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                                             Abstract  11 

Pine cone bio-char was synthesised through slow pyrolysis at 500˚C, characterized and 12 

used as an effective adsorbent in the removal of organic Methylene Blue (MB) dye and 13 

inorganic nickel metal (Ni(II) ions from aqueous phase. Batch adsorption kinetic study 14 

was carried out by varying solution pH, dye concentration, temperature, adsorbent dose 15 

and contact time. Kinetic and isotherm models indicates that the adsorption of both 16 

adsorbates onto pine cone bio-char were mainly by chemisorption. Langmuir maximum 17 

adsorption capability was found to be 106.4 and 117.7 mg/g for methylene blue (MB) 18 

and nickel ions (NI(II) respectively. Thermodynamic parameters suggested that the 19 

adsorption was an endothermic and spontaneous. These results indicate the applicability 20 

of pine cone as a cheap precursor for the sustainable production of cost-effective and 21 

environmental friendly bio-char adsorbent.  22 
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1 Introduction  24 

Bio-char is a pyrogenic carbonaceous material produced from various biomass residue 25 

and woody materials in an  oxygen-limited atmosphere while charcoal can be produced 26 

from animal or biomass in absence of oxygen (Hardy et al., 2017). Bio-char is used in 27 

various applications such as in soil treatment, building materials, medical uses, pollution 28 

control, waste management and wastewater treatments due to its large surface area, 29 

porous structure and cost-effective synthesis process (Zhang et al., 2017). Organic 30 

compounds such as dyes are widely used in textile, printing, leather, cosmetic and paper 31 

industries (Dawood & Sen, 2012). Inorganic contaminations such as heavy metal are 32 

produced from refining, battery, electroplating and welding industries (Kara et al., 33 

2017). The presence of these potential pollutants in water streams can cause serious 34 

environmental and health issues and therefore must be treated to permissible 35 

concentration limits before discharging into the water bodies. Commercial activated 36 

carbon (CAC) is proven to be an effective adsorbent in the removal of organic and 37 

inorganic pollutants dissolved in aqueous media or from gaseous environment (Dawood 38 

et al., 2014; Ribas et al., 2014). However, its high cost, non-renewable production 39 

source and difficulties with its regeneration have encouraged researchers to find 40 

alternative cost-effective adsorbents. Therefore, researchers are focusing upon the 41 

production of cost-effective charcoal and bio-char derived from agriculture solid wastes 42 

that can be used for removal of dyes and heavy metals form wastewater. There are many 43 

reported agriculture solid waste based char, charcoal , activated carbon and magnetic 44 

composite charcoal used in the removal of dyes and heavy metals such as bamboo bio-45 

char (Liao et al., 2012), cocoa shell activated carbon (Ribas et al., 2014), pine cone 46 



  

based activated carbon (Dawood et al., 2014), coconut pith char (Johari et al., 2016) , 47 

almond shell bio-char (Kılıç et al., 2013), Eucalyptus bark bio-char (Dawood et al., 48 

2016), banana peel bio-char (Zhou et al., 2017), celery bio-char (Zhang et al., 2017), 49 

magnetic bamboo charcoal (Nomura et al., 2017) and Korean cabbage bio-char (Sewu et 50 

al., 2017). In this research study, pine cone (Pinus radiata) has been selected as a 51 

precursor material for the production of cost effective pine cone based bio-char.  52 

Therefore, the main objectives of this work are to synthesize  bio-char from pine cone 53 

biomass and investigate its effectiveness in the removal of organic methylene blue (MB) 54 

dye and inorganic Ni (II) ions from aqueous solutions. The adsorption kinetics and 55 

mechanism of adsorption have also been identified here by batch kinetic and 56 

equilibrium adsorption study under various physico-chemical process parameters.   57 

2 Materials and Methods 58 

 59 

2.1 Adsorbate chemicals and measurement 60 

All chemicals used were of analytical grade and obtained from Sigma Chemical Co. 61 

Stock solutions of 1000 mg/L MB dye  and nickel metal ions (Ni(NO3)2·6H2O salt) 62 

were prepared and stored respectively. The solution pH was adjusted by either 0.1M 63 

hydrochloric acid, 0.1M sodium hydroxide or 0.1M ammonium hydroxide solutions 64 

using a digital pH meter (PHTESTR30). The UV/VIS (V-670) spectrophotometer and 65 

AA-7000 Atomic Absorption Spectrophotometer (AAS) were used to measure the 66 

concentration of MB dye and Ni (II) metal ions respectively.  67 

2.2. Synthesis of pine cone bio-char through slow pyrolysis and its characterization 68 

Pine cones were collected from the Curtin University Bentley campus, Western 69 

Australia, Australia. The collected pine cones were washed several times with ultra-pure 70 



  

water to remove impurities, dried at 75˚C overnight. Biochar was synthesized from 71 

dried pine cone biomass through slow pyrolysis in a muffle furnace under limited 72 

oxygen content and atmospheric pressure. The temperature profile was increased at the 73 

rate of 10˚C/min until it reached the set point of 500˚C and kept at the set point 74 

temperature for a period of 2.5 hrs. It was also reported that biomass based biochars 75 

produced at higher temperature exhibits high surface area, porosity and bulk density 76 

which may give higher adsorption capacity compared to low temperature biochars 77 

production (Dawood and Sen 2012, Dawood et al, 2014). The formed bio-char was 78 

cooled down gradually inside the furnace for a period of 5 hrs. The obtained bio-char 79 

was ground using a mechanical grinder (GmbH & Co. KG, West Germany) and used for 80 

experiments. The synthesized biochar was characterized by FTIR and BET analyser. C-81 

H-N analysis was also conducted. Bulk density and bio-char yield were measured as per 82 

equation (1) and (2) respectively.  83 

Bulk Density = 
                      

                      
                                                                        (1) 84 

Yield (%) =  
  

  
  x 100                                                                                       (2) 85 

Where wc is the dry weight (g) of the final bio-char and wo is the dry weight (g) of pine 86 

cone biomass. 87 

2.3. Batch adsorption experiments 88 

 Batch adsorption experiments were performed by shaking a mixture of a fixed amount 89 

of pine bio-char with 50 ml of adsorbate of a known concentration in a series of 125 ml 90 

plastic bottles as per our old method (Dawood & Sen, 2012b) in a constant temperature 91 



  

shaker for a known period of time. The suspensions were taken out at predetermined 92 

time intervals and then filtered using micro filter of pore size 0.47 µm for Ni (II) and the 93 

filtrates were analysed using atomic absorption spectrophotometer.  But for MB, the 94 

mixture were centrifuged and the residual MB concentration was measured by UV 95 

spectrophotometer. Several experiments were carried out by varying initial solution pH, 96 

contact time, adsorbent dose, initial dye concentration and temperature respectively.  97 

The amount of adsorbate adsorbed onto pine cone bio-char at time t, qt (mg/g) and % 98 

adsorptive removal are calculated from equations (3) and (4) respectively. Also, 99 

equilibrium adsorption experiment was conducted with a wide range of MB dye and Ni 100 

(II) concentrations (10– 70 mg/L) contacted with 20 mg bio-char for an equilibrium 101 

time of 3.5 hrs at 35 ºC and at optimum solution pH   102 

 qt =  
     –     

 
                                                                                                            (3) 103 

% Removal =  
     –      

  
   x 100                                                                                (4) 104 

Where Co is the initial adsorbate concentration (mg/L), Ct is the concentration of 105 

adsorbate at any time t, V is the volume of adsorbate solution (0.05 L) and m is the mass 106 

of adsorbent in (g). All experimental measurements were within  10 % accuracy.   107 

2. Results and discussion 108 

2.2 Surface, elemental and morphological characterization of pine cone bio-char  109 

Brunaer-Emmett-Teller (BET) surface area and the pore size diameter of synthesized 110 

biochar were found to be 335 m
2
/g and 3.1 nm respectively. The bulk density was 111 

calculated as 0.54 g/cm
3
 using equation (1). The American Water Work Association has 112 

set a lower limit on bulk density of 0.25 g/cm
3
 for practical use thus indicates the 113 



  

applicability of pine cone bio-char (Dawood and Sen 2014). Synthesis bio-char yield 114 

was calculated as 33.5%. Also, the point of zero charge (pHzpc) was determined as per 115 

solid addition method (Nawaz et al., 2014) which was found as 8.5 from the plot pH 116 

(initial) vs. Δ pH (initial-final) which is not presented here. This indicates that pH < pHpzc, the 117 

surface of bio-char is predominantly positive in charge, where pH > pHpzc the surface 118 

charge becomes negative in nature. Elemental analysis was performed by C-H-N 119 

analyser and the carbon content of pine bio-char was determined as 71.5%. The FTIR 120 

spectrum of the pine bio-char for which plot is not presented here indicates the presence 121 

of a peak band at 3416 cm
-1

 and this is due to O-H vibrations of alcohols, phenols and 122 

carboxylic acids presented in cellulose and lignin. Peaks also observed at 1710 cm
−1 

and 123 

1581 cm
-1

 presented (C O) stretching of carboxyl groups (COOH) thus indicate the 124 

existence of acidic oxygen containing functional groups that increase the adsorption 125 

capacity of heavy metals. Also presence of small peak shown at 700 cm
−1

 indicate the 126 

presence of phenyl group. 127 

2.3 Effect of various physiochemical process parameters (solution pH, dose, 128 

initial adsorbate concentration and temperature) on MB dye and Ni
 
 (II) 129 

adsorption  by synthesized biochar 130 

Pine cone bio-char was used in the removal of MB dye and Ni
 
(II) from aqueous 131 

solution under different initial solution pH (5.1-11.3) where the other parameters were 132 

kept constant as shown in Fig.1 (a). It was found that the amount of MB dye adsorbed, 133 

qt (mg/g) and percentage dye removal were increased significantly with the increase in 134 

solution pH. Furthermore, the amount of Ni
 
(II) adsorbed, qt (mg/g) and metal ions 135 

removal efficiency was increased with the increase of solution pH from 5.1 to 9.4 then 136 



  

decreased significantly at a solution pH of 11.3 as shown in  Fig.1 (a). Initial solution 137 

pH higher than pHzpc of 8.5, the stretching hydroxyl (–OH) and carboxyl (–COOH) 138 

groups presented on the surface of pine cone bio-char were deprotonated and became 139 

more negatively charged (Maneerung et al., 2016) .Therefore, the adsorption  of  both 140 

MB dye and Ni (II) on bio-char tends to increase rapidly due to the increase of 141 

electrostatic interaction of cationic dye and Ni (II) metal ions with the negatively 142 

charged pine cone bio-char surface to form a solid surface complex. However, as seen in 143 

Fig.1 (a), Ni (II) solution with pH higher than 9.4 decreases the amount of nickel ions 144 

adsorption and removal efficiency respectively. This may be due to the formation of 145 

soluble hydroxylated complexes of the nickel ions and their competition with the active 146 

sites of the bio-char surface. Acidic solution pH tends to decrease the adsorption 147 

capacity of   both MB dye and Ni (II) onto bio-char due to presences of hydronium 148 

(H3O
+
) ions competing with the cationic dye and metal ions for the adsorption sites 149 

respectively.  150 

Adsorbent dose is an important parameter for adsorber design. Therefore effect of 151 

various bio-char doses (10-50 mg /50 ml) in the removal of both MB dye and Ni (II) 152 

from aqueous solution keeping other parameters constant were studied and presented in 153 

Fig.1(b). It was observed from Fig.1 (b) that the increase in adsorbent dose resulted in 154 

decrease of amount of both adsorbed MB dye and Ni (II), qt (mg/g), whereas the 155 

percentage removal of both the adsorbate was increased with the increase of adsorbent 156 

mass. The decrease in amount of adsorption, qt (mg/g) with increasing adsorbent mass is 157 

due to the split in the flux or the concentration gradient between solute concentration in 158 

the solution and the solute concentration on the surface of the adsorbent (Dawood et al., 159 



  

2014). Low adsorbent dose, the adsorbate molecules are more easily accessible and 160 

hence the adsorbate removal per unit mass of adsorbent was high.  161 

The effect of initial MB dye and Ni (II) concentrations and contact time were 162 

investigated and results are presented in Fig.1 (c) and (d) respectively.  From Fig.1 (c), 163 

it was observed that the amount of MB dye adsorbed qt (mg/g) increased rapidly from 164 

21.9 mg/g to 82.2 mg/g with the increases of initial dye concentration (10-50 mg/L). 165 

Concurrently, percentage dye removal decreased from 87.5 % to 65.8% for the same 166 

initial concentration. Furthermore, the amount of Ni (II) ions adsorbed qt (mg/g) 167 

increased from 20.1 mg/g to 77.1 mg/g with the increases of initial nickel ions 168 

concentration (10-50 mg/L) while the percentage removal efficiency decreased from 169 

80.4 % to 61.7 % for the same initial concentration as shown in Fig.1 (c). The initial 170 

adsorbate concentration provides a high driving force to overcome the resistance to the 171 

mass transfer of adsorbate between the aqueous solution and the solid pine cone bio-172 

char (Maneerung et al., 2016). Also, it was observed that the amount of adsorption qt 173 

(mg/g) increases rapidly with contact time at all adsorbate initial concentrations and 174 

equilibrium is attained within 120 min as shown in Fig.1 (d). Fig. 1(d) also indicates 175 

that overall adsorption process is more or less two steps process where a very rapid 176 

adsorption of MB dye and Ni (II) occurred on the bio-char external surface followed by 177 

slow and intra-particle diffusion in the interior of the adsorbent surface (Afroze et al., 178 

2016). 179 

To investigate the effect of solution temperature, MB dye and Ni(II) batch 180 

adsorption studies on biochar were extended at three different temperatures of 25 to 45 181 

0
C. That amount of MB dye removal observed to increase from 57.5 % to 83.6 % and 182 



  

the amount of Ni (II) removal increased from 61.2% to 78.2 % with the increases of 183 

temperature profiles (25-45°C) respectively and indicates the process becomes 184 

endothermic in nature. This may be due to increase of active sites and also due to 185 

increase the mobility of the adsorbate’s molecules with increasing temperature. This 186 

was further supported by various thermodynamic parameters calculations. Change of 187 

Gibb’s free energy (ΔG
0
), entropy (ΔS

0
) and enthalpy changes (ΔH

0
) were calculated 188 

from well-known Van’t Hoff equation and thermodynamic relationship between ΔG
0, 

 189 

ΔH
0
 and ΔS

0
 (Dawood and Sen, 2012 ). The obtained range of values of ΔG

0 
lies 190 

between -20.7 KJ/mole to – 24.3 KJ/mole for Ni-char system at three different 191 

temperatures, whereas -3.4 KJ/mole to -7.4 KJ/mole were obtained for MB-char system. 192 

Similarly ΔH
0 

 of 32.68 KJ/mole and 56.3 KJ/mole were found at three different 193 

teperatures for Ni-Char and MB-Char system respectively. The positive values of ΔH
0
 194 

and negative values of ΔG
0 

indicates the process becomes spontaneous and endothermic 195 

in nature. 196 

2.4 Adsorption kinetics and mechanism of adsorption  197 

The experimental data were applied to pseudo-first-order, pseudo-second-order and 198 

intra-particle diffusion models to determine the adsorption mechanism, and predicting 199 

the rate-controlling step in the adsorption of MB dye and Ni (II) on pine bio-char. The 200 

pseudo-first-order and pseudo-second-order rate equations are presented by following 201 

linear equations (5) and (6) respectively (Dawood and Sen, 2014).  202 

Log (qe - qt) = log qe -  
   

     
 t                                                                                      (5) 203 

 

  
 = 

 

   
 t +  

 

      
                                                                                                           (6)      204 



  

Where qt (mg/ g) is the amount of adsorbate adsorbed at time t, qe (mg/g) is the 205 

adsorption capacity at equilibrium.  kf (min
-1

) and ks (g/mg.min) are the pseudo-first-206 

order and pseudo-second-order rate constants.  Intra-particle diffusion model was also 207 

used for identifying the adsorption mechanism, reaction and predicting the rate-208 

controlling step (Weber & Morriss, 1963) and it is described as shown in equation (7) 209 

qt = kid  t
0.5 

+C                                                                                                             (7) 210 

Where kid (mg/g min
0.5

) is the intra-particle diffusion rate constant and C (mg/g) is a 211 

constant associated with the thickness of the boundary layer. Higher value of constant C 212 

(mg/g) indicates a greater effect on the limiting boundary layer.  213 

Further, Chi-square (χ
2
) error test was performed to evaluate the accuracy of these 214 

kinetic models and determine the error between experimental (qe) and calculated (qe) as 215 

shown in equation (8).  216 

χ
2
   = 

               
 

       
                              (8) 217 

Pseudo-first-order, pseudo-second-order and intraparticle diffusion kinetic model 218 

parameters along with values of linear regression coefficients under various 219 

physicochemical process parameters are obtained from the respective fitted plots (plots 220 

are not presented here) which are tabulated in Table-1. Poor linear regression 221 

coefficients (R
2
) values  of less than 0.60 and high values of error function  indicates the 222 

inapplicability of Pseudo-first-order kinetic model whereas high values of  linear 223 

regression coefficients (R
2
) of above 0.99 and low Chi square (χ

2
) error values of less 224 

than 0.028 suggest the applicability of pseudo-second-order kinetic model (Table-1). 225 

Further, the calculated (qe) for Pseudo-second order model for both adsorbates were 226 



  

almost equivalent to the experimental (qe) values. Applicability of Pseudo-second order 227 

kinetics model indicates that the rate limiting step is chemisorption (Afroze et al., 2016).  228 

On the other hand, intra-particle adsorption process parameters were obtained from 229 

fitting of plot of qt (mg/g) vs. t
0.5

 (min
0.5

) as per equation (7) with the experimental data 230 

for which plots are not presented here. It was also found that none of these plots give 231 

linear straight line segment passing through the origin and hence indicates both the film 232 

diffusion and intra-particle diffusion occurred simultaneously and the adsorption of MB 233 

dye and Ni (II) onto pine cone bio-char particles may be controlled by film diffusion at 234 

earlier stages. Basically, adsorbate molecules move from bulk solution to the surface of 235 

the sorbent, through the boundary layer followed by mesopores intra-particle diffusion 236 

into the interior of the sorbent. From, Table.1, it was further observed that Kid (mg/g 237 

min
0.5

) and constant (C) increased with the increases of initial adsorbate concentration, 238 

solution pH and temperature. Higher C values indicate greater boundary layer effect 239 

which suggests a higher contribution of the surface sorption in the rate limiting step.  240 

2.5 Adsorption equilibrium isotherm study 241 

 Equilibrium isotherm study is very important to identify the mechanism of adsorption, 242 

determination of adsorbent’s capacity as well as designing and operating the adsorption 243 

process.  244 

 Freundlich model was developed to explain how adsorption takes place on 245 

heterogeneous surface and the isotherm model assumes that the surface sites of the 246 

adsorbent have different biding energies (Dawood and Sen, 2012). The linearized form 247 

of Freundlich isother is represented as follows 248 

ln qe =  (1/n) ln Ce  + ln kf                                                                                                (9) 249 



  

Where qe (mg/g) is the amount of adsorbate adsorbed at equilibrium, Ce is equilibrium 250 

adsorbate concentration (mg/L).  Kf  (L/g) is the Freundlich adsorption parameter and (n) 251 

is the surface heterogeneity factor which can be obtained from intercept and slope of a 252 

linear plot ln qe vs ln Ce . Also for favourable adsorption n should be    1.  Freundlich 253 

model equation (9) was fitted well to our isotherm experimental results and high linear 254 

regression coefficients (R
2
 = 0.96, 0.94) values are obtained for both Ni(II)-Pine char 255 

and MB-pine char system. Freundlich constants, Kf (L/g) were found to be 16.68 and 256 

23.19 for Ni(II)-char and MB-Char systems respectively. The values of ‘n’ were 257 

observed to be greater than unity for both the systems which suggest that the adsorption 258 

process was favourable. 259 

 Langmuir isotherm model was developed in 1916 (Langmuir, 1916) to explain 260 

how adsorption takes place on homogeneous  surfaces. The following linearized form of 261 

Langmuir model equation (10) which was fitted with isotherm experimental data 262 

  

  
   =   

  

  
  +   

 

     
                                                                                  (10) 263 

The maximum adsorption capacity qm (mg/g) and Langmuir constant related to the 264 

energy of adsorption KL (L/mg) were calculated from the slope and intercept of plot 265 

between Ce/qe versus Ce. 
 
Again, very high values of linear regression coefficients (R

2
 > 266 

0.99) indicates its applicability to isotherm study. 267 

 The Langmuir monolayer maximum adsorption capacity qm (mg/g) for Ni (II) ions and 268 

MB dye were calculated as 117.65 and 106.38 (mg/g) respectively.  This adsorption 269 

capacity of pine cone biochar is comparative with other biomass based bio-char such as 270 



  

eucalyptus bark bio-char (104 mg/g), powdered active carbon (91 mg/g) ,Citrus 271 

Limettioides peel carbon (38.5 mg/g) and bamboo charcoal (53 mg/g).  272 

4 Conclusion 273 

The present study showed that cost effective pine cone based biochar was an effective 274 

adsorbent for the removal of aqueous phase MB dye and Ni(II) by adsorption. The 275 

kinetic data were analysed by using pseudo-first-order, pseudo-second-order and intra-276 

particle diffusion model and mechanism and various kinetic model parameters were 277 

identified. Both Freundlich and Langmuir isotherm models were found to be applicable 278 

in describing the MB and Ni(II) adsorption onto biochar. Thermodynamic parameters 279 

suggested that the adsorption was an endothermic and spontaneous. These results 280 

indicated the applicability of pine cone as an economical precursor for the production of 281 

effective bio-char adsorbent.  282 
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Figures caption 346 

Fig.1. (a) Effect of initial solution pH on the adsorption of MB dye and Ni (II) onto pine 347 

bio-char. (b) Effect of adsorbent dosage on the adsorption of MB dye and Ni (II). (c) 348 

Effect of initial MB dye and Ni (II) concentration and  (d) Effect of contact time on 349 

initial MB dye adsorption. Where V= 50 ml, T=35 °C and Shaker Speed 130 rpm. 350 
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Table 1 pseudo-second order and intra-particle diffusion model parameters for adsorption of ni (ii) and mb dye on pine cone 
361 

bio-char 
362 

 363 

  364 

Pseudo-second order  Intra-particle 

diffusion 

Pseudo-second order Intra-particle 

diffusion 

 qe 

(mg/g

), Exp 

Ks 

(g/mg

-min) 

qe 

(mg/g

), Cal 

χ
2
 R

2
 Kid 

(mg/g 

min
0.5

) 

C qe 

(mg/g

), 

Expe 

Ks 

(g/mg

-min) 

qe 

(mg/g

), Cal 

χ
2
 R

2
 Kid 

(mg/g 

min
0.5

 ) 

C 

Pine cone bio-char Dosage (mg)               

10 55.7 0.01 55.9 0.00

0 

0.993 3.7 24.7 66.6 0.004 66.2 0.002 0.993 4.4 25.7 

20 37.5 0.02 37.7 0.00

1 

0.999 2.5 16.7 41.1 0.008 41.2 0.000 0.997 2.9 15.4 

30 25.8 0.04 25.8 0.00

0 

0.997 1.7 12.0 28.3 0.013 28.3 0.000 0.997 2.0 10.8 

40 19.4 0.05 19.4 0.00

0 

0.999 1.3 9.0 21.9 0.024 22.2 0.003 0.999 1.5 9.0 

50 15.2 0.07 15.2 0.00

0 

0.996 1.0 7.0 17.2 0.029 17.4 0.003 0.999 1.2 7.0 

Initial  Concentration (mg/L)              

10 20.11 0.077 20.12 0.00

0 

0.999 1.3 9.6 21.9 0.011 21.7 0.003 0.995 1.5 7.9 

20 37.52 0.018 37.74 0.00

1 

0.999 2.5 16.7 41.1 0.008 41.2 0.000 0.997 2.9 15.4 

30 55.21 0.035 55.25 0.00

0 

0.999 3.6 26.1 60.1 0.013 60.2 0.001 0.999 4.1 25.6 

50 77.11 0.188 76.92 0.00

0 

0.999 4.8 39.6 82.2 0.008 82.6 0.002 0.999 5.5 36.2 

70 89.63 0.139 89.29 0.00

1 

0.999 5.5 45.9 93.8 0.007 93.5 0.001 0.999 6.1 41.9 

pH              

5.1 5.24 0.293 5.24 0.00

0 

0.999 0.3 2.5 21.4 0.018 21.6 0.001 0.997 1.5 8.6 

6.4 9.64 0.021 9.80 0.00

3 

0.995 0.7 2.9 29.5 0.011 29.7 0.001 0.997 2.1 10.9 

8 29.40 0.009 29.76 0.00

4 

0.997 2.2 10.1 31.9 0.006 32.9 0.028 0.991 2.4 9.8 

9.4 37.52 0.018 37.74 0.00

1 

0.999 2.5 16.7 37.1 0.007 37.2 0.000 0.996 2.6 13.0 

11.

3 

20.97 0.035 21.01 0.00

0 

0.999 1.4 9.1 41.1 0.008 41.2 0.000 0.997 2.9 15.4 

Temperature              

25
0

C 

30.59

0 

0.018 30.77 0.00

1 

0.999 2.1 13.1 28.8 0.021 28.6 0.001 0.998 1.8 12.9 

35
0

C 

37.51

9 

0.018 37.74 0.00

1 

0.999 2.5 16.7 41.1 0.008 41.2 0.000 0.997 2.9 15.4 

45
0

C 

39.11

0 

0.018 39.37 0.00

2 

0.999 2.6 17.5 41.8 0.007 41.8 0.000 0.996 2.9 15.4 



  



  

Highlights 365 

 Pine cone based biochar adsorbent has been synthesized and characterized 366 

 Removal of aqueous phase  Ni(II) and MB by biochar has been studied 367 

 Various physico-chemical factors on metal ions and dye adsorption has been analysed 368 

 Mechanism of adsorption has been identified by kinetics and equilibrium studies. 369 

 Pine cone as a cheap precursor for the sustainable production of bio-char 370 

adsorbent.  371 
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