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Abstract 

Nano nickel hydroxides and nano nickel compounds attract great attention because it is a significant industrial material of 

commercial importance and applications in nickel-metal hydride batteries, supper capacitors, water treatment, etc. This 

investigation gives the results of electrolytic preparation of nickel hydroxide powder by anodic dissolution technique and 

conversion of this nickel hydroxide to nano nickel oxide via heat treatment. The obtained operating conditions for anodic 

dissolution of nickel substrate in saline solution were 75mA/cm2, pH 6, 3g/l. sodium chloride, 20oC, electrode gap distance 

3cm, electrode reverse polarity interval time 5min. at 150rpm stirring rate. The obtained nickel hydroxide powder completely 

converted to nano nickel oxide at 500oC for 6hr. Morphology, particle size and crystallographic patterns of prepared nickel 

hydroxide and nano nickel oxide were investigated by transmission electron microscope (TEM) and the scanning advanced 

electronic diffraction (SAED) pattern. It was found that average particle size of synthesized nano nickel hydroxide were of 

nano tube shapes with smooth surface and average diameters in the range of 2.16 – 3.32 nm. Obtained results affect the design 

of nickel hydroxide electrodes for charge storage applications. The obtained nano nickel oxide was tested for the removal of 

Methylene blue dye (MB) from its solutions via adsorption. For MB solution of 100mg/l. concentration the optimum 

conditions for complete removal were found to be: pH 11, 100mg/l. MB, 10g/l. nano nickel oxide dose, 20oC, stirring rate 

150rpm, at contact time 90min. the results show that the adsorption capacity of MB on the nano nickel oxide surface was 

25mg.g-1, and with cleaning and drying then reuse of the nano nickel oxide more than 12 times of MB adsorption process 

without any significant change of adsorption capacity indication that nano nickel oxide is very good dye adsorbent.    

Keywords: Electrolytic Generation, Methylene blue dye, Nickel Hydroxide, Nickel Oxide, Nanoparticles, Advanced 

Applications  

1 - INTRODUCTION 

Batteries and super capacitors have been 

developed as energy storage devices. High energy 

density can be generated through diffusion controlled 

reduction oxidation (redox) reactions in bulk 

electrode material [1]. Batteries have numerous 

applications at little and big scales, in small devices 

like portable electronics, and larger systems like 

stationary hybrid vehicles [2]. One of the most 

important materials for batteries is nickel hydroxide 

[Ni(OH)2], which is a crystalline complex compound 

and its structure depends on preparation technique 

[3]. Both small and high capacity devices need 

energy storing capacity [4, 5]. Thus high capacity 

applications like hybrid vehicles and stationary power 

require large energy storage capacity and long service 

life [6] besides its importance for corrosion and 

battery performance [7]. Most important two 

properties of batteries for applications are capacity 

density and reversible discharge capacity [2].  

 

Nickel hydroxide generation can be done by 

different approaches, and nano particles nickel 

hydroxide of different crystallography can also be 

prepared [8]. Nickel hydroxide nano particles was 

prepared hydrothermally in the range of 3 –450nm 
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and it was found that: decreasing particle size to 20 

nm increases the capacity per gram (CS) while 

capacity unit area (CA) remains constant and most 

reduction in particle size decreases both CS and CA 

which have implications in Ni (OH)2 electrodes 

design and in charge storage applications [9]. Also 

Ni(OH)2 is an active material to be used in an 

alkaline rechargeable battery as positive electrode 

[10]. Nickel hydroxides have strong peaks related to 

Faradaic oxidation/reduction of Ni(OH)2 for battery 

material typically [11]. So like nanostructure material 

oxides NiO has considerable interest as lithium ion 

battery anode due to its environmental friendly 

nature, ease of synthesis and low cost [12]. 

 

Electrolytic activity of porous nickel electrodes 

investigation revealed that porous nickel electrodes 

showed electro-catalytically activity towards oxygen 

evolution reaction and efficiently removed phenols 

from alkaline solutions [13]. Replacing Mn2/MnO2 

redox by nickel based cathode resulted 10 time areal 

capacity and lower cost as $ 83/ KWhKg
-1

 based on 

active material [14]. Also nickel hydrogen battery 

exhibits energy density of about 140 WhKg
-1 

[14]. 

Nickel oxide nano-powder was synthesized by 

chemical precipitation by subsequent milling, heat 

treatment and water washing for the precursor 

compound (Ni(OH)2-NiCO34H2O) [15]. 

 

Nano-structured (Ni(OH)2) was also prepared by a 

fast and facile procedure via Sono-chemical 

technique [16]. The synthesized Ni(OH)2 electrode 

exhibited maximum specific capacitance of 1256 F/g 

at a current density of 200 mA/g in 1M KOH (aq.) 

and showed pseudo-capacitive behavior due to the 

presence of redox reaction with long term stability of 

85% after 2000 cycles [16] which demonstrated that 

Ni(OH)2 electrode is very promising and efficient for 

super-capacitor applications [16].  

 

Also Ni nano-powder can be prepared by chemical 

reduction of Ni ions with hydrazine hydrate at pH 

∼12.5 then sonicated the solution to activate the 

reduction reaction which resulted Ni nano-powder of 

particle size from 12 to 14nm. Particle size can be 

reduced to 7nm by addition of polyvinyl-pyrrolidone 

to the synthesis [17].  

 

Nano nickel compounds such as nano nickel 

hydroxide, and nano nickel oxide have great 

applications in water treatment, nano fuel 

preparation, electronic industry (super capacitors and 

batteries), and flame retardant materials [18-21]. In 

this investigation the main aim is to develop a cost-

effective green process to produce nano nickel 

hydroxide and nano nickel oxide through a cleaner 

production process including anodic dissolution of 

nickel sheets for generation of nano nickel hydroxide 

which will be converted to nano nickel oxide via heat 

treatment. Further target of our study is testing the 

produced nano nickel oxide in MB adsorption from 

its solutions and in future studies obtained nano 

nickel hydroxide will be tested in super capacitors 

production.  

 

2. Experimental 

2.1 Apparatus  

Figure (1) represents the electrolytic cell used for 

anodic dissolution of nickel sheets to nano nickel 

hydroxide powder. 

 
Figure (1) Electrolysis cell used for synthesis of nickel 

hydroxide 

 

2.2 Materials & Procedures 

2.2.1 Materials  

Nitric and sulfuric acid were obtained from el 

Nasr pharmaceutical chemical Co., pure reagents for 

analysis. Nickel sheets of high analytical grade were 

used as anode and cathodes manufactured by El 

Naser Co. for chemicals. 

 

2.2.2 Procedures  

2.2.2.1 Anodic dissolution of Nickel Sheet  

Figure )1  ( represents the electrolytic cell used for 

nickel sheet anodic dissolution and generation of 

nano nickel hydroxide powder. The cell is a 250 ml 

capacity Plexi-glass rectangular cell.  

 

Three high analytical grade nickel sheets of 

dimensions 2 x 10 x 0.5 cm were used as one anode 

which is located in the middle pathway of two nickel 
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cathodes. D.C power supply of 50V, and 5A with 

digital display, voltage and current control with 

sensitivity of 0.1V and 0.1A, was used for sullying of 

direct electric current. Temperature controller used 

for adjustment of the electrolysis process temperature 

within range of 20
o
C to 100

o
C.  

 

The electrolyte solution is stirred during the 

electrolysis process using magnetic stirrer within     

0-500 rpm. Low concentration sodium chloride 

solution (3g/l) was used as electrolyte for nickel 

anodic dissolution process for generation of nano 

nickel hydroxide particles. The nickel substrates were 

polished via sand paper and soaked in acetone for 

3min., after that they were subjected for alkaline 

degreasing to remove oils and fats adhered at their 

surfaces.  
 

The alkaline solution containing 0.5M NaOH, 

0.5M Na2CO3, and 10g/l EDTA, was used for 

degreasing by soaking for 15min. at 50
o
C. The 

degreased nickel substrate was rinsed with running 

water then acidified by 0.1M sulfuric acid. Once the 

electrodes submerged in the sodium chloride 

solution, D.C. current is adjusted at the desired value 

with stirring. At the end of the electrolysis time, the 

solution constitutes the nano nickel hydroxide 

particles that is soaked for about 24hr. rinsing with 

running water was carried out till the pH reached 7.  
 

The mixture was filtered, dried and the resulted 

block was grinded. The synthesized nickel hydroxide 

powder is heated at 500
o
C for 6hr. to be converted to 

nano nickel oxide powder. Both of the obtained nano 

nickel hydroxide and nano nickel oxide particles 

were subjected to the analytical and physical 

characterization. Operating conditions such as effect 

of electrolyte pH, applied current density, electrolysis 

time, solution temperature, electrodes gap distance 

and sodium chloride concentration were investigated. 

The obtained nano nickel oxide particles were tested 

for adsorption of cationic dyes for instance MB 

solution of 100mg/l.   
 

The nano nickel oxide particles adsorbent was 

applied for removal of the basic dye MB, which is a 

heterocyclic aromatic compound, dark green, and 

solid at room temperature. The chemical structure of 

the MB is shown in Table (1). The wavelength 

corresponding to the maximum absorbance was 

detected at 660 nm using single beam (UV-Vis) 

spectrophotometer as shown in Figure (2).  

 

Table (1) chemical composition of MB [22] 

 

Chemical and physical data 

Formula C16H18ClN3S 

Molar Mass 319.85/mole 

Molecular 

Structure 

 

 

 

 
 

This wavelength was selected to measure the 

absorbance of residual concentration of MB, while 

Figure (3) shows the relation of MB concentration 

and the absorbance obtained at the optimum wave 

length (660 nm). The following equation is used to 

measure the dye concentration remained:  

 

Y=0.2355 *X    (1)  

 

Where:  

Y is absorbance and X is MB dye concentration 

 

Adsorption capacity Equilibrium experiments 

were performed to determine the adsorption capacity 

of the adsorbent as following: 1 g of the nano nickel 

oxide was added to 100 ml of MB solution (100mg/l) 
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then stirring for 5min and subjected to filtration. 

After that, the absorbance of the filtrate was 

measured at 660 nm to determine the concentration of 

residual MB dye. The concentration and adsorption 

capacity of dye were calculated using the following 

equation: 

 

Adsorption Capacity (qe) = (𝑪𝒊  − 𝑪𝒇) 
𝑽

𝑴
  (2) 

Removal % = (
𝑪𝒊 −𝑪𝒇

𝑪𝒊
) × 𝟏𝟎𝟎  (3) 

  

Where:  

qe (mg/g) denote the equilibrium adsorption 

capacity, Ci is the initial concentration of MB (mg/l), 

Cf is the final concentration of the MB (mg/l), M is 

the mass of the nano nickel oxide adsorbent (g), and 

V is the volume of the dye solution (L). 

 

2.3 Characterization  

2.3.1 XRD diffraction 

X-ray diffraction (XRD) was carried out using 

Bruker’s‎D8‎advanced‎X-ray diffract meter via CuKα‎

radiation‎ (λ=1.5418‎ ̊A). Dynamic Light Scattering 

(Model no: HORIBA and Nano particle analyzer 

SZ100) was used to measure the particle size.  

 

2.3.2 Transmission electron microscope test  

The obtained nano-particles were characterized by 

means of a JEOL-JEM1200 transmission electron 

microscope (TEM). The TEM sample was prepared 

by adding a drop of the nano-solution on a 400 mesh 

copper grid coated by an amorphous carbon film and 

let the sample to dry in open air at room temperature. 

The average diameter of nano-particles was 

determined within the range of 100nm that was found 

in several chosen areas in enlarged micro-photo-

graphs. Moreover, the same electron microscope 

JEOL-JEM-1200 was used for the examination of the 

selected area electron diffraction patterns (SAED) 

tested particles 

 

2.3.3 SEM-EDX Analysis  

The surface morphology of the nano nickel 

hydroxide and nano nickel oxide particles were 

investigated via SEM-EDX analysis. 

  

3. Results and Discussion 

The preparation of nano nickel oxide through the 

anodic dissolution of nickel substrate have to pass 

through the generation of nano nickel hydroxide 

powder which will be then converted to nano nickel 

oxide using heat treatment. Several operating 

conditions controlling the anodic dissolution of 

nickel substrate and the generation of nano nickel 

hydroxide powder such as: electrolyte pH, applied 

current density, electrolysis time, solution temp, 

NaCl concentration, and electrodes gap distance were 

investigated. In the following part investigation of the 

optimum conditions for the generation of nickel 

hydroxide powder were carried out. 

 

3.1.1 Effect of pH 

For studding the effect of electrolyte pH on the 

anodic dissolution of nickel substrate, the other 

operating conditions were fixed at: C.D. 75mA/cm
2
, 

electrolysis time 30min., NaCl 3gm/l, electrodes gap 

distance 3cm, stirring rate 150rpm at 20
o
C. Figure (4) 

shows the effect of the pH on the dissolution 

efficiency and the generation efficiency of nano 

nickel hydroxide powder. 

 
Figure (4) Effect of solution pH on dissolved nickel and 

nano nickel hydroxide formation during nickel anodic 

dissolution at operating conditions: C.D. 75mA/cm2, 20oC, 

150rpm, electrodes gap distance 3cm, and NaCl 3g/l for 

electrolysis time 30min. 

 

As it is clear from the Figure (4) that, as the pH 

increased from 2 to 6 the dissolved nickel is about 

0.4gm and the Faradays dissolution efficiency is 

within the range of 97.9% after that as the pH 

increased the dissolved nickel decreased and also the 

dissolution efficiency which reached to 82% at pH 11 

this may be attributed to the electrode passivation 

within this pH range from 8-11.  

 

On the other hand, at low pH the dissolved nickel 

conversion efficiency to nickel hydroxide is low 

within the range of pH 2-4 which may be attributed 

to the strong acidic medium which keeping the 

dissolved nickel as nickel chloride. As the pH 

increases the nickel hydroxide generation efficiency 

increases reached its maximum value at pH 6 which 
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is about 76% then it started to decrease again due to 

the decreasing of the dissolved nickel due to 

electrode passivation. Based on the above pH value 

of 6 was taken as optimum.   

  

3.1.2 Effect of applied current density 

The effect of applied current density on dissolved 

nickel, anodic dissolution current efficiency, and 

conversion of dissolved nickel to nickel hydroxide 

powder, were respectively graphically represented in 

Figure (5) during the nickel anodic dissolution 

process. These were experimentally carried out at pH 

6, sodium chloride Concentration 3g/l, electrolysis 

time 30mins, and electrodes gap distances 3cm, with 

stirring rate150rpm at 20
o
C.  

 
Figure (5) Effect of applied current on dissolved nickel and 

nano nickel hydroxide formation during nickel anodic dissolution 

at operating conditions: pH6, 20oC, 150rpm, gap distance 3cm, and 

NaCl 3g/l for electrolysis time 30min 

 

The results indicate that as current density 

increases the dissolved nickel ions generated 

increases too, and the formed nickel hydroxide 

increases also till current density 150mA/cm
2
, and 

after that although current density increases, formed 

nickel hydroxide efficiency is constant this may be 

attributed to the formation of adhered black powder 

layer at the electrode surfaces during dissolution 

which decreases the dissolved nickel. Based on the 

above results applied current density of 75mA/cm
2
 

was taken as optimum. 

 

3.1.3 Effect of electrolysis time 

Figure (6) represents the effect of electrolysis time 

on both nickel anodic dissolution process and nickel 

ion conversion to nano nickel hydroxide, respectively 

at applied current density 75mA/cm
2
, pH 6, and NaCl 

concentration 3g/l, electrodes gap distance of 3cm 

and stirring rate 150rpm at 20
o
C.  

 

The results show that as the electrolysis time 

increases the generated dissolved nickel ions and the 

formed nano nickel hydroxide increase, while both 

the anodic dissolution current efficiency and 

conversion to nano nickel hydroxide efficiency 

having higher values till electrolysis time 30min. then 

started to decreases this may be attributed to the 

formation of adherence of white layer on the surface 

of electrode which decreases the dissolution of nickel 

substrate. Based on the above 30min. was taken as 

optimum electrolysis time for nickel anodic 

dissolution process.  

 
Figure (6) Effect of electrolysis time on dissolved nickel 

and nano nickel hydroxide formation during nickel anodic 

dissolution at operating conditions: pH6, C.D. 75mA/cm2, 

20oC, 150rpm, NaCl 3m/l and electrodes gap distance 3cm. 

 

3.1.4 Effect of sodium chloride concentration 

Figure (7) show the effect of sodium chloride 

concentration on generated dissolved nickel weight, 

anodic dissolution current efficiency, and the 

conversion of generated dissolved nickel ion to nano 

nickel hydroxide powder, respectively during the 

nickel anodic dissolution process, at the following 

operating conditions: pH 6, applied current density of 

75 mA/cm
2
, electrolysis time 30mins, electrodes gap 

distance 3cm, with stirring of 150rpm, at 20
o
C, 

results indicated that, with increasing NaCl  

concentration, the generated dissolved nickel weight, 

the anodic dissolution current efficiency, and the 

conversion of the generated dissolved nickel ion to 

nano nickel hydroxide powder increase reaching their 

maximum values at sodium chloride concentration 

3g/l then no significance change obtained at higher 

concentration of NaCl. So 3g/l sodium chloride was 

taken as optimum electrolyte concentration during 

nickel anodic dissolution process 
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Figure (7) Effect of sodium chloride concentration on 

dissolved nickel and Nickel hydroxide formation during 

nickel anodic dissolution at operating conditions:  pH6, 

C.D. 75mA/cm2, 20oC, 150rpm, and gap distance 3cm for 

electrolysis time 30min. 

 

3.1.5 Effect of temperature  

The effect of electrolyte temperature change 

during anodic dissolution of nickel in sodium 

chloride solution at operating conditions pH 6, C.D. 

75mA/cm
2
, electrolysis time 30min. NaCl 3g/l, 

electrodes gap distance 3cm, and 150rpm was 

studied. Figure (8) shows that there is no effect of the 

electrolyte temperature increasing on the nickel 

substrate anodic dissolution efficiency and generation 

efficiency of nano nickel hydroxide efficiency, so 

from the economic point of view 20
o
C was taken as 

optimum. 

 
Figure (8) Effect of Electrolyte temperature on 

dissolved nickel and Nickel hydroxide formation during 

nickel anodic dissolution at operating conditions: pH6, 

C.D. 75mA/cm2, NaCl 3g/l., 150rpm, and gap distance 3cm 

for electrolysis time 30min. 

 

3.1.6 Effect of Electrodes gap distance 

Figure (9) indicates that at the operating 

conditions pH 6, electrolysis time 30min., sodium 

chloride concentration 3g/l., C.D.75mA/cm
2
, 150rpm 

at 20
o
C, as the gap distance decreased less than 3cm 

no significance change occur but the observations 

shows that black power is obtained within the light 

green nickel hydroxide powder this may be attributed 

to the high attack of the electric current and the 

exceeding of the nickel oxidation potential.  

 

While at electrodes gap distance more than 3 cm 

there are decreasing in the dissolved nickel, formed 

nano nickel hydroxide powder, Faradays efficiency 

and nickel hydroxide generation efficiency, these 

may be due to the decreasing of the throwing power 

between electrodes, so 3cm as electrodes gap distance 

may be taken as optimum value. 

 

 
Figure (9) Effect of electrodes gap distance on dissolved 

nickel and Nickel hydroxide formation during nickel 

anodic dissolution at operating conditions: pH6, C.D. 

75mA/cm2,  20oC, 150rpm, and sodium chloride 3g/l for 

electrolysis time 30min. 

 

3.1.7 Effect of reverse polarity interval time 

Based on the above obtained results the optimum 

conditions for the electrolytic generation of nano 

nickel hydroxide powder using the anodic dissolution 

of nickel metal substrate as a base for preparation of 

nano nickel oxide particles were; C.D. 75mA/cm
2
, 

pH 6, NaCl concentration 3gm/l, electrodes gap 

distance 3cm, electrolysis temperature 20
o
C, at 

stirring rate 150rpm. From the industrial point of 

view, we need continuous production of nano nickel 

hydroxide powder without need of electrode cleaning 

every 30min. so we are looking for cleaning process 

during the anodic dissolution of nickel without 

stopping the process. 

 

Most efficient cleaning process is the reversing 

electrode polarity during the electrolysis process. So, 

study the effect of reverse electrodes polarity interval 

time on the dissolved nickel, nano nickel hydroxide 

generation, and there efficiencies was suggested. The 

results obtained were graphically represented in 

Figure (10) and shows that at reversing polarity at 

time interval 5min. maximum nickel dissolution 

efficiency and nano nickel hydroxide powder 

generation efficiency were obtained which they are 

97% and 92% respectively while as the time intervals 
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increase the nickel hydroxide generation efficiency 

decreases, so reverse polarity interval time 5min. was 

taken as optimum.  

  

  
Fig.(10) Effect of reverse polarity interval time on 

dissolved nickel and nano nickel hydroxide formation 

during nickel anodic dissolution at operating conditions: 

pH6, C.D. 75mA/cm2,  20oC, 150rpm, NaCl 3g/l and gap 

distance 3cm for electrolysis time 30min. 

 

The investigation of the optimum conditions for 

nano nickel hydroxide electrolytic generation using 

nickel metal anodic dissolution in saline solutions 

indicates that C.D. of 75mA/cm
2
, pH 6, sodium 

chloride concentration 3gm/l, 20
o
C, electrodes gap 

distance, stirring rate 150rpm at reverse polarity time 

interval 5min. will give the maximum nickel 

dissolution efficiency and nano nickel hydroxide 

powder generation efficiency. The obtained nickel 

hydroxide powder after washing filtration and drying 

is clanked for 6hr. at 500
o
C for conversion from nano 

nickel hydroxide powder to nano nickel oxide 

particles. The obtained nano nickel hydroxide and 

nickel oxide particles were characterized as follows: 

 

3.2.1 SEM-EDX analysis 

The morphology of nickel oxide was performed 

by scanning electron microscope (SEM-EDX). The 

EDX analysis reveals the peaks related to nickel and 

oxygen which confirm the formation of nickel oxide 

crystals as shown in Figure (11 a & b). Also from 

Figure (11 c & d), it is clear that, the crystalline 

texture and layered structure of nickel hydroxide and 

nickel oxide. Regarding the SEM results of nano 

nickel hydroxide Figure (11c) shows that large grain 

size with no sharp grain boundaries was present, 

while Figure (11d) illustrates smaller grain size of 

nano nickel oxide with sharp grain boundaries were 

formed.  

 

 
Figure (11 a, b, c& d) EDX-SEM images of Nano nickel 

hydroxides and nano nickel oxide 

 

3.2.2 TEM analysis 

 
Figure (12 a, b, c and d) TEM image, SAED, and 

histogram of nano nickel hydroxide and nano nickel oxide 

particles 

 

Figure (12 a & b) shows the TEM image and 

SAED of the obtained nano Nickel hydroxide powder 

and nano nickel oxide, respectively. It can be seen 

that, the Nickel hydroxide nano-particles are ranged 

in filament shape with width of 2 to 3 nm and length 

of 60nm with active surface area of its double face of 

300nm and SAED analysis confirmed the crystalline 

structure of nano Nickel hydroxide. After heat 

treatment of the nano scale nickel hydroxide powder 

for 6hr. at 500
o
C, semi sphere particles of nano nickel 

oxide of main diameter of 45nm were formed. Figure 

(12c) represents the histogram of the heat generated 

nano nickel oxide powder. As it is clear from the 

figure about 76% of the obtained nano nickel oxide 

particles are of the range of 40nm, 45,nm, and 46nm, 
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respectively with is matched the nano safety particle 

size which is more than 15nm.   

   

3.2.3 XRD analysis 

 
 

Figure (13 a and b) XRD of nano nickel hydroxide obtained 

by anodic dissolution at room temperature and nano nickel 

oxide obtained at 500oC treatment for 6hr 

 

Figure (13a) shows the XRD patterns of a 

synthesized Ni(OH)2, and NiO respectively. In case 

of synthesized Ni(OH)2, all diffraction peaks can be 

readily indexed to hexagonal‎ β-Ni(OH)2 with lattice 

constants a = 3.130 Å and c = 4.630 Å, which agrees 

well with the well-known diffraction pattern (data 

from JCPDS file 74-2075). The diffraction peaks 

reveal strong and sharp, good crystal linty of the final 

products. No peaks of impurities were found, 

indicating‎ pure‎ β-Ni(OH)2 of hexagonal phase were 

successfully obtained. Moreover, Figure (13b) 

represents the total conversion of nickel hydroxide to 

nickel oxide led to the formation of peaks of nickel 

oxide that appear in this Figure [24-25]. 

 

3.3 Removal of MB dye from its solutions using 

nano- Nickel Oxide 

Nano nickel hydroxide and nano nickel oxides 

have great applications in industry such as batteries, 

supper capacitors, wastewater treatment. In this study 

we will test the efficiency of the obtained nano nickel 

oxide as adsorbent for removal of MB from its 

solutions as an example in wastewater treatment. 

Several operating conditions controlling the removal 

of MB from its solution such as solution pH, nano 

nickel oxide dose, solution temperature, contact time, 

and stirring rate. Synesthetic solution of MB of 

concentration of 100mg/l was used.   

 

3.3.1 Effect of MB solution pH 

As shown in Figure (14) the adsorption of the dye 

with pH from 3 to 12 were studied keeping all other 

parameters constant (nano nickel oxide 10g/l, 

temperature 20
o
C, contact time 30min., stirring rate 

150rpm, with MB 100mg/l). It was observed that: the 

amount of dye absorbed per unit weight of absorbent 

increased as increasing pH value. This is due to 

electrostatic force between the adsorbent and 

positively charged basic dyes which become less. 

This is in good agreement with the results reported 

before [22] as its clear pH 11 will be taken optimum.  
 

 
Figure (14) Effect of MB solution pH variation on the 

removal of MB from its solution using nano nickel oxide at 

20oC, contact time 30min., stirring rate 150rpm, and nano 

nickel oxide 10g/l, at MB 100mg/l. 

 

3.3.2 Effect of Nano nickel Oxide Dose 

 
 

Figure (15) Effect of nano nickel oxide concentration on 

the removal of MB from its solution using nano nickel 

oxide at 20oC, contact time 30min., pH 11, stirring rate 

150rpm, at MB 100mg/l. 

 

The removal efficiency of MB from its solution of 

concentration 100mg/l with different doses of nano 

nickel oxide at the processing conditions mentioned 

in Figure (15) which are: 20
o
C, contact time 30min., 

pH 11, stirring rate 150rpm, at MB 100mg/l. It is 

clear from the Figure that as the dose of the nano 

nickel oxide increases the adsorption efficiency 

increases reaching its maximum (99%) at15g/l, nano 

nickel oxide but from the economical view dose 10g/l 

nano nickel oxide with removal efficiency 91% was 

taken as optimum.  

 

3.3.3 Effect of MB solution temperature 

By increasing the temperature of MB solution 

from 20
o
C to 75

o
C, it is clear that increasing 
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temperature increases percent removal of MB from 

91% to 99.6% at 60
o
C then it remains constant at 

more than 60
o
C which means that temperature almost 

has no great effect on nano nickel oxide adsorption 

capacity throughout this study as shown in Figure 

(16) also from the economical view the energy 

required to reach 99% removal will be very 

expensive so 20
o
C was taken as optimum.   

 

 
Figure (16) Effect of temperature variation on the 

removal of MB from its solution using nano nickel oxide at 

10 g/l nano nickel oxide concentration, pH 11, stirring rate 

150rpm, at MB 100mg/l for 30min. 

 

3.4 Effect of stirring rate 
 

 
Figure (17) Effect of stirring rate on the removal of MB 

from its solution using nano nickel oxide at 10 g/l nano 

nickel oxide concentration, pH 11, temperature 20oC at MB 

100mg/l for 30min. 

  

Figure (17) Represents the effect of stirring rate on 

the adsorption efficiency of MB on nano nickel oxide 

particles at processing conditions 10 g/l nano nickel 

oxide concentration, pH 11, temperature 20
o
C at MB 

100mg/l, for 30min. from the results it is clear that 

maximum adsorption efficiency obtained at stirring 

rate 150rpm and any increment in the stirring rate has 

no effect so 150rpm was taken as optimum stirring 

rate.  

 

 

3.5 Effect of contact time 

Percentage of MB removal was studied at 

different contact time intervals as shown in Figure 

(18) at operating conditions 20
o
C, 10 g/l nano nickel 

oxide, pH 11, stirring rate 150rpm, at MB 100mg/l, 

which illustrates that the maximum removal obtained 

(100%) at 90 min. where at 30min. 91% removal 

efficiency was obtained. As it is clear contact time of 

90min was taken as optimum. 

 

 
Figure (18) Effect of contact time the removal of MB from 

its solution using nano nickel oxide at 20oC, 10 g/l. nano 

nickel oxide, pH 11, stirring rate 150rpm, at MB 100mg/l. 

 

Based on the above the optimum conditions for 

removal of MB from its solutions (100mg/l.) using 

the obtained nano nickel oxide prepared throughout 

this study via the heat treatment of the electrolytic 

generated nickel hydroxide powder were pH 11, 

100mg/l. MB, 10g/l. nano nickel oxide dose, 20
o
C, 

stirring rate 150rpm, at electrolysis time 90min.  

 

3.6 Adsorption capacity 

For obtaining the adsorption capacity of nano 

nickel oxide prepared according the proposed process 

in this study, a solution of 500mg/l MB was prepared 

and addition of 10g/l of nano nickel oxide used for 

the removal of MB from this solution at operating 

conditions pH 11, 20
o
C, stirring rate 150rpm.  

 

The remaining MB concentration was measured 

with respect to contact time till the MB concentration 

is constant. Figure (19) show the results of the above 

mentioned removal conditions. Using the results of 

Figure (19) and calculations of equation (2) the 

adsorption capacity of the obtained nano nickel oxide 

for MB removal from its solution is 25mg.g
-1
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Figure (19) Effect of contact time on the removal of MB 

from its solution using nano nickel oxide at 20oC, 10 g/l. 

nano nickel oxide, pH 11, stirring rate 150rpm, at MB 

500mg/l. 
 

3.7 Recycling 

In order to investigate the reusability of nano 

nickel oxide as an adsorbent for MB dye, after 

completing the adsorption process, the nano NiO 

particles recovered by filtration, washing with 

acetone and deionized water several times‎and‎drying‎

at‎ 100‎̊C‎ for‎ 2hr.‎ Then,‎ the‎ dried‎ nano‎ powder‎ was‎

applied for future adsorption of MB. The recycled 

sample was used under the same operating 

conditions. The results show that more than 12 times 

of use of nano nickel oxide for removal of MB from 

its solution without no significant change of its 

adsorption capacity. 

 

According to the present study anodic dissolution 

process for nickel sheets was carried out to generate 

nano nickel hydroxide powder which is then 

converted to nano nickel oxide via heat treatment for 

6hr. at 500
o
C. The anodic dissolution process is a 

promising one which used in several previous studies 

[20-26]. In this study the obtained nano nickel oxide 

particles have very good adsorption capacity for the 

removal of MB from its solution which is       

25mg.g
-1 

without any need for making it as composite 

material as mentioned in et.al [27-32]. 

 

4. Conclusion 

Nano nickel compounds (hydroxides and nickel 

oxide) were synthesized via anodic dissolution 

technique and conversion of nickel hydroxide into 

nano nickel oxide via heat treatment. The obtained 

operating conditions for anodic dissolution of nickel 

substrate in saline solution were 75mA/cm
2
, pH 6, 

3g/l. sodium chloride, 20
o
C, electrode gap distance 

3cm. The obtained nickel hydroxide powder 

completely converted to nano nickel oxide at 500
o
C 

for 6hr. The obtained nano nickel oxide was tested 

for the removal of MB from its solutions via 

adsorption. The adsorption capacity of MB on the 

nano nickel oxide surface was 25mg.g
-1

, the 

adsorption capacity indicating that nano nickel oxide 

is very good dye adsorbant.    
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