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Abstract

In this work, a number of experimental studies to determine effective soot by burning waste oils were carried out. The raw 
materials used waste oil from service stations to replace oil cars. Used oil burned using a conventional wick, by impregnating
carbon and glass fiber fabric. The results showed that the surface of the soot produced by burning waste oil has a hydrophobic 
property to the wetting angle 145-1500. The experimental research on the production of soot by burning waste oils showed that 
the combustion of 100 grams of oil, depending on the combustion conditions can be obtained from 0.5 to 1.5 grams of soot. And, 
also was determined the elemental composition and the surface functional groups of hydrophobic sand by IR-spectroscopy. 
Flexible hydrophobic self-destroying carpet on the basis of hydrophobic sand was developed and built. For comparison was 
conducted studies of growth process of potato in the soil layer of earth on the surface of the usual soil and on the surface-
degradable hydrophobic carpet based on hydrophobic sand under greenhouse conditions. 

© 2017 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of the scientific committee of the International Conference on Sustainable and Intelligent 
Manufacturing.

Keywords: soot; waste oil; wetting angle; superhydrophobic sand.

* Corresponding author. Tel.: +7 777 900 42 48.
E-mail address:meruert82@mail.ru

© 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the scientific committee of the International Conference on Sustainable and Intelligent 
Manufacturing

http://crossmark.crossref.org/dialog/?doi=10.1016/j.promfg.2017.08.003&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.promfg.2017.08.003&domain=pdf


18   M. Nazhipkyzy et al.  /  Procedia Manufacturing   12  ( 2017 )  17 – 21 

1. Introduction

The problem of recycling waste lubricating oil is acute throughout the world, as along with other hydrocarbons 
used lubricating oil significantly pollute the biosphere. Unlike oil and other petroleum products, waste oil when 
released into the environment is not rendered harmless by natural means (oxidation, photochemical reactions, 
biodegradation). In this regard, there is an actual problem of recycling waste oil.

It used oils include engine, transmission, hydraulic, industrial, transformer, mineral and synthetic oils 
contaminated by physical or chemical impurities. Depending on the application and the operating environment 
becomes dirty oil or degrades the properties, after which it becomes unsuitable for further use. Sources of waste oil 
are many, most are garages, metal production, power plants, etc. The significant environmental damage does drain 
used oil into the soil and water bodies, which according to the researchers, more than in terms of accidental 
discharges and oil losses during production, transportation and processing.

Hydrophobic sand is ordinary beach sand coated with tiny particles of pure carbon, which have been exposed to 
a special treatment with hydrophobic soot and polyurethane glue. Hydrophobic sand has been rated physiologically 
safe, and comes with a long time guarantee for its hydrophobic effect. 

Hydrophobic sand can be used in agriculture, mixing it with soil in potted plants allows the roots to breath even 
when the plant has been over watered. A layer of hydrophobic sand at the bottom of the pot stops water from 
passing through and yet allows air to pass through the sand grains and provide the roots with the air needed to breath
[1]. Once the additive is applied to the sand, it creates a capillary breaking, hydrophobic encapsulation of the sand, 
making it resistant to salts, particularly sodium chloride ions.

Agriculture farms can use the hydrophobic sand below their sweet soil to minimize water wastage. The water 
stops flowing through into the ground water, and instead, becomes trapped above the hydrophobic sand layer, 
allowing roots to reach into the pool of water collected below. Some of the previous studies explained the usage of 
different hydrophobic materials for reducing water shortages and conserving irrigation water in crop plants [2, 3].

1.1. Experimental

The raw materials used waste oil from service stations to replace oil cars. Used oil burned using a conventional 
wick, by impregnating carbon and glass fiber fabric. To check the resulting hydrophobic soot was soaked in an 
ethanol solution and after drying was tested for properties by the hydrophobic droplet reclining. The experimental 
research on the production of soot by burning waste oils showed that the combustion of 100 grams of oil, depending 
on the combustion conditions can be obtained from 0.5 to 1.5 grams of soot. Extraction of the resulting soot shows a 
benzene soluble content of the small parts, which indicates non-toxicity of the obtained product. 

In continuation of research the synthesized soot from waste oils use to prepare the hydrophobic sand. We used 
sand 2-5 mm of coarse fraction and fine fraction to 0.5 mm, and 1% soot obtained from used oils. Experimental 
setup for the production of hydrophobic sand which consists of a stirring apparatus and the controlled power supply 
has been assembled.

As part of work about practical application of the developed hydrophobic sand based on superhydrophobic soot, 
it was developed and built a flexible hydrophobic self-destroying carpet on the basis of hydrophobic sand. Study is 
about a choice of self-destroying bedding material. For comparison was conducted studies of growth process of 
potato in the soil layer of earth on the surface of the usual soil and on the surface-degradable hydrophobic carpet 
based on hydrophobic sand under greenhouse conditions.

1.2. Results and Discussion

In Fig.1. shown behavior of water droplets on the surface of hydrophobic sand. As we can see that the surface of 
the soot produced by burning waste oil has a hydrophobic property to the wetting angle 145-1500.
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Fig. 1. Water droplets on the surface of hydrophobic sand

A qualitative assessment of the presence of functional groups on the surface of the hydrophobic sand obtained by 
based on hydrophobic soot formed during combustion of waste oils were examined by IR spectroscopy. Fig. 2.
shows IR spectroscopy data of hydrophobic sand.

On the IR spectra of the samples are observed characteristic absorption bands in the frequency range of 463.13; 
532.48; 587.60 cm -1 correspond to the stretching vibrations of Si-O group. Antis -
H contributed to the appearance of the peak at 648.23 cm -1, band at 695.10 cm-1 corresponds to the Si-C vibrations. 
Adsorbtion peaks at 797.15; 778.71; 725.61 cm-1 contributed to appearance of Si-H groups. 

In analyzing the infrared spectrum of the hydrophobic sand was also noted the occurrence of an absorption peak 
at 1875.05 cm-1 characteristic to fluctuations of -C = O group and to stripes on 2346.67 cm-1, P-H group. On The IR 
spectra of the samples are observed characteristic absorption bands of the CH (2850.71 cm-1), and CH-OH (2919.45 
cm-1, 3428.36 cm-1).

Fig. 2. IR spectra of hydrophobic sand

The results of study showed (Fig. 3.) when watering of standard specimen planted potatoes, twice as large 
amount of water, conservation of soil moisture on potato with hydrophobic self-destroying carpet is more effective 
than from the potato without hydrophobic sand. The water stops flowing through into the ground water, and instead, 
becomes trapped above the hydrophobic sand layer, allowing roots to reach into the pool of water collected below.
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Fig. 3. Moisture level of potato crop with hydrophobic soot and standard sample

Fig. 3. clearly shows that the use of as the litter layer hydrophobic sand do not miss moisture and promotes the 
use of 2 times less amount of water  for the cultivation of potatoes.

The results of chromatogram of potato crop with using as bedding layer of hydrophobic sand and standard sample
are presented in the Fig. 4 and Fig. 5.

Fig. 4. Chromatogram of the potato crop with use as bedding layer hydrophobic sand
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Fig. 5. Chromatogram of the standard potato crop

The maximum allowable rate of hexachlorane is 0.01 mg/kg and heptachlor is 0.05 mg/kg. As shown from 
chromatogram analysis concentration of hexachlorane in potato crop sample with using as bedding layer 
hydrophobic sand is 0.00042 mg/kg and heptachlor is 0.00015 mg/kg. The concentration of - and - hexachlorane 
in standard sample of potato crop is about 0.00029 mg/kg and 0.00282 mg/kg. As shown from chromatogram 
analysis of potato amount of heptachlor and hexachlorane which was used as an insecticide does not exceed the 
permissible norms.

1.3. Conclusion

A number of experimental studies to determine effective soot by burning waste oils were carried out and 
synthesized soot from waste oils use to prepare the hydrophobic sand. The study of obtained samples showed that 
the hydrophobic sand coated with polyurethane and hydrophobic soot is not wetted by water and the surface of the 
sand grains completely enveloped with nanoscale layer of superhydrophobic soot. The results of evaluation water 
losses showed reducing water shortages and conserving irrigation water in crop plants.
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