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Abstract: The paper represents the research results for the process of the crude oil-contaminated 11 
soil neutralization with the use of a neutralizer obtained on the basis of humine substances. Using 12 
the physical methods (gas and liquid chromatography, fluorimetry, atomic absorption 13 

spectrometry, IR spectrometry) the element and group compositions have been determined for the 14 
crude oil-contaminated soil, neutralizer and neutralized soil. Optimal parameters have been 15 
determined for the process of the crude oil-contaminated soil neutralization in laboratory 16 
conditions: weight ratios of the crude oil-contaminated soil, neutralizer and water, temperature and 17 
neutralization process duration. The technological scheme has been developed for neutralization of 18 

the crude oil-contaminated soil in the field conditions. It is found that low-boiling hydrocarbon 19 
fractions (С12 – С17) disappear completely at neutralization of the crude oil-contaminated soil, high-20 
boiling hydrocarbon fractions (С20 – С23) are essentially increased; the content of oil components and 21 
metals including the toxic ones is decreased. The engineering characteristics for nine mixtures of the 22 
stabilized soil with the neutralized soil have been evaluated by laboratory methods and the 23 

conditions have been determined for their use in the road construction (road category, characteristic 24 
pavement layer, minimal air temperature). An experimental road section has been constructed with 25 
the use of the stabilized soil with neutralized soil (40%).  26 

Keywords: crude oil-contaminated soil; neutralizer; neutralized soil; stabilized soil; experimental 27 

road section 28 
 29 

1. Introduction 30 

Crude oil spill occurs on the earth surface at its production, transportation and storage. Soil 31 

contaminated with oil (crude oil-contaminated soil) is dangerous for human health, flora and fauna. 32 
Therefore one of the actual problems for normal functioning of biological and ecological systems in 33 
the regions with oil production is efficient remediation and utilization of crude oil-contaminated soil. 34 

The most important genetic soil characteristics are disturbed at oil contamination: content and 35 
composition of humus, nitrogen, phosphor and microelements vary; soil adsorption complex is 36 

declined, volume weight is increased (density is increased), aeration and water penetration are 37 
reduced, and moisture available for plants is decreased [1, 2]. 38 

Natural self-purification of natural objects from oil contamination is a time-consuming process. 39 
Therefore short-time efficient artificial methods are required for purification. At present the following 40 

methods are known for remediation of crude oil-contaminated soil: biological [3-8], chemical [9-17], 41 
thermal [18], ultrasound [19] and mechanical [20, 21]. The purpose of the most of remediation 42 
methods mentioned above is to extract oil from a crude oil-contaminated soil. As a rule these methods 43 
are expensive. 44 
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This paper suggests a method for neutralization of crude oil-contaminated soil with the use of 45 

neutralizer produced on the basis of a sodium humate, and the possibility is shown for the use of the 46 

neutralized soil in road construction. 47 

2. Materials and Methods  48 

2.1. Crude oil-contaminated soil 49 

Crude oil-contaminated soil (Figure 1, a) belonging to JSC “Ozenmunaigas” (Mangistau region, 50 

Kazakhstan) has been taken for further purification and improvement of the properties with the 51 
purpose of its use in a subbase of a highway. A storage facility for crude oil-contaminated soils is 52 
shown in Figure 2. 53 

2.2. Neutralizer 54 

To purify the crude oil-contaminated soil from oil components a neutralizer has been used 55 

(Figure 1 b), a composition material produced on the basis of humine substances which has the 56 
following content (% by weight): humic acids – 72.40; moisture – 15.25; ash – 12.35. 57 

2.3. Chemical analysis methods 58 

Fractional composition of oil components in the crude oil-contaminated soil and the neutralized 59 

soil has been determined by the methods of gas and liquid chromatography (Chromatograph 60 
“Agilent 6890”, USA) and fluorimetry (“Fluorat-02”, Russia, Moscow, RF) [22, 23]. N-hexane has been 61 
used as an extract. Accuracy for determination of fractional composition content is (1.5-2.0) ·10-3 62 
mg/ml. 63 

Content of metals in the crude oil-contaminated soil and the neutralized soil has been 64 

determined by the method of atomic absorption spectrometry [24, 25] (spectrometer AA-240 “Varian 65 
Inc. Scientific Instruments”, Australia). Analysis of organic fraction of the crude oil-contaminated soil 66 
and the neutralized soil has been performed on IR-spectrophotometer of the model Nicolet 5700 67 
(company “Termo Electron”, USA) within the range of wave numbers 4000-400 cm-1. The analyzed 68 
soil samples have been prepared with KBr. 69 

Quantitative content of metal oxides was determined by the spectral method 70 
(Spectrophotometer Lambda-35 “Perkin Elmer”, USA) [26].  71 

2.4. Neutralization of crude oil-contaminated soil 72 

Due to multicomponent (complexity) of the crude oil-contaminated soil composition, 73 

polyfunctionality and nonstoichiometry of the neutralizer composition it is difficult to represent the 74 
chemical mechanism of the process for neutralization of the crude oil-contaminated soil. However 75 
we suppose that neutralization of the crude oil-contaminated soil on the basis of the humate provides 76 
oxidation of hydrocarbons in oil components and bonding of heavy metals into safety non-soluble 77 
complexes. Toxic cations of metals (Pb2+, Cr3+, V5+, As2+ and others) in the process of neutralization are 78 

bonded into humates, become inactive and less dangerous for the environment. Methane 79 
hydrocarbons (paraffins), complex alicyclic resins and asphaltenes are formed. 80 

2.4.1. In laboratory conditions 81 

Neutralization of the crude oil-contaminated soil in laboratory conditions has been performed 82 
by joint mixing (rate is 400 rotations per minute) of the crude oil-contaminated soil, the neutralizer 83 

and water in the specified ratios in a mechanical mixer with a thermostatical beaker of model 84 
“Eurostar 20 digital” (Figure 3). Ratios of weights for the neutralizer and water to the weight of the 85 
crude oil-contaminated soil in the tests varied from 0.05 to 1 and from 0.1 to 1 respectively. The 86 
temperature and process duration varied from 20°С to 80°С and from 5 to 60 min respectively. 87 

The neutralized soil has a form as in Figure 1, c. 88 
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Figure 1. a – crude oil-contaminated soil; b – neutralizer; c – neutralized soil. 89 

 

 

. 90 

 

Figure 2. Storage facility for crude oil-contaminated soil. 91 

 

. 92 
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Figure 3. Mechanical mixer. 93 

2.4.2. In production conditions 94 

Neutralization process in the production conditions can be performed on standard equipment 95 
of chemical manufacturers according to the following technical scheme (Figure 4): the crude oil-96 
contaminated soil from a tank (2) by a belt conveyor (6) is supplied into a crusher (5); the crushed (up 97 
to 0.5 mm) crude oil-contaminated soil by a belt dozer (7) and a belt conveyor (6) is supplied into a 98 

reactor (1); the neutralizer is supplied from the reactor (1) into a tank (3) by the belt dozer (7); water 99 
is also supplied into the reactor (1) from a tank (4) by a pump (8) and a dozer (9); the neutralized soil 100 
is supplied by a belt conveyor (10) into a tank (11). 101 

 

. 102 

Figure 4. Technological scheme for the neutralization process of a crude oil-contaminated soil: 1 103 

– reactor; 2 – tank for crude oil-contaminated soil; 3 – tank for neutralizer; 4 – tank for water; 5 – 104 
crusher; 6 – belt conveyer; 7 – belt dozer; 8 – pump; 9 – dozer; 10 – belt conveyor; 11 – tank for 105 
neutralized soil. 106 

2.5. Engineering characteristics 107 

2.5.1. Granularmetric composition 108 

When determining granularmetric compositions of the neutralized soil and stabilized soil mixes 109 
under the standard ST RK 1273-2004 [27] the specimens and the mixes have been dried before in a 110 
drying oven at the temperature of 105±5о С up to constant weight. Then the specimens have been 111 
sifted through a set of sieves. The sieves with dimensions 1.25; 0.63; 0.315; 0.16; 0.05 mm and 20; 10; 112 

5; 2.5; 1.25; 0.63; 0.315; 0.16 mm have been used for the neutralized soil and the stabilized soil mixes 113 
respectively. 114 

2.5.2. Content of organic substances 115 

Content of organic substances in the neutralized soil has been determined under standard ST 116 
RK 1280-2004 [28] by incineration of the soil sample (30 g) in a muffler at the temperature of 550о С 117 

for 2 hours up to constant weight. The soil sample has been dried before in a drying oven at the 118 
temperature of 105±5о С up to constant weight and cooled up to a room temperature in an exicator. 119 

2.5.3. Preparation of stabilized soil 120 

To study the possibility for the use of the neutralized soil in the road construction it was 121 
proposed to consider different mix compositions of the stabilized soil containing crushed stone (5-20 122 

mm), sand (0-5 mm), Portland cement  (grade M 400) and water. Preparation of the stabilized soil 123 
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mixes was performed under standard ST RK 1218-2003 [29] in the following way: the required 124 

quantity of crushed stone, sand and Portland cement were added to the neutralized soil of the pre-125 
determined weight; the mixture was carefully mixed in a mixer (rate 90 rotations per minute) for 3 126 
minutes; then after reaching of homogeneity of the dry mixture water was added during mixing; 127 
mixing of the wet mixture was in progress up to reaching of its homogeneity; due to the fact that 128 

neutralized soil contains organic substances and a hydrophobic one the wetter has been introduced 129 
in the ratio of 1/15 by weight. 130 

2.5.4. Sample preparation 131 

From prepared mixtures of the stabilized soil according to the standard ST RK 1218-2003 [29] 132 
cylindrical samples with dimensions d = h = 71.4 mm for compression test and samples in the form 133 

of a beam with dimensions 40x40x160 mm for bending test were made. The samples were compacted 134 
in appropriate molds under the stress of 20 MPa for 3 minutes. The prepared samples were in a wet 135 
environment for 28 days prior to testing. 136 

2.5.5. Compression strength 137 

Strength of the stabilized soils at compression was determined according to ST RK 1218-2003 138 

[29] by testing the cylindrical samples with dimensions d = h = 71.4 mm at the temperature of 20 оC. 139 
The sample was deformed during the test at a constant rate of 3 mm/min to failure. 140 

Compression strength was calculated by the formula: 141 

                                                                 c

P
R

F
= ,                                                                                              142 

(1) 143 

where Р is load at which the sample has been failed; F is an initial cros sectional area of the 144 
sample. 145 

2.5.6. Bending strength 146 

Strength of the stabilized soils at bending was determined according to ST RK 1218-2003 [29] by 147 
testing samples in the form of a beam with dimensions of 40x40x160 mm at the temperature of 20 оC. 148 

The tests were performed on the three point bending scheme. The sample was deformed during the 149 
test at a constant rate of 3 mm/min to failure. 150 

The bending strength was calculated by the formula: 151 

2

3
,

2
b
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                                                                                          152 

where Р is load at which the sample has been failed; b, h are width and height of the sample 153 
respectively;   l is length between supports. 154 

2.5.7. Frost resistance 155 

Frost resistance of the stabilized soil in accordance with ST RK 973-2015 [30, 31] is determined 156 
by the maximum number of freezing and thawing cycles, which it resists without significant (not 157 
more than 25%) reduction of compression strength. 158 

Cyclic freezing and thawing is carried out in the following way: pre-water-saturated soil 159 

samples are placed in a freezer and held at the temperature of -18±2 °С for 4 hours; then the samples 160 
are placed in a water bath at the temperature of +18±2 °С for 4 hours. Further, the next freezing and 161 
thawing cycle is performed.  162 

3. Results and discussion 163 
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3.1. Group composition of crude oil-contaminated soil 164 

The results for determination of the chemical composition of the oil components contained in 165 
the crude oil-contaminated soil by the gas and liquid chromatography and fluorimetry showed that 166 
the oil components in the crude oil-contaminated soil composition are in dissolved, emulsified and 167 
solid states. Total hydrocarbon content in the crude oil-contaminated soil varies in wide range (5-168 

69%) depending on sampling point. But the fractional composition of the oil components is relatively 169 
uniform. As shown in Table 1, the main part of the oil components are represented by complex 170 
acetylene hydrocarbons (65-74%), the content of resins, paraffinic and naphthenic hydrocarbons 171 
varies from 20 to 33.5%, and the amount of light hydrocarbons is only (0.5-6.0%). Thus, it can be 172 
assumed that 70% of the oil components are complex acetylene hydrocarbons and 30% of them are 173 

resins, medium and light hydrocarbons. 174 

 

Table 1. Total content of hydrocarbons and group composition of oil components in the crude oil-175 
contaminated soil. 176 

Total content of 

hydrocarbons, % 

Content of fractions, % 

complex acetylene 

hydrocarbons 

resins, paraffinic and 

naphtenic hydrocarbons 

light 

hydrocarbons 

5 65 33.5 1.5 

8 71 28.5 0.5 

69 74 20.0 6.0 

3.2. Neutralization of crude oil-contaminated soil 177 

Table 2 shows the results of the multivariate process for neutralization of the crude oil-178 
contaminated soil at different weight ratios of the crude oil-contaminated soil, the neutralizer, water 179 
and at different temperatures. Neutralization process duration is 60 min. 180 

 

 

 

 

Table 2. Variation of neutralization degree of the crude oil-contaminated soil at different ratios of the 181 
neutralizer and water (process duration is 60 min). 182 

 183 

Relative content Neutralization degree at temperature of (°С), % 

oil components neutralizer water 20 40 60 80 

1 

1 

1 

0.05 

0.05 

0.05 

0.1 

0.5 

1.0 

61.31 

66.04 

70.96 

69.11 

73.84 

78.76 

75.45 

80.18 

85.10 

83.07 

87.80 

92.72 

1 

1 

1 

1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.3 

0.5 

1.0 

73.32 

78.24 

75.33 

73.07 

81.12 

86.04 

83.13 

80.87 

87.46 

94.03 

89.47 

87.21 

95.08 

100.0 

97.09 

94.83 

1 0.3 0.3 69.85 77.65 83.99 91.61 
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1 

1 

0.3 

0.3 

0.5 

1.0 

72.79 

71.26 

80.59 

79.06 

86.93 

85.40 

94.55 

93.02 

1 

1 

0.5 

0.5 

0.5 

1.0 

67.95 

56.46 

75.75 

64.26 

82.09 

70.60 

89.71 

78.22 

1 

1 

0.7 

0.7 

0.5 

1.0 

56.41 

51.31 

64.21 

59.11 

70.55 

65.45 

78.17 

73.07 

1 

1 

1.0 

1.0 

0.5 

1.0 

47.29 

40.52 

55.09 

48.32 

61.43 

54.66 

69.05 

62.28 

 

It can be seen from Table 2 that the neutralization process depends either on the neutralizer or 184 
on water content and temperature. The neutralizer content and temperature are the dominant ones. 185 

It is established that the greatest degree of neutralization (100%) is achievable and it takes place at 186 
weight ratios of the crude oil-contaminated soil, the neutralizer and water equal to 1:0.1:0.3. 187 

All options for neutralization of the crude oil-contaminated soil, the results of which are given 188 
in Table 2, are performed with duration of 60 min. Since the longer the duration of neutralization 189 

process, the higher the costs, it is necessary to study its effect on the degree of neutralization of crude 190 
oil-contaminated soil. Figure 5 shows a graph of change in neutralization degree of the crude oil-191 
contaminated soil depending on duration of neutralization process. As can be seen, it turned out that 192 
15-20 minutes were sufficient to achieve the maximum possible degree (100%) of neutralization of 193 
the crude oil-contaminated soil. 194 

 

Figure 5. Dependence of neutralization degree 195 
for the crude oil-contaminated soil on the process duration. 196 

3.3. Chemical composition of crude oil-contaminated soil and neutralized soil 197 

Comparative analysis of fractional composition of oil components in the crude oil-contaminated 198 
soil and the neutralized soil has shown (Table 3) that there are practically no low boiling fractions 199 
(C12 – С17) in the neutralized soil, but the content of high boiling fractions (C18 – С23) is significantly 200 

increased. This shows that neutralization of the crude oil-contaminated soil by the proposed method 201 
reduces significantly its toxicity. 202 

Table 3. Content of paraffins and alkanes in the crude oil-contaminated soil and the neutralized soil. 203 

Paraffins, alkanes 

Content, mg/kg 

in the crude oil-

contaminated soil 
in the neutralized soil 

Paraffins 68-70 - 

Alkanes:   
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С12 1.56 0.07 

С13 2.90 0.08 

С14 20.98 0.11 

С15 80.44 0.15 

С16 69.47 0.09 

С17 77.40 0.56 

С18 80.44 0.72 

С19 53.36 0.43 

С20 34.35 134.37 

С21 19.01 119.01 

С22 17.53 117.55 

С23 9.54 229.51 

Amount of alkanes 466.98 602.65 

It should be also noted that the neutralization of the crude oil-contaminated soil involves an 204 

oxidation process whereby low boiling acetylene hydrocarbons are converted to high boiling 205 
hydrocarbons – paraffinic, naphthenic hydrocarbons, bitumen and asphaltenes (Table 4). 206 

Table 4.  Content of hydrocarbons in the crude oil-contaminated soil and the neutralized soil. 207 

Hydrocarbons 

Content, mg/kg 

in the crude oil-

contaminated soil 
in the neutralized soil 

Acetylene 192 300 - 

Paraffinic and naphtenic 10 100 53 194 

Bitumen and asphaltenes 4 300 6 870 

In neutralizing of the crude oil-contaminated soil the total content of oil components and metals 208 
is decreased: the content of oil components is decreased more than 260 times. The metal content is 209 
decreased from 2.4 times (Mo) to 20,000 times (V); the content of highly toxic metals (Pb, Cr and As) 210 
is reduced by 5.6; 3.1 and 1500 times respectively (Table 5). 211 

 212 

Table 5. Content of oil components and metals in the crude oil-contaminated soil and the neutralized 213 
soil. 214 

Oil components, metals 

Content, mg/kg 

in the crude oil-

contaminated soil 
in the neutralized soil 

Oil components 242 205.00 927.00 

Pb 5.30 0.95 

Cr 2.10 0.68 

As 1.50 0.01 

Mn 6.50 1.90 

Cu 12.80 1.70 

Ti 22.00 6.10 
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Mo 11.00 4.50 

Ni 1.30 0.20 

V 2.00 0.0001 

Table 6 shows the chemical compositions of solid particles for the crude oil-contaminated soil 215 
and the neutralized soil. The solid particles of the soil consist generally of silica oxide (SiО2 - 50.2%), 216 

calcium oxide (CaO - 19.4%) and ferrum oxide (Fe2O3 - 15.2%) total content of which is 84.8% (almost 217 
85%). The rest of solid particles for soil (15.2%) is presented by magnesium oxide (MgO - 4.8%), 218 
potassium oxide (К2О - 4.1%), aluminum oxide (Аl2О3 - 3.1%), sodium oxide (Na2O - 2.1%) and 219 
phosphorus oxide (Р2O5 - 1.1%). As can be seen from this Table, the neutralization process does not 220 

practically change the chemical composition of the soil. 221 

Table 6. Content of metal oxides in the crude oil-contaminated soil and the neutralized soil. 222 

Metal oxides 

Content, mg/kg 

in the crude oil-contaminated soil in the neutralized soil 

mg/kg % mg/kg % 

SiO2 472 800 50.2 470 100 49.1 

Al2O3 29 110 3.1 32 000 3.3 

Fe2O3 142 800 15.2 143 100 15.0 

CaO 182 500 19.4 205 800 21.5 

MgO 45 500 4.8 27 500 2.9 

Na2O 20 200 2.1 17 500 1.9 

K2O 39 100 4.1 46 800 4.9 

P2O5 10 263 1.1 13 800 1.4 

3.4. IR-spectra  223 

Interpretation of IR-spectra of the investigated objects (Figure 6) has been performed with the 224 
use of well-known monographs [32-34]. There are absorption peaks at 1364.9 cm-1, 1362.1 cm-1 and 225 
1358.5 cm-1 in IR-spectra of the crude oil-contaminated soil, the neutralized soil and the neutralizer 226 

respectively, characterizing the symmetrical deformation variation of С-Н bond in methyl (СН3) 227 
groups. More intense absorption peaks were found at 1477.9 cm-1, 1478.5 cm-1 and 1483.1 cm-1 228 
corresponding to the С-Н bond deformation variation in methylene (СН2) groups. Two groups of 229 
absorption peaks at 2856.1 cm-1, 2859.2 cm-1, 2892.8 cm-1, and 2923.3 cm-1, 2925.6 (2959.7) cm-1, 2967.4 230 
cm-1 indicate valence variations of the С-Н bond in methyl and methylene groups. A comparison of 231 

the corresponding absorption intensities showed that after neutralization the methyl and methylene 232 
group content was reduced by an average of 30-40%. 233 

It is known that the symmetrical deformation variation of the C-H bond in methyl groups is 234 
shown about 1375 cm-1, but in the composition of complex compounds it moves towards low 235 
frequencies and has a higher intensity due to the neighborhood with the carbonyl group (C=O) [33]. 236 

Absorption peaks at 1797.2 cm-1 and 1790.9 cm-1 correspond to valence variation of carbonyl group of 237 
a high-molecular hydrocarbons fragment. No infrared absorption frequencies have been determined 238 
in the neutralizer spectrum in this area. In addition, the absorption degree of the carbonyl group in 239 
the crude oil-contaminated soil is 29% higher than in the neutralized soil, which can give information 240 

on reduction of asphaltenes content after neutralization. 241 
Absorption peaks of 1415.3 cm-1, 1415.5 cm-1, and 1411.3 cm-1 on the spectra of the crude oil-242 

contaminated soil, the neutralized soil and the neutralizer indicate the availability of carbonate-anion243 

( )2

3CO − . Content of carbonate-anion is less in the neutralized soil by 33% than in the crude oil-244 
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contaminated soil. This can be explained by the decomposition of carbonates during the 245 

neutralization process: 246 

                              MeCO3 + 2OH- ↔ Me(OH)2 + CO32- ,                                                                         247 

(3) 248 

                               CO32- + 2 Н+ → Н2О + CO2↑.                                                                                      249 

(4) 250 

 The remainder of these anions is in the neutralized soil in the form of metal carbonates, mainly 251 
calcium carbonate, since the calcium content is substantially higher than that of sodium, potassium 252 

and magnesium (Table 6): 253 

                               Ca(OH)2 + CO2 → CaCO3 + H2O.                                                                               254 

(5) 255 

The availability of carboxylic acids (-COOH) having an internal hydrogen bond is confirmed by 256 
peaks at 1649.9 cm-1 (crude oil-contaminated soil), 1652.7 cm-1 (neutralized soil) and 1651.8 cm-1 257 
(neutralizer). The availability of the carboxylic acid absorption band is due to the presence of humic 258 
additives in the reaction mixture. At the same time their content is more by 47% and 29% in the 259 
neutralizer and the crude oil-contaminated soil respectively than in the neutralized soil. 260 

The availability of acetylene compounds is confirmed by valence variations of С≡С bonds in 261 
monosubstituted alkynes and disubstituted alkynes, in which the substituents are different, by 262 
absorption peaks respectively: 2139.5 cm-1 (crude oil-contaminated soil), 2140.1 cm-1 (neutralized soil), 263 
2141.7 cm-1 (neutralizer)  and 2195.3 cm-1 (crude oil-contaminated soil), 2196.4 cm-1 (neutralized soil), 264 
2197.8 cm-1 (neutralizer). At the same time it turned out that the number of bonds of С≡С in mono- 265 

and the disubstituted alkynes in the crude oil-contaminated soil and the neutralized soil is the same 266 
and almost three times less than in the neutralizer. 267 

Absorption peaks of 2025.9 cm-1 and 2062.0 cm-1 (crude oil-contaminated soil), 2025.8 cm-1 and 268 
2062.6 cm-1 (neutralized soil), 2025.8 cm-1 and 2062.6 cm-1 (neutralizer) fall into the band of overtones 269 

(2222-2000 cm-1) characterizing the combination of antisymmetric deformation and torsional 270 
vibrations of 

3NH + groups. The group content in the neutralizer is on average two times more than in 271 

the crude oil-contaminated soil and the neutralized soil. 272 

Peaks 870.9 cm-1 (crude oil-contaminated soil), 860.7 cm-1 (neutralized soil) and 854.0 cm-1 273 
(neutralizer) falling into the absorption band 900-675 cm-1 correspond to out-of-plane deformation 274 
vibrations of C-H bonds in mono- and polynuclear aromatic compounds. The amount of this type of 275 
bonds in the crude oil-contaminated soil is more by 50% compared to the neutralizer and the 276 

neutralized soil. 277 
Presence of heterocyclic aromatic compounds in the investigated object compositions is 278 

indicated by availability of peaks on their band absorption spectra 1100-1000 cm-1 and 1580-1520 cm-279 
1. The first of them, which characterizes deformation vibrations of C-H bond in heterocyclic aromatic 280 
compounds, includes peaks equal to 1061.0 cm-1 (crude oil-contaminated soil), 1070.2 cm-1 281 

(neutralized soil) and 1068.5 cm-1 (neutralizer). In the second of them, which characterizes valence 282 
variations of bonds C=C, C=N in heterocyclic aromatic compounds, peaks are shown at 1567.4 cm-1 283 
(crude oil-contaminated soil), 1573.1 cm-1 (neutralized soil) and 1575.1 cm-1 (neutralizer). After 284 
neutralization, the first kind of bonds is reduced by 20%, and the second kind remains practically 285 
constant. This fact suggests that in the neutralization process the content of heterocyclic aromatic 286 

compounds with substituted nitrogen atoms is not varied, but heterocycles with substituted atoms 287 
of other elements (e.g. O, S, V, Ni, Ti) are decreased. 288 

The availability of silicates was found in the neutralizer (954.7 cm-1) and the neutralized soil 289 
(954.8 cm-1). These peaks characterize variations in Si-O-Si bonds (970-940 cm-1). 290 
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Figure 6. IR-spectra of samples: 1 – crude oil-contaminated soil; 2 – neutralizer; 3 – neutralized soil. 291 

The crude oil-contaminated soil contains unsaturated toxic hydrocarbons which react with the 292 
neutralizer. At the same time, the chemism of the current processes at neutralization of the crude oil-293 
contaminated soil can be described by the following equation: 294 

 

                     

where  are hydrocarbons and heterocyclic compounds before neutralization; 295 

  are hydrocarbons and heterocyclic compounds after neutralization. 296 
Thus, when neutralizing the crude oil-contaminated soil heavy oil fractions can be subjected to 297 

chemical degradation with forming of low-toxic hydrocarbons. 298 

3.5. Stabilized soils 299 

In order to study the possibility for the use of the neutralized soil in road construction, nine 300 
mixtures of stabilized soil have been considered (Table 7). As can be seen, the first three mixtures 301 
contain 60% of crushed stone, 15% of sand and 25% of neutralized soil. Their Portland cement content 302 
is 6%, 7% and 8%, respectively. They also contain different amounts of water. The other six mixtures 303 
do not contain sand. In the second and third triple of mixes the content of crushed stone and the 304 

neutralized soil is 50%, 50% and 30%, 70% respectively. Content of Portland cement is equal to 9%, 305 
10% and 11%. 306 

For visual reference the granularmetric curves of the neutralized soil and one of the stabilized 307 
soil mixes are represented in Figure 7. 308 

 

(6) 
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Figure 7. Granularmetric curves for the neutralized soil and the stabilized soil. 309 

Engineering characteristics of the stabilized soils are given in Table 8, from which it can be 310 
clearly seen that all strength indicators are increased with the increase of crushed stone and Portland 311 
cement content in the mixtures. As expected, compression strength is decreased in all cases as the 312 
number of freeze and thaw cycles is increased. The reduction in strength after 10, 15 and 25 cycles of 313 

freezing and thawing is on average 16%, 38% and 53%, respectively. 314 

Table 7. Composition of the stabilized soil mixes. 315 

Mix No. 

Composition, % 

stone sand 
neutralized 

soil 

Portland 

cement 

water with 

wetter 

I-1 60 15 25 6 6.3 

I-2 60 15 25 7 7.2 

I-3 60 15 25 8 7.6 

II-1 50 - 50 9 8.0 

II-2 50 - 50 10 9.3 

II-3 50 - 50 11 9.8 

III-1 30 - 70 9 10.2 

III-2 30 - 70 10 11.5 

III-3 30 - 70 11 12.2 

Table 8. Characteristics of the stabilized soil mixes. 316 

Mix No. 
Maximal 

density, g/cm3 

Strength, MPa 

Compression strength (MPa) 

after freeze-thaw cycles 

 

compression bending 10 15 25 

I-1 2.11 4.0 1.0 3.5 2.0 1.8 

I-2 2.08 4.5 1.2 4.0 3.5 3.0 

I-3 2.07 4.8 1.3 4.2 3.6 3.1 

II-1 2.00 2.8 0.7 2.4 1.8 1.2 

II-2 2.03 3.5 0.8 3.0 2.0 1.4 



Sustainability 2020, 12, x FOR PEER REVIEW 13 of 19 

II-3 2.05 4.0 1.0 3.5 2.5 1.6 

III-1 2.04 2.0 0.6 0.6 - - 

III-2 2.06 2.5 0.7 0.8 - - 

III-3 2.07 3.2 0.8 2.0 1.6 1.0 

According to the regulatory document [35] all public roads in the Republic of Kazakhstan are 317 
divided into five categories depending on traffic intensity (Table 9). The higher the road category, the 318 

more strong and durable materials are used for their pavements. At the same time for the roads of I-319 
IV categories the surface (first) layer of pavement is arranged from an asphalt concrete. As the 320 
multiyear design practice shows, pavement of a road of the III category has two layers of the asphalt 321 
concrete with a total thickness of 10-12 cm, and roads of the I and II categories have three layers of 322 
asphalt concrete with a total thickness of 15-18 cm. 323 

Table 9. Categories of automobile roads. 324 

Traffic intensity, 

car/day 
I II III IV V 

Category of 

automobile road 
>7000 3000-7000 1000-3000 100-1000 <100 

Stabilized soils on roads of the I-IV category roads can be used as a base layer material and a 325 
subbase layer material, and on V category roads as a pavement material [36]. 326 

Table 10 shows the conditions for using of the stabilized soils with the neutralized soil of 327 
different composition. Figure 8 shows a map of isoline of minimal temperature of -30° С on the 328 

territory of Kazakhstan. A joint analysis of these Tables and the maps shows that the stabilized soil 329 
containing 70% of the neutralized soil and 9-10% of Portland cement cannot be used in road 330 
construction in Kazakhstan. The stabilized soils of all other compositions can be used as a material of 331 
the base layer for pavements. At the same time only the stabilized soils of I-1 and I-2 (60% of crushed 332 
stone, 15% of sand, 25% of the neutralized soil and 7-8% of Portland cement) can be used for roads of 333 

the III, IV and V categories, and all others can be used only for roads of the IV and V categories. 334 
According to climatic requirements only mixtures of I-1 and I-3 are allowed to be used in the areas 335 
with minimal temperature below -30° С, and the remaining mixtures can be used only up to -30° С. 336 

Table 10. Conditions for the use of the stabilized soils with the neutralized soil. 337 

Mix No. Road category Pavement layer Minimal 

temperature, °С III IV V base layer subbase layer 

I-1  + + +  below -30 

I-2 + + + +  -30 

I-3 + + + +  -30 

II-1  + + +  -30 

II-2  + + +  -30 

II-3  + + +  below -30 

III-1 + + +  + -5 

III-2 + + +  + -5 

III-3  + + +  -30 
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Figure 8. Map of minimal temperature of  -30° С on the territory of Kazakhstan. 338 

3.6. Experimental section 339 

An important stage in the implementation of new materials and technologies into road 340 

construction is the construction of an experimental section. The possibility for implementing of the 341 
proposed technologies and materials is checked during the construction of an experimental section. 342 

In November 2014, near the city of Zhanaozen (Mangistau region), an experimental road section 343 
has been built using the stabilized soil with the neutralized soil. The test section has a length of 75 m 344 
and a pavement with a width of 3.5 m from the stabilized soil. The stabilized soil had the following 345 

composition: crushed stone of 5-20 mm fraction (50%), neutralized soil (40%), Portland cement of M 346 
400 grade (10%), water with wetter (12%). 347 

Crushed stone was supplied from “Shetpe” quarry, and the neutralized soil - from a storage site 348 
of the JSC “Ozenmunaigas”. 349 

The technology for construction of the pavement was implemented in the following sequence: 350 
mixing of the crushed stone, the neutralized soil and Portland cement was performed at the storage 351 
site; the mixture of crushed stone, neutralized soil and Portland cement was brought to the 352 
experimental section and distributed on the surface of the subgrade (Figure 9); water with wetter is 353 
distributed from KamAZ tank truck (tank volume is 16 m3); mixing of the mixture and water on the 354 

surface of the subgrade has been performed by an grader (Figure 10); pavement material - a graded 355 
mixture of the stabilized soil with the neutralized soil - is compacted by a smooth drum roller of 356 
Rascat brand (3 tons) (Figure 11). 357 

As a result of the subsequent implementation of the above technology, a 15 cm thick pavement 358 
has been built (Figure 12). 359 

Successful implementation of the project for the experimental section has shown the full 360 
possibility for the use of the neutralized soil in the road construction. Meanwhile the conventional 361 
machinery and road equipment are used for transportation, mixing, levelling and compaction. 362 
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. 363 

 

Figure 9. Mixture of crushed stone, neutralized soil and Portland cement on the surface of subgrade. 364 

 

. 365 

Figure 10. Levelling of the stabilized soil layer. 366 
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. 367 

Figure 11. Compaction of the stabilized soil layer. 368 

 

 

. 369 

 

Figure 12. The completed pavement from the stabilized soil. 370 

4. Conclusion 371 

In this work the following conclusions can be drawn on the basis of the obtained results on 372 
neutralization of the crude oil-contaminated soil and testing of the possibility for the use of the 373 
neutralized soil in the road construction: 374 

1.The method has been proposed for neutralizing of the crude oil-contaminated soil using a 375 
neutralizer based on humine substances. The schemes have been developed for neutralization of the 376 
crude oil-contaminated soil in laboratory and production conditions. It is found that the maximal 377 
possible degree of neutralization (100%) is achievable at weight ratios of 1: 0.1: 0.3 for the crude oil-378 
contaminated soil, neutralizer and water, and at the temperature of 80 ºС and duration of 15-20 379 

minutes. 380 
2.When neutralizing of the crude oil-contaminated soil, the low boiling hydrocarbon fractions 381 

(С12 – С17) disappear completely, the high boiling hydrocarbon fractions (С20 – С23) are essentially 382 
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increased, the content of oil components and metals, including toxic ones, is decreased, i.e. the 383 

neutralization process reduces significantly the toxicity. 384 
3.Laboratory methods evaluated the engineering characteristics for nine mixtures of the 385 

stabilized soil with the neutralized soil and determined the conditions for their use in road 386 
construction (road category, characteristic layer of pavement, minimal air temperature). 387 

4.An experimental road section has been built using the stabilized soil with the neutralized soil 388 
(40%). Successful implementation of this project has shown the full possibility for the use of the 389 
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