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Introduction
In recent years transportation in Russia  has  

shown a stable increase. And this in turn affects the 
formation of harmful emissions with exhaust gases 
from  internal combustion engines [1]. The primary 
harmful substances containing in motor transport 
are nitrogen, sulfur, carbon compounds and various 
hydrocarbons obtained by an unequal or incomplete 
combustion of  motor  fuel in engines [2,3]. In many 
countries workers have revealed a relationship 
between the cases of diseases and the content of 
harmful substances in exhaust gases of internal 
combustion engines [4,5].

Because of this, reducing the impact of exhaust 
gas emissions on the environment and on people is 
a top priority for industrialized countries. The best 
way to solve it would be to tighten the quality of 
motor fuel requirements [6-8].

It is a well known fact, that the amount of harmful 
substances contained  in diesel engine exhaust gases 
is considerably smaller than that of gasoline engines.
[9]. Diesel engines are also more affordable with a 
lower fire and explosion risk and better dynamic 
characteristics as compared with gasoline engines.

World  petroleum product consumption shows 
that  in the next 10 years the share of diesel fuel (DF) 
will increase while the share of gasoline will start to 
decrease.

 Authors [10] believe that demand for  diesel fuel 
will grow by 1.9% annually in Europe until 2020. 
At the same time the demand for gasoline  will  

decrease by 0.9%. Increase in the consumption of 
diesel fuel beyond Europe and the USA  is  predicted  
to increase by 4% annually and  in Asian  countries 
by 5% [11,12].

According to the Ministry of Energy of the 
Russian Federation [13] diesel fuel production 
increased by 3.2% whereas gasoline grew by 1.1% 
between  2012 to 2013.

At the present time, the quality of diesel fuel 
produced in Russia must meet the requirements 
of one of the following state standards: TR 
TS013/2011 or GOST R 52368-2005 «Diesel fuel 
Euro. Specifications». The latter complies with the 
European standard EN 590:2009.

There are different ways  to improve diesel 
fuel quality such as hydrotreatment process 
application, use of raw vegetable materials and 
their modifications in DF content etc. However, 
multipurpose additives (cetane number improvers, 
antiwear and low-temperature operability additives) 
are commonly used [14-17].

Based on the diesel fuel quality monitoring of  
JSC «Gazprom Neftekhim Salavat» it was found  
that it is impossible to recover EURO diesel fuel 
(meeting the requirements of GOST R 52368-2005 
standard) without the use of antiwear additives.

Cold flow improvers are also useful in improving 
the low temperature properties of diesel fuels 
produced by JSC «Gazprom Neftekhim Salavat».

  In this regard, we have conducted some research 
on the development of antiwear and low-temperature 
operability additives to diesel fuels produced at JSC 
«Gazprom Neftekhim Salavat».
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Development  of  the cold flow  improver 
composition

We used petrochemical products of JSC 
«Gazprom Nefteknim Salavat» as raw materials 
for additive  composition such as  low-molecular-
weight  polyethylene (LMWP) of LDPE and butyl  
alcohol  distillation  residue (BADR).

LMWP quality scores  are characterized  by a 
dynamic viscosity of the molten mass in the range of 
20 to 400 MPa·s  and  the dropping point of  55-90 oC.

 BADR is a mixture of aliphatics with  the  number  
of carbon atoms equal to eight  and  more, carboxylic 
acids and esters. The average composition of BADR  
is presented in table 1.

Taking  into  account  the  material resources and  
physico-chemical indicators we separated BADR  
into  two cuts: head fraction (IBP-190 oC)  and  tail  
fraction (190 oC-EBP).  We  investigated  the fractions  
and  initial BADR with LMWP to determine  the  
most  effective product  in terms of improving the  
low-temperature properties of diesel fuels. The 
compositions of  depressants  obtained were  tested  
in reducing   the Cold Filter Plugging Point (CFPP)  
of  three samples of diesel fuels produced in JSC 
«Gazprom Neftekhim Salavat»: WDF-1, WDF-2, 
WDF-3. Physical and chemical  properties  of  the  
tested  diesel  fuels  are presented in table 2.

The research results  of CFPP diesel fuel samples 
containing 0.2 %wt. of cold flow improvers  are 
presented  in  tables  3-5.

  As  a  result, it  was  found  that  the  obtained  
samples of depressants with the LMWP content  
improve the low-temperature  properties  of  diesel 
fuels: the maximum depressor effect  was  12 oC and 
13 oС for two  samples of diesel fuels: WDF-1, WDF-2 
correspondingly. The depressants show slightly less 
effeciency (7 oC) on WDF-3. In our opinion, it is 
related to a high content of linear paraffins in the 

WDF-3 sample. 
It has been determined that the separated 

fractions and BADR itself are approximately equal 
in efficiency when being used as the auxiliary 
component  of  the  depressant. However, looking at   
a technical-and-economic cost associated with the 
separation of fractions, the  most  feasible for future 
is a direct  use  of BADR.  

 We  also  conducted  research  on interaction of  
the  given  depressant  samples with the commercial 
wax dispersant. The WDF-3 sample (in which 
previuos depressants showed lower efficiency) was 
selected as the research object. The complex additive  
sample  was prepared with  the  depressant  and  
wax-dispersant  ratio  of  2:1. The  test  results  of  the  
complex additive  are  presented  in table 6.

Component Content  of  
component, %wt.

3-methyl-3-Hexanol 5.41

4-Heptanol 2.86

2-ethyl-3-Hexen-1-ol 11.69

2-ethyl-1-Hexanol 32.24

2-ethyl-2-Hexen-1-ol 11.44

1.1-Diisobutoxy-isobutane 2.27

2.4.4-trimethyl-2-methoxy 
Pentane 4.77

Item
Limit according 
to   GOST 52368

(EN 590)
standard

WDF-1 WDF-2 WDF-3

Cetane number, min, unit 51.0 44.0 53.0 51.0

Distillation characteristics, оC:
- ASTM 50% distillation, no more
- ASTM 95%  distillation, no more

-
360

265
343

 261
356

277
346

Kinematic viscosity at 20 °С, мм2/s  2.0-4.5
(at 40 о С) 2.77 2.52 3.43

Density at 15 °С, kg/m3 800-840 845.0 835.0 842.0

Ash content, %wt., no more 0.01 0.00  0.00 0.00

Water content, ppm, no more 200 21 26 32

Oxidation stability, g/m3, no more 25 17 17 15

Closed flash point, °C More 55 71 60 63

Neutralisation value (3h at 50 °C) Class 1 Class 1 Class 1 Class 1

Table 2 
Physical and chemical properties of basic diesel fuels

Table 1 
Composition of  BADR
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Cold flow improver
on the basis  of LMWP 

and solvent

CFPP,  oС, 
at concentration of additive, %wt.

0 0.05 0.1 0.2

-
LMWP content 
in additive, % 

LMWP content 
in additive, %

LMWP content 
in additive, %

10 20 30 10 20 30 10 20 30
Head fraction of BADR

-7

-12 -13 -13 -13 -15 -16 -15 -16 -18

Tail  fraction of BADR -12 -13 -14 -13 -14 -14 -14 -16 -19

BADR -12 -13 -13 -13 -14 -15 -14 -15 -19

Cold flow improver
on the basis  of LMWP 

and solvent

CFPP,  oС, 
at concentration of additive, %wt.

0 0.05 0.1 0.2

-
LMWP content 
in additive, % 

LMWP content 
in additive, %

LMWP content 
in additive, %

10 20 30 10 20 30 10 20 30
Head fraction of BADR

-4

-9 -10 -11 -10 -11 -12 -11 -12 -14

Tail  fraction of BADR -9 -10 -11 -11 -11 -12 -11 -13 -15

BADR  -10 -12 -12 -12 -13 -14 -13 -15 -17

Table  3  
The results   of  testing  the CFPP on  the WDF-1 sample  with cold flow improvers

Table 4  
The results   of  testing  the  CFPP on  the WDF-2  sample  with cold flow improvers

Cold flow improver
on the basis  of LMWP 

and solvent

CFPP,  oС, 
at concentration of additive, %wt.

0 0.05 0.1 0.2

-
LMWP content 
in additive, % 

LMWP content 
in additive, %

LMWP content 
in additive, %

10 20 30 10 20 30 10 20 30
Head fraction of BADR

-2

-5 -5 -6 -7 -6 -7 -8 -8 -8

Tail  fraction of BADR -5 -6 -7 -7 -7 -8 -8 -8 -9

BADR   -5 -6 -6 -6 -7 -7 -7 -9 -9

Table 5  
The  results  of  testing the CFPP  on  the WDF-3  sample  with cold flow improvers

Item

Value, oС

WDF-3 sample, containing  0.1 %wt. additive

Solvent  to cold flow improver

Diesel fuel BADR Head fraction of BADR Tail  fraction of BADR

CFPP -2 -15 -15 -14

Table 6   
Test results of the complex additive
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The results established that 
using the given complex additive 
we managed to enhance the low-
temperature properties of  the WDF-
3  sample  to meet the GOST R  
52368 standard requirements for the 
E grade.

We investigated the stability of the 
WDF-3  sample  at a low temperature 
with 0.1 %wt. of the given additive. 
BADR was used as a solvent. The 
results are presented in table 7.

As table 7 shows, the diesel 
fuel sample with complex cold 
flow improvers is stable at low 
temperatures.  CFPP changes 
and Cloud Point values of fuel 
are within a tolerable range of 
discrepancy (2 °C).

Antiwear  additive development
Another way of using the head and tail  fractions 

of BADR as well as  the BADR composition itself 
with  LMWP  became their application in order to 
improve the lubrication properties of diesel fuels. 
The investigation of antiwear addives on Corrected 
Wear Scar Diameter (CWSD) of the WDF-1 and 
WDF-2  samples in maximal concentration (in terms 
of their  specific flowrate)  revealed an impact equal 
to 0.2 % wt. The results are presented in figures 1,2.   

 Following the results  we came to  the  positive  
effect of antiwear additives on the lubrication 
properties of diesel fuels. In addition, the application  
of  LMWP with tail fraction of BADR is more efficient. 
According to the research of these additives on two 
diesel fuel samples, the  reduction  of 
CWSD was 152 to 180 micron, 26-30%. 
It  is also shown that the value of 
CWSD is reduced when the LMWP 
content in additives is increased. It 
is explained by the positive effect 
of linear alkanes on the lubrication 
properties [18].

We conducted an experiment on 
the interaction of DF (containing 
the obtained additive)with water 
using the DGMK 531 B method, 
since the DF containing the antiwear 
additive under certain conditions 
may demonstrate a tendency to form 
stable emulsions «fuel-water» with 
the subsequent complexity of engine 

operation. The results of these experiments are 
presented in table 8.

The  impact of the developed additive on  
physical and chemical properties of DF and 
the environment

The impact of the obtained bifunctional additive 
on the physical and chemical properties of  DF using 
the WDF-2 sample is presented in table 9.

As we can see from table 9, the introduction of 
the developed additive in diesel fuel produced in 
JSC «Gazprom Neftekhim Salavat» to 0.2% by wt. 
does not change the quality scores of diesel fuels  in 
excess of the allowed values provided by GOST R 
52368 standard.

The impact on the environment is the important 

Table 7    
Test results of the WDF-3 stability at a low temperature 

WDF-3 sample Lower sample Upper sample

Cloud Point, °С CFPP, °С Cloud Point, °С CFPP, °С Cloud Point, °С CFPP, °С

-2 -15 -1 -14 -2 -15

Fig.1. Dependence of  the CWSD  in  the WDF-1 
sample  with  antiwear additives on LMWP content

Fig.2. Dependence  of  the CWSD  in the WDF-2
sample with antiwear additives on LMWP content
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aspect of  the developed  additive use. In  this  
connection, we  continued  the ecotoxicity  research 
of the additive components  by means of biotesting. 
The essence of the biotesting method with  test-object 
infusorian (Paramecium caudatum Ehrenberg) is the 
response of the test organism to the action of the 
toxicant with a behavioral change. Perception of 
chemical substances with infusorian occurs at its 
receptor level. It explains the high sensibility and 

quick reaction to the influence of the ecotoxicants. 
The criterion of the toxic effect is the toxicity index 
(T) - a significant difference in the number of 
infusoria observed in the control and investigated 
sample. The toxicity index characterizes the toxicity 
level (TL) depending on received values [19-21].
Table 10 shows the results of biotesting  by the 
definition of the developed additive toxicity level.

№  DF DF containing  0,3 %wt. 
  antiwear additive

1 0 0

2 0 0

3 1 1

4 1 1

5 1 1

Total emulsion characteristics 1 1

Table 8    
Test results of fuel composition on interaction with water

Item

Value

Limit according 
to   GOST 52368

standard
DF

DF containing
0.2 %wt. of the

 developed  additive

Cetane number, min, unit 51.0 53.0 54.0

Density at 15 °С, kg/m3 820-845 835.0 835.0

Polycyclic aromatics, %wt., no more 8.0 4.7 4.7

Sulfur content, ppm, no more, 
 for type I                         350.0 486 486

Closed flash point, °C 55 60 60

Coke value %wt., min 0.30 0.01 0.02

Ash content, %wt., no more 0.01 0.00 0.00

Water content, ppm, no more 200 26 26

Impurities, ppm, no more 24 3.6 3.6

Neutralisation value (3h at 50 °C) Class 1 Class 1 Class 1

Oxidation stability, g/m3, max 25 17 17

Kinematic viscosity at 40 °С, mm2/s 2.00-4.50 2.52 2.48

Fractional composition:
at  t - 250 °С, % vol., max
at  t - 350 °С, % vol., min

ASTM 95% distillation, no more

65
85
360

42
93
356

42
93
356

Table 9    
Physical and chemical properties of WDF-2 containing developed additive
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Conclusion

Therefore, we proposed  the bifunctional additive on the basis of the by-products  the JSC 
«Gazprom Neftekhim Salavat» LDPE production and propylene hydroformylation process. It enables 
to improve the operational characteristics of diesel fuels significantly while simultaneously solving 
major environmental issues such as an efficient  use of by-products. Diesel fuel containing such an 
additive is stable at a low temperature and  passes the test of interaction with water. The addition of  
0.2% by wt. of the developed additive in diesel fuel produced in JSC «Gazprom Neftekhim Salavat» 
does not change the quality scores of diesel fuels  within the limits of  the allowed values provided 
by GOST R 52368 standard.

The acceptable toxicity level for the developed additive is achieved with a concentration in water 
equal to 1 mg/l which characterizes it as safe and recommended for using  based on its direct impact 
on the environment.

Sample title Indicator

Concentration of additives in water, mg/l

104 103 102 10 1 10-1 10-2

Developed 
additive

Т 1 1 0.913 0.698 0.592 0.238 0.132

TL H H H M M A A

A - Acceptable toxicity level 0.00 < Т ≤ 0.40
M - Мoderate toxicity level 0.40 < Т ≤ 0.70
H - High toxicity level Т > 0.70

Table 10    
Results of biotesting for the determination of the developed additive toxicity level 
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Бифункциональная присадка и её влияние на эксплуатационные 
и экологические показатели дизельных топлив 

Г.М.Зиннатуллина, О.А.Баулин, М.Н.Рахимов, Ш.Т.Азнабаев, Д.Е.Алипов 
Уфимский государственный нефтяной 
технический университет, Уфа, Россия

Реферат

Разработана из доступных сырьевых компонентов бифункциональная присадка, моди-
фицирующая низкотемпературные свойства и смазывающую способность дизельных 
топлив. Физико-химические показатели дизельного топлива, содержащего разработан-
ную присадку, сохраняются в пределах установленных ГОСТ Р 52368 значений. Дизельное 
топливо, содержащее такую присадку, стабильно при холодном хранении и проходит 
испытания взаимодействия с водой.  

Ключевые слова: дизельное топливо, присадки к дизельным топливам, кубовый оста-
ток бутиловых спиртов, низкомолекулярный полиэтилен, экотоксичность.

Bifunksional aşqar və onun dizel yanacaqlarının 
istismar və ekoloji göstəricilərinə təsiri 
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Xülasə

Asan əldə olunan xammal komponentlərindən dizel yanacaqlarının aşağıtemperaturlu 
xassələrini və sürtmə qabiliyyətini modifikasiya edən bifunksional aşqar işlənib 
hazırlanmışdır. Tərkibində işlənmiş aşqar olan dizel yanacağının fiziki-kimyəvi göstəriciləri 
GOST Р 52368 dövlət standartı ilə təyin edilmiş qiymətlər çərçivəsində saxlanılır. Tərkibində 
belə aşqar olan dizel yanacağı soyuq saxlanıldıqda sabit qalır və su ilə qarşılıqlı təsir 
sınaqlarından keçir.

Açar sözlər: dizel yanacağı, dizel yanacaqları üçün aşqarlar, butil spirtinin kub qalığı, aşağı 
molekullu polietilen, ekotoksiklik.
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