
UNDER PEER REVIEW

Research Paper1

Comparative Studies of  isotherm and kinetics on the2

Adsorption of Cr(VI) and Ni (II) from Aqueous3

Solutions by Powder of Mosambi Fruit Peelings4
5

ABSTRACT6
7

This study focuses on the use of powder of Mosambi fruit peelings (PMFP) as an inexpensive and8
efficient adsorbent to remove Cr(VI) and Ni (II) from aqueous solutions. The influence of physico-chemical9
key parameters such as the initial metal ion concentration, pH, agitation time, particle size and adsorbent10
dosage has been considered in batch tests. Sorbent ability to adsorb Cr(VI) and Ni (II) ions were11
examined and the mechanism involved in the process was investigated. The optimum results were12
determined at an initial chromium ion concentration was 10mg/lit, pH=2, agitation time –60min, an13
adsorbent dose (150 mg/50ml) and the particle size (0.6mm)Langmuir constants [Q0=7.51(mg/g) and14
b=1.69(L/mg)] Freundlich constant(Kf=2.94 ),Lagergren rate constants (Kad (min-1)=5.75 x10-2) for [Cr(VI)]15
10 mgL-1 and initial nickel  ion concentration of 50 (mg L-1), pH=4,agitation time – 90 min, an adsorbent16
dose (125mg/50ml)and the particle size (0.6mm). The % adsorption, Langmuir constants[Q0=29.41(mg/g)17
and b=0.4789(L/mg)], Freundlich constant Kf= 23.92(mg/g) and n=2.24 (L/mg),Lagergren rate constants18
[Kad (min-1) = 4.37 x 10-2] for [Ni (II)] 50 (mg L-1),were determined for the adsorption system as a function19
of sorbate concentration.The equilibrium data obtained were tested using Langmuir, Freundlich20
adsorption isotherm model and the kinetic data obtained were fitted to pseudo first order model. Heavy21
metal removal with the above adsorbent appears to be technically feasible, ecofriendly and has high22
efficacy.23

24
25
26
27
28
29
30
31
32
33
34
35
36

__________________________________________________________________________37
38
39
40
41

Keywords : Toxic metals, Powder of Mosambi Fruit Peelings(PMFP),adsorption kinetics, adsorption42
isotherms43

44
ABBREVIATIONS45

46
DMG: Dimethylglyoxime ; PMFP: Powder of Mosambi Fruit Peelings; DPC :Diphenyl Carbazide ;47

48
1. INTRODUCTION49

50



UNDER PEER REVIEW

Water is central to our lives but it is also the world's most threatened essential resource. Some of the51
worst industrial pollution is contaminating the world's most vulnerable water resources, Many industries52
such as metal plating facilities, mining operations and tanneries discharge waste containing heavy metal53
ions [1]. As pollutants, heavy metals were intensively studied due to their significance from the point of54
view of persistence and toxicity. These toxic metals can cause accumulative poisoning, cancer and brain55
damage when found above the tolerance levels [2]. The industrial use of chromium can be of three types,56
namely metallurgical, refractory material and chemical industries. The metallurgical industries use57
chromite ores for production of ferrochromes which are used in the manufacture of stainless steel and58
alloy steels. The refractory industry utilizes chromium for production of chromite bricks, which is used in59
melting furnace linings. In chemical industries, chromite ores are used in the preparation of sodium and60
potassium chromate. Chemicals for tanning agents, pigments, catalysts and wood preservatives are61
obtained from dichromate. Chromate and inorganic chemical manufacturing industries are the main62
source of chromium pollution [3].The toxicity of chromium depends on its oxidation state and water63
quality. Of the tri and hexavalent chromium, Cr(VI) was found to be more toxic and readily pass through64
the red blood cell membrane. Respiratory effects are the main consequences of occupational exposures.65
Over exposure to chromium dust and mists cause irritation of skin and respiratory tract, lung carcinoma,66
intravascular hemolysis, maxillary, sinus cancer and acute renal failure have been reported to result in67
workers who are exposed to high levels of Cr(VI) from ingestion of potassium dichromate [4-6].Many68
adsorbents were tested to remove hexavalent chromium from aqueous solutions and wastewaters.69
Reports on tamarind nut carbon [7], mixture of fly ash and activated carbon [8], pipal bark [9], rice husk70
ash [10], corncob [11] and bituminous coal [12] are a few to mention. One of the important toxic metals,71
Nickel (II) finds its way into the water bodies through effluents from industries. It is present in the effluents72
of silver refineries, zinc base casting and storage battery industries. As it resists corrosion even at high73
temperature, it can also be used in gas turbines, rocket engines and desalination plants. It is also used in74
coinage and costume jewellery. Skin contact with nickel causes a painful disease called “nickel itch”75
which is fatal [13]. Heavy metals have a tendency to bioaccumulate and end up as permanent destructive76
elements in environment [14]. Heavy metals like Zn, Cr, Cu, Ni, and As are known to have toxic effects at77
very low concentrations [15] as well as very high concentration [16]. Nickel is a toxic heavy metal found in78
the environment as a result of various natural and industrial activities. Nickel has been implicated as an79
embryotoxin and teratogen [17]. The higher concentration of Ni causes poisoning effects like headache,80
dizziness, nausea, tightness of the chest, dry cough, vomiting, chest pain, shortness of breath, rapid81
respiration, cyanosis and extreme weakness [18-19].82

83
The removal and rapid decontamination of heavy metals Cr(VI) and Ni(II) become very important for the84
environmental remediation. Many processes have been used for the removal of heavy metals from waste85
waters, such as chemical precipitation, coagulation, solvent extraction, membrane separation, ion86
exchange and adsorption .For dilute metal concentrations, ion exchange, reverse osmosis and adsorption87
can be applied. However, the common use of ion exchange and reverse osmosis is restricted by the high88
operating cost. As an alternative to chemical precipitation, membrane filtration, or ion exchange,89
adsorption processes with a wide variety adsorbents have been tested. The adsorbents used should have90
some specific properties, such as a high ability to reduce the concentration of heavy metals below the91
acceptable limits, high adsorption capacity and long lifetime [20].Thus, it is a continuing need to identify92
and develop low-cost and efficient adsorbents for facile and efficient removal process.93

94
In an effort to evolve a useful user-friendly, eco-friendly and economical process, the present study was95
taken up. This study includes the adsorption studies on Cr(VI) and Ni (II) ions using powder of Mosambi96
fruit peelings. The efficiency of this adsorbent was studied and maximum adsorption and lowest97
equilibrium time for this adsorbent was recorded.98

99
2. MATERIAL AND METHODS100
2.1 Adsorbent101
Easy availability, economical to use and proven potential for other metals, have been the reasons for102
selection of this adsorbent Powder of Mosambi Fruit Peelings (PMFP) were used to adsorb Cr(VI) and Ni103
(II) ions.104
2.2 Powder of Mosambi Fruit Peelings (PMFP)105
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Mosambi fruits are very famous in India. They belong to citrus family and are popularly called as sweet106
limes. It is the first choice of many Indians as fruit juice. The peelings of the fruits were collected from the107
shops, dried and chopped, cleaned and soaked in distilled water for 24 hrs. The soaked pieces of108
peelings were sun-dried and powdered. Size of the particles selected for the study was 0.6 mm.109
2.3 Measurement of pH of the adsorbent110
Five grams of adsorbent powder was taken into a 1000 ml beaker. To this 150 ml of freshly boiled and111
cooled water was added and then heated till boiling point. The contents were digested for ten minutes112
and kept aside for ten minutes. The solution was filtered and pH was measured. The metal ion solutions113
for standard solutions and further dilutions were prepared following the procedures described [21].114
2.4 Preparation of metal ion solutions115
The Chromium(VI) and Nickel (II) ions were estimated using standard methods. AR grade chemicals and116
double distilled water were used for all the analyses. The concentrations of the metal ions were estimated117
using UV-visible spectrophotometer (ELICO SL 150).118
Standard Chromium Solution: Potassium dichromate AR grade was used to prepared standard119
chromium(VI) solution, 2.830 g of potassium dichromate was weighed in an electronic balance and taken120
into 1000 ml volumetric flask.  A solution was prepared making it up to 1000 ml.121
Standard Nickel Solution: Nickel (II) solution was prepared by using AR Grade nickel ammonium122
sulphate; 6.7280 g of nickel ammonium sulphate was taken into a 1000 ml volumetric flask. 5 ml of 1%123
HNO3 was added to it immediately. Then the contents were made up to 1000 ml with double distilled124
water.125
2.5 Analysis of Metal ions126

127
2.6 Analysis of Chromium(VI): Chromium(VI) was estimated using UV – visible spectrophotometer128
(ELICO-SL 150) by Diphenyl Carbazide (DPC) method.  Different dilutions of Cr(VI) solutions containing129
less than 30 mg L-1 of chromium concentrations were added with 2.5 ml of Diphenyl  Carbazide130
solution.The diphenyl carbazide solution was prepared by dissolving 200 mg of 1.5 diphenyl carbazide in131
100 ml of 95% alcohol.The contents were mixed with an acid solution of 40 ml of concentrated H2SO4 and132
360 ml of distilled water.The contents were refrigerated for not less than 24 hrs, and to a maximum of one133
month.  The absorbance was measured in the UV – visible spectrophotometer at 540 nm.  The reagent134
blank was also measured following the same procedure.135
2.7 Analysis of Nickel (II): Spectrophotometric analysis was adopted to estimate Nickel (II), by using136
dimethylglyoxime (DMG). Different standard solutions containing less than 100 mg L-1 of Nickel (II) were137
prepared and 2 ml of 20% w/v sodium tartarate solution 10 ml of 4% w/v potassium persulphate 2.5 ml of138
5 M sodium hydroxide solutions and 15 ml of (1+30) HCl solutions were added. Again 0.6 ml of 1% DMG139
solutions were added to this mixture. The contents were made upto 50 ml. The absorbance was140
measured after 30 minutes using UV–visible spectrophotometer at 465 nm. A reagent blank was also141
prepared for Nickel (II) solution. The results for a heavy metal concentrations were expressed in mg L-1142
while those of the concentration equilibrium, equilibrium time, and adsorption capacity etc., were143
compared with the Langmuir and Freundlich isotherms.144

145
2.8 Batch Equilibrium Method: All experiments were carried out at room temperature (270C) in batch146
mode. Batch mode was selected because of its simplicity and reliability. The experiments were carried out147
by taking 50 ml metal ion sample (AR grade) in a 100 ml Erlenmeyer flask and after pH adjustments; a148
known quantity of dried adsorbent was added.   The flasks were agitated at 160 rpm for predetermined149
time intervals using a mechanical shaker until equilibrium conditions were reached. After shaking, the150
suspension was allowed to settle. The residual biomass adsorbed with metal ion was filtered using151
whatman 42 filter paper (Whatman International Ltd., Maid Stone, England), filtrate was collected and152
subjected for metal ion estimation using UV-visible spectrophotometer (ELICO SL 150). The values of153
percent metal uptake by the sorbent (Sorption efficiency) and the amount of metal ion adsorbed has been154
calculated using the following relationships155

Ci – Cf156
Sorption efficiency   = -------------------- x   100157

Ci158
159
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Ci – Cf160
Amount adsorbed (qe)     = ------------------------------- x   v161

m162
where,163
Ci = Initial concentration of metal ion in the solution    (mg/lit)164
Cf = Final concentration of metal ion in the solution (mg/lit)165
m = Mass of adsorbent (g lit-1)166
v = Volume of solution (lit)167
qe = Amount of metal ion adsorbed per gram of adsorbent.168

169
Control experiments were carried out and the average values of duplicate runs were obtained and170
analyzed (Error: ±1-2% for percentage removal and ±0.005-0.01 mg g-1 for amount adsorbed). The171
adsorbents selected were very common and eco-friendly. The work mainly helps in bringing sorbent into172
use to handle the heavy metals.173

174
3. RESULTS AND DISCUSSION175

176
3.1 Characteristics of PMFP177
The Characteristics of PMFP is discussed in the Table 1.178

179

Table 1. Characteristics of PMFP180

S. No Parameter Value

1 Apparent Density (g/ml) 1.5673

2 Moisture Content %  (w/w) 70.90%

3 Loss on ignition % (w/w) 95.80

4 pH 4.69

5 Particle size 0.6mm

6 Calcium as Ca 1.04

7 Lignin Content % (w/w) 7.3

8 Cellulose % (w/w) 2.9

181
3.2 Effect of pH on % removal of metal ions182
pH is an important parameter for adsorption of metal ions from aqueous solution because it affects the183
solubility of metal ions, concentration of counter ions on the functional groups of the adsorbent and the184
degree of ionization of the adsorbate during reaction. Studies were carried out to obtain optimum pH for185
the adsorption of Chromium (VI) using 150 mg of PMFP adsorbent in 50ml solution of 10mg/l of Cr(VI)186
concentration adjusted to different pH values from 2.0 to 9.0.The solutions after equilibrium were187
centrifuged and analyzed for Cr(VI) content. The results obtained were presented in (Fig.1). It was188
evident from the figure.1, that maximum removal of 91.28% was achieved at pH 2.0 and the per cent189
removal was found to be almost constant after pH range 6 to 9. In the absence of adsorbent, precipitation190
started at pH greater than 6.0 and in the presence it started at 7.0. Since the aim of the work is to study191
only the adsorption phenomenon, it was decided to maintain pH value at 2.0 for all further experiments192
[22].Many reports revealed that maximum adsorption of Cr(VI) are in the pH range of 2-6. The results193
obtained for the adsorption of Cr(VI) on powder of Mosambi fruit peelings adsorbent are in good194
agreement with the removal of Cr(VI) by saw dust and pine leaves at pH 2.0 [23]. Where as to find out195
optimum pH for the removal of Nickel (II), 125 mg of the PMFP adsorbent in 50 ml solution of 50 mgL-1 of196
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nickel(II) concentration are adjusted to different pH values ranging from 2.0 to 9.0. They were equilibrated197
for 120 minutes and centrifuged. The filtrates were tested for Ni(II)concentrations spectrophotometrically.198
(Fig.2) shows the effect of pH on adsorption of Ni (II) ion. Maximum 92.56% removal was observed at pH199
4. The percentage of adsorption increased with increase in initial pH and decreased with increase in initial200
pH up to 6. The adsorption of metal cations depends on the nature of metal ions, adsorbent surface and201
species of the metals. At lower pH values, Nickel removal was inhibited, possibly because of the202
competition between hydrogen and nickel ions in the sorption site. With apparent preponderances of203
hydrogen ions, it restricts the approach of metal cations as a consequence of the repulsive force. At pH >204
6 precipitations started and hence, higher pH was not selected for the present study. Biosorption of nickel205
Ni(II) was maximum at pH=4, as the pH exceeded, the biosorption began to decrease. This is possibly206
due to the precipitations of Ni (II) ions as a result of hydroxide anions forming nickel hydroxide precipitate.207
The adsorption of Ni (II) ion is reported to be highly pH dependent. Adsorption of Ni (II) on activated208
carbon is found to be efficient at pH less than 4.5 [24] and adsorption of Ni (II) on waste tea (Camellia209
sinensis) materials is also found to be efficient at pH less than 5 [25].210

211
212

213
214
215
216
217
218
219
220

Fig.1.Effect of pH on % removal of chromium(VI). Fig.2. Effect of pH on % removal of221
Ni (II).222

3.3 Effect of equilibrium time and initial metal ion concentration223

Equilibrium experiments were carried out by agitating 50ml of different concentration of Cr(VI)224
solutions (10-30 mg/l) adjusted to pH 2.0 along with 150 mg of PMFP adsorbent. After equilibrating for225
different time periods, the solutions were centrifuged and analyzed for chromium (VI) content. The rate of226
uptake was rapid in the beginning and became slow in the later stages and reached saturation. This is227
due to the fact that the metal ion occupied the sites in a random manner because of maximum availability228
of sites, as the time passed, the active sites were blocked and hence the rate decreased.  For maximum229
removal of Chromium(VI) by the adsorbent, the solutions should be equilibrated for 60 min irrespective of230
the initial concentration. The amounts of chromium(VI) adsorbed were 3.04, 5.03 and 6.62 mg/g for Cr(VI)231
concentrations of 10, 20 and 30mg/L, respectively. The formation of monolayer of Cr(VI) ions on the outer232
surface of the adsorbent is suggested based on the observation that the curves shown in(Fig. 3). were233
single, smooth and continuous. The equilibrium time observed in this experiment was equal with that234
observed for chromium adsorption by other adsorbents like activated soya bean hull [26].and rice husk235
ash [27].To investigate the optimum equilibrium time, batch experiments were carried out by agitating236
50ml of different concentrations of nickel (II) solutions ranging from 50mg/L, 75mg/L, 100mg/L which are237
maintained at pH 4.0 and with 125mg of adsorbent. After equilibrating for different time periods from 15-238
20 min, the solutions were centrifuged and analyzed for Ni (II) content and the percent adsorption in each239
case was determined. Equilibrium time was found to be 90 min. At this equilibrium time the amounts240
adsorbed were 18.51; 24.80; and 29.52mg/g for Ni(II) concentrations of 50, 75 and 100 mg/L,241
respectively. The increase in initial Ni (II) concentration decreased the percent adsorption and increased242
the amount of metal uptake per unit mass of the adsorbent mg/g. The per cent adsorption vs time plot in243
(Fig.4) was smooth and continuous leading to saturation, suggesting the possible monolayer coverage of244
metal ions on the surface of the adsorbent. Similar results have been reported for the adsorbents like245
treated GAC and carbon aerogel by [28] In case of PMFP per cent removal increased sharply leading to246
98% removal of Nickel (II).247
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248

249

250

251
252

Fig.3.Effect of time and %removal of Chromium (VI). Fig.4. Effect of time on the % removal of Ni (II)253
254

3.4 Effect of Adsorbent Dosage255
The effect of adsorbent dosage on the adsorption of Cr(VI) was studied by varying amounts of the256

adsorbent from 25-200 mg. The adsorbent was added to 50ml of Cr(VI) solutions of concentration 10 mg/l257
and equilibrated for 60 min, whereas the adsorbent was added to 50 ml of Nickel (II) solution of 50 mg/l258
concentrations and equilibrated for 90 min After equilibrium time, the solutions were centrifuged and259
analyzed for Chromium (VI) and  Nickel (II) content. The results shown in Table 2. reveal that 100%260
adsorption was possible with 200mg of adsorbent dose. The results in (Fig 5&6) indicated that adsorption261
increased with increase in adsorbent dosage. This increase in percent adsorption with the increase in262
adsorbent dosage was due to the availability of more surface area of the adsorbent [29].263

264
265

266
267
268
269
270
271
272

Fig.5.Effect of Adsorbent dose on%removal of Cr(VI). Fig.6. Effect of adsorbent dose % removal273
of Ni (II)274

275
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Table 2 . Quantity of Chromium (VI) and  Nickel (II) adsorbed  and % removal  at different287
doses of adsorbent.288
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Cr(VI) Ni(II) Cr(VI) Ni(II) Cr(VI) Ni(II)

25 26.80 28.70 7.32 35.64 5.36 28.72
50 47.65 51.48 5.24 24.26 4.76 25.74
75 62.80 67.84 3.72 16.08 4.18 22.61

100 75.50 82.50 2.45 8.75 3.77 20.62
125 85.10 92.48 1.49 3.76 3.40 18.49
150 91.20 97.16 0.88 1.42 3.04 16.19
175 96.30 99.04 0.37 0.48 2.75 14.14
200 100.00 100.00 0.00 0.00 2.50 12.50

291

3.5 Effect of Particle Size292
293

To study the effect of particle size, adsorbent particles of sizes 0.6 mm, 0.8 mm and 1.7 mm were used.294
In each study 150 mg of adsorbent in 50 ml of 10 mg/l of Cr (VI) solution was agitated to equilibrium time295
of 60 min, the adsorbent was separated and the supernatant solution was analyzed for chromium296
concentration and the values are noted in Table 3. the amounts adsorbed for 0.6 mm, 0.8 mm and 1.7297
mm  particle size were 3.01, 2.66 and 2.34 mg/g, respectively. It is evident from ( Fig. 7). that increase in298
particle size decreased the percent removal, this results  were also applicable to nickel ions. At a fixed299
adsorbent dosage, the decrease in particle size increases the metal uptake. The increase in the uptake300
by smaller particles was due to the greater accessibility to pores and to the greater surface area for bulk301
adsorption per unit mass of the adsorbent. Similar trend had been observed on removal of Cr (VI) by302
using Pitchellobium dulce Benth – A Kinetic Study [30].303

304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326

Table 3.  Adsorption of chromium (VI) on different particle sizes (mm) of the adsorbent.327
328

Particle size in mm

0.6 mm 0.8 mm 1.7 mm
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10 1.33 1.68 40.18 1.13 1.53 34.20 0.94 1.40 28.40

20 2.09 0.92 62.75 1.75 0.91 52.50 1.47 0.87 44.22

30 2.48 0.53 74.69 2.12 0.54 63.85 1.82 0.52 54.74

40 2.77 0.24 83.11 2.43 0.23 72.95 2.08 0.26 62.50

50 2.94 0.07 78.02 2.60 0.06 78.02 2.21 0.13 66.46

60 3.01 - 90.58 2.66 - 80.05 2.34 - 70.13

70 3.01 - 90.58 2.66 - 80.05 2.34 - 70.13

80 3.01 - 90.58 2.66 - 80.05 2.34 - 70.13

329
330
331
332
333
334
335
336
337
338
339
340
341
342
343

Fig 7.  Relationship between particle size, % removal at different times344
345

3.6 Adsorption Isotherms346
Isotherms relate metal uptake per unit weight of adsorbent to equilibrium adsorbate concentration in the347
bulk fluid phase. The Langmuir isotherm was based on the assumptions that maximum adsorption348
corresponds to a saturated monolayer of adsorbate molecules on the adsorbent surface, the energy of349
adsorption was constant and there was no transmigration of adsorbate in the plane of the surface. The350
Langmuir isotherm was expressed in the following formula351

o 0

Ce 1 Ce 1
qe Q b Q
      352

Where Ce was the equilibrium Concentration (mg/L) qe was the amount adsorbed at equilibrium time353
(mg/g) and Qo and b are Langmuir constants related to adsorption capacity (mg/g) and energy of354
adsorption (L/mg), respectively. Data for Langmuir plot are given in Table 4, which fitted well in regression355
analysis of the Langmuir data Ce/qe Vs Ce. It resulted in high correlation coefficient which indicated the356
applicability of Langmuir isotherm (Fig.8 and 9.) The Langmuir constants Qo and b for adsorption of357
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chromium (VI) at 10 mg/L concentration at pH 2.0 evaluated from the slope and intercept were 7.51 mg/g358
and 1.69 L/mg, respectively .Where as the Langmuir constants Q0 and b for adsorption of Nickel (II)359
evaluated from the slope and intercept are 29.41 mg/g and 0.4789 L/mg, respectively . Q0 value is less360
than the value of adsorption capacity of bagasse studied [31].361

362
363
364
365
366
367
368
369
370
371
372

Fig. 8. Fig. 9.373
Fig 8 & 9 . Langmuir isotherm showing initial concentration vs. equilibrium concentration374

chromium and nickel ions375
376

Table 4.Equilibrium concentrations of chromium (VI) at constant adsorbent dose and particle size377
378

Initial Concentration

(Ci mg/L)

Equilibrium
Concentration (Ce

mg/L)

Qe  ( mg /g) Ce /qe (g/L)

Cr (VI) Ni (II) Cr (VI) Ni(II) Cr (VI) Ni(II) Cr (VI) Ni (II)

10 50 0.872 3.72 3.04 18.51 0.312 0.256

20 75 4.980 13.00 5.03 24.80 0.701 0.975

30 100 10.130 26.18 6.62 29.52 1.158 1.530

379
The essential characteristics of Langmuir are expressed in terms of a dimensionless constant separation380
factor RL (Equilibrium Parameters) that is given by :381

L
i

1R 2
1 bc
      


382

Where Ci was the initial concentration (mg/L) and b was the Langmuir constant. The value of (RL)383
Table. 5 indicates the nature of isotherm.384

385
386
387
388
389

Table 5. Ranges of RL values390
391
392
393

394
395
396

RL Type of Isotherm
RL > 1 Unfavorable
RL =1 Linear

0< RL <1 Favorable
RL = 0 Irreversible
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397
In the present investigation the characteristic equilibrium parameter RL of Langmuir isotherm was398

calculated and the values of 0.055, 0.028 and 0.019 for the metal ion concentration of 10, 20 and 30399
mg/L, respectively and all the values were between zero and one indicating the favorable adsorption of400
chromium on the adsorbent. Where as in Ni(II)RL values were 0.040, 0.027 and 0.020 for Ni (II)401
concentration of 50, 75, and 100 mg L-1, respectively which were less than unity showing that the402
adsorption of metal ion onto Powder of Mosambi Fruit Peelings was favorable.403

404
The Freundlich isotherm is generally used for mathematical description of adsorption in aqueous405

system and describes heterogeneous surface energies. The equation is expressed in logarithmic form as406

f
1logx /m logk logCe 3
n

      407

Where (x/m was the amount adsorbed in mg/L),  Ce was the equilibrium concentration (mg/L) and408
Kf and n were Freundlich constants. Kf [mg/g, L/mg] was the capacity of the adsorbent and n indicated the409
favorability of adsorption. The plot of log (x/m) Vs log Ce indicated in ( Fig 10). Was linear, indicated that410
adsorption data obeyed Freundlich adsorption isotherm. The Freundlich constant Kf was 2.94 which is411
compared with the value of Bengal gram husk was 2.81. According to [32]. the value of n between 2 and412
10 indicates good adsorption. The calculated value of n for the adsorption of Cr(VI) is 3.41, showing very413
good efficiency for chromium adsorption by powder of Mosambi fruit peelings adsorbent . This isotherm414
was applied for the adsorption of Ni(II) on powder of Mosambi fruit peelings adsorbent and plot of log x/m415
vs log Ce is shown in (Fig.11). The linearity of the plot shows that adsorption followed Freundlich416
isotherm and the constants Kf and n calculated from the intercept and slope are 23.92 and 2.24,417
respectively. The results indicated that the adsorbent has several different types of adsorption sites.418
Accordingly to [33] the n values between 2 and 10 represent good adsorption. The calculated n value of419
2.24 indicates good adsorption of Ni (II) on PMFP.420

421
422
423
424
425
426
427
428
429
430

Fig.10                                                                                            Fig.11431
432

Fig.10 & 11 Freundlich isotherm shown amount of chromium adsorbed and433
equilibrium concentration434

435
436
437
438
439

3.7Adsorption Kinetics440
441

3.8 Effects of metal ions Concentration on Lagergren Rate Constant.442
The kinetics of Ni (II) adsorption followed the first order rate Equation given by Lagergren was:443

  ad
e e

Klog q q logq t 4
2.303

       444

Where q and qe were the amounts of metal ion adsorbed (mg/g) at time t (min) and at equilibrium time,445
respectively and Kad was the rate constant of adsorption (min -1).From the (Fig.11), it was evident that, the446
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linear plots of log (qe-q) Vs time at different concentrations show the applicability of the Lagergren447
equation The adsorption data were fitted in the Lagergren equation (4). The straight line plots of log (qe-448
q) Vs time for Chromium (VI) Concentrations of 10,20 and 30mg/L, are shown in (Fig.12) and Nickel449
concentrations of 50, 75, and 100 mg L-1, respectively in (Fig.13). The rate constants of adsorption Kad450
determined from the slope of the plots are given in Table 5. From this table it is evident that the initial451
concentration did not have much significant effect on rate constant.452

453
454

(Fig.12)                                                                                                (Fig.13)455
456

Fig 12 &13. Relationship between the time in minutes and log concentrations of Cr(VI) &457
Ni (II) for various known concentrations458

459
The Kad values calculated from the slopes of the linear plots are presented in Table 6.460

461
Table 6.Calculated values for the rate constants for different462

concentrations of Cr(VI) &Ni (II)463
464

Cr(VI)
mg/L

Ni(II)
mg/L

Rate Constant Kad (min-1)

Cr(VI) mg/L Ni(II) mg/L
10 50 5.75 x 10-2 4.37 x 10-2

20 75 6.05 x 10-2 4.37 x 10-2

30 100 5.91 x 10-2 4.23 x 10-2

465
These results indicated that the metal ion concentration has no significant effect on the rate. The466

values were comparable with those results obtained by [34].467
468
469

3.8. Effect of Particles Size on Lagergren Rate Constant470
The effect of particle size on the rate of adsorption was shown in (Fig.14). and the rate constant Kad471
values calculated are given in Table 7. For the adsorption of Cr(VI) increase in particle size from 0.6 mm472
to 1.7 mm decreased the rate of adsorption from 6.01 x 10-2 to 4.37 x 10-2 min-1 . The higher rate of metal473
uptake by smaller particles was due to greater accessibility to pores and greater surface area for bulk474
adsorption per unit weight of the adsorbent [35] have stated that the breaking up of larger particles to475
form smaller ones opens some tiny sealed channels that will be available for adsorption and therefore the476
rate of uptake by smaller particles was higher than that larger particle.477

478
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Table 7 .  Lagergren rate constants calculated for different particle sizes (mm)479
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Fig.14. Relationship between different particle size and time of adsorption.502
503

CONCLUSION504
1. In this study the heavy metals, namely,Chromium(VI) and Nickel (II) were selected for removal from505
aqueous solutions using adsorption technique. Batch experiments were conducted to study the impacts of506
particle size, pH, agitation time, adsorbent dose and initial metal ion concentrations. A particle size of 0.6507
mm was observed to be highly efficient for Chromium(VI) and nickel (II). A decrease in the size of the508
particle increased the adsorption, as a decrease in size of the particle increased the availability of the509
number of active sites. The increase of pH showed a negative impact on the adsorption of nickel (II).510
Maximum adsorption was recorded at pH 2.0 for Cr(VI) and pH 4.0 for Ni (II). An increase in the511
adsorbent dosage gave increased adsorptions for Chromium and nickel, whereas the adsorption512
decreased with increase of initial metal ion concentrations.513

514
2. The adsorbent selected for the present study proved to be good adsorbent which was evident with the515
adsorption data obeying the Langmuir and Freundlich isotherms. The equilibrium parameter RL in516
Langmuir isotherm, the Langmuir constants and Freundlich adsorption constants for Chromium(VI) and517
nickel (II) by PMFP indicated that the adsorption of Chromium(VI) and nickel (II) on PMFP was favorable.518
The kinetics of the adsorption of the metal ions also obeyed Lagergren equation. This results shows that519
PMFP has a considerable potential as an adsorbent for the removal of Chromium(VI) and nickel (II). from520
aqueous solutions.521

522
3. If low cost adsorbents perform well in removing heavy metals at low cost, they can be adopted and523
widely used in industries not only to minimize cost inefficiency, but also to improve profitability. In addition524
to this, the alternative adsorbents are found highly efficient for heavy metal removal, not only in the525
industries, but also in the living organisms. The surrounding environment will be also benefited from526
decrease or elimination of potential toxicity due to the heavy metal. Thus, the use of low cost adsorbents527
may contribute to the sustainability of the surrounding environment. Undoubtedly, low cost adsorbents528
offer a lot of promising benefits for commercial purpose in the future. Heavy metal removal with the above529
adsorbent appears to be technically feasible, ecofriendly and has high efficacy.530
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