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N. Ivanov, Zh. Tilepbergen, U. Kydyrbayeva

D. V. Sokol’skii Institute of Fuels, Catalysis & Electrochemistry, Almaty, Kazakhstan.
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THE APPLICATION OF DEPRESSOR ADDITIVES TO IMPROVE
THE RHEOLOGICAL OIL PROPERTIES AND INHIBIT
THE BOTTOM SEDIMENTS FORMATION IN STORAGE TANKS

Abstract. The possibility of using depressant additives to improve the rheological oil properties and inhibit the
bottom sediments formation during storage in the Kazakhstan's oil refinery tanks is investigated. It is shown that the
introduction of depressant additives makes it possible to reduce the temperature of oil fluidity loss by 3-6 °C. It was
found that the introduction of depressant additives significantly improves the oil fluidity as comparison with the oil
without heat treatment and the oil with heat treatment. Analysis of bottom sediments from the storage tanks for the
content of the sum of asphalt-resinous compounds and mechanical impurities showed that the test sample belongs to
type P1. Chromatographic paraffins determination in oil and bottom sediments showed a higher total content of hard
melting paraffins from C18 in the bottom sediments of the storage tanks - 34.69% than in oil entering reservoir parks
- 21.04%. A high-molecular alkanes predominate in the sediments up to C,, and the total amount of paraffins in the
sediments exceeds their content in the initial oil by 15 %.

Key words: rheological oil properties, asphalt-resin-paraffin deposits, tank, depressor additives.

Introduction. On the Kazakhstan territory highly paraffinic oils, containing along with the branched
alkanes a significant paraffinsnumber of a normal or slightly branched structure,are extracted for the most
part [1, 2]. A feature of this oil type is thehighchilling temperature, which causes the rheological proper-
ties (mobility, fluidity, etc.) deterioration of both the oil itself and the products of its processing [3, 4].
During the oil extraction, transportation and storage with a high content of paraffins, intensive formation
of asphalt-resin-paraffin deposits occurs on the inner surface of oilfield and refinery equipment, which
leads to a decrease in the efficiency of pumping units, a reduction in the capacity of pipelines, the useful
capacity of oil storage tanks and reduction of maintenance periods of equipment operation [5-8]. ARPD
are highly disperse suspensions of crystals of paraffin-naphthenic hydrocarbons, asphaltenes and mineral
impurities in oils and resins [9, 10]. The ARPD composition and properties can vary in a wide range,
depending on the oil properties and composition, the development conditions, the surface equipment
characteristics, etc., which causes additional difficulties arising during its removal (inhibition) [11, 12].

At the present time, there are a number of methods and technologies for lowering the chilling tempe-
ratureand improving the rheological characteristics of high-viscosity paraffin oil and inhibiting the ARPD
formation: heat treatment and other physical impact methods, dilution with light oil fractions or various
solvents, as well as the additives introduction regulating viscoelastic oil properties [13, 14]. The most
effective way to improve the rheological characteristics are the chemical methods of treating oils with the
application of depressor, inhibiting and detergent additives [15, 16, 19-21].

The introduction of additive, even in small amounts, to highly paraffin oils can significantly alter the
rheological oil (chilling temperature, viscosity, shear stress) properties and as a consequence, prevent the
paraffin deposition [17, 18].

The work purpose is to investigate the depressor additives efficiencyto improve the rheological
properties of oil entering the tank farm of an oil refinery and to inhibit the ARPD deposits formation du-
ring storage in tanks. To carry out these researches,oil sample of entering the refinery for the refinery tank
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farm and a sample of bottom sediments from the tankswere selected. The investigated oil is theoil mixture
from the South Turgai trough deposits and refers to paraffin hardening oil. Oil characteristics at the
sampling time are presented in table 1.

Table 1 — Oil characteristics

The indicator name Testingmethod Testingresult
Oiltemperature, °C 17,1
Oilpressure, MPa 0,23
Oil density of under measurement and pressure conditions, kg / m® KR ST 2.153 820,3
Oil density at temperature 20°C, kg / m’® KR ST2.153 818,0
Oil density at temperature 15°C, kg / m* KR ST2.153 822,5
Masssulfurcontent, % KR STASTM D 4294 0,09
Vapour pressure, kPa (mm Hg) GOST 1756 29,4 (220,4)
Masswatercontent,% GOST2477 0,03
chloride salts concentration, mg / dm’ GOST 21534 39,3
Mass chloride salts content, % GOST 21534 0,0048
Mass mechanical impurities content, % GOST 6370 0,0085
Total mass ballast content, % 0,0433
Organochlorine compounds content, min™' (ppm) KR STASTM D 4929 1,4
Massparaffincontent, %
no-flowpoint,°C KR STASTM D 5853 3,0
Yield fractions % at the temperature up to 200 °C at a temperature up to 300 °C GOST 2177 33,0 53,0
Mass content of hydrogen sulphide, mln™ (ppm)
Mass methyl content - and ethyl mercaptans, min™ (ppm)
Kinematic viscosity, mm?” /s (cSt) at a temperature of 14.5 °C KR STASTM D 445 10,7

Research methods. At the first research stage it was appropriate to analyze the oil sample and
bottom sediment samples to obtain an idea of the percentageparaffins, asphalt-resin compounds and
mechanical impurities ratio.

Determination of the total content of resin-asphalt substances was carried out using the Marcuson
adsorption method. This method is based on the ability of resin-asphalt substances, as compounds of
unsaturated and containing groups of atoms with large chemical energy, to be retained on the adsorbents
surface. As an adsorbent, silica gel, previously dried at a 250°C temperature was used.

Determine the asphaltenescontent allowed their insolubility in low-boiling limiting hydrocarbons.
With sufficient dilution of the sample weighed with a solvent (in our case in a 40-fold volume) the
asphaltenes precipitate. As a solvent, gasoline was used that did not contain aromatic hydrocarbons and
boiling within the 65 - 95 °C range.

The mechanical impurities amount was determined in accordance with GOST 6370-83. The method
essence is consists in filtering the tested products with preliminary dissolution of slowly filtering products
in toluene, filter washing on the solvent, followed by drying and weighing [22].

Chromatographic paraffins determination in oil and bottom sediments was carried out using the
AutoSystem LX gas chromatograph, the Perkin-Elmer 3012 SIMDIS model according to ASTM D2887
with the programmable temperature of the column thermostat and a universal capillary column injector,
pneumatics and an autosampler for liquid samples. The AutoSystem LX chromatograph is equipped with a
flame ionization detector with a digital signal amplifier, a pneumatics for supplying hydrogen and air,
automatic ignition and flame detector monitoring. Before the analysis, the conditioned samples were kept
for at least half an hour. In the chromatograph, the same oil samples were introduced in an amount of 0.3
pl. Oil samples chromatographic analysis was carried out on a capillary column ELITE PS 2887. The
carrier gas (He) flow rate through a quartz capillary and analytical column was 50 cm/min.
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In the second study phase effect of various additives (DP2G, DMN 1005 sample 1, DMN 1005
sample 2, NHT-I,LPAO 80072 and PAO 82004) to the dynamic viscosity of the oil was investigated. The
oil temperature of fluidity loss (TFL) was also determined by the ASTM D5853 method.

To determine the dynamic viscosity, shear stress, shear stress limit, it was used an Anton Paarr-
heometer viscometer (Austria) of the RheolabQC model with the Rheoplus software using the DGR-42
measuring system (12ml), a double-slotted cylinder and the CC-17 measuring cylindrical element (5 ml).
Dynamic (apparent) viscosity and shear stress measurements were carried out in a linear temperature
measurement mode (cooling rate 25 °C / h) at a constant shear rate (10s”), and a linear change in shear
rate (from 0 to 100 s™) at constant temperature. The flow temperature was used to determine the transition
temperature of a Newtonian fluid to a non-Newtonian fluid, a limiting shear stress, and a dynamic
(apparent) viscosity.

The oil temperature of fluidity loss(TFL) values without heat treatment, with heat treatment and when
various additives were added to the oil were determined according to the ASTM D5853 method at the
TFL measurement facility. As cooling baths, 2 thermostats were used: LAUDA RE-420 (with temperature
0 °C maintained - thermostat 1), LAUDA RA-8 (with maintaining the temperature -18 °C - thermostat 2).

Results and discussion. The samples analysis results of bottom sediments showed that the content of
resin-asphalt substances in ARPD is in percentage ratio higher than the content of asphaltenes and the
content of mechanical impurities is 0,18 % (Table 2).

Table 2 — RA, asphaltenes and mechanical impurities content (%) in the analyzed samples

Analyzedsample ContentRA, % Asphaltenescontent, % Mechanical impurities content, %

ARPD sample 10,42 6,57 0,18

Chromatographic paraffins determination in oil and bottom sediments indicates a higher total content
of hard melting paraffins from C,g in the bottom sediments of the tank 34.69 % (Figure 1) than in oil
entering the storage tanks 21,04% (Figure 2). It should also be noted that high-molecular alkanes
predominate in the sediments up to Cy, and the total amount of paraffins in the sediments exceeds their
content in the initial oil by 15 %.

Oil

: Illlllj__-_

1-5 7 9 11 13 15 17 19 21 23 25 27 29 31 33
carbon number alkanes

Figure 1 —n-alkanes distribution in oil
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ARPD

05 Wilital

-5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39
carbon number alkanes

Figure 2 — n-alkanes distribution in the ARPD sample

Thus, it can be concluded that when storing paraffin oil in a tank farm, bottom sediments are formed
with a predominant content of high melting paraffins with an increase in their quantity compared to the
original oil. In this connection, solid oil sludge is formed in the process of precipitation of hard melting
paraffins with asphaltenes and high temperatures are required to destroy them with the use of solvents and
surfactants that allow the washing of solid paraffins and asphaltenes from slimes.The selection of solvents
and surfactants, as a rule, is carried out according to the type of ARPD. Depending on the content of
paraffin hydrocarbons, resins, asphaltenes and their ratio (B = PH/RAS), oil deposits are divided into the
following types: paraffin f>1,1; Mixed = 0,9-1,1 and asphaltenic $<0,9 (Table 3) [23].

Table 3 — ARPDclassification

The paraffin ratio (P) content to the sum Mechanicalimpuritiescontent,
ARPD group Subgroup ARPD resins (R) and asphaltenes (A),P /(R + A) %
Ay <1 0-0,2
Asphaltenic (A) A, q! 0,2-0,5
A; q! »0,5
M, =] 0-0,2
Mixed (M) M, =] 0,2-0,5
M3 ~] )0,5
Pl 1 0_052
Paraffin (P) P, >1 0,2-0,5
Ps 1 »0,5

The ratio paraffins content (P) to the resins sum (R) and asphaltenes (A) for the sample of bottom
sediments is 3.32, the content of mechanical impurities is 0.18 %, which, in accordance with table 3
allows them to be classified as paraffinic P;.

The study of the various additives effect (DP2G, DMN 1005 sample 1, DMN 1005 sample 2, NHT-I,
PAO 80072 andPAO 82004) on the dynamic viscosity of crude oil showed that the introduction of
depressant additives significantly improves the oil fluidity compared to oil without heat treatment and heat
treatment. In this case, additives DP2G and DMN 1005 sample 1 are much more effective than other
additives (figure 3).

Table 4 shows the results of determining the temperature of fluidity loss. The flow temperature values
for oil samples without heat treatment, with heat treatment and the optimum dosage of additives give
reason to believe that the introduction of depressant additives allows to reduce the temperature of pour
point in comparison with oil without heat treatment by 9 °C.
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Figure 3 — Rheological oil curves: without heat treatment, with heat treatment and with additives

Table 4 — The temperature of fluidity loss (TFL): without heat treatment, with heat treatment, with an optimum additives dosage

Additivename Concentration, ppm TFL, °C
Crudewithoutadditive - +12
HT 60 °C - +3
DP2GKBTU 100 +3
DMN 1005 sample 1 100 +3
NHT-I 100 +6
DMN 1005 sample 2 100 +3
PAO 80072 100 +6
PAO 82004 100 +6

Conclusions. Investigationshave shown that when storing paraffin oil in a tank farm, bottom
sediments with a predominant content of high melting paraffins are formed with an increase in their
amount compared to the initial oil, which leads to the formation of solid oil sludge. Based on the ratio of
the content of paraffins (P) to the resins sum (R) and asphaltenes (A), the investigated sediments are
related to the paraffin type of deposits, subgroup II. The introduction of various additives into oil improves
the fluidity of oil compared to oil without heat treatment and with heat treatment. The most effective
additives for the test samples are DP2G and DMN1005 sample 1. The results of the obtained values of
flow temperatures for oil samples without heat treatment, with heat treatment and optimal additives
dosage have shown that the depressant additives introduction allows to reduce the temperature of oil flow
loss in comparison with oil without heat treatment at 9 °C.
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M. Kypunos, C. C. Koxadekos, A. 3. Aounbmar:kanos, H. C. UBnaoB, 7K. Tusnendepren, Y. Keinbipoaesa
WuctutyT TOmnuMBa, KaTtanusa u snextpoxumun um. [1. B. Cokxonsckoro, Anmartsl, Kazaxcran

HNPUMEHEHHWE JEIIPECCOPHBIX ITPUCAJIOK V1A YIYUYIIEHUA
PEOJIOTMYECKHAX CBOVCTB U UHT UBUPOBAHUA JJOHHBIX OTJIOKEHUI B PE3EPBYAPAX

AHHOTanusl. VccnenoBaHa BO3MOXKHOCTh NPUMEHEHHUS JIEMPECCOPHBIX MPHUCAIOK IS YIYUIICHHS PEOJIOTH-
YECKHX CBOWCTB HE(TH M MHTHOMPOBaHMS Mpolecca 00pa3oBaHMS AOHHBIX OTJIOXKEHHWH B INPOIECCE XPaHEHHS B
pe3epByapax kazaxcranckux HII3. ITokazaHo, 4TO BBEICHUE JEMPECCOPHBIX MPHUCAAOK MO3BOJISIET CHU3UTH TEMIIC-
parypy norepu Tekydectd HeTh Ha 3-6°C. YCTaHOBJIEHO, YTO BBOJ| JENPECCOPHBIX NPUCATOK 3HAYUTEIBHO YIIyd-
HIaeT TeKy4YeCcTh He(TH MO CpaBHEHHIO ¢ HedThio Oe3 TepmMooOpabOTKH M ¢ TepMOOpPabOTKOil. AHaIM3 JOHHBIX
OTJIOKEHHH C pe3epByapoB Ha COAEPIKAHUE CYMMBbI ac(ajbTOCMOJIMCTBIX COSIMHEHUH W MEXaHUYECKHX IpHMecen
MoKasai, 4To HccieayeMblid oOpasen orHocutrcst kK tumy 1. Xpomarorpaduueckoe omnpexaeneHue napadrHOB B
He()TH M JIOHHBIX OTJIOXKEHHUSX IMOKazano 0ojiee BHICOKOE CyMMAapHOE Cojiep)KaHHe TBEpAOIIaBKHX IapaduHOB OT
C18 B IOHHBIX OTIIOXKEHUSX pe3epByapa — 34,69%, yem B HedTH, NOCTyNatOIEH B pe3epByapHble mapku — 21,04%.
B otnoxeHusx mnpeoOnangaioT BHICOKOMOJIEKYIIIpHbIE ankaHbl BIuloTh 1o C40, a obmee KoimdecTBo napaduHOB B
OTJIOKEHHSX MPEBBIIACT COAEPKAHNE NX B UCXOHOH HedTH Ha 15%.

Ki1roueBble cji0Ba: peojornyeckre cBoicTBa He(TH, achanbTrocMosonapadMHOBBIE OTIOKEHHUS PE3epByap,
JIETIPECCOPHBIE TPHCAIKH.
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PE3EPBYAPJIAPJIAFBI MYHAIBIH PEOJIOTUSLIBIK KACUETTEPIH ) KAKCAPTYFA
"KOHE PE3EPBYAP TYBIHJIET'T IIOTTHALTEPAI MHTUBUPJIEYTE APHAJIFAH
JETPECCOPJIBIK IIPUCA IKAJIAPBIH KOJIJAHBICHI

Annotanusi. Kazakcranusin MO3 pesepByapiiapblHIarkl MYHaibl cakTay OapbICBIHIA, OHBIH PEOJIOTHSUIBIK
KacHeTTEpiH j)KaKcapTy jKoHe pe3epByap TYOiH/e mIeTiHALIep i Maiaa 0oy yaepiciH HHruoupIiey yIiH Jernpeccop-
JBIK TIpUCAAKaNap MaigaraHy MYMKYHOIKTepi 3epTrenai. MyHna, IenpeccopiblK MprcaaKalapibl €Hri3y Ke3iHge
MYHaUIBIH aKKBIIITHIK KACHETiH XKOFaNTy TemreparypackiH 3—6°C TeMeHmeTyre MyMKiHAiK Oepmi. Jlempeccopisik
IpUcagKalapAbl €HIi3y, MYHAbl TEPMOOHACYMEH KOHE TEPMOOH/IEYCI30€H /e CalbICTBIPFaH/a, OHBIH aKKBIIITHI-
FBIH €/19YIp JKaKCapTaThIHbI aHbIKTa/Ibl. Pe3epByap TyOiHzAeri meriHaiiepin achaibTThI-IIANbIPIIbI KOChUIBICTAPFa
’KOHE MEXaHHMKaJIBIK KOCIalapFa JKYPri3uireH KypaMabIK *KUBIHTBIFBIHBIH TaJllayJlapbl, 3epTTENil OTHIPFaH YIriHIH
I11 TypiHe >kaTaThIHBIH KepceTTi. MyHaiaarsl jKoHE MeriHaiepaeri napaduHaepai XpoMaTorpapusuIbK KOJIMEH
aHbIKTay HOTHXKenepi OoiibiHia C18 »orapbl KUbIH epUTIH NapaduHAEpiH )XUBIHABIK Kypambl pe3epByap MnapkKiHe
TyceTiH MyHaiina — 21,04% kypaca, an OyHbIMEH CajbICTBIpFaH/a pe3epByap TYOIHAEr] MeriHAIepie oTe KOFaphl —
34,69% xepcerri. lllerinninepae »orapbl MojeKyansl ankannap 6aceiv C40 neifin, an merinainepaeri napapus-
JIEpJIiH KBl MOJIIEPi OacTanKel MYHAH KYpaMbIHIAFbIIaH 15% apThIK.

Tyiiin ce3mep: MyHalIBIH PEOJOTHSUIBIK KacHeTTepi, achaibTThl-IIaliblprapadHIINIeriHAlIep, pe3epByap,
JIETIPECCOPIIBIK TIPHCAAKAIAp.
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