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Abstract—Among the various methods of water 
purification from oil pollution, an active magnetic method 
using powder sorbents with ferromagnetic properties is 
taking its place. The main components of the sludge are 
ferromagnetic sorbent, oil and water. The paper discusses 
some methods of using sludge extracted from water during 
its cleaning from oil pollution, regeneration and reuse of 
the sorbent. Particularly, recommendations on the use of 
sludge as an active fuel additive are given. The possibility 
of using sludge as a filler for oxygen-flux cutting of concrete 
and in the production of road-building materials is another 
demonstrated possibility.

Keywords—powder sorbents, sludge extraction, oxygen-
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I.	 Introduction

	 Oil sludge (OS) is formed during the production 
processes associated with drilling, processing and 
transportation of oil products. This type of technological 
waste is very common and represents a great danger to the 
environment [1,2]. OS is a primarily subject to recycling, 
although most of them are still subject to disposal. OS 
is also formed during the spill response of oil products 
during various accidents and planned cleaning of 
containers for their storage. OS may vary significantly by 
its chemical composition and physical properties. This is 
determined to a large extent by the type of sorbent used 
in processing technologies. It should be emphasized that 
the sludge as a whole is quite complex physico-chemical 
mixtures consisting of petroleum products, metal oxides, 
mechanical impurities, sand and water [3].

	 The method of water purification from contamination 
by oil products using powder sorbents with ferromagnetic 
properties is effective when working in hard to reach 

places. When using them, no harmful chemical materials 
are used [4]. Great possibilities of the method are opening 
up in connection with the development of new mechanized 
magnetic devices for the removal of sludge [5]. However, 
the method is not without flaws, the main of which are 
relatively low sorption rate and low buoyancy of sorbent. 
These disadvantages can be eliminated by creating 
composite sorbents with improved properties [6,7]. The 
development of recycling technologies and the utilization 
of ferromagnetic oil sludge (FOS) is also important.

	 In experimental evaluation of FOS, various methods 
are used to separate the solid and liquid phases, particularly, 
by steaming and drying [8.9]. For large volumes, a 
more complex scheme of splitting the FOS exist using 
centrifugation and special chemicals. By centrifuging the 
sludge, one can get up to 10-12 m3 per hour of purified 
petroleum product, which can be utilized subsequently as 
an additive to the fuel [10].
	 There are known some quite effective ways of 
utilizing the FOS, in particular, drilling sludge. For 
example, modified peat, lime, and mineral fertilizers are 
introduced into waste drilling sludge [11]. All this content 
is mixed till obtaining a loose mass, stored in piles and 
covered with a polymer film. Before fertilization in the 
ground, physical and chemical indicators of the mixture 
are additionally averaged, and the plot is dug up and then 
sown with herbs or planted with trees.

II.	 Materials and methods

We investigated the FOS obtained when extracting 
motor oil from water using the developed magnetic 
technology [7]. Ferromagnetic sorbents are based on fine 
iron powders (СF) and crushed mill scale (СFO) specified 
in Table 1.
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Table 1 Ferromagnetic sorbents

Sor-
bent

Iron con-
tent, %

Average 
particle size, 

microns

Particle 
shape

Bulk 
density,
g/cm3

СF0 97-98 40-50 Spherical 2.05

СF1 97-98 15-20 Dendritic 1.75

СF2 75-77 30-40 Dendritic 1.80

CFO1 70-72 40-50 Petal 2.35

CFO1 75-78 20-25 Round 2.12
For the research of the sorption process, motor oil 

was used, which was poured previously on the water 
surface in the form of a film with a thickness of 0.5-1.0 
mm. A thin layer of powder sorbent was scattered on the 
surface of the spill. The sorption process manifested by 
the saturation of the sorbent during 5-10 minutes. With 
longer exposures, the sorbent, together with oil, was 
formed clots that sank to the bottom of the vessel. With 
decreasing particle size of the sorbent, its buoyancy 
increased and the dive slowed down to several hours.

Fig. 1. Use of ferromagnetic sorbent: powder application (a), sorption 

process (b, c).
Extraction of sorbents was carried out using magnetic 

and electromagnetic devices, the effect of which was 
demonstrated [4,13,14]. When using iron powders up to 
20 microns in size, the FOS content after rising out of the 
water was the following: 20-25% of oil products, 30-35% 
of water and 30-40% of the solid phase (iron oxides). 
FOS was dried on the air. In the final product, the water 
content can be reduced to 3-5%. Periodically, the material 
should be loosened.

III.	 Results and discussion

A.	 Evaluation of the possibility of FOS regeneration
Preliminary tests have shown that the processing of 

the sorbent in oil, the subsequent drying and calcination 
can increase its efficiency. This can be explained by 
wetting effects. To study this issue, experiments were 
carried out on sorbents made on the basis of iron powder 
M20 / 80-19 with an average particle size of 30 microns. 
Engine oil was used as the oil component distributed on 
the surface of the water. The initial bulk density of the 
powder sorbent CF0 was 2.05 g/cm3, and after calcination 
it was reduced to 1.90-1.95 g/cm3. The extraction of 
the FOS mixture from water was performed using a 
permanent magnet SmNdB. The sorption degree was 

estimated by the standard method [14].  Studies have 
shown that sorption efficiency increases by 10-15% after 
pressing oil product and heat treatment of the sorbent 
(Table 2).

Table 2 The results of the reuse of FOS sorbents after 
regeneration

Specimen Calcination temperature 
on air

during 30 min, 0С

Residual 
content of oil 
product, %

CF0 - 12-14

CF1 200 8-10

CF2 300 4-6

CF3 400 6-8

The greatest effect was obtained at the calcination 
temperature 300 0C.

B.	 Possible applications of FOS in the production 
of building materials
One of the most acceptable application for FOS can 

be additive to the binder in order to improve the quality of 
the asphalt concrete mix [14]. In our preliminary studies 
using FOS, pre-building mixture containing sand and 
crushed stone was heated to a temperature of 200-220 0С, 
and then viscous bitumen with a temperature of 140 – 
160 0С was introduced. The mixture was finally stirred. 
The best results were obtained with the introduction of 
FOS of the content of 10-15%. This ensured complete 
enveloping of the material and allowed to save bitumen. 
In our opinion, FOS can be also used for the production of 
expanded clay, since the introduction of organic additives 
helps to reduce the bulk density of clay.

C.	 The possibility of using FOS for cutting concrete
In the course of the research, it was suggested that 

FOS can be a good powder filler for oxygen-flux cutting 
of concrete. This technology is already used to create 
small-diameter holes in columns, walls and ceilings, and 
cuttings in old building foundations [15]. The method can 
be used in road construction.

In this work, an oxygen lance (Fig. 2a) was used 
for the experiments, which is a steel pipe with an outer 
diameter of 25 mm, a wall thickness of 0.8 mm and a 
length of 1.5-2.0 m. The pipe was filled with pre-dried 
FOS. From a cylinder through the hose connected to the 
pipe, oxygen was supplied under a pressure of 0.5 kgf / 
cm2. At the exit, gas was set on fire. When burning, the 
spear also melted and a hole is formed in the concrete. 
It is also possible to use the method for burning holes in 
metal (Fig. 2b).

a) b)
Fig. 2. Burning of holes using an oxygen powder lance in a 300 mm 
thick concrete sample (a) and burning holes in a steel strip 20 mm 

thick (b).
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Up to 300 dm3 of oxygen was required to burn 1 kg 
of a lance, created in the form of a tube of low carbon 
steel. A powder lance differs from a rod lance in that 
iron powder or their mixture with aluminium powder 
is supplied to the cutting zone. Burning such material 
causes additional heat. When cutting with an oxygen-flux 
spear, the oxygen consumption was up to 50 m3 per hour, 
and the consumption of dried FOS was 300-500 g/min.

IV CONCLUSION

1.	 The best indicators of sorption in iron powders with a 
dendritic particle shape.

2.	 The calcination of the sludge at temperatures of 300-
400 0С give the opportunity to reuse the ferromagnetic 
sorbent. When this sorption increases by 6-8%.

3.	 Sludge with a ferromagnetic sorbent can be used as a 
filler for gas-thermal cutting of concrete.
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