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B npeonazaemoui pabome conocmaenienvl IKCnepUMEeHmMabHble OAHHbIE NO NPOUECCAM
KpUCMAIu3ayuu, a maKice PeKpucmaniu3ayuu napagunossix y2neeo0opooos pasiuunoll npupoosl
6 yeneeooopoonvix pacmeopumessx. Hcnonvsosanuce mexnuueckui napagun T-1 (FOCT 23683-89)
¢ memnepamypoii nnaenenusn 54 °C u yepezun-80 (IOCT 2488-79) ¢ memnepamypoii kannena-
oenus 80 °C. B kauecmee y2nies000poonbix pacmeopumeneii RPUMEHAIUCH Kepocun mapku PT-1
(I'OCT 10227-86) u oenapagpunuposannoe macno ¢paxuuu 420-490 °C. Ilpusoosamcsa sxcnepu-
MeHmAaIbHble OAHHblEe RO HPOUECCAM KPUCMAIUZAYUU U PEKPUCAIUZAUUN MEepio20 napa-
¢una c memnepamypoi nnasnenusn 54 °C u yepezuna c memnepamypoii kanienaoenus 80 °C
Kepocune u denapagunuposannom macie. /[na ucciedyemvix cucmem onpeoenanuch memnepa-
mypul nauana Kpucmannuzayuu (nomymuenusn) t, (FOCT 5066) u pacmeopenusn 1, Ocnosnoe
61IUAHUE HA NPOYECCHl KPUCMATINUAUUY U PEKPUCIMAIUZAUUN OKA3bl8AeH XUMUYECKOe CIpOe-
HUue meepovix y21e6o00pooos Hehpmu. OOHAPYIHCEHO npesbluleHlle memMnepamyp pacmeopenus tp
meepovIX y2y1e6000p0008 HAO MeMnePamypamu Ha4ana ux Kpucmanauzayuu tn, umo oo6vACHA-
emcsa zucmepesucuvimu npoyeccamu. Pasnuya memnepamyp At = t, - t, 3a6ucum om npupoosi
meepovIX y2/1e6000pP0008 U UX coOepicanus ¢ pacmeopumensnx. Pacmeopumenu na yzneeooo-
POOHOIL OCHOBE 0KA3blEAION CYUW{eCMEEHHOE 6UAHUEe HA MEeMNePamypsl Ha4ana KpUcmaiiu3a-
yuu. Pacmeopul napagpuna ¢ xepocune umerom 6o.1ee evicokue 3nHauenus Al omuocumensno
Pacmeopos uepesuna, Ymo 00bACHACMCA PA3IUYUEM 8 XUMUYECKOM CHIPOCHUU MEEPObIX yaie-
6000p0008. C ygenuueHuem cooepiHcanus meeposvix y2ieeo000pooos 6 pacmeopumenax u3-3a pasz-
auuuil 6 ckopocmu oughhyzuu meepovix y2n1e6000pooos At ymenvuiaemca. Oounapysricennvie 3a-
KOHOMEPHOCIMU N0 KPUCHAIUZAUUN U DEKPUCHALIUZAUUU MEEPObIX Y2Ne8000P0008 O0IHCHbL
YyUUmbI8AMbCA 8 npoyeccax 000vluu napaguHucmplX Hegmeil, uxX MPAHCROPMUPOSKU U nepe-
pabomku.

KiroueBble ciioBa: napaduHbl, TBEpAbIE YIIIEBOAOPOABI HEPTH, IPOLECCH KPUCTAJUIN3ALUH U PACTBO-
PEHHSI, THCTEPE3NC
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In the proposed work, the experimental data on the processes of crystallization and differ-
ent nature waxy hydrocarbons recrystallization in hydrocarbon solvents have been compared. T-1
technical paraffin (GOST 23683-89) with the melting point of 54 °C and ceresin-80 (GOST 2488-79)
with the dropping temperature of 80 °C have been used. PT-1 kerosene (GOST 10227-86) and de-
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waxed oil of fraction 420-490 °C have been used as hydrocarbon solvents. The experimental data
on crystallization and recrystallization processes of paraffin wax with a melting temperature of
54 °C and ceresin with a dropping temperature of 80 °C in kerosene and dewaxed oil are present-
ed in this paper. It is shown that chemical structure has the main influence on the processes of
crystallization and recrystallization of solid petroleum hydrocarbons. An exceedance of solid hy-
drocarbons solution temperatures t, above their cloud points t, has been observed which is ex-
plained by hysteretic processes. The temperature difference At = t,- t, depends on the solid hydro-
carbons nature and their content in solvents. Wax solutions in kerosene have higher values At
relative to ceresin solutions in kerosene, which can be explained by the difference in chemical
structure of solid hydrocarbons. With the increase in solid hydrocarbons content in their solvents
due to the differences in solid hydrocarbons diffusion rate, At decreases. The discovered regulari-
ties of solid hydrocarbons crystallization and recrystallization should be taken into account in the

processes of paraffin oil production, transportation and processing.

Key words: paraffin wax, solid petroleum hydrocarbons, dissolution and crystallization processes, hysteresis
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INTRODUCTION

Solid hydrocarbons crystallization processes
and their structure formation complicate waxy oils
production, gathering and transportation. Waxing tub-
ing pipes leads to a reduction in the flow rate of wells.
Waxing field pipes and pumping equipment leads to
their breakdown and mechanical destruction. Pump-
ing of waxy oils is accompanied by waxing trunk
pipelines, which leads to an increase in hydraulic re-
sistance in them. For such pipelines, the problems of
re-start after their temporary stop arise [1-5].

The processes of low-temperature dewaxing
and de-oiling of petroleum products based on waxy
hydrocarbons crystallization of wax are also accom-
panied by many problems, including waxing regener-
ative crystallizers and difficulties in filtering solid
hydrocarbon suspensions on vacuum filters [6, 7].
Solid waxy hydrocarbons determine the performance
properties of oils and diesel fuels. The occurrence of
Cu4.26 N-paraffin hydrocarbons in diesel fuels compli-
cates their operation at low temperatures: the cloud
point (the beginning of crystallization), the cold filter
plugging point and chilling point increase [8, 9]. The
problems of oil production, gathering, transportation
and processing and the use of petroleum products de-
termined by the occurrence of solid hydrocarbons in
them should be solved taking into account their chem-
ical composition, as well as the processes of their
crystallization [4, 10].

EXPERIMENTAL PART

In the proposed work, the experimental data
on the processes of crystallization and different nature
waxy hydrocarbons recrystallization from hydrocar-
bon solvents have been compared. T-1 technical par-
affin (GOST 23683-89) with the melting point of
54 °C and ceresin-80 (GOST 2488-79) with the drop-
ping temperature of 80 °C have been used. PT-1 kero-
sene (GOST 10227-86) and de-waxed oil of fraction
420-490 °C have been used as hydrocarbon solvents.
The choice of kerosene and de-waxed oil was defined
by the fact that they do not contain any n-alkane hy-
drocarbons affecting the crystallization processes of
relatively high-melting waxes. The used de-waxed oil
and kerosene differ mainly in viscosity: the viscosity
of kerosene at 20 °C is 1.25 mm?s (own data), the
viscosity of the de-waxed oil is 190.1 mm?%s [11].

The study of the processes of solid hydrocar-
bons crystallization and recrystallization was carried
out on their model systems in kerosene. The solid hy-
drocarbon content (Cgy) in kerosene was 5, 10 and
20%. For the systems under study, the cloud point t,
(GOST 5066) and the solution temperature t, were
defined. There is no commonly accepted method for
determining the temperatures of solid hydrocarbons
solution from oil dispersed systems.

The method of determining the cloud point
was adopted as a basis for the method of determining
the solution temperature. Conventional thermostatic
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test tubes provided with plastic plugs and mechanical
stirrers were used. The stirrers excluded the influence
of local overheating and supercooling on the process-
es of crystallization and dissolution of solid hydrocar-
bons in kerosene. The solid hydrocarbons crystalliza-
tion processes depend on the rate of their cooling [12]
and the content of solid hydrocarbons in the solvent
[13]. And the processes of recrystallization depend on
the rate of heating. The rate of temperature variation
in the tubes was provided with the help of the Lauda
RE-107 thermostat and amounted 40, 60 and
120 °C/h. The thermostat provided temperature con-
trol with an accuracy of £0.1 °C. The temperature in
the tubes was recorded with thermometers TH-8.

The cloud points and solution temperatures
were determined sequentially in several stages. Ini-
tially, within 15 min, the model mixtures of solid hy-
drocarbons in kerosene were subjected to heat treat-
ment at 90 °C, which provided complete dissolution
of solid hydrocarbons. Then, the temperature in the
thermostat was decreased to 10 °C with a given cool-
ing rate. At clouding of the studied systems, the cloud
point t, was recorded visually, for more precise defi-
nition of which lighting was used. For a formation of
stable reproducible spatial colloidal structures, the
model systems were kept in tubes at a temperature of
10 °C for 15 min. Further, to determine the solution
temperatures, the temperature in the thermostat was
risen to 90 °C with heating rates of 40, 60 or 120 °C/h.
The temperature of complete solution of the solid t,
was also recorded visually using lighting. The deter-
mination of cloud points and solution temperatures
was repeated 3-4 times. The average values of t, and
t, were calculated according to parallel experiments
(Table).

The analysis of the table data shows that the
cloud points t, and solution temperatures t, depend on
the nature of solid hydrocarbons, their content in ker-
osene Csy (% wit.), cooling and heating rates, as well
as the direction of the process (crystallization and re-
crystallization).

The discrepancy between the temperatures t,
and t, is conveniently assessed by their difference
At = t, - t,. In general, the solution temperatures in
almost all cases exceed the cloud points: the value of
At depends on all the factors above. Paraffin T-1 solu-
tions have slightly higher values of At relative to cere-
sin solutions in kerosene. With increasing Cgy in ker-
osene At decrease. The maximum values of At, rang-
ing from 6.0 to 7.5, are observed in 5% solutions.
At Also decreases, with rare exception (ceresin con-
tent 5% by weight., cooling rate 120 °C/h), with the
growth of cooling rates and heating of solid hydrocar-
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bon models in kerosene. The more pronounced effect
of crystallization-recrystallization parameters on par-
affin models relative to ceresin models in kerosene
(see Table) may be due to the difference in the chemi-
cal structure of solid hydrocarbons. T-1 paraffin con-
sists mainly of n-alkanes, and ceresin — mainly of par-
affin-naphthene-aromatic hydrocarbons [6]. Pure par-
affin hydrocarbons have a higher degree of crystal-
linity, which is the cause of the observed differences.
A higher melting point (dropping point) of ceresin
compared to T-1 paraffin is a secondary factor.

Table
Crystallization and recrystallization indicators of solid
hydrocarbons in kerosene
Tabnuya. Iloxa3zaTeau KPUCTAJJIM3ALNN U PeKPUCTATI-
JIU3AIMHU TBEPABIX YIVIEBOAOPOAOB B KEPOCUHE

Solid con- Cloud points Rate, °C/h
) (°C) and solu-
solid | mlger- tion tempera- |, | 50 | 59
osi/ne S| tures of model
0 Wt.
systems

ty 16.0 | 16.0 | 18.0
5.0 t, 235 1]235|24.0
t,-1, 75 | 75 | 6.0
ty 23.7 | 23.6 | 245
Paraffin 10.0 t, 274 1274|245
t,-1, 37 | 36 | 00
ty 30.0 | 29.5| 295
20.0 t, 32.4 | 32.4 | 30.0
t,-1, 24 | 29 | 05
ty 50.6 | 50.6 | 50.5
5.0 t, 57.0 | 57.0 | 58.0
t,-1, 6.4 | 64 | 75
ty 61.3 | 61.3 | 62.3
Ceresin 10.0 t, 62.0 | 61.9 | 62.0
t,-1, 0.7 | 06 | 0.3
ty 64.8 | 64.8 | 64.8
20.0 t, 65.6 | 65.7 | 64.0
t,-1, 08 | 0.9 | -0.8

Note: t, — cloud point, t, — solution temperature
IMpumeuanue: t, — Havano KpucTamM3anuy, t, — remneparypa
pacTBOpEHU

RESULTS AND DISCUSSIONS

According to the authors, the main reason for
the detected regularities in the processes of crystalli-
zation and recrystallization of solid oil hydrocarbons
is hysteresis processes.

Solid hydrocarbons crystallization processes
depend not only on their nature (see table), but also
on the nature of the dispersion medium [10]. The ef-
fect of the dispersion medium nature has been studied
on the example of T-1 paraffin and ceresin in PT-1
kerosene and de-waxed oil (Figure).
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Fig. Relationships of solid hydrocarbons cloud points tir and their con-
tent CSH in de-waxed oil and kerosene: 1 — ceresin in oil, 2 — wax in
oil, 3 — wax in kerosene
Puc. CooTHOmIeHHs HavasIa KPUCTA/UIN3ALMH TBEPABIX YIIIEBOJOPO-
JIOB tIT ¥ KX COZIEpYKaHUs B lenapadMHI3HPOBAHHOM Maciie 1 Kepo-
cuHe: 1 — mepe3uH B Macie, 2 — BOCK B Maclie, 3 — BOCK B KEPOCHHE

The relationships of solid hydrocarbons cloud
points and their content in solvent t, = f(Csy) are pre-
sented. The common character of the paraffin and
ceresin crystallization curves does not depend on the
dispersion medium. The cloud points of the solid hy-
drocarbons solutions in oil (see curves 1, 2 in the fig-
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ure) increase with an increase in melting temperature
(dropping) of solid hydrocarbons, i.e. with the transi-
tion from paraffin to ceresin.

The cloud points of paraffin solutions (see
curves 2, 3 in the figure) increase with an increase in
the disperse medium viscosity, i.e. with the transition
from paraffin-in-kerosene systems to the paraffin-in-
oil systems. In the area of spontaneous (quick) crystal-
lization, (paraffin content in solvent is over 5% of
weight) the cloud points of paraffin in oil are 11-13 °C
higher than the temperatures of crystallization of par-
affin in kerosene.

Thus, it has been shown that the chemical
composition and crystal structure of solid oil hydro-
carbons have a major effect on the processes of their
crystallization and recrystallization. An exceedance of
solid hydrocarbons solution temperatures above their
cloud points has been observed which is explained by
hysteretic processes. The hydrocarbon-based solvents
have a significant effect on cloud points. The discov-
ered regularities in solid hydrocarbons crystallization
and recrystallization should be taken into account in
the processes of paraffin oil production, transportation
and processing.
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