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Abstract: Oily wastewater is proven to be common both in industry and home life. A particular contaminant of concern is 

petroleum hydrocarbon present in various types of wastewater comingfrom shipyards, onshore and offshore industries, and engine 

rooms of ships. As the standards for oily wastewater treatment become more and more strict, and emulsified oil wastewater is 

characterized by difficult degradation and high toxicity, we adopt the electrocoagulation technology with Al86Ni10Y4 amorphous 

alloy as anode and graphite as cathode to treat it to surpass the limitations of conventional methods. The degradation effect on the 

oily wastewater was characterized by chemical demand oxygen (COD), while the ribbons before and after using were analyzed by 

X-ray diffraction (XRD) and scanning electron microscope (SEM) The results show that when the pH value is 3 and the current 

density is 6.5mA/cm
2
, the COD removal rate can reach to 75.68% within 100 minutes. Large areas of white corrosion products 

appear on the surface of the Al-based amorphous alloy after reaction. These protrusions are mainly formed by anodic oxidation 

corrosion of Al-based amorphous alloy. So, the electrocoagulation technology with amorphous alloy as anode and graphite as 

cathode is suitable for being utilized to treat the emulsified oil wastewater. And it will have a good practical application prospect. 
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1. Introduction 

With the development of industry and the transformation of 

manufacturing industry, a large amount of waste water with 

complex composition is discharged into the environment. 

Among them, oily wastewater is highly polluted and difficult to 

degrade, which brings great damage to people's health [1]. 

Generally speaking, the methods of wastewater treatment 

include physical method, biological method, chemical method, 

etc. The physical method is relatively simple in operation and 

low in energy consumption, but the degradation efficiency of 

pollutants is not high. Biological treatment has better effects 

and is easy to control, but the treatment time is longer and it is 

greatly affected by the natural environment. Chemical methods 

can achieve complete degradation of pollutants, but some 

chemical reagents need to be added and the cost is higher. 

Among them, the electrochemical method is particularly 

common. With the help of electric field, the electrochemical 

method has a relatively high degradation efficiency without 

adding other agents and does not produce secondary pollution. 

However, this method consumes a lot of energy and has safety 

problems. Oil wastewater exists in the form of a secondary 

oil-in-water emulsion, and contains a large number of 

surfactants that are difficult to be biodegraded [2]. It is difficult 

to achieve oil-water separation by conventional physical 

methods. Electrocoagulation is a comprehensive method of 

flocculation, stripping and other mechanisms, that is, under the 

action of an electric field, the soluble anode is dissolved to form 

a flocculant, which absorbs oil particles, and at the same time 

produces hydrogen at the cathode, which will remove the oil in 

the water by sedimentation or floating [3-6]. The method has 

the advantages of wide application range, excellent treatment 

effect, simple and compact structure and easy operation. 

Electrocoagulation (EC) process has been shown to be an 

effective and reliable technology that provides an 

environmentally compatible method for reducing a large 

variety of pollutants [7, 8]. Gobbi et al. [9] used Al-based 
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electrocoagulation technology to treat oily wastewater with a 

degradation efficiency of 98%. Chen Guangguang [10] used 

electrocoagulation technology to treat petroleum wastewater, 

and the removal rate of wastewater turbidity was more than 

95%. Swati et al. [11] combined EC with electro-oxidation 

method in the treatment of sunflower oily wastewater and the 

high removal efficiency of 90–95% was achieved for the 

organic pollutant. While EC combined with aeration is also an 

effective way to increase removal efficiency of COD from 84% 

for the non-aerated cells to 93.3% for the aerated cells [12]. 

Amorphous alloy is a material with a special structure, with 

excellent properties, such as: corrosion resistance, magnetic 

properties, catalytic performance, etc., is one of the preferred 

electrode materials for electrochemical treatment technology. 

The amorphous alloy has more catalytic active centers 

because of its extremely disordered atomic arrangement, 

which makes its valence state in a highly coordinated 

unsaturated state. The application of amorphous alloy in 

wastewater treatment mainly focuses on printing and dyeing 

wastewater, but less in the treatment of emulsified oil 

wastewater. In order to further broaden the application of 

amorphous alloy as electrode in the field of electrochemistry 

Application scope. In this paper, Al86Ni10Y4 amorphous alloy 

is used as anode and graphite as cathode, oily wastewater is 

treated based on the electrocoagulation process, and COD 

removal rate is used as the main evaluation index. The effect 

of current density, initial pH value and other factors on the 

degradation reaction were mainly studied, and a new efficient 

and economic treatment technology was provided for the 

treatment of emulsified oil wastewater. 

2. Materials and Methods 

2.1. Experimental Materials 

Simulation of oily wastewater (OW): Diesel oil and 

emulsifier were selected to simulate the OW in this 

experiment. Water, diesel oil and emulsifier OP-10 were 

mixed in a beaker at a ratio of 2000:5:2, stirred at a speed of 

300rad/min, and diluted according to this ratio. Prepare 

simulated oily wastewater with an initial COD value of 374 

mg/L and kept away from light. 

Preparation of Al86Ni10Y4 amorphous ribbon: Al, Ni and Y 

with 99.99% purity were used as nominal ingredients. The 

parent alloy was smelted through vacuum induction arc 

furnace with a vacuum degree of 5.0×10
-3

Pa, and then the 

amorphous alloy ribbon was prepared by strapping at a copper 

roll speed of 3800rad/min. 

2.2. Electrocoagulation experiments 

Took 400 ml oily wastewater into the electrolytic cell, and 

adjusted the pH value of the wastewater with 1 mol/L H2SO4 

or 1 mol/L NaOH solution. 60 mm×50 mm Al86Ni10Y4 

amorphous ribbon as the anode and 60 mm×50 mm×5 mm 

graphite plate as the cathode, then connected with the direct 

power supply of model DP3005ET. The electrode spacing was 

5 cm. In order to improve the conductivity of the emulsified 

oil wastewater, 0.2 g/L Na2SO4 was added to the solution as an 

electrolyte, samples were taken every 10 minutes, and the 

COD value was measured after filtering through a filter paper 

with a pore size of 30-50 µm. 

AL-2700 X-ray diffractometer (XRD) was used to 

characterize the amorphous structure. Cu-Kα was used with 

scanning rate of 13°/min, the scanning range is 5-85°, and the 

power was 4 kW; Used Sigma 300 scanning electron 

microscope for surface morphology analysis and rapid 

digestion instrument PT593 for the determination of chemical 

oxygen demand (COD). The mixture of HgSO4-H2SO4, 

Ag2SO4-H2SO4 and K2Cr2O7 was added into the water sample 

to be determined, with the contents of 2 mL, 0.5mL and 0.5mL 

respectively. Then added these agents to a 2 mL wastewater 

sample and heated in a digester. Took it out after 2h. After 

digestion and cooling, put it into a spectrophotometer to 

measure the COD value of the wastewater. 

The calculation formula of COD removal rate is shown in (1): 

��� ����	
� �
�� % �
�����

��
 � 100%     (1) 

Ct and C0 are the COD values of oil-bearing wastewater at 

the time of reaction t and the initial time respectively, and the 

unit is mg/L. 

3. Results 

Ribbon characterization before and after Al86Ni10Y4 

treatment of oily wastewater 

Figure 1 shows the XRD spectrum of Al86Ni10Y4 

amorphous alloy ribbons used in the wastewater (before & 

after). From the diagram, we can see the X-ray diffraction 

pattern shows the typical diffuse peak of amorphous alloy at 

the point of in 2θ = 30°-40°. However, there is no obvious 

crystalline diffraction peak, indicating that the samples 

prepared are all amorphous structure. The Al86Ni10Y4 

amorphous ribbon still maintains a good amorphous structure 

after the treatment of oil-bearing wastewater. 

 
Figure 1. XRD patterns of Al86Ni10Y4 amorphous bands before and after 

degradation. 
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3.1. Effect of initial pH value 

Figure 2 shows the effects of different pH values on 

degradation effect. It shows that under different pH conditions, 

degradation effect becomes better and better with the extension 

of reaction time. The COD removal rate can reach over 72.38% 

in a lower pH range, but degradation effect decreases with the 

increase of pH value. This is because in the lower pH range, the 

main form of aluminum ion is the complex ions with high 

charge and low degree of polymerization. Finally, aluminum 

hydroxide is formed. These hydroxides and polymerized 

hydroxides have a strong adsorption on organic molecules, 

which is conducive to aggregation. Hydrogen can also 

aggregate into microbubbles to contact with pollutants and rise 

to the liquid surface to form a scum layer, which can degrade 

pollutants. However, with the continuous increase of pH value, 

some aluminum ion polymers will redissolve, resulting in the 

degradation effect decreasing [4]. 

 
Figure 2. Effect of pH value on COD removal rate of oily wastewater. 

3.2. Effect of current density 

Figure 3 shows the relationship between current density and 

degradation efficiency. The current density is the most 

important factor for the photo degradation effect. The COD 

removal rate reaches the maximum when the current density is 

6.5 mA/cm
2
. As the current density increases to 9.0 mA/cm

2
, 

the COD removal rate gradually decreases and eventually 

tends to remain unchanged. Through the above data analysis, 

it is concluded that when the reaction current density is 6.5 

mA/cm
2
, the removal rate of the simulated oil-bearing 

wastewater is the highest. If the current is too high, electron 

migration will occur between materials [10], reducing the 

removal effect. This is because when the current density is 

small, less A1
3+

 is precipitated out of the amorphous gold 

ribbon, then the degradation efficiency is not high. When the 

current density increases, more and more aluminum ions will 

be dissolved, and the corresponding hydroxyl complexes will 

be increased, and the adsorption and flocculation of organic 

matter will be also increased, so that the COD removal rate 

increases. However, the removal rate is not high due to the 

small current density. This is because the generated products 

consume more Al86Ni10Y4 amorphous bands, thus reducing 

the degradation efficiency. 

 
Figure 3. Effect of current density on COD removal rate. 

3.3. Surface Topography Analysis 

Figure 4 is to further explore the surface morphology and 

composition of aluminum-based amorphous before and after 

the treatment of emulsified oil wastewater. The SEM 

morphology was analyzed under the optimum reaction 

conditions. As can be clearly seen from Figure 4 (a), the 

surface of the Al-based amorphous alloy is smooth without 

cracks before the reaction. As shown in Figure 4 (b), a large 

area of white corrosion products appears on the surface of the 

Al-based amorphous alloy after reaction. As can be seen from 

the composition analysis figure (d), oxygen elements appeared 

after the treatment of wastewater by amorphous ribbon, and 

these protrusions are mainly formed by anodic oxidation and 

corrosion of Al-based amorphous alloy. Therefore, when 

Al86Ni10Y4 amorphous ribbon is used to degrade oily 

wastewater, a large number of reaction products are attached 

to the surface of the ribbon, and the possible reaction 

equations are shown in (2.1), (2.2), and (2.3). 

A1�� � H�O � A1�OH��� � H�         (1) 

A1�OH��� � H�O � O� � A1�OH��
� � H�      (2) 

A1�OH��
� � H�O � A1�OH�� � H�       (3) 

So far, many researchers at home and abroad have used 

different electrode materials for electrochemical treatment of 

various wastewater. As shown in Table 1, the comparison with 

other research results shows that the treatment of simulated 

emulsified oil wastewater by using an amorphous alloy based 

on electrocoagulation technology is effective. 
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Figure 4. Surface morphology characteristics of Al86Ni10Y4 amorphous ribbons (a) Surface morphology of ribbons before reaction in wastewater and (b) after 

reaction (c) EDS composition analysis after reaction. 

Table 1. Comparison Between Different Research Results. 

pollutant Electrode (anode) conditions Removal rate (%) reference 

Emulsified oil wastewater Al86Ni10Y4 amorphous pH=3, Current density=6.5 A/m2 75.68 This work 

Olive oil mill wastewater Fe pH=6.9, current density=3 mA/cm2 62.7 [13] 

Petrochemical wastewater Stainless steel pH=3, current density=0.6 A/m2, 50 [14] 

Dye wastewater Pt/Ti pH=3, current density=68 A/m2, 70.6 [15] 

 

4. Conclusions 

In the process of degradation of the simulated oily 

wastewater by the electrocoagulation technology with 

Al86Ni10Y4 amorphous alloy as anode and graphite plate as 

cathode, the effects of pH value and current density on the 

degradation were studied, and the following conclusions were 

obtained: 

1) The optimal processing parameters include the pH value 

of 3, the current density of 6.5 mA/cm
2
, the COD removal rate 

within 100min reaches 75.68% 

2) Large areas of white corrosion products appear on the 

surface of the Al-based amorphous alloy after reaction. These 

protrusions are mainly formed by anodic oxidation corrosion 

of Al-based amorphous alloy. 
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