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Ilpusedensvt oannvle CpasHUMENbHBIX UCHBIMAHUTL 0eRPECCOPHO- OUCNEPZUPYIOUUX RPU-
CA0O0K PA3UYHBIX NPOU360OUmenell 6 6a3060m 1emuem ouseibhom monauee. Illpeosapumenvho
onpeodenensl MOaEKYIAPHO-MACCO80€E pacnpedeienie H-al1Kano8, ZPYnnoeoil y2ineeo00pooHblil co-
Ccmae Ou3eibHo20 MONIUBA C NPUMEHEHUEM PA3IUYHBIX UHCIPYMEHMAIbHBIX MEM 0006 aAHAIU3A.
He3zagucumo om mozo, umo éce ucnvbimanHvle 0enPeccopvl NOAUMEPHO20 MUNA U UMEION 8 OCHO8e
COROIUMEPDL IMUICHA C GUHUIAUEIAMOM, OHU NO-DA3HOMY 6/IUAIOM HA HU3KOMEMNEPaAmypHble
C8OIICMEA UCNBIMYEMO20 MONIUEA. /[JOROTHUmMENbHOE 66€0€HUE 6 MONTAUBO OUCHEPZAMO8 He Me-
HAem memnepamypy 3acCmvléaHUA U NPEOENbHYI0 mMemnepamypy uiompyemocmu moniued, npu
IMOM yayquiaem ceOuMeHmayuoOHHyI0 yCHOouuue0Cms U CHUMNCACN €20 PACCl0eHUe 8 YC108UAX
X0100H020 xpanenus. OOnapysceHHble NPOMUBOPEUUA MeEHCOY NOKAZAmeNAMU HUIKOmemnepa-
MYPHBIX C6OICHE U CEOUMEHMAYUOHHOI YCIOIYUEOCHIbIO MONTIUEA 8 NPUCYMCIMEUU UCHbIINAH-
HbIX 0enpeccopos u KOMRO3UUUIL 0enpeccop:0UCnepzamop 00bACHANMCA PA3NUYHbIM G/TUAHUECM
HPUCAOOK HA MODPonoUI0 00PA3YIOMUXCA 8 00beme MONAUEa KPUCIMANI06 napapunos. Ycma-
HO8/1eHO, UM O PYHKUUOHAIbHbIE NPUCAOKU CHOCOOHDBL K CHUNCCHUIO CIeNneHI KDUC ALIUYHOCHU
napagunos, 8vi0e1eHHbIX U3 OU3ETLHO20 MONTUEA U 00PA306ARUI0 DOJ1€€ (PBIXTIBIX» KPUCMATINO08
C NOGLIULEHHOU CEOUMEHMAUUOHHOU YCIOIIMUE0CMbIO, He cMOmPA Ha Honbuue ux pazmepel. Ilo-
Kazano, umo nHa mopgonozuro Kpucmannoe napagduna, odpazyouuxca 6 006veme moniuea c no-
HUdCeHUeM memnepamypol, OKA3bléarom IUAHUE CPEOHEYUCIeHHAA MOJIeKYIAPHAA Maccd Oe-
npeccopa u cooepycanue é Hem nOJIAPHBIX GUHUIAUEMAMHbBIX 36eHbes. Boiasneno, umo npucaoka
C HaUMeHbULell MONEKYIAPHON MACCOU U HAUMEHLUUM COOMHOWEHUEM GUHUIAYCMAMHbLE 366-
HbA/AMuUIEH cnocodcmeyem oo0pazoeanulo bonee MeaKux Kpucmainos napajuna u nposeiiem
Haubonee ynusepcanvhsle ceoiicmea. Ha npumepe kpucmannuzayuu uHOUGUOYANbHO20 H-AIKAHA
CigH3zs ¢ npucymcmeuu denpeccopoé NOKA3aHo 61UAHUE HPUCAOOK HA (opmy odpazosasuiuxcs
Kpucmannoe.
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The data of depressant and wax anti-settling additives efficiency in summer diesel fuel of
various manufacturers are presented. The molecular weight distribution of n-alkanes and group
hydrocarbon composition of diesel fuel using various instrumental analysis methods were deter-
mined. Despite the fact that all depressants tested are ethylene-vinyl acetate copolymers, they have
a different effect on the low-temperature properties of the tested fuel. The additional introduction
of wax anti-settling additives into the fuel does not change the pour point and cold filter plugging
point of the fuel, while improving sedimentation stability and reducing its separation under cold
storage conditions. The contradictions revealed between the parameters of low-temperature prop-
erties and sedimentation stability of the fuel in the presence of the tested depressants and depres-
sant:dispersant compositions are explained by the different effect of the additives on the morphol-
ogy of the paraffin crystals formed in the volume of the fuel. The capability of functional additives
to reduce the degree of crystallinity of paraffins isolated from diesel fuel and the formation of looser
crystals with increased sedimentation stability, despite their large size was found. The influence of
the number-average molecular weight and the content of polar vinyl acetate units in depressant on
the morphology of paraffin crystals formed in the volume of fuel with decreasing temperature was
shown. It was revealed that the additive with the lowest molecular weight and the lowest vinyl ace-
tate/ethylene ratio promotes the formation of smaller wax crystals and exhibits the most universal
properties. The effect of additives on the shape of the crystals formed in the presence of depressants
is shown, using an individual n-alkane CisHzs as an example.

Key words: diesel fuel, pour point depressants, wax anti-settling additives, sedimentation stability, de-
gree of crystallinity
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INTRODUCTION

Requirements for the quality of diesel fuel are
increasing every year and, both environmental [1] and
operational. First of all, this applies to low-freezing
winter and Arctic fuels, the share of which, for exam-
ple, in Russia is 21.3% of the total volume of fuel pro-
duced [2]. At the present stage, two ways have been
outlined to improve the low-temperature properties of
diesel fuels: the production of mixed fuels and the in-
troduction of depressant and wax anti-settling (disper-
sant) additives into the fuel [2-3]. The first option in-
cludes the introduction the processes of catalytic
dewaxing [4-5] and hydroisomerization of paraffins of
normal structure Ci0-Cso [6-9] into the technological
chain of modern refineries. The second option includes
the use of depressant and wax anti-settling (dispersing)
additives [10-13], which prevent the growth of wax
crystals and help to decrease the pour point (Pp) and
the cold filter plugging point (CFPP) of fuels but can
worsen the sedimentation stability of the fuel at low
temperatures. To prevent sedimentation of n-alkane
crystals, dispersants, which are designed to increase
fuels aggregate stability are additionally introduced
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into the fuel [14, 15]. Both depressants and dispersants,
as a rule, are high-molecular compounds, the first,
most often are polymesr [10, 16]. A significant share
in the series of polymer-type depressants belongs to
ethylene-vinyl acetate copolymers and their various
modifications [16-19].

The aim of this work is a comparative test of
depressant-dispersant additives from 3 manufacturers
in diesel fuel and the study of their mechanism of action.

EXPERIMENTAL PART

The physicochemical properties of the base
summer diesel fuel (DF) were determined by standard
methods and they are presented in Table 1. Additives
produced by two foreign (A and B) and one Russian
(C) companies were tested as depressants and disper-
sants. The molecular weight distribution of n-alkanes
in diesel fuel was determined on an Agilent 7890A gas
chromatograph, the content of n-alkanes in the fuel was
calculated using a research method based on the inter-
nal standard method [20]. The group hydrocarbon
composition of diesel fuel was determined by HPLC
on a Breeze Waters 2414 instrument with a refracto-
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metric detector and a column with an amine phase ac-
cording to GOST EN 12916-2012. IR spectra were ob-
tained on an Agilent Cary 600 Series FTIR Spectrom-
eter. The cloud point (Cp) and pour point (Pp) were
determined on a LAZ-M1 device according to GOST
5066-91 and GOST 20287-91, respectively, cold filter
plugging point (CFPP) was determined on a LOIP
PTF-LAB-11 device according to GOST 22254-92,
Cold storage stability was determined using a simpli-
fied procedure: the test sample was placed in a refrig-
erating chamber for 16 hours, maintaining the temper-
ature in the chamber at 5°C below Cp. Then the ratio
between the upper (clear) and lower (cloudy) layer was
visually determined. Photographs of crystals were ob-
tained using an optical microscope MICROMED 2
version 2-20 at a magnification of 40 times.

RESULTS AND ITS DISCUSSION

Table 1
Physical and chemical characteristics of diesel fuel
Tabnuya 1. ®U3NKO-XUMHYECKHE XaPAKTEPUCTUKH TH-
3€JIbHOI'0 TOIIJIMBA

Parameter
Density at 20 °C, kg/m® 829
Mass fraction of sulfur, mg/kg 15
Kinematic viscosity at 40 °C, mm?/s 3.28
Fractional composition:
T =250 C, % (vol.) 30.1
T =350C, % (vol.) 95.7
- 95% (vol.) 343.0
Pour point (Pp), °C -9
Cloud point (Cp), °C -4
cold filter plugging point (CFPP), °C -4
Content,%
- paraffinic and naphthenic 59.0
- monocyclic arenes 27.8
- bicyclic arenes 12.0
- polycyclic arenes 1.2
Total n-alkanes content, % 16.3
- low molecular, below Cis 7.9
- medium molecular C16—C21 7.0
- high molecular > Cy; 14

The main effect on the low-temperature prop-
erties of diesel fuel is exerted by n-alkanes, primarily
high-molecular-weight (content in the fuel 1.4%). Me-
dium- and low-molecular n-alkanes, as well as mono-
cyclic arenes, are good solvents for both high molecu-
lar weight hydrocarbons of the fuel and for components
of functional additives. During the work, three depres-
sants were tested: A, B and C, the active substance of
which is copolymer of ethylene with vinyl acetate. The
low-temperature properties of diesel fuel samples with
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depressants in concentrations corresponding to the in-
dustrially recommended concentrations were deter-
mined: 200, 400, 500, and 600 ppm. The results are
shown in Fig. 1 and 2.

The best depression of the pour point (DPp)
was shown by additive B: 23 °C at 200 ppm. For addi-
tives A and C (200 ppm) DPp was 17 and 16 °C, re-
spectively. At the same time, only additive A influ-
enced on CFPT (depression = 14 °C at concentration
of 500 ppm).

Concentration, ppm

0 200 400 600

Pp, °C

2
—&— depressant A (1) —@—depressant B (2)

Fig. 1. Pour points of the investigated diesel fuel depending on the
concentration of depressants
Puc. 1. Temneparyps! 3acteiBanus uccienyemoro /[T B 3aBucu-
MOCTH OT KOHLIEHTPALUH JETIPECCOPHBIX MIPUCAIOK

Concentration, ppm

0 200 400 600

-15

-20
—&—depressant A (1) —@—depressant B (2)
Fig. 2. Cold filter plugging point of the investigated diesel fuel
depending on the concentration of depressants

Puc. 2. [IpenenpHas TemiiepaTypa GIIBTPYEMOCTH HCCICAYEMOTO
AT B 3aBHCUMOCTH OT KOHIICHTPAIHH JACIPECCOPHBIX MPUCATIOK

The feature of polymer additives is their nega-
tive effect on the sedimentation stability of diesel fuel
during cold storage. Depressor additives, being high-
molecular compounds, are the first to form a dispersed
phase in fuel and then co-crystallize with paraffins of
diesel fuel [10]. Crystals become denser and heavier,
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poorly retained in volume and settle to the bottom,
which leads to the separation of the fuel. To solve this
problem, a wax anti-settling additive (dispersant) is
added to the fuel together with a depressant additive,
which promotes the formation of a fine-crystalline sus-
pension in the fuel volume [21].

In this work, various compositions of a depres-
sant with a dispersant, from the same manufacturer:
A2, B2 and C2, were investigated. Compositions with
a depressant:dispersant ratio, ppm: 200:200, 400:200,
600:200 were tested in diesel fuel. The results of com-
parative tests showed that the additional introduction
of a dispersant into a fuel containing a depressant had
no effect neither Pp nor CFPP of the fuel. For tests on
sedimentation stability by the cold storage method, six

L.V. lvanova et al.

fuel samples were taken: three — containing only de-
pressants and three fuel samples containing de-
pressor:dispersant compositions (400:200). The results
obtained showed that in the presence of the A and B
series depressant-dispersant composition, the separa-
tion of the fuel is less compared to the fuel containing
only the depressant (Fig. 3). At the same time, diesel
fuel in the presence of C series additives showed 100%
aggregate stability, which adds some contradiction in
the interpretation of the behavior of this additive com-
position in fuel: on the one hand, the absence of CFPP
depression (the additive does not affect the crystal
size), on the other hand, there is no separation during
cold storage (crystals do not settle).

A+A2 C
Fig. 3. Test results for sedimentation stability of diesel fuel with various additives
Puc. 3. Pe3ynpraTsl HCHBITAHUH HA CEAMMEHTAIIMOHHYIO YCTOWYUBOCTD TU3EFHOTO TOIUIMBA C PA3TMYHBIMH IPUCATKAMH

It is clear that the fuel stops plugging through
a standard filter in the determination of CFPP when the
size of the wax crystals formed in the volume of the
fuel becomes larger than the size of the cells of the
standard filter (45 um). Thus, the size of the filter cells
can serve as an indirect indicator of the size of the wax
crystals crystallized in the volume of the fuel.

Table 2
Comparison of CFPP fuel with depressant-dispersant
additives on filters with different cell sizes
Taonuya 2. Cpapuenne IIT® Tonusa ¢ AenpeccopHo-
JUCHEPrUPYIOLIMMH NPUCAIKAMHU HA (PUIBTPAX C pa3-
HBIM PasME€pPOM sIY€ECK

Filter cells CFPP, °C

size,um | A+A2 (1:1) | B+B2 (1:1) | C+C2 (1:1)
45 -17 -4 -5
63 -18 -6 -5
80 -19 -18 -19

In the presence of the additive composition A
(Table 2), the smallest crystals are formed, they begin
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C+C2 B

to exceed only at T = -17 °C with the size of 45 pm. At
the same temperature, the wax crystals in fuel with ad-
ditives B and C have a size of about 80 um, this ex-
plains worse sedimentation stability of the fuel in the
presence of these additives. However, as shown by
tests (Fig. 3), in the presence of a composition of addi-
tives of the C series, the fuel is not separated at all. This
can be explained by the degree of crystallinity of the
wax crystals formed in the volume of the fuel (a value
proportional to the ratio of the optical densities of ab-
sorption bands at 730 and 720 cm™) (Table 3).

All additives reduce the degree of crystallinity
of the wax compared to the original sample without ad-
ditives. In the presence of depressant C, the lowest de-
gree of crystallinity is observed, and this indicates that
more "friable" crystals are formed, with a greater pro-
portion of amorphous zones, which provides them with
greater sedimentation stability in the volume. Addi-
tives A and B contribute to the formation of "denser"
crystals, which settle under the influence of gravity,
causing the fuel to separate. The addition of dispersants
A2 and B2 reduces the degree of crystallinity, and, as
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a consequence, the sedimentation stability of the fuel
increases. Using an optical microscope, the morphol-
ogy of crystals of model n-alkane CigHss in the pres-
ence of depressant-dispersing additives was investi-
gated (Fig. 4).

Table 3
Comparison of the degree of crystallinity of paraffins
isolated from diesel fuel with and without additives
Tabnuya 3. CpaBHeHHe CTeNeHH KPUCTAJUIMYHOCTH Ma-
papuHOB, BhieaeHHbIX U3 1T B npucyTcTBMM npuca-
OK ¥ 0e3 HuX

Sample D730/D720

Paraffin without additives 0.55
Paraffin + A 0.53
Paraffin + A + A2 0.35
Paraffin + B 0.53
Paraffin + B + B2 0.38
Paraffin + C 0.48
Paraffin + C + C2 0.38

In the presence of additives C and B, a fine-
crystalline structure is formed, and in the presence of
additive A, directed growth of crystals in the form of
"stars" is observed. Additive A acts as a nucleating
agent and determines the way and direction of crystal
growth. Thus, despite the fact that the tested depres-
sants are based on compounds of the same chemical
nature, their effect on the paraffin crystallization pro-
cess in the same fuel is different. This is due to the
characteristics of the additives themselves: the content
of vinyl acetate units (VA) and the number average
molecular weight of polymers (M) (Table 4).

Table 4
Characteristics of depressants

Tabnuya 4. XapakTepUCTHKH IeNPECCOPHBIX MPHUCATOK
Additive Content of VA, % M,
A 30.5 4.55-10°
B 50.5 7.43-10°
C 33.0 8.74-10°

The most universal depressant A, which re-
duces both CFPP and Pp, is characterized by a lower
molecular weight and a lower content of vinyl acetate
units. It can be assumed that, in the presence of this
additive, polar vinyl acetate units have little effect on
the correct packing of n-alkane molecules in the crystal
during cocrystallization, which leads to a higher degree
of crystallinity. In additive B, the proportion of polar
units is higher and, accordingly, and the degree of crys-
tallinity is lower. Differences in the humber average
molecular weight of polymers should also be noted. If
we adhere to the version that the additive, being a high-
molecular compound, first begins to form a dispersed
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phase in the volume of the fuel, then at the temperature
when additives A start to separate into the dispersed
phase, additives B and C, as higher molecular weight,
have already formed nuclear complexes of certain sizes -
this is proved by tests on CFPP using filters with large
cell sizes.

Cis + additive C

Fig. 4. View of crystals of n-CigHzss in the presence of depressants
at x40 magnification
Puc. 4 Bun xpucramnos H-C1gHss B IpHCYTCTBUM IEIPECCOPHBIX
MPHUCAIOK NpH yBennaeHnn x40
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CONCLUSIONS
The study of the effect of three depressants

based on ethylene-vinyl acetate copolymers on the
low-temperature properties of summer diesel fuel
showed noticeable differences in their mechanism of
action. The composition and molecular weight of the
polymer affects the morphology and the degree of crys-
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tallinity of the wax crystals formed in the fuel, which
affect the low-temperature properties of the fuel and its
sedimentation stability.
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