151		4.10755		1.7849		0.4345412716		0.2516138895		0.6135828587		0.5793623913		4.10755				10		1.7849		82.151

				20		5.8616		70.692		7.0692		5.8616		0.8291744469		0.7680161785		0.8493702688		1.7684226039		7.0692				20		5.8616		70.692

				30		10.7946		64.018		9.6027		10.7946		1.1241213409		1.0332065539		0.9823933612		2.3790460091		9.6027				30		10.7946		64.018

				40		19.7612		50.597		10.1194		19.7612		1.9528035259		1.2958133136		1.0051547631		2.9837204192		10.1194				40		19.7612		50.597

				50		26.375		47.25		11.8125		26.375		2.2328042328		1.4211924683		1.0723418215		3.2724165918		11.8125				50		26.375		47.25

				60		36.198		39.67		11.901		36.198		3.0415931434		1.5586845757		1.0755834552		3.5890038687		11.901				60		36.198		39.67

				70		45.542		34.94		12.229		45.542		3.7240984545		1.658412099		1.087390945		3.8186349771		12.229				70		45.542		34.94

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.3557		0.0741		13.4952766532		0.2083216193		0.3243366463		0.9966				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.5716		0.3361		0.3361		3.7290653996		0.9497		2.9753049688				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		2.7551		2.5859		2.5859		2.5563657506		0.9772		958.1082021733				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Lead

		single

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		0.079		99.21		4.9605		0.079		0.0159258139		-1.1023729087		0.695525454		-2.5383074265		4.9605

				20		0.18612		99.0694		9.90694		0.18612		0.0187868302		-0.7302069561		0.9959395328		-1.681363652		9.90694

				30		0.29343		99.0219		14.853285		0.29343		0.0197552259		-0.5324954864		1.1718225142		-1.226116169		14.853285

				40		0.521668		98.69583		19.739166		0.521668		0.0264280669		-0.2826058028		1.2953287993		-0.6507239088		19.739166

				50		0.7089		98.5822		24.64555		0.7089		0.0287638133		-0.1494150236		1.3917385145		-0.3440408061		24.64555

				60		0.92802		98.4533		29.53599		0.92802		0.0314199727		-0.0324426641		1.4703515323		-0.0747019947		29.53599

				70		1.4721		97.897		34.26395		1.4721		0.0429635229		0.1679373127		1.5348374276		0.3866899528		34.26395

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce								%		%		%						Qe		Qe		Qe

		0.0149		0.019		52.6315789474		1.2751677852		0.0727183992		0.9906				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax						Co		10ppm		30ppm		single				Co		10ppm		30ppm		single

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax						10		97.3299		96.485		99.21				10		4.866495		4.82425		4.9605

																														20		96.97305		96.01115		99.0694				20		9.697305		9.601115		9.90694

		Freudlich isotherm application														logQe=logKf+1/nlogCe														30		96.514		95.79		99.0219				30		14.4771		14.3685		14.853285

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe														40		96.268		94.483		98.69583				40		19.2536		18.8966		19.739166

		1.4769		0.6697		0.6697		29.984720158		0.9846		1.4932059131				slope=1/n		intercept=logKf												50		95.905		93.745		98.5822				50		23.97625		23.43625		24.64555

																														60		95.2643333333		91.415		98.4533				60		28.5793		27.4245		29.53599

		Tempkin isotherm application																												70		94.849		90.6426		97.897				70		33.19715		31.72491		34.26395

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		28.736		10.316		10.316		1.4318856398		0.9703		240.1678945328				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		10ppm

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		0.26701		97.3299		4.866495		0.26701		0.0548670039		-0.5734724732		0.6872162815		-1.3204691681		4.866495

				20		0.60539		96.97305		9.697305		0.60539		0.0624286851		-0.2179647571		0.9866510553		-0.5018824005		9.697305

				30		1.0458		96.514		14.4771		1.0458		0.0722382245		0.0194486375		1.1606815743		0.0447821428		14.4771

				40		1.4928		96.268		19.2536		1.4928		0.0775335522		0.1740016264		1.284511945		0.4006535511		19.2536

				50		2.0475		95.905		23.97625		2.0475		0.0853970075		0.3112239104		1.3797812583		0.7166195367		23.97625

				60		2.8414		95.2643333333		28.5793		2.8414		0.0994216093		0.4535323761		1.4560515873		1.0442968885		28.5793

				70		3.6057		94.849		33.19715		3.6057		0.1086147455		0.5569895899		1.5211008008		1.2825159266		33.19715

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax																%		%

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce						Co		10ppm		30ppm

		0.0531		0.0159		62.893081761		0.2994350282		0.2503536068		0.9921				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax						10		88.52		81.151

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax						20		82.031		70.692

																														30		67.729		62.001

		Freudlich isotherm application														logQe=logKf+1/nlogCe														40		56.2316		50.061

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe														50		51.942		47.25

		1.1345		0.7382		0.7382		13.6301300621		0.9954		1.3546464373				slope=1/n		intercept=logKf												60		45.378		39.67

																														70		42.836		34.9411142857

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		16.548		10.929		10.929		1.9356483782		0.958		226.6970445603				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		30ppm

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe				Co		ce		%

				10		0.3515		96.485		4.82425		0.3515		0.0728610665		-0.4540746706		0.6834298055		-1.0455455677		4.82425				10		0.3515		96.485

				20		0.79774		96.0113		9.60113		0.79774		0.0830881365		-0.0981386312		0.9823223501		-0.2259725492		9.60113				20		0.79774		96.0113

				30		1.263		95.79		14.3685		1.263		0.0879006159		0.1014033506		1.1574114323		0.2334898434		14.3685				30		1.263		95.79

				40		1.9284		95.179		19.0358		1.9284		0.101303859		0.2851971228		1.2795711332		0.6566906435		19.0358				40		1.9284		95.179

				50		2.70845		94.5831		23.645775		2.70845		0.1145426614		0.4327208226		1.3737535528		0.9963765155		23.645775				50		2.70845		94.5831

				60		3.51852		94.1358		28.24074		3.51852		0.1245902197		0.546360024		1.4508760725		1.2580404466		28.24074				60		3.51852		94.1358

				70		4.99632		92.8624		32.50184		4.99632		0.1537242199		0.6986502459		1.511907948		1.6087016415		32.50184				70		4.99632		92.8624

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.0677		0.017		58.8235294118		0.2511078287		0.2848127892		0.9964				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		1.0481		0.729		0.729		11.1712044466		0.9899		1.3717421125				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		13.557		10.718		10.718		2.2046921578		0.9692		231.1599178951				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt
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		Raw Diatomite														langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		1/Ce		1/Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe				Co		ce		%

				10		0.13066		98.6934		4.93467		7.6534517067		0.2026477961		0.13066		0.026477961		-0.8838573461		0.6932581151		-2.0351567496		4.93467				10		0.13066		98.6934

				20		0.33413		98.32935		9.832935		2.9928470954		0.1016990349		0.33413		0.0339806985		-0.4760845293		0.9926831683		-1.0962251402		9.832935				20		0.3341		98.3295

				30		0.57077		98.0974333333		14.714615		1.7520192021		0.0679596442		0.57077		0.0387893261		-0.2435388617		1.1677489035		-0.5607689526		14.714615				30		0.570777		98.09741

				40		0.8916		97.771		19.5542		1.1215791835		0.0511399086		0.8916		0.0455963425		-0.0498299402		1.2912400528		-0.1147376775		19.5542				40		0.8916		97.771

				50		1.3795		97.241		24.31025		0.7249003262		0.0411349122		1.3795		0.0567456114		0.1397217048		1.385789425		0.3217211147		24.31025				50		1.3795		97.241

				60		2.03808		96.6032		28.98096		0.4906578741		0.0345054132		2.03808		0.0703247926		0.3092212272		1.4621127675		0.7120081882		28.98096				60		2.03808		96.6032

				70		2.67229		96.1824428571		33.663855		0.3742108828		0.0297054511		2.67229		0.07938158		0.4268835865		1.5271638475		0.9829357827		33.663855				70		2.6723		96.1824285714

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.0263		0.021		47.619047619		0.7984790875		0.1112991959		0.9941				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		1.2964		0.6525		0.6525		19.7879133523		0.9908		1.5325670498				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		21.789		9.5003		9.5003		1.546529804		0.9725		260.7888171952				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		10ppm

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe								Co		ce		%

				10		1.148		88.52		4.426		1.148		0.2593764121		0.0599418881		0.6460114096		0.1380212979		4.426								10		1.148		88.52

				20		3.5938		82.031		8.2031		3.5938		0.4381026685		0.5555539043		0.9139780059		1.2792101385		8.2031								20		3.5938		82.031

				30		9.6813		67.729		10.15935		9.6813		0.9529448242		0.9859336781		1.0068659225		2.2701961898		10.15935								30		9.6813		67.729

				40		17.50736		56.2316		11.24632		17.50736		1.5567189979		1.2432206621		1.0510104367		2.8626213639		11.24632								40		17.50736		56.2316

				50		24.029		51.942		12.9855		24.029		1.8504485773		1.3807356974		1.1134586766		3.1792614342		12.9855								50		24.029		51.942

				60		32.7732		45.378		13.6134		32.7732		2.4074220988		1.5155188483		1.1339666055		3.4896111082		13.6134								60		34.5732		42.378

				70		40.0148		42.836		14.9926		40.0148		2.6689700252		1.6022206506		1.1758769542		3.6892493857		14.9926								70		42.5488		39.216

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax																%		%		%						Qe		Qe		Qe

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce						Co		10ppm		30ppm		single				Co		10ppm		30ppm		single

		0.285		0.0632		15.8227848101		0.221754386		0.3107960742		0.9864				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax						10		88.52		81.151		90.816				10		4.426		4.05755		4.5408

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax						20		82.031		70.692		84.606				20		8.2031		7.5692		8.4606

																														30		67.729		62.001		71.597				30		10.15935		9.30015		10.73955

		Freudlich isotherm application														logQe=logKf+1/nlogCe														40		56.2316		50.061		61.561				40		11.24632		10.0122		12.3122

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe														50		51.942		47.25		57.212				50		12.9855		11.8125		14.303

		0.6744		0.316		0.316		4.7249802768		0.9622		3.164556962				slope=1/n		intercept=logKf												60		45.378		39.67		48.984				60		13.6134		11.901		14.6952

																														70		42.836		34.9411142857		46.05				70		14.9926		12.22939		16.1175

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe																				90.816

		4.1299		2.763		2.763		1.9523298672		0.9813		896.696344553				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt												85.606

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt																81.597

																																				78.261

																																				75.212

		30ppm																																		64.984

		Raw Diatomite										langmuir				freudlich																				57.354

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe								Co		ce		%

				10		1.8849		81.151		4.05755		1.8849		0.4645414105		0.2752883144		0.6082638802		0.6338747691		4.05755								10		1.7849		82.151

				20		4.8616		75.692		7.5692		4.8616		0.6422871638		0.6867792233		0.8790499807		1.5813676018		7.5692								20		5.8616		70.692

				30		11.3997		62.001		9.30015		11.3997		1.2257544233		1.0568934224		0.9684899532		2.4335870393		9.30015								30		8.7924		70.692

				40		19.9756		50.061		10.0122		19.9756		1.9951259463		1.3004998329		1.0005295163		2.9945115287		10.0122								40		18.9756		52.561

				50		26.375		47.25		11.8125		26.375		2.2328042328		1.4211924683		1.0723418215		3.2724165918		11.8125								50		26.375		47.25

				60		36.198		39.67		11.901		36.198		3.0415931434		1.5586845757		1.0755834552		3.5890038687		11.901								60		37.44198		37.5967

				70		45.54122		34.9411142857		12.22939		45.54122		3.7239159108		1.6584046607		1.087404795		3.8186178499		12.22939								70		48.54122		30.6554

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.3444		0.0746		13.4048257373		0.2166085947		0.3158473955		0.9957				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.5848		0.3265		0.3265		3.8441471176		0.9237		3.0627871363				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		2.9607		2.519		2.519		2.3415481377		0.9726		983.553791187				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Ratio 1:1

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe								Co		ce		%

				10		1.148		88.52		4.426		1.148		0.2593764121		0.0599418881		0.6460114096		0.1380212979		4.426								10		0.24799		97.5201

				20		3.698		81.51		8.151		3.698		0.4536866642		0.5679669068		0.9112108931		1.307792133		8.151								20		0.7266		96.367

				30		11.3997		62.001		9.30015		11.3997		1.2257544233		1.0568934224		0.9684899532		2.4335870393		9.30015								30		1.228875		95.90375

				40		18.9756		52.561		10.5122		18.9756		1.8051026426		1.278195517		1.021693615		2.9431539433		10.5122								40		2.26468		94.3383

				50		26.375		47.25		11.8125		26.375		2.2328042328		1.4211924683		1.0723418215		3.2724165918		11.8125								50		3.12875		93.7425

				60		35.642		40.5966666667		12.179		35.642		2.92651285		1.5519620659		1.0856116305		3.5735247178		12.179								60		5.151		91.415

				70		45.0412		35.6554285714		12.4794		45.0412		3.6092440342		1.6536099526		1.0961937053		3.8075776265		12.4794								70		6.55004		90.6428

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.2497		0.0757		13.2100396301		0.3031637966		0.2480381444		0.9955				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.6844		0.2649		0.2649		4.8350392059		0.9356		3.7750094375				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		4.5393		2.1221		2.1221		1.5959912048		0.975		1167.5095424344				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		trial

																														Co		ce		%

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe								10		1.6547		83.453

				10		1.6547		83.453		4.17265		1.6547		0.3965585419		0.2187192669		0.6204119578		0.5036197235		4.17265								20		4.068		79.66

				20		4.068		79.66		7.966		4.068		0.510670349		0.6093809443		0.9012403021		1.4031514782		7.966								30		7.816		73.9466666667

				30		7.816		73.9466666667		11.092		7.816		0.7046520014		0.8929845507		1.0450098609		2.0561729147		11.092								40		12.236		69.41

				40		12.236		69.41		13.882		12.236		0.8814291889		1.0876394683		1.1424520401		2.5043824263		13.882								50		20.305		59.39

				50		20.305		59.39		14.8475		20.305		1.367570298		1.3076029938		1.1716533339		3.0108671611		14.8475								60		27.76		53.7333333333

				60		27.76		53.7333333333		16.12		27.76		1.7220843672		1.4434194618		1.2073650375		3.3235961356		16.12								70		34.735		50.3785714286

				70		34.735		50.3785714286		17.6325		34.735		1.9699418687		1.5407673032		1.2463138925		3.5477478241		17.6325

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.285		0.0632		15.8227848101		0.221754386		0.3107960742		0.9864				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax						Co		Trial		raw		Mn

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax						10		90.816		90.816		83.453		95.453		83.453

																														20		88.606		85.606		79.66		94.66		80.66

		Freudlich isotherm application														logQe=logKf+1/nlogCe														30		87.597		81.597		73.9466666667		88.9466666667		74.9466666667

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe														40		86.261		78.261		69.41		84.41		69.41

		0.6744		0.316		0.316		4.7249802768		0.9622		3.164556962				slope=1/n		intercept=logKf												50		82.261		75.212		59.39		74.39		57.39

																														60		79.984		64.984		53.7333333333		68.7333333333		51.7333333333

		Tempkin isotherm application																												70		70.354		57.354		50.3785714286		65.3785714286		50.3785714286

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		4.1299		2.763		2.763		1.9523298672		0.9813		896.696344553				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

																																83.453

																																65.66

		30ppm																														59.9466666667

																																54.41

																																42.39

																																36.7333333333

																																35.3785714286
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		BINARY WITH RATIO 1:1

		binary (Raw diatomite used)

		Effect of initial concentration on lead Using Raw diatomite

		Raw Diatomite																langmuir				freudlich

		Initial Concentration		Co		Ce		% removal				Qe		1/Ce		1/Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		0.28667		97.1333				4.856665		3.488331531		0.2059026101		0.28667		0.0590261012		-0.5426177536		0.686338148		-1.2494235506		4.856665

				20		0.726598		96.36701				9.636701		1.3762768408		0.103769952		0.726598		0.0753990396		-0.1387058019		0.9839283842		-0.3193819117		9.636701

				30		1.22875		95.9041666667				14.385625		0.8138351984		0.0695138376		1.22875		0.0854151279		0.0894635308		1.1579287351		0.2059973925		14.385625

				40		2.26468		94.3383				18.86766		0.441563488		0.0530007431		2.26468		0.1200297228		0.3550068447		1.2757180415		0.8174334686		18.86766

				50		3.12875		93.7425				23.435625		0.3196164602		0.0426700803		3.12875		0.1335040137		0.4953708626		1.3698765401		1.1406335638		23.435625

				60		5.151		91.415				27.4245		0.1941370608		0.0364637459		5.151		0.1878247552		0.7118915499		1.4381387183		1.6391908706		27.4245

				70		6.55004		90.6428				31.72498		0.1526708234		0.0315209025		6.55004		0.2064631719		0.8162439522		1.501401357		1.8794711565		31.72498

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce								Initial concentration  Co		Pb Diatomite		Cd Diatomite

		0.058		0.0239		41.8410041841		0.4120689655		0.1952861953		0.9889				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax								10		97.1333		88.52

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax								20		96.36701		81.51

																																30		95.9041666667		62.001

		Freudlich isotherm application														logQe=logKf+1/nlogCe																40		94.3383		52.561

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe																50		93.7425		47.25

		1.052		0.5873		0.5873		11.2719745618		0.9836		1.7027073046				slope=1/n		intercept=logKf														60		91.415		40.5966666667

																																70		90.6428		35.6554285714

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		13.591		8.5544		8.5544		1.8765153612		0.976		289.6254559057				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Effect of initial concentration on Cadmium Using Raw diatomite

		Raw Diatomite																																				Co		binary				Co		single		binary				Co		Qe single		Qe binary

		Initial Concentration		Co		Ce		% removal		Qe		1/Ce		1/Qe		logCe		logQe		InCe		Qe		Ce		Ce/Qe												15		88.2013333333				10		90.816		88.52				10		4.5408		4.426

				10		1.148		88.52		4.426		0.8710801394		0.2259376412		0.0599418881		0.6460114096		0.1380212979		4.426		1.148		0.2593764121												20		87.511				20		84.606		81.51				20		8.4606		8.151

				20		3.698		81.51		8.151		0.2704164413		0.1226843332		0.5679669068		0.9112108931		1.307792133		8.151		3.698		0.4536866642												25		79.6296				30		71.597		62.001				30		10.73955		9.30015

				30		11.3997		62.001		9.30015		0.0877216067		0.1075251474		1.0568934224		0.9684899532		2.4335870393		9.30015		11.3997		1.2257544233												30		66.001				40		61.561		52.561				40		12.3122		10.5122

				40		18.9756		52.561		10.5122		0.0526992559		0.0951275661		1.278195517		1.021693615		2.9431539433		10.5122		18.9756		1.8051026426												35		67.1337142857				50		57.212		47.25				50		14.303		11.8125

				50		26.375		47.25		11.8125		0.0379146919		0.0846560847		1.4211924683		1.0723418215		3.2724165918		11.8125		26.375		2.2328042328												40		61.561				60		48.984		40.5966666667				60		14.6952		12.179

				60		35.642		40.5966666667		12.179		0.0280567869		0.0821085475		1.5519620659		1.0856116305		3.5735247178		12.179		35.642		2.92651285												45		57.8277777778				70		46.05		35.6554285714				70		16.1175		12.4794

				70		45.0412		35.6554285714		12.4794		0.0222018952		0.0801320576		1.6536099526		1.0961937053		3.8075776265		12.4794		45.0412		3.6092440342

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or            Ce/Qe vs Ce

		0.2497		0.0757		13.2100396301		0.3031637966		0.2480381444		0.9955				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)

																intercept=1/Qmax		intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.6844		0.2649		0.2649		4.8350392059		0.9356		3.7750094375				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		4.5393		2.1221		2.1221		8.4914550085		0.975		1167.5095424344				plot Qe vs InCe      intercept=RT/bt InAt				slope=RT/bt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		Effect of lead on adsorption of cadmium

		Cd concentration constant @ 10ppm, pH=6, time=60 min

		Pb concentration		Co Cd		Ce Cd		%bremoval of cadmium

		0		10		0.92		90.8

		10		10		1.148		88.52

		30		10		1.7849		82.151

		50		10		2.566		74.34

		Effect of cadmium on adsorption of lead

		Pb concentration constant @ 50ppm, pH=6, time=60 min

		Cd concentration		Co Pb		Ce Pb		%bremoval of lead

		0		10		0.535		98.934

		10		10		0.6075		97.132

		30		10		0.99		94.755

		50		10		1.219		91.397

		Cadmium single studies

		Effect of initial concentration on Cadmium Using Raw diatomite and Mn D2

		Raw Diatomite

		Initial Concentration		Co		Ce		% removal		Qe		1/Ce		1/Qe		logCe		logQe		InCe		Qe		ce		Ce/Qe

				10		0.9184		90.816		4.5408		1.0888501742		0.2202255109		-0.0369681249		0.6571323738		-0.0851222534		4.5408		0.9184		0.2022551092

				20		3.0788		84.606		8.4606		0.3248018709		0.1181949271		0.4883814779		0.927401163		1.1245399107		8.4606		3.0788		0.3638985415

				30		8.5209		71.597		10.73955		0.117358495		0.0931137711		0.9304854685		1.0309860843		2.1425219691		10.73955		8.5209		0.7934131318

				40		15.3756		61.561		12.3122		0.0650381123		0.0812202531		1.1868320722		1.0903356616		2.7327818373		12.3122		15.3756		1.2488101233

				50		21.394		57.212		14.303		0.0467420772		0.0699154024		1.3302919915		1.1554271386		3.0631105089		14.303		21.394		1.4957701182

				60		30.6096		48.984		14.6952		0.0326694893		0.0680494311		1.4858576544		1.1671755011		3.4213136852		14.6952		30.6096		2.0829658664

				70		37.765		46.05		16.1175		0.0264795446		0.0620443617		1.577089489		1.2072976789		3.6313827478		16.1175		37.765		2.3431053203

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL max		RLmin		R²		Plot 1/Qe vs 1/Ce      or            Ce/Qe vs Ce

		0.2334		0.0586		17.0648464164		0.2510711225		0.2848425677		0.0538358629		0.99		slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)

																intercept=1/Qmax		intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		0.7138		0.3216		0.3216		5.1736852007		0.9702		3.1094527363				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		4.7598		2.985		2.985		4.9262244564		0.9882		830.0073701843				plot Qe vs InCe      intercept=RT/bt InAt				slope=RT/bt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt

		effect of cadmium on the adsorption of lead (binary)

		Cd=10ppm

		Raw Diatomite										langmuir				freudlich

		Initial Concentration		Co		Ce		% removal		Qe		Ce		Ce/Qe		logCe		logQe		InCe		Qe

				10		0.26701		97.3299		4.866495		0.26701		0.0548670039		-0.5734724732		0.6872162815		-1.3204691681		4.866495

				20		0.60539		96.97305		9.697305		0.60539		0.0624286851		-0.2179647571		0.9866510553		-0.5018824005		9.697305

				30		1.0458		96.514		14.4771		1.0458		0.0722382245		0.0194486375		1.1606815743		0.0447821428		14.4771

				40		1.4928		96.268		19.2536		1.4928		0.0775335522		0.1740016264		1.284511945		0.4006535511		19.2536

				50		2.0475		95.905		23.97625		2.0475		0.0853970075		0.3112239104		1.3797812583		0.7166195367		23.97625

				60		2.8414		95.2643333333		28.5793		2.8414		0.0994216093		0.4535323761		1.4560515873		1.0442968885		28.5793

				70		3.6057		94.849		33.19715		3.6057		0.1086147455		0.5569895899		1.5211008008		1.2825159266		33.19715

		langmuir isotherm application														Ce/Qe=1/KlQmax+Ce/Qmax

		intercept		slope		Qmax (mg/g)		KL(b)		RL		R²				Plot 1/Qe vs 1/Ce      or								Ce/Qe vs Ce

		0.0531		0.0159		62.893081761		0.2994350282		0.2503536068		0.9921				slope=1/KlQmax		slope=1/Qmax		RL=1/(1+CoKl)				slope=1/Qmax

																intercept=1/Qmax		intercept=1/KlQmax						intercept=1/KlQmax

		Freudlich isotherm application														logQe=logKf+1/nlogCe

		Intercept		Slope		1/n		Kf		R²		n				plot logQe vs logCe

		1.1345		0.7382		0.7382		13.6301300621		0.9954		1.3546464373				slope=1/n		intercept=logKf

		Tempkin isotherm application

		Intercept		Slope		B		At		R²		bt				Qe=RT/btInAt + RT/btInCe

		16.548		10.929		10.929		1.9356483782		0.958		226.6970445603				plot Qe vs InCe				slope=RT/bt				intercept=RT/bt InAt

																Where T=298K		R=8.314J/mol/K		B=slope=RT/bt
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