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1. INTRODUCTION

Aminopolycarboxylic acids form strong complexes with metal ions when its acidic protons are lost 

(Anderegg et al., 2005). This property makes it useful complexone in a wide variety of chemical, 

environmental and medical applications (Michihiko and Sakayu, 1999; Vuckovic et. al., 2011 and Onu et 

al., 2009, 2011, and 2015). Metal amino carboxylate complexes are used to study phenomenon of the 

structure, stability, magnetic properties and non-covalent interactions, molecular recognition and 

regulation of biochemical processes (Vuckovic et. al., 2011). These properties play an important role in 

metalloenzyme catalyzed reactions. Typical example of the complex- es is N-(2-hydroxy-ethyl) 

ethylenediamine-N, N’, N’-triacetatocobaltate (II) ion. Despite the applications of these important 

complexes, there is a paucity of information on the kinetics of electron transfer reaction of 

aminocarboxylatocobalt (II) with oxyanions such as hypo- chlorite ion, ClO- though, other researchers

A B S T R A C T

The influence of acid and ionic strength on the rate of electron transfer reaction of N-(2-hydroxy-

ethyl)ethylenediamine-N,N',N'- triacetatocobaltate(II)(hereafter,[Co(II)HEDTA(OH2)]−) complex 

with Hypochlorite ion in aqueous nitric acid medium have been stud- ied at I = 0.2 mol dm-

3(NaNO3), [H+] = 1 × 10-2 mol dm-3, , T = 300 ± 1 K and λmax = 525 nm. Stoichiometric study 

showed 1:1 ̀ mole ratio. The rate law derived from the kinetic study under pseudo first order condition 

is d [Co(III)HEDTA(OH2)] =  k [Co (II)HEDTA−][ClO−].2

 dt 

The  rate  constant  of  reaction, k2 varies  inversely  with  acid  concentration,  [H+].  The  overall  

rate  law  is  therefore  represented as:

 d[Co(III)HEDTA(OH2)] = 2.28 × 10−4[H+]−1[Co (II)HEDTA(OH )−][ClO−]. The reaction2

 dt

 displayed positive salt effect which suggests the activated complex was made up of similar charged 

species. The reaction was catalysed by addition of formate, HCOO- and potassium, K+ ions and the 

Michaelis-Menten's plot gave zero intercept indicating the absence of intermediate complex. A 

reaction mechanism via an outer-sphere pathway is proposed for this reaction.

Keywords: Aminocarboxylate; Electron Transfer Reaction; Hyphochlorite; Ionic Strength; 

Kinetics.
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(Onu et al., 2008, 2009, 2015 and 2016; Naik et al., 2007 and 2010 and Mansour, 2003) have carried out 

the study using different oxidants. Both inner-sphere and outer-sphere have been reported in these 

works. Moreover, ClO- ion is the strongest oxidizing agent of the chlorine oxyanions (Mohammed et al., 

2010), thus its reaction with this complex will give us more insight on the mechanism of oxidation of the 

complex. The kinetic study of these complexes may be used as a model in understanding  the mechanism 

of oxygen transport and metalloenzyme reactions in biological systems (Vuckovic et al., 2011). Also, the 

study will be used as simple models to understanding or to mimic the biochemical pathways of some 

metabolic processes which involve the use of co- enzymes.

The interest in this research is to study the influence of acid and ionic strength on the rate of electron 

transfer reaction of N-(2-hydroxy- ethyl) ethylenediamine-N, N’,N’-triacetatocobaltate(II) complex 

with hypochlorite ion in aqueous nitric acid medium with hope the study will complement much needed 

kinetic information in the field and highlight more on the pathway of the reaction.

2. EXPERIMENTAL

All chemicals and reagents used were of analar grade and distilled water was used in preparing the 

solutions. While sodium nitrate was used to maintain and investigate the influence of ionic strength of 

the reaction medium, Nitric acid was used for the investigation of ef- fect of hydrogen ion on the reaction 

rate. N-(2-hydroxy-ethyl)ethylenediamine-N, N’, N’-triacetatocobalt(II) complex (hereafter, 

[Co(II)HEDTA(OH2)]−) and sodium hypochlorite (NaClO-) were the reductant and oxidant 

respectively. The [Co(II)HEDTA(OH2)]− was prepared according to the method adopted by Onu et al., 

(2015). This gave λmax of 526 nm after characterization using Cary series 300 Uv-Vis 

spectrophotometre in the wavelength range of 400 – 800 nm. Stock solution of various reagents were 

prepared by dissolving accurately weighed amounts of each in a known volume of distilled water.

The stoichiometry of the reaction was determined by spectrophotometric titration using the mole ratio 

method (Onu et al., 2009, 2010, and 2015). The concentration of [Co(II)HEDTA(OH2)]− was kept 

constant at 5.0 × 10-3 mol dm−3 while that of ClO- was varied from 4 folds below and above. The 

reactions were allowed to go to completion at constant [H+] (HNO3 = 1.0 × 10-2 mol dm-3), ionic 

strength (NaNO3 = 0.1 mol dm−3), λmax = 525 nm T = 300 ± 1 K. The stoichiometry (indicated by the 

point of inflexion) of the reaction was de- termined from the plot of absorbance against mole ratio [ClO-

]/ [Co(II)HEDTA(OH2)−]

The rate of the reaction was monitored by recording the change in absorbance at 525 nm on a Sherwood 

Colorimeter 254. The kinetic study was carried out under pseudo-first order conditions with the
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-3 -3
concentration of [Co(II)HEDTA(OH )−] = 5.0 × 10  mol dm  and that of the oxidant, ClO- in at least 12-2

-3
fold excess over the reductant at temperature of 300 ± 1 K, ionic strength of 0.5 mol dm  and [H+] = 1.0 × 

-2 -310  mol dm . Pseudo-first order rate constants (kobs) for the reactions were obtained from slope of the 

plots of log (A -A ) versus time. Where A  is the absorbance at infinity and At  is the absorbance at time t. ∞ t ∞

-The order with respect to the oxidant concentration ([ClO  ]) was determined from the slope of the plots 
-

of log kobs versus log [ClO ]. The second order rate constants, k  were obtained from kobs as kobs/[ClO-2

] and the results are presented in Table 1.The effects of change in acid concentration, ionic strength on the 

reaction rate were studied under the reaction condition stated in Table 2 and 3 respectively. Effect of 

added ions is investigated and reported in Table 4 to help us assign the mechanistic pathway for the 
3reaction. Likely presence of free radical species was tested by the addition of 5.0 cm  of acrylamide to a 

partially oxidized reaction mixture.

3. RESULT AND DISCUSSIONS

The result of spectrophotometric titration showed that one mole of the reductant was oxidised by one 

mole of the oxidant. This is in con- formity with stoichiometric equation presented in Equation 1:

[Co(II)HEDTA(OH  )]− + ClO− 2H+ → [Co(III)HEDTA(OH ) ] + 1 C l + H O  (1)2 2 2 2 2

This stoichiometry (1:1) may be attributed to the fact that, one mole of electron was transferred in the 

reaction of complex to form Co (III) complex. Similar results have been reported in converting Mn(III) 
3+ 4+ 

to Mn(V) during the Jacobsen epoxidation reaction and in the conversion of Ce  to Ce (Perumareddi et 

al., 2003) which involved hypochlorite ion. The spectrum of the reaction product showed two maxima at 

381 and 534 nm using Carey series 300 Uv-Vis spectrophotometre in the wavelength range of 400 – 800 

nm. This is typical spectrum of Co (III) (Abdel-Khalek et al., 1993; Mansur, 2003; Perveen et al., 2013 

and Onu et.al., 2009, 2015 and 2016).

The pseudo – first order plots was linear to more than 70% extent of the reaction which suggests a first 

order dependence of rate on[Co(II)HEDTA(OH )−]. The slope obtained from the logarithmic plot of 2

kobs versus [ClO-] was 1.03 indicating first order dependence with respect to [ClO-].The reaction is 

second order overall at constant [H+] concentrations. Therefore the rate equation for the reaction is

 d[Co(III)HEDTA(OH2)] =  k [C o(II)HEDTA(OH )−] [ClO−] (2)2 2

                   dt 

Where k  = (3.13 ± 0.09) × 10 dm  mol  s2 -2 3 -1 -1

+
Variation in hydrogen ion concentration showed that the reaction rate decreased with increase in [H ] 

within the concentration range investigated. This inverse relationship implies that there is deprotonation
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pre-equilibrium step and the rate determining step involves both the deprotonated and undeprotonated 

species (Wilkins, 2002 and Onu et al., 2009, 2015 and 2016).

Similar inverse dependence on the acid has been reported (Onu et al., 2009, 2015 and 2016) for reaction 
+involving this complex with oxyanions. The slope obtained from the plot of log k  vs [H ] was -0.70, 1

+
indicating negative first order with respect to acid concentration. Also plot of k  vs [H ] - was linear with 2

zero intercept. The overall rate equation showing acid dependence effect is represented in Equa- tion 3:

d[Co(III)HEDTA] = (a[H+]−1)[Co(II)HEDTA−][ClO−] (3)

               dt

-4 3 -1 -1
Where a = 2.280 × 10  dm  mol  s

The observed first order dependence of the reaction rates on both [reductants] and [ClO-] is a common 

feature of hypochlorite ion reac- tions (Jiann-Kuo, 1987; Idris et al., 2015).
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Fig. 1: Typical Pseudo-First Order Plot for the Reaction.

Table 1: The Pseudo-First Order And Reaction Rate Constants for the Reaction of [Coiihedta 
- - - -3 -3

(OH )]  and Clo  at [Coiihedta (OH ) ] = 5.0 × 10 mol Dm , T = 300 ± 1K and Λmax = 525 Nm2 2

10
3
 [ClO

-
], 10

3
 [H

+
] 10 I 10

3
 kobs 10

2
 k2

mol dm
-3

mol dm
-3

mol dm
-3 S-1 dm

3
mol

-1
S

-1

50 10 2 1.6 3.2

60 10 2 1.8 3

70 10 2 2.1 3

80 10 2 2.5 3.2

90 10 2 2.8 3.1

100 10 2 3.2 3.2

110 10 2 3.5 3.2

120 10 2 3.7 3.1
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- -
Table 2: Effect of Acid on the Reaction Rate for the Reaction of [Coiihedta (OH )]  and Clo  at 2

- -3 -3
[Coiihedta (OH ) ] = 5.0 × 10 mol Dm , T = 300 ± 1K and Λmax = 525 Nm2
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10
3
[ClO

-
], 10

3
[H

+
] 10 I 10

3
kobs 10

2
k2

mol dm
-3

mol dm
-3

mol dm
-3 S-1 dm

3
mol

-1
S

-1

90 6 2 4 4.4

90 8 2 3.4 3.8

90 10 2 2.7 3

90 12 2 2.4 2.6

90 14 2 2.1 2.4

90 16 2 1.8 2

-1 - -3 -3
Fig. 2: Plot Of K  Versus [H⁺]  for the Reaction at [Coiihedta(OH ) ] = 5.0 ×10 mol Dm , Cloˉ = 2 2

-2 -39.0 × 10 mol Dm , I = 0.2 Mol.

Table 3: Effect of Ionic Strength of the Medium on the Reaction Rate for the Reaction of 
- - - -3 -3[Coiihedta(OH )]  and Clo  at [Coiihedta(OH ) ] = 5.0 × 10 mol Dm , T = 300 ± 1K and Λmax = 2 2

525 Nm

10
3
 [ClO

-
], 10

3
 [H

+
] 10 I 10

3
 kobs 10

2
 k2

mol dm
-3

mol dm
-3

mol dm
-3 S-1 dm

3
mol

-1
S

-1

90 10 2 2.9 3.2

90 10 3 3.2 3.6

90 10 4 3.8 4.2

90 10 5 3.9 4.4

90 10 6 4 4.5

90 10 7 4.3 4.8

90 10 8 4.8 5.3
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Fig. 3: Plot of Log K   versus √I for the Reaction.2

- -
Table 4: Effect of Added Anions on the Reaction Rate of [Co (II) HEDTA (OH )]  with Clo  at 2

- -3 -3 -2 -3 -3[Co (II) HEDTA (OH ) ] = 5.0 × 10 mol Dm , [Cloˉ] = 9.0 × 10 mol Dm , I = 0.2 Mol Dm , T = 2

299 ± 1K and Λmax = 525 Nm
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X 10
2
 [X], mol dm

-3 103kobs, s-1 10
2
k2, dm

3
 mol

-1
 s

-1

HCOO
- 0 2.76 3.07

1 2.7 3

2 2.63 2.92

3 3.02 3.36

4 2.84 3.16

5 2.58 2.87

K+ 0 2.76 3.07

1 2.78 3.09

2 3.03 3.36

3 2.46 2.74

4 3.13 3.48

5 3.22 3.58

Fig. 4: Michaelis-Menten Plot for the Reaction
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The rate of the reaction increased with increase in ionic strength of the reaction medium in the 

concentration range investigated (Table 3) suggesting positive Bronsted-Debye salt effect (Benson, 

1969). This shows that there may be the presence of similar charged species during the formation of 

activated complex (Atkins and de Paula, 2002) for the reaction. Positive value of the slop of plot of log k2 

versus √I (Figure 3.0) supported the presence of two similar charged species at the rate determining step.

The rate of reaction was found to decrease by the addition of formate ion and increase with addition K+ 

ion. The result is presented in Table 4. This showed that the reaction is catalysed by the presence of both 

added cation and anion which implies that an outer-sphere mechanism is likely to be in operation. This 

may be supported by the Michaelis - Menten plot of 1/kobs versus 1/ClO- which had zero intercept 

suggesting the absence of an intermediate in the rate determining step, thus, an outer-sphere mechanism 

is likely to be in opera- tion. The free radical species was not detected as the reaction progresses 

evidenced by absent of gel formation upon addition 5.0 cm3 of acrylamide.

In view of the above results obtained and discussions, the following reaction mechanism is hereby 

proposed via an outer-sphere path- ways:

4. CONCLUSION

The influence of acid and ionic strength on the rate of electron transfer reaction of N-(2-hydroxy-

ethyl)ethylenediamine-N, N',N'- triacetatocobaltate(II) complex with hypochlorite ion in aqueous nitric 

acid medium was carried out. While the rate of the reaction was found to increase with increase in ionic
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strength of the reaction medium, the rate was inversely dependent on acid concentration, [H+]. The 

experimental data showed that, the electron transfer reaction proceeds through outer-sphere mechanism 

and a plausible mechanistic pathway which explained the data was proposed for the reaction.
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1. INTRODUCTION

The average number of human hair is about 135000 and each grows and falls through the various cycles 

of hair growth which include anagen, catagen and telogen. The life cycle of hair are affected by factors 

such as nutrition, medical history, hereditary, physical constitution, hormone, secretion and aging 

(Schlossman 2008, Schueller 2009 and Postajian 2011).

Hair growth is a natural process that needs to be control by regular shaving to prevent excess body and 

facial hair. Hair removal from certain location on the human body has received much attention as the 

growth of hair on other parts of the body. Getting rid of hair on areas of the body where it is not desired is 

a problem applicable to all human (Nanda et al, 2006). In Nigeria and the world over, having facial hair 

happen to not only men but to women too. Today most women worry about their facial hair and will do 

anything to get rid of it. Facial hair is quite embarrassing and may reduce self-esteem, especially when it

A B S T R A C T

Background: The relevance of depilatory creams has appreciated significantly in recent time and 

their demand is on the increase. However most commercial depilatory creams contain chemicals with 

questionable health safety. These synthetic chemicals cause scaring, itching and burns on the skin.

Objectives: The study attempted to formulate green hair growth retarding cream, testing the formula 

for phytochemicals, hair growth retarding property and toxicity.

Methods: the cream was formulated from extracts of Tumeric (Curcuma longa), Aloe vera (Aloe 

barbadensis miller), Guava (Psidium guajava) and Neem (Azadirachta indica), evaluated for its 

phytochemical constituents and tested for its hair growth retardant property and toxicity on mice.

Results: The results show the presence of phytochemicals like tannins, phenols, flavonoids, 

terpeniods, alkaloids, volatile oil, anthroquinone, glycosides, saponins and a 25% hair growth 

retarding efficiency on tested mouse, no signs of itching, redness, swelling and topical injuries on the 

mouse.

Conclusion: overall, the research therefore provide convincing evidence of the safety of the formula 

over the conventional ones and also exhibit satisfactory hair regrowth retarding property.

Keywords: Depilatory Cream; Extracts; Phytochemicals; Retarding Property; Toxicity.
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becomes obviously unhidden even in the best of makeups (Nwalsial 2013). Thioglycolic acids whose 

calcium and potassium derivatives (calcium and potassium thioglycolate) are the main active 

ingredients in hair removal products cause skin irritation and severe skin burns. Additionally, the 

thioglycolates class has been shown to be rapidly absorbed through the skin in experimented animals, 

resulting in systemic toxicity.

Hair growth retardant is a substance that establishes and maintains a long-term and stable reduction in 

the frequency of hair regrowth. Although the action of hair growth retardant on hair is too slow to be 

studied, the rapid reaction of hair removal creams is  a representative of hair growth retardant acting at an 

accelerated rate. The constituents of hair are primarily 88% keratin, a hard fibrous type of protein. The 

cytoskeleton of all epidermal cells is formed from keratin. The amino acid found in the keratin protein is 

cysteine. Disulphide (S-S) chemical bond firmly hold together the sulphur in cystine molecule and 

therefore making the cystine molecule difficult to break. The durability and resistance of hair fibre to 

degradation under environmental stress is a consequence of these disulphide chemical bonds. In an 

acidic environment, the hair fibre demonstrate great resistance to breakage, however the sulphide bond 

are susceptible to breakage under alkaline condition. (Depilatories 2006).

Forming the S-S bond require removal of two hydrogen atoms, each from a cysteine molecule.

Fig. 1: S-S Bond Formation in Cysteine Molecule.

This is an oxidation process and therefore an oxidizing agent [O] is required. The reaction can be reverse 

by using a suitable reducing agent, resulting to loss of hair from the skin. That is, the key to chemical hair 

removal is breaking the S-S bond in cystine molecule using suitable reducing agent such as thioglycolic 

acid.

Fig. 2: Thioglycolic Acid.
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Thioglycolic salt (especially K salt) is contain in most hair removal products, potassium thioglycolate 

react with hydroxide ions in KOH or NaOH (also a component of hair removal products) to form a 

dianion.

The dianions is the active reducing agent. It is the S end of the dianion that is active in the S-S bridge 
- - -breaking, thus -SCH COO  can be simplify as RS  (R = CH COO ).2 2

The chemical reactions that lead to complete removal of hair follicle are represented in the figure below. 

These reactions occur at a low pH.

Fig. 3: Mechanism of Disulfide Bridge Breakage in Cysteine.

Step1; nucleophilic attack by S in RS on an S atom in cystine molecule breaks the S-S bridge and 

generate a new one between a cysteine molecule and the thioglycollate ion.

Step2; the anions formed in step1 strips a proton off water to generate a cysteine molecule. 

Step3; a second thioglycollate molecule attack the first to break the newly formed S-S bridge and 

remake it between the thioglycollate molecules.

Step4; the anion generated in step3 strip a proton off water to form the second cysteine molecule 

(chemistry in your cupboard 2013).
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2. MATERIALS AND METHODS

Materials

The different plant materials were gotten from Muda-Lawal market in Bauchi, the chemical reagents and 

mice were gotten from Abubakar Tafawa Balewa University, Bauchi State, Nigeria. Deionised water 

was used throughout the study.

 

Table 1: Formula for Preparing the Hair Growth Retardant Cream

Components Amount

Tumeric extract 5 g

Aloe-vera extract 1 g

Guava extract 1 g

Neem extract 1 g

Calcium carbonate 2 g 2 g

Cetyl alcohol 3 g 3 g

Honey 4 ml

Deionized water 2 ml

Paraffin oil 2 ml

Methods

Cold extraction

The leaves of the plants were washed lightly to remove dirt, dried for four weeks in the shade to avoid 

chemical degradation due to sunlight. The dried leaves and dried turmeric tuber was separately 

pulverized using electrical blender. 150 g of powdered plant were separately subjected to cold extraction 

in 70% ethanol at ambient temperature with occasional agitation for five days. The mixture was filtered 
o

and the filtrate concentrated by evaporation at 45 C. The extracts were dried and stored in air-tight 

containers in the refrigerator at 4oC until later use.

Preliminary phytochemical screening

The preliminary phytochemical tests were performed to identify different chemical groups present in the 

extract in each plant.

Alkaloid test (dragendorff’s test)

An extract (0.1 g) from each plant was treated with few drops of dragendorff’s reagent (potassium 

bismuth iodide solution). The appearance of an orange brown precipitate indicates the presence of 

alkaloid (Seema 2008).
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Flavonoid test

An extract (2 ml) from each plant was treated with few drops of NaOH solution. The appearance of 

intense yellow coloration which turns colourless on addition of few drops of dilute sulphuric acid 

solution indicates flavonoids presence (Alupuli et al, 2009).

Cardiac glycosis test

An extract (2 ml) of extract from each plant was treated with 0.4ml of glacial acetic acid containing few 

drops of FeCl3, concentrated sulphuric acid will be added along the test tube wall to settle at the bottom. 

The appearance of reddish brown colour changing to bluish green colour at the junction of the two 

reagents indicates the presence of cardiac glycosides (Alupuli et al, 2009).

Saponin test

About 2 ml of extract from each plant was shaken with 1ml of lime water. The formation of semi-

permanent foam (15min) indicates the presence saponins (Ashutush 2003).

Tannin test

About 1ml of extract from each plant was treated with few drops of 1% FeCl3. The appearance of blue 

colour indicates the presence of hydrolysable tannins, while the appearance of green colour indicates the 

presence of condensed tannins (Ashutush 2003).

Anthraquinone test (borntrager’s test)

About 2 ml of extract from each plant was boiled with 1ml of dilute HCl in a test tube. The content would 

be cooled and extracted with chloroform. The chloroform layer would be separated and ammonia 

solution added. The appearance of a rose-pink colour indicates the presence of anthraquine glycoside 

(Bartram 1995).

 

Terpenoids test

An extract (0.2 ml) from each plant was mixed with 2ml of chloroform followed by the addition of 3ml of 

concentrated H2SO4. A  reddish brown colouration of the surface indicates presence of terpenoid 

(Trease and Evans 1989).

Phenols

Few drops of 1% FeCl3 was added to 2 ml solution of extracts. A violet colour indicates the presence of 

phenol (Lecture Demostration manual general chemistry).
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Hair growth retardant procedure

The procedure adopted is a modified version of Neelam, 2011 in which

• Accurate weight of calcium carbonate, cetyl alcohol, unadulterated Honey and liquid paraffin 

were measured and mixed thoroughly. This mixture forms the base of the cream.

• Measured deionised water was added to the base.

• Accurate weight of turmeric powder was incorporated into the above mixture

• 1 g each of neem, aloe vera and guava extract were added and mixed well into a cream like texture.

Hair growth retarding test using mice

A modified version of the method described by (Wakisaka et al, 2009) was adopted in which two albino 

mice A and B, back were shaved 3x4cm2 with a clipper (to lower the density of the hair). The formula 

was applied topically the following day to the shaved portions of mouse A, daily topical application of 

the formula continued for 10 days. The same procedure was observed using 50% ethanol on the control 

mouse B. In order to observe the retarding effect of the cream on hair growth, pictures of the shaved 

portion was taken at an interval of 7days for 2 weeks beginning from the day of last application of the 

formula.

Evaluation of hair growth retarding efficiency

In this model, cello tape was adhered to and pulled off from the shaved portion of the back of each treated 

mice two weeks after last treatment. The hair density was calculated in accordance with equation A and 

the hair growth retarding efficiency was calculated according to equation B 

Equation A:

Hair density = number of hair on cello tape/ unit area of shaved portion of mice 

Equation B:

Retarding efficiency = (density of hair on control mice - density of hair on experimental mice/density of 

hair on control mice) x 100%.

Toxicity test of the hair growth retardant

During the 10 days of topical application of formulated hair regrowth retardant on the mice, the mice 

were observed for itching, swelling, redness, and topical injuries.
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3. RESULTS AND DISCUSSION

Results

Table 2: Percentage Recovery of Ethanol Extract from 150 G Powder of Plants

Guava Neem Aloe Vera Tumeric Balsam Fruit

Amount of Extract(g) 9.6 7.8 5.4 7.2 10.2

Recovered (%w/w) 6.4 5.2 3.6 4.8 6.8

Appearance Dark Green Green White Yellow Dark brown

Table 3: Phytochemical Screening of Extracts

Phytochemicals Guava Aloe V. Neem Tumeric

Alkaloids + + - +

Saponins + - - -

Glycosides - - + +

Anthroquinone - + + +

Tanins + - + +

Flavonoid + + + +

Terpenoid + - + +

Phenol + + - +

(+): Present, (-): Absent.

Hair Growth Retardant Test

The effect of the formulated hair retardant on body surface of mice A and B is shown in plate I-III. Hair 

regrowth began 14-21 days after the last dose of the retardant cream (plates II-III)

th
20  March
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Fig. 1: 1st Day after Last Application of Hair Growth Retardant.

27th March

Fig. 2: 7 Days after Last Application of Hair Growth Retardant.
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Fig. 3: 14 Days after Last Application of Hair Growth Retardant.

Hair Growth retarding efficiency

Table 4 show that the formula has significant potential of retarding hair regrowth after shaving.

Table 4: Hair Growth Retarding Efficiency

3rd April

Mice Hair density Retarding efficiency (%)

A 2.1 25

B 2.8

Discussion

Percentage recovery

The percentage recovery of plant extracts shows that Ethanol extract exhibit 5.36% recovery. This 

constitute a very small portion of the plants indicating that the concentrations of these bioactive 

components in plants are very low.

 ISSN Application No. 21824



Journal of Applied Chemistry (Volume- 9, Issue - 02, May - August 2023 )                                                                                                  Page No. 67

Phytochemical tests

The result from the tests shows phytochemicals such as in table 3. The presence of these bioactive 

compounds in the extracts makes them medicinal especially as antimicrobial, anti-inflammatory and 

antioxidative agents. According to Igbinosa et al., 2009, tannins interfere with bacteria cell protein 

synthesis and are vital in treating ulcerated and inflamed tissues and also intestinal disorder. Alkaloids 

have been reported also to ease pains and saponin to manage inflammation (Igbinosa et al, 2009 and 

Hussain et al, 2009). Studies have also shown that flavonoids have greater potential benefit to human 

health. A study reveals a significant inverse relationship  between flavonoid intake and myocardial 

infection (Jouad 2001).

Hair growth retardant test

The Hair growth Retardant showed evidence of slowing down hair growth. Significant regrowth of hair 

on mouse A started two weeks after the last application of the formulated hair retardant (plate III) while 

regrowth of hair started one week in the control, mouse B (plate II) after the last application (plate I). This 

result is in agreement with that of Neelam (2011). Hair growth inhibition is a reduction process involving 

the breaking of the S-S bond in the cystine molecule of the hair follicle. Some herbaceous plants extracts 

contain components with hydroxyl -OH, carbonyl –CO and carboxylic –COOH functional groups 

which act as reducing agent in an alkaline environment.

 

Curcumin contained in the Tumeric used in the formula contain four reduction sites that could facilitate 

the reduction process and consequently slow down hair growth.

Toxicity test

There were no signs of itching, swelling, redness and topical injuries (plate I-III).

Evaluation of hair growth retarding efficiency

It has been noticed that Mouse A treated with the formula showed a 25% significant reduction in the 

density of hair in the tested area of the mouse (table 4). This implies that the formula has hair growth 

retarding property

4. CONCLUSION

Overall, the result of the research provides convincing evidence of the hair growth retarding property of 

the herbal formula. The research proffers an alternative way forward on how safe natural materials can 

replace the synthetic ingredients in depilatory creams.
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1. INTRODUCTION

Trivalent lanthanides and actinides exhibit similar chemical behaviour are the same in solid and aqueous 

phase under PUREX process conditions. The lanthanides particularly Nd, Sm and Eu have almost 

identical ionic radii with actinides such as Am and Cm in the M(III) oxidation state. The significant 

advantages of the lanthanides are non-radioactive and can handle without special safety precautions 

even at higher concentrations. Samarium has familiar in the nuclear industry (soluble neutron poison and 

control rod) [1], and its oxide is used mainly as shielding and fluxing devices. Criticality is a significant 

challenging issue to be addressed at each stage of the reprocessing of high plutonium content spent fuel 

from the Fast Breeder Reactor [2]. Generally, the criticality safety precautions are taken by either con- 

trolling the geometry of equipment, mass or concentration of plutonium or combination of both may use. 

It is found to be the best possi- ble choice as soluble neutron poison due to its high neutron absorption 

cross-section, adequately high solubility in nitric acid and chemi- cal compatibility in the PUREX 

solvent extraction process conditions. For the determination of Sm(III), inductively coupled plasma

A B S T R A C T

A simple analytical procedure is developed and validated for the estimation of traces amount of 

samarium in aqueous streams of nuclear waste. In this method, the formation of chelation of 

samarium ion with 3, 6-bis [(2-Arsonophenyl) azo]-4,5dihydroxy-2,7-naphtalene disulphonic acid 

(Arsenazo III) to produce a reddish purple colour complex which has maximum absorption at 654 nm 

at pH 2.6-2.8. The intensity of the colour is proportional to the amount of Sm(III). Linear calibration 

graphs were obtained for 0.31 to 2.78 µg/mL of Sm(III) with a relative standard deviation (RSD) of 

1.32 % and correlation coefficient of R2 = 0.999 (n=10). Its molar absorptivity and Sandell's 

sensitivity are found to be 4.88x104 L.Mol-1.cm-1 and 2.05x10-5 µg/cm2 respectively. The 

stoichiometric composition of the chelate is 1:1. The reaction is instantaneous, and absorbance 

remains stable for over 24 hrs. The system allowed for the determination of samarium with a limit of 

detection (LOD) (3.3σ/S) of 0.314 µg/mL, the limit of quantitation (LOQ) (10σ/S) of 0.952 µg/mL. A 

systematic study of the influence of different parameters like pH, the concentration of the complexing 

agent, the stability of the colour, the volume of the buffer and interference of other competing metal 

ions. Results of the present method are in good agreement with those obtained by the standard 

procedure. It is directly applicable for the determination of samarium in environmental, industrial, 

water and waste streams of  the nuclear plant.

Keywords: Samarium; Arsenazo III; Spectrophotometry; Molar Absorptivity.
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mass spectrometry [3], inductively coupled plasma mass and atomic emission spectrometry [4], 

polarography [5], radiochemical [6], voltam- metry [7], neutron activation analysis [8], potentiometry 

[9] and spectrophotometry [10-22] are available in the literature. Most of the methods required costly 

equipment and needs special care during the analysis. Therefore, a simple, fast and reliable based on the 

colour formation of Arsenazo III and samarium, describes the development of an analytical procedure 

for the determination of samarium with- out sacrificing precision. It is adaptable for on-site or at-line 

monitoring.

2. EXPERIMENTAL

Instrumentation

Indigenously developed fibre optic aided spectrophotometer coupled with the dip type probe has 1 cm 

path length was employed for measurement of absorbance. pH/mV meter coupled with the glass 

electrode was used for pH measurements of studied solutions and buffer solutions from Chemlabs, 

Bangalore, make Micro-07. For the production of deionised water with specific conductivity < 0.054 

μScm-1 was used pure water system from MilliQ, India.

Chemicals and reagents

All the chemical and reagents used in the present study were of analytical grade. Stock solution of 

samarium (III) nitrate of 99.9% purity (obtained from M/s Alfa Aesar Chemicals) were prepared and 

standardised by EDTA titration using xylenol orange as an indicator [16]. From this stock solution, 

different concentrations of samarium standards are made with proper dilution. Prepared the buffer 

solution of pH 2.6-2.8 by dissolving 28.5 g of mono chloroacetic acid and 12.3 g of sodium acetate 

together in 500 mL of double distilled water. 0.05% of Arsenazo (III) (obtained from Merck, India) 

solution is prepared in distilled water. EDTA stock solution (0.01W/v) made by 10 mg of ACS grade of 

disodium dihydrogen ethylenediamine tetraacetate dehydrate in 100 mL of distilled water.

Developed procedure

To suitable aliquots of Sm(III) (0.1-3.0 µg) solution, 0.5 mL of 0.2% Arsenazo III solution and 1.0 mL of 

the buffer solution with pH 2.8 was added to each flask and made up to 10 mL standard flasks with double 

distilled water and the absorption spectrum was recorded from 700-380 nm against a reagent blank 

prepared.
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3. RESULTS AND DISCUSSION

Free Arsenazo III molecule (Fig. 1a), is symmetrical and both the chromophore systems are identical 

resulting in only one absorption band due to coincident absorption spectra. The appearance of two 

absorption bands in the complex of Arsenazo III with Sm(III) ions is indicative of a symmetry 

breakdown in the complex molecule (Fig. 1b). The fact that these two peaks correspond to two electronic 

transi- tions in the same molecule is indicated by their simultaneous decrease upon successive additions 

of samarium in the solution. The ab- sorption band in the curve at 538 nm due to free Arsenazo III 

disappears on the adding up of Sm(III) solution, and two sharp peaks at 610 nm and 654 nm appear, 

which are characteristic of Arsenazo III–Sm(III) complex is represented in Table 1.

Fig. 1: Structure of Arsenazo III in (A) Uncomplexed and (B) Complexed with Sm3+ [22].

Table 1: Spectral Characteristics of Sm-AR III Complex

Parameter

λ max, (nm) 654 610

Beer’s law limit ((µg/mL) 0.31-2.768 0.53-4.76

Molar absorptivity, (L.Mol
-1

.cm
-1

) 4.88x 10
4

2.84x 10
4

Sandell’s sensitivity (µg/cm
2
) 2.05 x 10

-5
3.52 x 10

-5

Detection Limit (µg/mL) 0.314 0.393

Quantitation Limit (µg/mL) 0.952 1.192

Regression equation Y=0.327x Y=0.193x

Correlation coefficient (r) 0.9993 0.996

Linear Range (µg/mL) 0.31-2.78 0.52-4.76

Stability formation region (pH) 2.6-2.8 2.6-2.8

Monochloro acetic acid & sodium acetate buffer (mL) 1 1

Arsenazo III (0.05%) (mL) 0.5 0.5

Sm-Arsenazo III complex

Spectral characteristics

Arsenazo III forms a stable reddish purple colour complex with Sm(III) in the aqueous medium at pH 

2.6-2.8. The complex is stable for 24 hours. Fig. 2, which shows the typical absorption spectrum is a 

symmetric curve with maximum absorbance at λmax = 654 nm against a reagent blank.
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Fig. 2: Typical Absorption Spectrum of Sm(III)-Arsenazo III Complex at the Ph 2.6-2.8 

Solutions; Blank Corrected. Buffer Solution V = 1 Ml, Arsenazo III Solution V = 0.5 Ml, 

[Sm(III)] = 0.2-3 µg/Ml.

Calibration graph, beer's law and sensitivity

A calibration curve is made with fixed concentrations of Arsenazo III (0.5 mL, 0.2%) and variable 

concentrations of Sm(III) (0.31-2.78 µg/mL) (in presence of buffer pH = 2.8, 1 mL) at 654 and 610 nm 

and given in Fig.3. At these wavelengths, the system obeys Lambert- Beer's law in the concentration 

range of 0.31-2.78 µg/mL for 654 nm and 0.53-4.76 µg/mL for 610 nm. Fitting of the obtained data gives 

a linear regression equation at 654±0.5 nm obtained was: A = 0.327 x C, Sm (µg/mL), with a good 
2

correlation coefficient (R ) equals 0.999. The slope of the relation verifies Beer's law in the equation 

mentioned above and gives the molar absorptivity (e). Since the sensi- tivity of the spectrophotometric 

method is often expressed in terms of the expression 'sensitivity index' given by Sandell [23], the sensi- 
-1

tivity of the present method for determining samarium (atomic mass: 150.36 g.mole , λmax of 654±0.5 

nm)in the aqueous medium. The molar absorptivity and Sandell's sensitivity (concentration for 0.001 
-1 -1 -5 -2

absorbance unit) are found to equal 4.88±0.2×104 L.Mole .cm  and 2.05x10  μg.cm  respectively. To 

detect the optimum concentration ranges for maximum precision employ the Ringbom's plot [24].  The 

transmittance plotted against the logarithm of metal concentration. The linear portion of the curve 

indicates that the range was 0.1 to 0.5 ppm of Sm(III) (Fig.4) and slope of Ringbom's plot was 0.483.
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Fig. 3: Typical Calibration Graph For Determination of Sm (III) Nitrate with Arsenazo III at 

654 and 610 Nm, Blank Corrected. Buffer Solution V = 1  Ml, Arsenazo III Solution V = 0.5 Ml, 

[Sm (III)] = 0.2-3 µg/Ml.

Fig. 4:Ringbom'sPlot for Determination of Sm(III) Nitrate with Arsenazo III at 654, Blank 

Corrected. Buffer Solution V = 1 Ml, Arsenazo III Solution V = 0.5 Ml, [Sm(III)] = 0.2-3 µg/Ml.

Effect of buffer solutions

Fig 5 shows the influence of the concentration of the buffer solution on the absorbance of Sm(III)-

Arsenazo III complex. And there is a considerable effect of the buffer solution on the system. 1 mL of a 

buffer solution is sufficient for maximum absorbance. No significant change observed if more than one 

mL. Thus, 1 mL of buffer solution is adequate for all studies.
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Fig. 5:Effect of Volume of Buffer Solution on the Absorbance of Samarium Estimation at 654 

Nm, Blank Corrected. Buffer Solution V = 1 Ml, Arsenazo III Solution V = 0.5-3 Ml, [Sm(III)] 

= 2 µg/Ml.

Effect of pH solution

The pH of the solution has a significant influence on the absorbance of the Sm (III)-Arsenazo III 

Complex. To vary the pH of the reaction mixture was varied from 2 to 12 and the absorbance was found 

to be maximum, in the pH range 2.8 (Fig.6). Hence pH 2.8 was found to be most suitable for maintaining 

pH and mono chloroacetic acid /sodium acetate buffer solution employed as optimum for all subsequent 

work.

Fig. 6:Effect of Volume of Ph Solution on the Absorbance of Samarium Estimation at 654 Nm, 

Blank Corrected. Buffer Solution V = 1 Ml, Arsenazo III Solution V = 0.5-3 Ml, [Sm(III)] = 2 

µg/Ml.
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Effect of arsenazo III dye concentration

The study of Arsenazo III dye concentration was essential for the optimum complex formation and its 

stability. In general dye concentra- tion, less or higher than the required amount, would cause deviation 

from Beer's law and overlapping of dye spectra with other ion-dye complexes. To optimise the 0.2% 

Arsenazo III, a series of the solution containing fixed Sm(III) concentration, fixed buffer solution and 

different volume of Arsenazo III from 0.1 to 1 mL to form Sm(III)-Arsenazo III complex at pH 2.8. From 

Fig. 7, it indicates that the maximum absorbance was the most obvious when adding one mL dye at 654 

nm, once it exceeds this volume, absorbance would remain constant. So one mL of Arsenazo III is 

favourable and used in subsequent experiments.

Fig. 7:Effect of Arsenazo III on the Absorbance of Samarium Estimation at 654 Nm, Blank 

Corrected. Buffer Solution V = 1 Ml, Arsenazo III Solution V = 0.5-3 Ml, [Sm (III)] = 2 µg/Ml.

Stability

The formation of the coloured complex of Sm(III) with Arsenazo III was instantaneous. Measurement of 

the absorbance was carried out immediately after mixing the Sm(III) and Arsenazo III, and the complex 

was found to be stable for 24 hours (Fig. 8). Freshly prepared buffer solution used for the measurement of 

absorbance.
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Fig. 8: Time Dependence of Absorbance for Sm(III)-Arsenazo III Complex; Blank Corrected. 

(●) – 0.6 µg/Ml; (●) – 1.0 µg/Ml; (●) – 2.7 µg/Ml.

Composition of the complex

To investigate the composition of Sm(III)-Arsenazo (III) using the mole ratio method [25] and Job's 

method of continuous variation [26]. In the mole ratio method (Fig.9) a break was observed when the 

Sm(III)-Arsenazo(III) ratio was 1:1, indicating an ML type complex formation. The plot of Job's method 

also confirms the same pattern of an ML type composition of the complex which represented in Fig. 10.

Fig. 9:Mole Ratio Method.
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Fig. 10:Job's Continuous Variation Method.

Effect of foreign ions

AbsTo investigate the influence of various metal ions in the present method by complexation or ion 

exchange separation process. It is no selective, but minimum interference leading to improved 

selectivity using complexation and results compiled in Table 2. The most severe interferences were from 

Nd(III) ions. Interference from those ions is probably due to complex with arsenazo (III). To achieve the 

higher tolerance limits of trivalent metal ions by using several masking agents such as 1% tartaric acid, 

1% citric acid, 0.5% EDTA, 1% thiocy- anate and thiourea. During the interference studies, any 

precipitate formed was removed by centrifugation. Interference from these metal ions Eu(III), La(III), 

Nd(III), Y(III) and U(VI) have been removed by a short single-step ion-exchange separation process 

using cation- exchange resin (ex) AG50 W-X8 [27].

Fig. 10:Effect of Arsenazo III on the Absorbance of Samarium Estimation at 654 Nm, Blank 

Corrected. Buffer Solution V = 1 Ml, Arsenazo III Solution V = 0.5-3 Ml, [Sm(III)] = 2 µg/Ml.
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Table 2:Interference of Metal Ions during the Determination of Samarium

Interference of metal ions % error

Metal Conc. Taken (µg/mL) Taken Obtained

CsNO3 10 0.725 9.398 1.34

Zr(NO3)4 10 0.725 9.351 0.13

UO2(NO3)2 10 0.725 9.378 514.01

Gd(NO3)3 10 0.725 8.744 11.45

Nd(NO3)3 10 0.725 8.492 61.48

Ru(III) 10 0.725 Peak shifted -

Y(NO3)3 10 0.725 7.834 17.3

Concentration of Samarium (µg/mL)

Masked with 1 mL 1% aqueous thiocyanate solution, Anions are effectively masked by the addition of 

0.3 mL 0.5% EDTA, ii. Eu(III), La(III), U(VI) interfering ions are effectively separated by convenient 

type cation -exchange resin (ex) AG50 W-X8.

Removal of arsenazo III

Chromogenic reagents create the main problems associated with the treatment of chemical and 

radiochemical laboratories. So disposal of waste required special treatment. Arsenazo III is hazardous 

and contains arsenic, which is a very toxic element. It was used in acidic medium and widely applicable 

for the determination of many metal ions. Arsenazo based analytical waste generated during the estima- 

tion of samarium, which introduced a new toxic metal ion like arsenic and acidic medium. After analysis, 

the waste solution was passed through the activated charcoal column for removal of arsenazo III from 

the waste solution [28].

4. VALIDATION OF THE PROPOSED PROCEDURE

To validate the developed procedure under the experimental conditions by the guidelines from the 

international conference for Harmonization (ICH) [29] like linearity, accuracy, precision and specificity.

Precision and accuracy

To evaluate the accuracy and precision of the present method by determining different concentration 

levels of samarium (each analysis replicate at least five times). The relative standard deviation (n = 5) 

was 1.32% for 0.5 to 500 µg of samarium in 10 mL, indicating that this method is highly precise and 

reproducible. Five sample solutions of each concentration were analyzed under the same experimental 

conditions within one day (intra day precision) and in five consecutive days (inter day precision). The % 

RSD and data summarised in Table.3. Hence, the precision and accuracy of the method were found to be 

excellent.
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Table 3:Accuracy and Precision of Proposed Method

Parameters Intraday 

[Sm] taken, ppm 1 1.5 2.8 1 1.5 2.8

[Sm] found, ppm 0.991 1.499 2.808 1.008 1.509 2.746

Standard deviation* (SD), ppm 0.006 0.008 0.037 0.158 0.195 0.271

RSD (%) 0.604 0.532 1.315 1.06 0.898 0.46

Standard analytical error (%) 0.084 0.078 0.12 0.105 0.071 0.121

Confidence limit# 0.333

Inter day assay

*Mean for five independent determinations.

# Confidence limit at 95% confidence level and four degree of freedom (t=2.776).

Detection limit and quantitation limit

The detection limit has been calculated as (3.3σ/S), where σ denotes the standard deviation for blank 

(n=10) and S stands for the slope of the analytical curve from the calibration graph. The limit of detection 

(LOD) was found to be 0.314 µg/mL, whereas the limit of quantita- tion (LOQ) (10σ/S) was 0.952 

µg/mL with precision (was evaluated by determination of the different concentration of samarium) ex- 

pressed as relative standard deviation (RSD) of 1.32%. The obtained results indicate that this method is 

highly precise and reproducible. Calculations were made the recommendations by IUPAC [30]. The best 

agreement between theoretically computed and practically verified values of LOD and LOQ was 

approached namely at significance level α = 0.05.

Robustness and ruggedness

To examine the robustness of the developed procedure by the influence of a small variation like the 

concentration of analytical reagent and the pH of the solution. It showed that a slight difference in these 

variables did not affect the procedure significantly. The ruggedness was tested by applying the proposed 

method of analysis of samarium under the same experimental conditions by two different analysts. 

Results obtained from inter-day RSD and within-day RSD were found to be reproducible and between 

0.45 and 1.32% (Table.4).

Table 4:Reproducibility of the Method by Two Different Analysts

[Sm], ppm Taken Obtained % RSD

Analyst 1 1.2 1.216

Analyst 2 1.2 1.197

Analyst 1 0.44 0.447

Analyst 2 0.44 0.413

0.85

0.45

Range and linearity

The precision and accuracy of the method were tested by taking known two different trace amounts of 

samarium. As shown in table 5, mean values were obtained with Student's t-values at 95% confidence 

level and the variance ratio F-values calculated (p=0.05) for 5 degrees of freedom. The results showed 

comparable accuracy (t-test) and precision (F-test) and did not exceed the theoretical values, indicating 

that there was no significant difference in accuracy and precision. The performance of the proposed
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method was verified with other existing UV-Vis spectrophotometric method using Chrome azurol S as 

chromogenic reagent reported in the literature [13].It is clear from table 5 that the calculated t value is 

less than the tabulated t value at the 95% confidence level for four degrees of freedom is 2.776. 

Therefore, tcal˂ ttable, and there is no significant difference between the two methods at this confidence 

level. The proposed method is simple and requires less time to complete the analysis. The proposed 

procedure is simple, fast, less time, versatile, accurate and useful due to high tolerance limits from 

cations and anions.

Table 5:Evaluation Data of Accuracy and Precision Calculation for Sm-Arsenazo III Complex

Variable 1 Variable 2

Present Method Reference Method
[13] Present Method Reference Method

[13]

Mean 1.852 1.848 2.402 2.406

Standard Deviation 0.0193 0.022 0.0192 0.0358

Variance 0.00037 0.0004 0.0004 0.0013

RSD 1.041 1.164 0.8008 1.488

Degree of freedom 4 4 4 4

f-Test cal 1.256 1.661

f-Test table 2.298

p (Probability) 0.05 0.05

fcal? ftable No significant different

Confidence level 95% 95%

t-Test cal 0.99 1.859

t-Test table 2.228 2.228

tcal? ttable No significant different

No significant different

No significant different

5. APPLICATIONS

To utilize the proposed method for the determination of samarium concentration during the solvent 

extraction behaviour of it with the TBP-HNO3 system at conditions prevalent in FBR fuel reprocessing. 

Figure 11 is the schematic diagram of at-line monitoring setup. A suitable aliquot of Sm(III) sample was 

put into the reactor, which is mixed thoroughly with the continuous flow of buffer and arsenazo  III 

solutions. Both solutions were allowed continuously through the isocratic pump with a flow rate of 0.5 

ml/min. A dip type probe in- serted into the column and consistently run the spectrum of the colour 

complex of Sm-Arsenazo III. During this exercise, the arsenazo III based analytical waste generated. 

This waste processed separately passed through the activated carbon and removed the arsenazo based 

complex and sent back to the process streams.

 

6. CONCLUSIONS

The developed method for the determination of Sm(III) ions in the aqueous medium is simple, sensitive, 

selective and applicable for all the range of nitric acid and heavy metal ion concentration relevant to 

PUREX process for continuous monitoring. The accuracy and selectivity concerning relative standard
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deviation of the present method are reliable for the determination of samarium in real samples to 

microgram levels in the aqueous medium at room temperature (25 ± 5)oC. The obtained results by the 

developed procedure compared with those derived from neutron activation analysis method [8] and one 

more spectrophotometry [13]. The results are found to be a good agreement. The removal of arsenazo 

(III) is 98%. It also applicable for at-line monitoring of samarium.
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1. INTRODUCTION

Carbon steels are the most commonly used construction materials and corrosion phenomena has become 

important particularly in acidic media because its employability are increased. Strong acids are widely 

used in industries for many purposes, especially in cleaning, de- scaling, pickling procedures, Oil Well 

acidizing and other applications isotherm (Abd El–Maksoud 2008). Therefore, protective measures 

should be required to reduce the corrosion rate in acids by using chemical and other means, among the 

different methods use of inhibitors is most commonly and economical (Al-Otaibi et al. 2014). A 

corrosion inhibitor is a chemical substance which, when added in small concentrations to an 

environment, minimizes or prevents corrosion (Riggs 1973; Uhlig et al. 1985). Inhibitors had great 

acceptance in the industries due to excellent anti-corrosive proprieties. The inhibition efficiency 

depends on the various parameters, corrosive medium, pH, temperature, duration of immersion, metal 

composition and on the nature of the inhibitor (Loto et al. 2012; Attar et al. 2014). Adsorption isotherms 

provide information about the interaction of the adsorbed molecules with the electrode surface (Bereket 

et al. 2002; attar et al. 2014). The adsorption of the inhibitors can be described by two main types of 

interaction: Physisorption and/or chemisorption (Xiumei et al. 2012; Zarrok et al. 2012): One is physical 

adsorption, which involves electrostatic forces between ionic charges or dipoles on the ad- sorbed 

species and the electric charge at the metal/solution interface. The heat of adsorption is low and therefore

A B S T R A C T

Corrosion processes are responsible for numerous losses mainly in the industrial scope. It is clear 

that the best way to combat it is pre- vention. The effect of temperature on the corrosion behavior of 

carbon steel was studied by mass loss measurements in the temperature range 293–333 K. The 

inhibition efficiency increases with increasing temperature. The inhibitor showed 97.98 % inhibition 

efficiency at 1.10-3 M concentration of iodide potassium in 1 M perchloric acid solutions. The values 

of activation energy (Ea), enthalpy of activation (ΔHa) and entropy of activation (ΔSa), free energy of 

adsorption (ΔGads), enthalpy of adsorption (ΔHads) and entropy of adsorption (ΔSads) were 

calculated. The adsorption of this inhibitor on carbon steel surface obeys Langmuir adsorption 

isotherm.

Keywords: Corrosion Inhibition; Carbon Steel; Potassium Iodide; Weight Loss; Adsorption 

Isotherm.
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this type of adsorption is stable only at relatively low temperatures. The other is chemical adsorption, 

which involves charge transfer or sharing from the inhibitor molecules to the metal surface to form a 

coordinate type bond. This type of adsorption is known to have much stronger adsorption energy 

compared to the other mode of adsorption. Thus, such bond is more stable at higher temperatures. The 

weight loss method (gravimetric) is known to be the most widely used method of monitoring inhibition 

efficiency (Obot et al. 2010).

The aim of the present work is to study the inhibition efficiency of iodide potassium for the corrosion of 

carbon steel in perchloric acid medium 1M and to evaluate thermodynamic parameters of corrosion 

inhibition process for the adsorption of inhibitor on carbon steel metal surface.

2. EXPERIMENTAL

Material preparation

The test solutions of 1 M of Perchloric acid were prepared by the dilution of analytical grade 72% HClO  4

with bi-distilled water in 50 mL. Steel XC38 containing in wt. %: 0.37 C, 0.68 Mn, 0.077 Cr, 0.059 Ni, 

0.023 Si, 0.016 S, 0.011 Ti, 0.009 Co, 0.16 Cu, and iron is the remainder. The electrode was polished 

using different grades of emery papers after be polished, degreased and weighed. Each specimen was 

weighed using an analytical balance of 0.0001 g accuracy. All experiments are in triplicates and 

illustrated data are mean values of obtained results.

3. RESULTS AND DISCUSSION

Effect of immersion time

The weight loss measurements were performed in 1 M HClO4 in absence and presence of KI at 10-3 M 

concentration for 30 min to 24 h immersion time at temperature of 303 K.

The inhibition efficiency (IE%) of potassium iodide was calculated using the formula (1).

IE(%)=100*(W -W )/W                                  (1)corr inh corr

Where W  and W  are the corrosion rates of carbon steel samples in the absence and presence of corr inh

potassium iodide compound, respectively.

The corrosion rate (w) was calculated from the formula (2):

W = (m -m )/S.t                          (2)1 2

 ISSN Application No. 21824



Journal of Applied Chemistry (Volume- 9, Issue - 02, May - August 2023 )                                                                                                Page No. 86

Where m  is the mass of the specimen before corrosion, m  the mass of the specimen after immersion in 1 2

solution, S the total area of the specimen and t the corrosion.

The variation of the inhibition efficiency of this inhibitor is almost constant from the first 60 minutes of 

immersion, which allowed us to say that the immersion time has no significant effect on the corrosion 

inhibition of carbon steel in M HClO4, is shown in Figure 1. The weight loss of carbon steel is nearly 

varied linearly with immersion period in the absence and presence of inhibitor as seen in Figure 2.

Fig. 1: Variation of the Inhibition Efficiency with Immersion Time for Carbon Steel 1M HClO  4

-3
Containing 10 M of KI at 303 K.

 Fig. 2: Weight Loss Versus Immersion Time of XC38 in 1 M HClO4 Without and with 10-3 M 

of KI at 303 K.

Effect of temperature

The effect of temperature on the inhibition effectiveness at various concentration of potassium iodide 

was studied in the temperature domain (293–333 K) at 2 h of immersion. The values of inhibition 

efficiency and corrosion rate obtained from weight loss method are showed in figure 3 and 4.
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Fig. 3: Variation of Inhibition Efficiency (IE%) with Concentration of KI for Carbon Steel in 1 

M HClO4 at Different Temperatures. 

-5The inhibition was estimated to be superior to 87.59 %, even at concentrations as low as 5 10  M, and the 
-3

maximum efficiency of  97.98 % was recorded at 10  M. The same study was carried out in the 
-3Hydrochloric acid where the maximum efficiency at 10  M, was 59.37% and 6.25 % at low 

-5 
concentration (5 10 M) (Benchadli et al. 2018). From the graph it is evident that the concentration 

change had only marginal influence on inhibition efficiency. It was also observed that corrosion rate 

decreased with increase in inhibitor concentration. 

Fig. 4: Variation of Corrosion Rate with the Concentrations of KI for Carbon Steel in 1 M 

HClO4 at Different Temperatures. 

The study of the effect of temperature on the inhibition efficiency and corrosion rate facilitates the 

calculation of kinetic and thermody- namic parameters for the inhibition and the adsorption processes. 
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Thermodynamic parameters and adsorption isotherm 

The adsorption is also influenced by the structure and the charge of the metal surface, and the type of 

testing electrolyte (Obot et al. 2009). In acid environment, the inhibitor acts generally by chemisorption 

and/or physical adsorption at the metal surface (Elmsellem et al. 2014). The inhibition of the corrosion of 

carbon steel in 1 M HClO4 medium acid with addition of different concentrations of potassium iodide 

can be explained by the adsorption of the iodide ions on the metal surface. Inhibition efficiency was 

directly proportional to the fraction of the surface covered by the adsorbed molecules (θ). The values of 

the degree of surface coverage were evaluated at different concentrations of the inhibitors. 

The degree of surface coverage (θ) was calculated using following equation (3): 

θ = 1-(w /w )                                           (3) inh corr

The Langmuir adsorption isotherm plot for the adsorption of various concentrations of the inhibitor was 

shown in Figure 5. According to the Langmuir isotherm model (Benabdellah et al. 2006). 

C / θ = C  + 1/ K  (4) inh inh ads

Where K  is the equilibrium constant of the equilibrium adsorption process. This isotherm assumes that ads

adsorbed molecule occupies only one site and it does not interact with other adsorbed species (Abdel 

Hameed et al. 2011). The linear regression parameters be- tween Cinh/θ and Cinh are listed in Table 1. 

The strong correlation (R2=1) showed that the adsorption of the inhibitor molecules in 1M HClO4 acid 

on the surface of electrode obeyed to the Langmuir's adsorption isotherm (Tang et al. 2003). 

Table 1: Thermodynamic Parameters for the Adsorption of KI in HClO  Solution on Carbon 4

Steel Electrodes at Different Temperatures. 

T (K) R2 10
4
xKads (L/mol) ΔHads (KJ/mol) ΔGads (KJ/mol) ΔSads (J/mol K)

293 1 12.966 -38,462 213.16

303 1 22.167 23.994 (eq.6) -41,125 214.914

313 1 30.181 -43,286 214.952

323 1 33.24 -44,928 213.38

333 1 46.042 23,730 (eq.7) -47,221 213.858

It can be observed that K  values increase with the increasing temperature. The high values of Kads ads 

suggest that interaction between adsorbed molecules and the metal surface is strong, indicating that the 

inhibitor molecules are not easily removable from the surface by the solvent molecules (Desimone et al. 

2011).

Adsorption equilibrium constant (K ) and free energy of adsorption (ΔG ) were calculated using the ads ads

following relationship (Fekry et al. 2010):

 ISSN Application No. 21824



Journal of Applied Chemistry (Volume- 9, Issue - 02, May - August 2023 )                                                                                                 Page No. 89

ΔG   = -RT  (55.5 K )                       (5)ads ln ads

Where, 55.5 is the concentration of water in solution in mol/L and R is the universal gas constant and T is 

the absolute temperature.

Fig. 5: Relationship between C /Θ and Inhibitor Concentration C . inh inh

To obtain the adsorption heat (ΔH ), the regression between Ln (K ) and 1/T (Figure 6) was dealt with ads ads

and straight line obtained with slope equal to (-ΔH /R). The adsorption heat could be calculated ads

according to the Van't Hoff equation (Tang et al. 2003). 

lnK  = (-ΔH /RT) + Const (6) ads ads

Fig. 6: Relationship between Ln (K ) and 1/T for Carbon Steel Corrosion in 1M HClOads 4 

Solution with Potassium Iodide. 

Generally, the values of adsorptive free enthalpy up to - 20 kJ/mol are consistent with the electrostatic 

interaction between the charged molecules and the charged metal (physisorption), while those negative
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values higher than - 40 kJ/mol involve sharing or transfer of electrons from the inhibitors to the metal 

surface to form a coordinate type of bond (chemisorption) (Bensajjay et al. 2003). 

Fig. 7: Relationship between DG  and Absolute Temperature. ads

ΔGads is related to the enthalpy change and entropy change of adsorption process, ΔH  and ΔS , ads ads

respectively by Gibbs equation 

ΔG  = ΔH  - TΔS                                         (7) ads ads ads

Using the obtained values of ΔG  from the modified Langmuir isotherm, we can plot ΔG  versus T ads ads

(Fig. 7). These plots give straight lines with slopes (-ΔSads) and intercepts (ΔHads) (Hassan et al. 2007). 

The endothermic adsorption process (ΔH  > 0) is attributed unequivocally to chemisorption (Durnie et ads

al. 1997). In the present case, the positive values of the enthalpy of adsorption indicate that the 

adsorption of the tested compounds is an endothermic process. The magnitude of ΔG values obtained ads 

from weight loss measurements was in the range of -38 to -47 kJ/mol which also shows chemisorptions 

of the inhibitor. Moreover the ΔG  values increase with increasing temperature, which is due to the fact ads

of strong chemisorption at higher temperatures. ΔS =213.21 J/mol.K found by Gibbs equation. The ads

value of ΔS  is positive in the adsorption process indicating that the presence of inhibitor increases the ads

solvent entropy (Hameed et al. 2011). The value of the enthalpy and entropy of adsorption found by the 

two methods such as Van't Hoff and Gibbs relations are in good agreement. 

Kinetic parameters of activation 

The Arrhenius equation is employed to study the effect of temperature on the rate of corrosion of carbon 

steel in acid media containing various concentrations of inhibitor as expressed by equation (8) (Singh et 

al. 2012; Attar et al. 2014). 

w = A + exp(-Ea / RT)                                                (8) 
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Where w is the corrosion rate of carbon steel, A is Arrhenius pre-exponential factor, Ea is the activation 

energy, R is the gas constant and T is the temperature.

 

The activation energy (Ea) at different concentrations of the inhibitor at various temperatures was 

determined by plotting ln(w) Versus 1/T (Figure 8). 

Fig. 8: Arrhenius Plot for the Dissolution of Carbon Steel in 1 M HClO  with and Without 4

Inhibitor at Various Temperatures. 

The enthalpy and entropy of activation for the metal dissolution process are determined using the 

transition state Eq. (9) 

ln(w/T) = - ΔHa/RT + ln(RT/Nh)+(ΔSa/R)                                                      (9) 

Where h is Plank's constant and N is Avogadro's number R is the universal gas constant, ΔH is the 

enthalpy of activation and ΔS is the entropy of activation. A plot of ln(w/T) versus 1/T gave a straight line 

(Figure. 9) with slope (-DHa/R) and intercept [ln(R/Nh) + (DSa/R] From the plot, the values of ΔHa and 

ΔSa were calculated and tabulated in Table 3, (Correlation (R2>0.98). 

Fig. 9: Transition Arrhenius Plots of Carbon Steel in 1 M HClO4 with and without 
Inhibitor at Various Temperatures. 
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Table 2: Activation Parameters for the Carbon Steel Dissolution in 1 M HClO  in Absence and 4

Presence of Different Concentrations of KI 

CInh (M) Ea (KJ/mol) ΔHa (KJ/mol) ΔSa (J/mol.K) ?Ha313K( =Ea-RT KJ/mol) DGa 313 K (KJ/mol)

0 58.794 56.2 -1,05,437 56.191 89.201

5 10
-5 46.338 43.743 -1,65,622 43.785 95.582

7.5 10
-5 48.053 45.459 -1,62,304 45.45 96.26

10-Apr 38.914 36.32 -1,94,688 36.311 97.257

10-Mar 45.376 42.782 -1,81,468 42.773 99.581

5 10
-3 51.689 49.095 -1,62,677 49.086 100.012

Further, the values ∆Ha obtained from the Eq. (9) and those values obtained from equation, ∆H=Ea-RT 

are in good agreement with each other.

The change in activation free energy (ΔGa) of the corrosion process can be calculated at each 

temperature by applying the equation:

DGa  =DHa - TDSa                                            (10)

The values of the apparent activation energy Ea for the inhibited solutions are lower than that for the 

uninhibited one, indicating a chemisorption process of adsorption (Dehri et al. 2006). The positive sign 

of the enthalpies ΔHa reflects the endothermic nature of the steel dissolution process and that mean the 

dissolution of steel is difficult (Mohamed et al. 2015). The negative values of ΔSa in the inhibited and 

uninhibited systems imply that activation complex in the rate determining step represents an association 

rather than a dissociation step, meaning that a decrease disorder takes place on going from reactants to 

the activated complex (Abd El-Rehim et al. 2001). In corrosion context, the activation Gibbs free energy 

is the excess energy needed to transform metal atoms at the metal surface into solvated metal ions (David 

et al. 2010).

4. CONCLUSION

On the basis of the experimental results obtained in the present study, the following conclusions can be 

drawn.

Ÿ The protection efficiency of the inhibitor depends on its concentration, immersion time and 

temperature.

Ÿ The efficiency (IE%) increase with increasing concentration and temperature.

Ÿ The corrosion process was inhibited by adsorption of the inhibitor molecule on the carbon steel 

surface.

Ÿ Adsorption of inhibitor on carbon steel surface from 1 M HClO  obeys Langmuir adsorption 4

isotherm.
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Ÿ The negative values of ∆Gads showed the spontaneity of the adsorption.

Ÿ The inhibitor molecules adsorbed on the surface of carbon steel through chemisorption adsorption.
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1. INTRODUCTION

Borassus aethiopum has a fan-like palm with a trunk of about 50 cm diameter and growing up to 30 m 

high. The trunk is considered as a good material for house construction as it appears to be very resistant to 

termites and fungi, and it is a very hard wood (Ouattara et al. 2015). Its shells are considered as 

agricultural waste in Northern Nigeria. Activated Carbon is a class of microporous materials that serve 

as adsorbents for the removal of gaseous and liquid pollutants as well as many other applications. They 

are amorphous and have an extensively developed internal pore structure. They are produced from a 

material rich in carbon, such as wood, coal, lignin and coconut shell (Gamby et al 2001; Gupta et al. 

2004; El-said et al. 2010; Verla et al. 2012).

A B S T R A C T

This study details the production of activated carbon from African palm fruit and subsequent 

treatment of heavy metals; Cadmium, Cop- per, Nickel, and Lead in wastewater effluent with the 

produced activated carbon from a metal scrap market in the heart of Kaduna state, Nigeria, which 

constitutes high level of pollution in the environment. Hydrogen ion concentration and adsorbent 

dosage were determined on water treatment quality using Atomic Absorption Spectrophotometer 

(AAS). The produced activated carbon showed a significant ability in removing heavy metals; 

Cadmium, Copper, Nickel, and Lead from samples of the wastewater. Higher efficiencies were ob- 

served with increase in adsorbent dosage (99.73 ± 0.265, 95.96 ± 0.053, 99.91 ± 0.085, and 95.12 ± 

0.035 % at 2.5 g for Cadmium, Cop- per, Nickel, and Lead, respectively) and at a pH of 6 (99.61 ± 

0.182 and 80.31 ± 0.015 % for Cadmium and Lead, respectively) and at a pH of 8 ( 99.79 ± 0.201 and 

99.73 ± 0.252 for copper and nickel respectively). This findings show that African palm fruit can be 

utilized to produce activated carbon used in removal heavy metals from effluent water, representing 

an effective means of utilizing agricultural residues and also an alternative to the expensive 

commercial activated carbon.

Keywords: African Palm Fruit; Adsorbent Dosage; pH; Activated Carbon; Wastewater Effluent.
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Recent study by Abdulrazak et al. 2016 showed higher percentage removal of heavy metals from 

wastewater effluent using activated carbon at a temperature of 80°C and at an optimum contact time of 

60 minutes, after which the percentage removal decreases. Also, Khan et al.2001 reported that at an 

adsorbent dose of 0.8g /50ml is sufficient to remove 80–100% Cr (VI) from aqueous solution having an 

initial metal concentration of 20mg/L at a pH value of 1 but the efficiency reduced sharply to 15% at pH 

3. (Halim et al. 2008) studied the removal of lead ions from industrial waste water by different types of 

natural materials. They reported that at lead concentration of 4mg/L and pH 6 the adsorption capacity 

was higher for Nile-rose plant powder at 80% removal and at the same Concentration and pH it was also 

reported that bone powder removed 98.8% of lead. (Abdulrazak et al. 2015) also studied the removal 

efficiency of chromium by produced activated carbon from moringa oleifera pods from tannery 

wastewater and reported higher removal efficiency at higher temper- ature. Iyagba and Opete (2009) 

reported that the removal of chromium and lead from drill cuttings using palm kernel shell and husk as 

adsorbents is possible. The removal and rapid decontamination of heavy metals becomes very important 

for the environmental remedia- tion. The primary parameter for choice of adsorbent materials is cost. 

The most effective method for heavy metal removal from water is adsorption through the use of activated 

carbon for heavy metal removal from waste water (Nwabanne et al. 2012). This is due to its good 

capacity for adsorption of heavy metals. However, high cost of activated carbon and 10-15% loss during 

the regeneration has limits its use in the utilization of activated carbon in the developing countries (Ho et 

al. 2005). Therefore, there is increasing research interest in using alternative low-cost adsorbents 

especially from low cost agricultural wastes in water treatment (Khan et al. 2003; Abdulrazak et al. 

2015).

2. MATERIALS AND METHOD

Activated carbon preparation

African palm fruits were collected and sun-dried for six days. The seeds were then removed and the 

sample was pulverized using mortar and pestle. This was used for the analysis.

Activated carbon used as sorbent was prepared according to the method described by (Abdulrazak et al. 

2015). Six grams (6g) of ground African palm fruits were soaked in 50 ml of 50% w/v phosphoric acid 

solution at 30°C for 48h. After filtration, the impregnated raw material was then carbonized in a muffle 

furnace at 300°C for 2 hours in nitrogen atmosphere. After cooling, each of the carbonized ma- terials 

was washed with 200 ml hot distilled water, and then dried for 2 hours at 120°C. The dried activated 

carbon was then weighed to determine percentage yield, which is mathematically expressed as;
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Physiochemical properties

Bulk density
3The method described by Abdulrazak et al. 2016. A 25cm  cylinder was filled to the mark with the 

produced activated carbon. The cylin- der was tapped for at least one to two minutes to compress the 

carbon to a steady volume. The compressed sample was poured out of the cylinder and weighed and the 

mass (m) was divided by the final volume occupied in the cylinder.

Conductivity

This was done as described by Abdulrazak et al. 2016. Exactly 0.5g of the activated carbon was placed 
3 3

into 100 cm  beaker containing  50 cm  distilled water. It was macerated using a glass rod and then 

allowed to stay for about 1 hour. The conductivity was determined using conductivity meter.

Effect of hydrogen ion concentration

The effect of Hydrogen ion concentration on the adsorption of heavy metals by the activated carbon from 

African palm fruit was studied over a pH range of 2, 4, 6, 8 and 10 respectively. Exactly 50ml of effluent 

was measured into five different 250ml conical flask. The pH of the flask was adjusted to 2, 4, 6, 8 and 10 
st nd rd th th

for the 1 , 2 , 3 , 4 , and 5  flask respectively using 0.1M HCl or 0.1M NaOH solutions. A weight of 0.5g 

of the activated carbon was then added into the effluent in each flask and the mixtures were stirred for a 

period of 60 min. It was then filtered using filter paper,

Effect of adsorbent dosage

50ml of the digested effluents was added into five different 250ml conical flask. 0.5g, 1.0g, 1.5g, 2.0g, 
st nd rd th thand 2.5g of the adsorbent was added into the 1 , 2 , 3 , 4 , and 5  flask respectively, and the mixtures 

were corked and stirred for 60 minutes. The content of each flask was filtered using filter paper.

Data analysis

Each procedure in the study was repeated five times and data was expressed as mean percentage ± 

Standard deviation.

2. RESULTS AND DISCUSSION

Table 1 shows the result of physiochemical properties of the produced activated carbon is represented 

below.
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Table 1: Result of the Physicochemical Properties of the Adsorbent.

Parameters Values

Bulky density (g/cm
3
) 0.66

Electrical conductivity ) 1.2 x102

Tables 2 and 3 shows the Effect of Hydrogen ion concentration on removal of Heavy metals; Cadmuim, 

Nickel, Lead and Copper. From the table below, there are higher treatment efficiencies at pH 6, except 

for Copper and Nickel, which shows higher treatment efficiency at pH 8. This is in agreement with 

similar work carried out by Mustaqeem et al. (2014a).

Table 2: Effect of Ph on Removal of Heavy Metals (Cadmium and Copper)

Cadmium

Minimum Maximum
Standard 

Deviation

Level level Mean Variance Level Level Mean Variance

2 89.17 89.29 89.22 0.061 0.004 86 86.2 86.12 0.108 0.012

4 92.84 93 92.92 0.08 0.006 90.4 90.5 90.44 0.055 0.003

6 99.4 99.73 99.61 0.182 0.033 96.5 96.58 96.53 0.044 0.002

8 95.5 95.78 95.64 0.14 0.02 99.6 100 99.79 0.201 0.041

10 92.8 92.9 92.85 0.05 0.003 95.5 95.61 95.55 0.057 0.003

Percentage removal of Heavy metals (%)

pH
Copper

Minimum Maximum
Standard 

Deviation

Table 3: Effect of pH on Removal of Heavy Metals (Nickel and Lead)

Nickel

Minimum
Standard 

Deviation

Level Level Mean Variance Level Level Mean Variance

2 99 100 99.65 0.566 0.321 74 74.2 74.07 0.113 0.013

4 99.79 100 99.86 0.118 0.014 77.5 77.6 77.55 0.05 0.003

6 99 100 99.66 0.572 0.327 80.3 80.33 80.31 0.015 0.0002

8 99.5 100 99.73 0.252 0.063 80.25 80.3 79.34 0.055 0.033

10 99.7 100 99.87 0.153 0.023 79.3 79.4 79.34 0.04 0.002

Percentage removal of Heavy metals (%)

pH

Lead

Minimum Maximum
Standard 

Deviation
Maximum

Hydrogen ion concentration is an important parameter for adsorption of metal ions from aqueous 

solution because it affects the solubility of metal ions. For this, the role of hydrogen ion concentration 

was examined at different pH. (Mustaqeem et al. 2014b) Hydrogen ion concentration affects protonation 

of functional groups on the adsorbents, as well as its solubility. The metal uptake was low at low pH, this 

is due to more Hydrogen ions that are in solution which compete with the metal ion for active site of the 

adsorbent. As the pH in- creases, there is increase in the percentage removal due to reduction of the H+ 

ion in solution. Highest removal of Copper and Nickel, Cadmium and Lead were highest at pH of 6. 

Apart from Nickel and Copper, the percentage removal for all metals decreases at pH of above 6. The 

decrease in removal may be due to the formation of metal hydroxide complex at higher pH and also due 

to weakening of electrostatic force of attraction between the oppositely charged adsorbate and adsorbent
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which ultimately leads to the reduction in ad- sorption capacity (Baral et al. 2006). This is similar to what 

was reported by (Mulu 2013).

Tables 4 and 5 show the Effect of Adsorbent Dosage on removal of Heavy metals; Cadmuim, Nickel, 

Lead and Copper. The table below shows higher treatment efficiencies with increased dosage. That is, 

highest percentage removal of the heavy metals analyzed occurred at adsorbent dosage of 2.5g.

Table 4: Effect of Adsorbent Dosage on Removal of Heavy Metals (Cadmium and Copper)

Cadmium Copper

Minimum 

Level

Maximum 

Level
Mean

Standard 

Deviation
Variance

Minimu

m Level

Maximu

m Level
Mean

Standard 

Deviation
Variance

0.5 91.73 99.76 91.75 0.015 0.0002 85.6 85.85 85.75 0.132 0.0175

1 99.7 99.77 99.73 0.036 0.0013 87.65 87.73 87.69 0.04 0.0016

1.5 99.12 99.2 99.16 0.04 0.0016 90.3 90.5 90.37 0.1102 0.0121

2 99.3 100 99.73 0.379 0.1433 91.4 91.5 91.45 0.05 0.0025

2.5 99.5 100 99.7 0.265 0.07 95.9 96 95.96 0.053 0.0028

Adsorbent 

Dosage (g)

Percentage removal of Heavy metals (%)

Table 5: Effect of Adsorbent Dosage on Removal of Heavy Metals (Nickel and Lead)

Nickel Lead

Minimum Maximum Standard Minimum Maximum Standard

Level Level Deviation Level Level Deviation

0.5 91.7 91.73 91.73 0.025 0.0006 89.01 89.17 89.11 0.09 0.008

1 99.6 99.75 99.68 0.074 0.0058 92.3 92.4 92.35 0.05 0.003

1.5 99.08 99.12 99.1 0.02 0.0004 93.3 93.4 93.36 0.053 0.003

2 99.6 100 99.83 0.2053 0.0421 95.1 95.15 95.12 0.026 0.001

2.5 99.83 100 99.91 0.085 0.0073 95.1 95.16 95.12 0.035 0.001

Mean Variance

Percentage removal of Heavy metals (%)

Adsorbent 

Dosage (g) Mean Variance

The availability and accessibility of adsorption site is controlled by adsorbent dosage (Rafeah., et al 

2009). It can be seen that, as the dose of the adsorbent increased, there is increase in percentage removal. 

Highest removal of Cadmuim, Nickel, Lead and Copper, were at adsorbent dosage of 2.5g. The increase 

in percentage removal as adsorbent dosage increase is due to the increase or availability of more 

adsorption site of the adsorbent at higher dose and also increase in functional groups available on the 

adsorbent on which metals could interact (Meikap, 2005).

Organic contents of wastewater and the presence of microorganisms stimulate adsorption and, therefore, 

show that the produced activat- ed carbon can improve performance by developing different bacterial 

species (Jeong et al. 2016), which may also played a part in the whole study.

4. CONCLUSION

This results obtained shows that locally available materials such as low cost African palm fruit (Borassus 

aethiopum) could easily be sourced to produce activated carbon which can be used as efficient
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adsorbents for Heavy metal removal from effluent water, representing an environmentally effective 

means of utilizing these agricultural residue and also high cost of commercial activated carbon.
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