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Durable magnetic super hydrophobic 
melamine sponge: to solve complex sea 
oil spills

Introduction  
With the rapid development of the industry, the amount of oil extracted and used 
is increasing year by year. At the same time, oil spills often occur in offshore oil fields. 
Since crude oil contains toxic substances such as benzene, aromatic hydrocarbons, and 
hydrogen sulphide, the outflow of oil into seawater destroys the marine environment, 
causing water pollution and death of marine organisms and is beneficial to human health. 
It poses a danger. There are many ways to solve an oil spill, but adsorption is one of the 
most commonly used solutions. Commonly used adsorbent have the properties of high 
porosity and high specific surface area but such as inorganic mineral and natural polymer 
materials[3,4]. Conventional adsorbent materials have the following drawbacks. Low 
adsorption efficiency, low oil-high water selectivity and cost. Therefore finding the right 
adsorbent is very important to tackle the problem of offshore oil pollution. In recent years, 
commercially available polymer sponges such as melamine sponges and polyurethane 
sponges have  excellent elasticity, high porosity, low cost, active groups on the surface of 
the sponge, and easy modification, so that they have excellent oil absorption. It is attracting 
attention as a sex material. The amphipathic nature of the sponge significantly reduces the 
efficiency of oil adsorption[5,6]. Ultrafine structure of hydrophilic and lipophilic sponges 
by coating nanostructured materials metal nanoparticles chemical etching and graft 
modification of low surface energy materials can be converted to. Hydrophobic and super-
lipophilic sponges improve sponge oil adsorption efficiency and oil-water selectivity. Lang 
et al. reported a two-step method for synthesizing super hydrophobic melamine sponges. 
In this method, the sponge was first dipped in a dopamine hydrochloride solution to 
deposit a polydopamine film on the surface. Subsequently the surface of the sponge 
was modified with and perfluorooctanethiols to create a super hydrophobic sponge with 
excellent adsorption, recovery, and oil-water selectivity. .. However, the fluorinated this used 
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in this method have drawbacks such as high 
cost and environmental pollution. Surface 
The modified sponge has a water contact 
angle of over 150 ° and is super hydrophobic. 
However, grapheme is expensive and is 
currently difficult to use on a large scale. A 
good oil-water separator not only provides 
excellent performance, but also requires 
consideration of manufacturing costs, 
processes, and environmental protection. 
Note that in this process, vegetable waxes are 
suggested as the wettability of the material 
by changing the coating reagents. This is a 
new process for making super hydrophobic 
sponges. Successfully synthesized 
hydrophobic magnetic nanoparticles using 
a solvothermal reaction in the presence of 
a surface modifier, and then adhered them 
to a sponge with a silicone adhesive. This 
process can create a hydrophobic structure 
on the surface of the melamine sponge 
without changing the surface. However, 
when dealing with the problem of oil spills, 
it is necessary to consider issues that affect 
the stability of oil absorbers, such as harsh 
marine environments such as acids and 
alkalis, temperature and strong sunlight. 
Deterioration of oil-water reparability and 
oil absorption efficiency of oil-absorbing 
materials[7,8]. To address this issue, high 
temperature and high pressure resistant 
Nano and Nano nanoparticles have been 
selected that adhere to the sponge skeleton, 
improve sponge stability and durability, and 
add magnetism to it.

Experimental section mMS preparation 

Melamine sponge (MS) was cut to a size of 
1.0 cm x 1.0 cm x 1.5 cm and ultrasonically 
cleaned with ethanol and distilled water for 
1 hour. After drying in an oven at 60 ° C. MS 
was solicited in an ethanol solution of Na-
no-Fe3O4 (100 mg) and Nano-WS2 (40 mg) 
for 30 minutes, and then removed. After dry-
ing were dipped in a mixture.

Reagents and equipment 

Laboratory Reagent Consumables; 
N-Octadecyl Herceptin, Run you Chemical Co., 
Ltd. (Shenzhen, China). Nano-Fe3O4 (20nm 
99.0%), Aladdin Reagent Co. Ltd. (Shanghai, 
China).Nano-WS2 (10nm 99.0%), absolute 
ethanol, Tianjin Kiting Chemical Reagent 
Co., Ltd. (Tianjin, China) Methyl orange, oil 
Red, Cyclohexane, Tianjin Chemo Chemical 
Reagent Co., Ltd. (Tianjin, China); Methylene 

Blue, Tianjin Sheen Chemical Reagent Co., 
Ltd. (Tianjin, China) Carbon tetrachloride, 
Aran Fine Chemical Research Institute, 
(China, Tianjin); Kerosene and Diesel Oil, 
China Petrochemical Group (Beijing, China); 
Corn Oil, Xizang Food; Paraffin Oil, Jinan Lu 
Chemical Industry (Jinan, China); Crude Oil, 
Complex Oil and Water Separation Station 
in Daqing Oil Field (Daqing, China). NaCl, 
MgCl2, Tianjin Kaitsu Chemical Reagent Co., 
Ltd.  Contact angle test of water was dropped 
on the surface of mMS. Images were taken 
after the water droplets had stabilized and 
the water contact angle of the sponge was 
calculated using the tangential method[9,10]. 
To ensure measurement accuracy, the contact 
angle of the sponge was measured 5 times at 
different positions on the top and bottom. 
Adsorption performance analysis and 
recycling performance analysis the saturated 
adsorption capacity of modified sponges of 
crude oil, kerosene, diesel oil, corn oil, paraffin 
oil, n-hexane and carbon tetrachloride is 
40-100 g ° g-1. Since the density of carbon 
tetrachloride is much higher than that of 
other petroleum products, the adsorption 
rate of carbon tetrachloride by mMS is 
significantly higher. A suction press is used to 
retrieve the sponge. As shown in Figure 6b, 
the elasticity of the modified sponge is still 
good after 25 cycles and the adsorption rates 
of kerosene, light oil and corn oil are slightly 
reduced, but still can maintain above 40g°g-
1. I can do it. MS is a kind of porous material. 
When the sponge comes into contact with 
oil, its pores absorb the oil through capillary 
action. This adsorption press behaviour 
destroys the pore structure of the sponge and 
reduces the adsorption rate. The results show 
that mMS absorbs various oils and organic 
solvents well and are recyclable. In practice, 
after the sponge is recovered by the recovery 
device, the oil adsorbed on the sponge is 
recovered by the mechanical press, thereby 
effectively reducing the cost while achieving 
the recycling target and reducing the cost 
by treating the adsorbed oil. Avoid next 
pollution. Or organic matter is caused by the 
combustion or evaporation of matter[11,12]. 

Stability and Durability Test 

We investigated the effects of light 
pH temperature and sodium chloride 
concentration on the stability and durability 
of mMS. The wetting angle of the modified 
sponge was measured every 2 hours while 
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exposed to direct sunlight for 10 hours. The 
modified sponges were immersed in acidic 
and alkaline solutions at pH 11 and using 
HCl and Noah respectively. After drying 
the contact angle was calculated using a 
contact angle tester. To mimic the stability of 
modified sponges in seawater [13,14].

Oil-Water Separation Performance Analysis

MS is a novel foam material with a high 
opening rate and a three-dimensional 
network structure. It is amphiphilic, which 
means it can adsorb both oil and water. This 
property significantly reduces the sponge’s 
oil adsorption rate. Making the sponge super 
hydrophobic and lipophilic can improve 
the material’s oil adsorption rate in the oil–
water mixed solution. As a result, the oil–
water separation efficiency is an important 
indicator for testing the adsorption material’s 
performance. The modified sponge can 
effectively separate the oil–water mixture, 
as shown in  and the oil–water separation 
efficiency of corn germ oil, kerosene, diesel, 
paraffin, n-hexane, and crude oil is greater 
than.   Shows the use of a simple device to 
separate the mixed solution of water and 
CCl4. Due to the wettability of the mMS water 
cannot pass through the sponge. Under 
the action of gravity, carbon tetrachloride is 
separated from the oil–water mixture, and 
the separation efficiency can reach 98.3%. 
The modified sponge can also be used as 
a filter layer by a device to separate oil and 
water [15,16].

Conclusion 
In summary, the super hydrophobic 
sponge magnetic material was successfully 
prepared in a few simple steps. SEM images 
confirmed a high porosity of mMS and an 
increase in sponge roughness before and 
after the change. ED’s images confirmed 
that the sponge surface was successfully 
modified with Nano Fe3O4, Nano WS2, and 
n-octadecanethiol. The Michael addition 
reaction between n-octadecanethiol and 
polydopamine was confirmed by FIFR, 
resulting in a coating on the surface of 
the sponge. Analysis of the wettability 
of mMS showed that the sponge had a 
water contact angle of over 150 °, showing 
super hydrophobicity and. Adsorption and 
circulation experiments have shown that 
mMS has high adsorption performance for 

a variety of organic solvents and oils. The 
structure of mMS is stable after 25 cycles 
similar to the ability to maintain adsorption 
rates of various oils and organic solvents 
above. Oil-water separation experiments 
have shown that mMS can maintain excellent 
oil-water selectivity both on the surface and 
in water, with oil-water separation efficiencies 
of over 98% for various oils in dynamic oil-
water mixtures. MMS has performed well in 
harsh environment stability and durability 
tests. It can maintain super hydrophobicity 
even in the presence of strong sunlight, hot 
water bath, acid, alkali, high salt solution, 
etc. In addition, the magnetic properties of 
mMS allow it to be used to propel the sponge 
magnetically. It is expected to be widely used 
in oil field leaks in the future..
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