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The impact of co-solvent application on the solvent refining 
process selectivity

Wpływ zastosowania współrozpuszczalnika na selektywność procesu rafinacji 
rozpuszczalnikowej

Artur Antosz

Oil and Gas Institute – National Research Institute

ABSTRACT: The performed studies involved solvent refining tests using a co-solvent for fractions of various viscosity classes, as well 
as reference processes with no participation of a co-solvent. The laboratory station used for the tests modelling the technological process 
enabled the performance of solvent refining processes in a continuous manner, simulating the industrial process used in the oil block of 
a petroleum refinery. Solvent refining tests of specific vacuum fractions used technological parameters adjusted to critical temperatures 
determined for the given arrangements. Basic physicochemical properties of the produced raffinates were determined. When analysing 
the results produced in laboratory extraction processes for NMP and NMP with a 5% addition of formamide, for heavier fractions, there 
is a noticeable increase in the efficiency of raffinate by 3.4% (m/m) for a process using a co-solvent. However, it was characterised by 
a slightly lower viscosity index, lower refractive index and a slightly better colour. No differences were observed in the group composition 
of the compared raffinates; they were generally identical. In the case of lighter fractions, no increase in raffinate efficiency was noticed 
in a process using a co-solvent compared to a process conducted using just N-methylpyrrolidone. The viscosity index was calculated 
for both processes at an identical level and it amounted to 119. A slight decrease in the refractive index and a colour improvement were 
recorded for a process which used NMP + 5% formamide. The group composition of the analysed raffinates exhibited a slight drop by 
1.6% (m/m) in the paraffinic-naphthenic hydrocarbon content for the process using a co-solvent, and a 2.2% (m/m) increase in the level 
of aromatic hydrocarbons with a refractive index of nD

20 < 1.53.
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STRESZCZENIE: W trakcie badań wykonano próby rafinacji rozpuszczalnikowej z zastosowaniem współrozpuszczalnika dla frak-
cji o różnej klasie lepkościowej oraz przeprowadzono procesy odniesienia bez udziału współrozpuszczalnika. Do badań modelujących 
proces technologiczny wykorzystano stanowisko laboratoryjne umożliwiające prowadzenie procesów rafinacji rozpuszczalnikowej 
w sposób ciągły, symulujące proces przemysłowy stosowany na bloku olejowym w rafinerii ropy naftowej. W próbach rafinacji roz-
puszczalnikowej poszczególnych frakcji próżniowych użyto parametrów technologicznych dostosowanych do wyznaczonych tempe-
ratur krytycznych dla danych układów. Określono podstawowe właściwości fizykochemiczne wytworzonych rafinatów. Analizując wy-
niki uzyskane w laboratoryjnych procesach ekstrakcji NMP i NMP z dodatkiem 5% formamidu, dla cięższej frakcji, można zauważyć 
wzrost wydajności rafinatu o 3,4% (m/m) w przypadku procesu z zastosowaniem współrozpuszczalnika. Charakteryzował się on jed-
nak nieco niższym wskaźnikiem lepkości, niższym współczynnikiem załamania światła i nieco lepszą barwą. W składzie grupowym 
porównywanych rafinatów nie zaobserwowano różnic, w zasadzie były identyczne. W przypadku lżejszej frakcji nie zauważono wzro-
stu wydajności rafinatu w procesie z zastosowaniem współrozpuszczalnika w stosunku do procesu prowadzonego z wykorzystaniem 
samego N-metylopirolidonu. Wskaźnik lepkości dla obu procesów obliczono na identycznym poziomie i wynosił 119. Niewielkie ob-
niżenie współczynnika załamania światła oraz poprawę barwy odnotowano dla procesu, w którym zastosowano NMP + 5% formami-
du. W składzie grupowym analizowanych rafinatów zaobserwowano niewielki spadek – o 1,6% (m/m) zawartości węglowodorów pa-
rafinowo-naftenowych w przypadku procesu z udziałem współrozpuszczalnika oraz podwyższenie poziomu o 2,2% (m/m) węglowo-
dorów aromatycznych o współczynniku załamania światła nD20 < 1,53.

Słowa kluczowe: rafinacja rozpuszczalnikowa, ekstrakcja rozpuszczalnikowa, współrozpuszczalnik.
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Introduction

Processes utilising the selective action of solvents are used 
mainly during the refining of base oils and numerous other 
petroleum processing routines. Fractions generated during 
distillation under a lowered pressure may contain numer-
ous unwanted components and contaminants. They include 
organic compounds containing sulphur, nitrogen and oxygen, 
inorganic salts and dissolved metals which were present in 
the feedstock. Moreover, vacuum distillates processed for the 
production of base oils also contain components negatively 
affecting the quality of final products of an oil block, which 
include polycyclic aromatic hydrocarbons and asphaltene-resin 
substances. The solvent refining process allows the removal 
of undesired components from distillates, using the variable 
solubility of hydrocarbons in organic solvents. Unlike paraffinic 
and naphthenic hydrocarbons, aromatic hydrocarbons are easily 
dissolved in the applied solvents. The solvent is mixed with 
feedstock in a continuous countercurrent process in a column 
extractor with spinning discs (Wiley, 2007). 

Solvent extraction also favours corrosion prevention and 
protection of the catalytic converter in the subsequent base 
oil production processes. A key role in the process is played 
by the mass ratio of the solvent to the product undergoing 
purification, as well as the temperature of the process. The 
process of extraction is used in a classical oil block of an oil 
refinery, when converting vacuum distillates into base oils 
(Sequeira, 1992). The conceptual design of such a block is 
presented in Figure 1. 

A stream of raffinate containing large amounts of hydrocar-
bons with a positive impact on oil quality is received from the 
refining column, along with a stream of extract which contains 
undesired aromatic hydrocarbons with a low viscosity index. An 
optimal solvent should be characterised by excellent solubility 
of aromatic hydrocarbons contained in the processed fraction, 
while having low or zero solubility of paraffinic and isoparaf-
finic hydrocarbons. Also, a difference in density between the 
solvent and the raffinate is desirable in order to facilitate the 
separation of phases inside the column (the solvent should have 
higher density). The low boiling point of the solvent facilitates 
the recovery of solvent in the regeneration process of a raf-
finate and extract solution. After the regeneration process, the 
resulting raffinate undergoes further processes of the oil block, 
while the extract may serve as feedstock for the generation of 
a plasticiser used in the production of rubber, or it is redirected 
to cracking (Sequeira, 1989).

The solubility of hydrocarbons in solvents used in the 
extraction process drops from aromatics, through naphthenes, 
to paraffins. An increase in temperature leads to an increase 
in the solubility of hydrocarbons in the solvent, and therefore 
a decrease in its selectiveness. Exceeding a certain tempera-
ture called the critical solution temperature KTR triggers the 
phenomenon of complete dissolution of fractions in a solvent. 
Near this temperature the solvent loses its selective properties 
(Pillon, 2007).

An increase in the extraction temperature is followed by 
an increase in the viscosity index, a decrease in viscosity, an 
increase in solidification temperature, a decrease in the coke 
content, a colour improvement, a drop in the refractive index 
with a simultaneous decrease in raffinate efficiency. An in-
crease in the furfural to feed ratio leads to an increase in the 
viscosity index while reducing the raffinate recovery; however, 
there changes are definitely smaller than during changes in the 
temperature of the process (Pillon, 2007).

Generally, the boiling range of raffinate in relation to the 
resulting distillate does not change. When the boiling range of 
the vacuum fraction is too wide during a refining process with 
the defined operating parameters of an extraction column, this 
results in the so-called “overrefining” of the lightest components 
and “underrefining” of the heaviest components making up 
the vacuum fraction. For this reason the width of the fraction 
undergoing the refining process has a considerable impact 
on the operating conditions of a solvent refining installation 
and the course of the production process of base oils in an oil 
block (Speight, 2015).

As a result of the performed extraction process, desired 
hydrocarbons remain in the raffinate solution, i.e. paraffinic, 
isoparaffinic, naphthenic and aromatic hydrocarbons with 
one ring and long alkyl substituents, while highly condensed 

Solvent extraction processes

The solvent extraction process is used when handling vac-
uum fractions and a DAO de-asphalter. The process involves 
separating undesired aromatic particles from hydrocarbon 
particles having a positive impact on the quality of base oil. 
It removes substances with a low viscosity index which expedite 
oil ageing processes, as well as substances with a high coke 
content. A selective solvent refining process uses its selective 
ability to dissolve these substances.

Fig. 1. Scheme for production of base oils in a classic oil block
Rys. 1. Schemat produkcji olejów bazowych w klasycznym blo-
ku olejowym
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aromatic hydrocarbons, heterocyclic com-
pounds and resins migrate to the extract 
solution (Bartyzel, 2012).

Table 1 presents desired hydrocarbons in 
base oils and particles of compounds which 
are removed or reduced during the refining 
process.

The raffinate recovery, meaning the ef-
ficiency of the process, is inseparably as-
sociated with the degree of refining. There 
is a general rule of solvent extraction: the 
more overrefined the oil, the lower the ef-
ficiency of the raffinate, but the properties 
of the raffinate undergo a general improve-
ment. However, it should be noted that an 
increase in the quality of raffinate along with 
the degree of refining proceeds up to a cer-
tain threshold, reaching an optimum, and 
the quality of the raffinate is subsequently 
lowered. In order to secure adequately high 
efficiency of the raffinate with its proper 
quality, optimal parameters for performing 
the process are to be selected experimen-
tally. Improvement of the properties of re-
fined oil fractions is to an extent dependent 
on the properties of the original feedstock 
(petroleum), as well as the type of solvent 
used. Because base oils generated in refiner-
ies differ considerably in terms of their molecular composition 
and physical properties resulting from the parameters of the 
processed petroleum, each refinery must perform individual 
detailed tests of the selected fraction of lubricant oil, as well as 
laboratory tests of the adjustment of parameters of the solvent 
refining process to the required quality characteristics of the 
resulting base oils (Gary and Handwerk, 2001; Lynch, 2008).

All over the world, the refining of vacuum distillates in 
industrial extraction processes commonly uses three selective 
solvents: furfural, N-methylpyrrolidone and phenol. Each sol-
vent used in the refining process must be immiscible with the 
oil base to the greatest possible extent, and preferably dissolve 
undesired hydrocarbons. Moreover, solvents used in extrac-
tion must be characterised by (Pillon, 2007; Bartyzel, 2011a):
•	 high density;
•	 the lack of a tendency to form emulsions;
•	 the absence of properties causing the corrosion of metals;
•	 low boiling point;
•	 satisfactory thermal stability.

Over the years, the refining of oil fractions converted into 
oils used various selective solvents like liquid SO2, nitrobenzene, 
aliphatic ketones, cresols, phenol, furfural and others. Until 

recently, phenol and furfural were the most commonly used 
solvents. Furfural is currently used in Poland. Although liquid 
sulphur dioxide and nitrobenzene are characterised by good 
selective properties, the critical temperature of the arrangements 
of these solvents with fractions is too low, preventing their wide 
use for the extraction of oil fractions with a high solidification 
temperature. Another very important disadvantage of liquid 
sulphur dioxide involves its high toxicity. N-methylpyrrolidone 
exhibits a high potential for the dissolution of aromatic hydro-
carbons, high selectiveness, better chemical and thermal stabil-
ity, as well as lower toxicity compared to furfural or phenol, 
and it requires less corrosion protection. It can be used for the 
refining of vacuum fractions from oils of both the paraffinic 
and the naphthenic types. Moreover, NMP is an appealing al-
ternative to furfural for the extraction of feedstocks with high 
viscosities, which are characterised by low susceptibility to 
refining or require high solvent to oil ratios. Also, it has been 
concluded that, when using N-methylpyrrolidone, the value 
of temperature during the refining process has more impact 
on selectiveness compared to other solvents (Tanasescu and 
Rosca, 2001; Abdul-Halim and Amal Khalid Shehab, 2008; 
Yousef and Ahmed Muhammad, 2018).

Table 1. Hydrocarbons desirable in base oils and hydrocarbons removed during the 
solvent refining process (Pirro et al., 2016)
Tabela 1. Węglowodory pożądane w olejach bazowych oraz węglowodory usuwane 
w trakcie procesu rafinacji rozpuszczalnikowej (Pirro et al., 2016)

Desired particles in base oil

Isoparaffins
 

Naphthenes

 

Monocyclic aromatic compounds
 

Particles removed or reduced during the refining process

Polycyclic aromatic compounds

 

Organic sulphur compounds

 

 

Organic nitrogen compounds
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Studies comparing solvent refining processes with furfural 
and N-methylpyrrolidone were performed in the Oil and Gas 
Institute – National Research Institute in 2010. As a result of 
these studies involving vacuum fractions acquired from the 
REBCO pipeline oil available on the domestic market, the 
possibility of a comparable quality level of raffinates has been 
confirmed for the use of softer technological parameters of 
NMP refining processes compared to extraction processes using 
furfural. This would allow reduction of the operating costs as 
a result of lowering the solvent to feedstock ratio and using 
lower operating temperatures for the extraction column, while 
retaining the required level of quality of base oils (Bartyzel, 
2010; 2011a, 2011b, 2012; Pelc et al., 1988, 1989]. 

Extraction processes using a co-solvent

In solvent extraction processes, a single solvent may not 
have all the properties required for fully optimising the ac-
tion of the solvent during the process. This is especially true 
when it exhibits a high potential for the solubility of aromatic 
hydrocarbons and separation of hydrocarbons. The use of co-
solvents in extraction processes is a general way of increas-
ing the selectiveness of solvent extraction and increasing the 
concentration of aromatic hydrocarbons in the resulting extract 
when refining vacuum fractions processed for the production of 
base oils (Fakhr Hoseini et al., 2009a; Antosz and Ptak, 2018).

The use of N-methylpyrrolidone in the processes of selective 
refining of vacuum fractions has forced the use of a co-solvent 
in the form of water. The use of water in industrial processes of 
refining vacuum fractions using N-methylpyrrolidone allows 
increases in the critical temperature of solubility, and there-
fore an increase in the operating temperatures of the refining 
column, thus enabling performance of the process for vacuum 
fractions with a high solidification temperature. There is also an 
observed positive impact of added water on the selectiveness 
of the solvent (Fakhr Hoseini et al., 2009b).

In solvent extraction processes, in order to increase the 
efficiency of the process and its selectiveness, it is possible to 
add a second solvent, also known as the co-solvent. In a liquid-
liquid extraction process, the co-solvent may increase the 
efficiency of extraction in two ways (Hussein et al., 2014; 
Epelle et al., 2016):
•	 acting parallel to the primary solvent;
•	 acting opposite to the primary solvent.

In the first case, the co-solvent is additive in relation to the 
extract and it increases the efficiency of extraction by creating 
an extract-solvent complex. In the second case, the solvent is 
additive in relation to the raffinate. In this case, the second solvent 
increases the efficiency of extraction by creating a raffinate-

solvent complex, and the mixture reaches its equilibrium within 
a shorter time. A very advantageous impact on the selectiveness 
of an extraction process using a co-solvent results from higher 
solubility of the used co-solvent in one of the phases of the extract 
or the raffinate (Ibtehal and Muslim, 2015; Luo et al., 2018).

A paper from 2018 (Yousef and Ahmed Muhammad, 2018) 
describes studies on the improvement of NMP selectiveness in 
a one-stage extraction process of a middle vacuum distillate ac-
quired from petroleum produced in Egypt. Various co-solvents 
such as water, methanol, formamide, ethanol and ethylene 
glycol were added to NMP which was the primary solvent in 
order to maximise the raffinate recovery while maintaining 
the required quality parameters. The tests were performed 
for various parameters of the extraction process, such as the 
solvent composition to feedstock ratio, which ranged between 
1:1 and 2:1, as well as various concentrations of the co-solvent 
ranging between 0% and 20%.

An increase in the concentration of five tested co-solvents 
raises the efficiency of raffinate and has a positive impact on 
quality parameters, such as: the density viscosity of oil, sulphur 
content, refractive index, colour, solidification temperature and 
average molecular mass. The best results were produced with 
the use of formamide as a co-solvent in the extraction process 
with a concentration of 15% (m/m) in NMP; this arrangement 
produced a satisfactory compromise between the efficiency of 
the resulting raffinate and its quality. The results of the test also 
prove that an increase in the solvent composition to feedstock 
ratio resulted in a drop in the efficiency of raffinate, accompa-
nied by an increase in the quality (lower sulphur content and 
refractive index) and in the efficiency of the resulting extract 
(Yousef and Ahmed Muhammad, 2018).

Data on the liquid-liquid balance in a system of immiscible 
liquids, and especially the determination of critical temperatures, 
are necessary to design extracting devices and calculate the ther-
modynamic threshold of a given process (Espada et al., 2008).

Studies involving the selectiveness of ion exchange with the 
participation of a co-solvent indicated that the use of an addi-
tion of light hydrocarbon compounds may increase extraction 
efficiency for aromatic compounds (Fakhr Hoseini et al., 2009b).

A patent from 2003 (Patent US2003100813) presents an 
improved solvent extraction process using furfural for vacuum 
distillates processed for the production of base oils by adding 
a co-solvent to the main solvent. The co-solvent function was 
best served by aliphatic amides or mixtures of amides added 
to the primary solvent. The tests indicated that the addition 
of a co-solvent facilitates the separation of phases, improves 
selectiveness and increases the efficiency of raffinate, at the 
same time maintaining its quality at a constant level, as con-
firmed by measurements of the refraction index of raffinate. 
A 5% increase in raffinate efficiency was reached for a solvent 
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to feedstock ratio of 1.8:1, while maintaining the same value 
of the refractive index for the raffinate. There are also other 
available patents involving the use of co-solvents in the extrac-
tion process (Patent US2010243533; Patent CN105542834; 
Patent IN39MU2014).

Other performed studies involved the use of 
2,2,4-Trimethylpentane as a co-solvent with furfural for the 
extraction of aromatic hydrocarbons from vacuum distillates 
(Yousef and Ahmed Muhammad, 2018).

Raman and his co-authors (Patent US2010243533) 
suggested the use of formamide as a co-solvent with 
N-methylpyrrolidone in order to increase the efficiency of 
extraction by over 6% by weight in relation to raffinate pro-
duced using just N-methylpyrrolidone. The applied co-solvent 
was chosen during research involving the introduction of a 
co-solvent from the group of amides to solvent extraction 
(Patent US2010243533). In the same year, studies on the im-
provement of properties were performed for base oils made 
from vacuum distillates in the Al_Daura refinery. The main 
focus of the research involved increases in raffinate efficiency 
recovery. The tests used various solvent compositions consist-
ing of furfural and N-methylpyrrolidone mixed in various 
proportions. The best results were produced for compositions 
containing from 80% to 60% furfural and from 20% to 40% 
N-methylpyrrolidone. During these tests, the viscosity index 
went up to 114 and the refractive index decreased along with 
an increase in the efficiency of raffinate (Ghafil, 2010).

The paper called Extraction of Aromatic Hydrocarbons 
from Lube Oil Using Different Co-Solvent presented studies 
performed on the impact of the addition of a co-solvent on the 
solvent extraction process. In the presented paper, formamide 
and N-methylpyrrolidone used 
as co-solvents mixed with fur-
fural in various proportions 
were used in a one-stage sol-
vent extraction. The research 
results produced by the authors 
indicate that the viscosity index 
of base oil fractions increases, 
while viscosity and the efficien-
cy of raffinate as a percentage 
decrease along with an increase 
in extraction temperature, the 
solvent/oil ratio and the co-
solvent/furfural ratio (Ibtehal 
and Muslim et al., 2015).

In the scientific literature 
of the industry, there are also 
available papers on the use of 
co-solvents in the process of 

extraction of highly aromatic oil fractions used to generate 
a plasticiser for the production of rubber. One example of such 
a publication is a 2018 paper (Luo et al., 2018) describing 
studies performed in China regarding solvent extraction using 
furfural as the primary co-solvent for removing polycyclic 
aromatic compounds (PCA) from highly aromatic oil frac-
tions. In order to increase the selectiveness and efficiency of 
the product resulting from the process, water was introduced 
as a co-solvent and its impact on the extraction process was 
examined. Determinations were made regarding the impact 
of the water content of furfural on the efficiency of the result-
ing raffinate, the polycyclic aromatic compound content, the 
distribution and amount of carbon atoms in the individual 
structures. The studies proved that it is possible to increase 
the raffinate recovery by 9% by selecting a proper furfural to 
water ratio in two-stage refining processes, while keeping the 
quality of the product at an acceptable level. The tests used 
a mathematical model meant to predict the composition of 
the product after extraction. The performed studies confirmed 
a satisfactory compliance of predictions of the computational 
model with experimental results from the laboratory station.

Characteristics of studied feedstocks

The tested feedstocks included two fractions, lighter and he-
avier, resulting from the distillation of atmospheric residue. Table 
2 presents the physicochemical properties of feedstocks inten-
ded for laboratory-scale tests of solvent refining processes. The 
lighter fraction sample was labelled with the code 79/Bl, while 
the heavier fraction sample was labelled with the symbol 80/Bl.

Table 2. Characteristics of the 79/Bl and 80/Bl fractions designated for investigation 
Tabela 2. Charakterystyka frakcji 79/Bl i 80/Bl przeznaczonej do badań

Assay type Lighter fraction (79/Bl) Heavier fraction (80/Bl)

Density in a temp. of 70°C [kg/m3] 875.1 891.1
Kinematic viscosity in a temp. of 100°C [mm2/s] 6.357 13.199
Kinematic viscosity in a temp. of 50°C [mm2/s] 30.55 88.60
Viscosity index 69 73
Refractive index in a temp. of 70°C 1.4814 1.4981
Colour 3.0 D 8.0
Sulphur content [% (m/m)] 1.62 1.82
Group composition [%(m/m)]
   – paraffin-naphthenes
   – aromatics with nD

20 < 1.53
   – aromatics with nD

20 1.53–1.55
   – aromatics with nD

20 1.55–1.59
   – aromatics with nD

20 > 1.59
   – resins

50.3
16.2
11.7
9.1
6.7
5.5

41.6
23.7
5.6
16.0
4.0
8.2

Solidification temperature [°C] 30 41
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Solvent refining research station
The large laboratory stations used in the technological tests 

enabled the performance of solvent refining processes, simulating 
the industrial process used in the oil block of a petroleum refinery. 

The process of selective refining using N-methylpyrrolidone 
or N-methylpyrrolidone with the participation of a vacuum 
distillate co-solvent was performed in a continuous manner 
in a large laboratory column.

Segments of the column were electrically heated with the 
ability to smoothly adjust the temperature. NMP or NMP with 
a co-solvent were fed to the top of the column with feedstock at 
its bottom by means of a dispensing laboratory plunger pump.

The total load of the column with the feedstock and the 
solvent was maintained at a constant level. A raffinate solution 
was received from the top of the column, with an extract solu-
tion at the bottom of the column. In order to distil off solvents 
from raffinate solutions, a distillation process was performed 
with stripping using overheated water vapour. 

The efficiency of the extraction column corresponds to 7 
theoretical degrees of extraction.

The performance of the raffinate and extract were calculated 
relative to the amount of feedstock – the input for refining.

Laboratory processes of continuous refining

In order to determine technological parameters for the per-
formance of extraction processes, critical temperatures were 
determined for each fraction with specific solvent compositions. 
It was decided to adjust temperatures in which the processes 
were performed, taking into account critical temperatures 
determined for all laboratory tests.

Tables 3 and 4 present the established refining process 
parameters for both fractions for processes with one solvent 
and an arrangement containing 5% of a co-solvent.

Assessing the impact of the used co-solvent additive 
on the efficiency and quality of the  

resulting raffinates

During the performance of the solvent refining process, the 
work of the laboratory refining column was uninterrupted; the 
extraction process had a proper course, which could be observed 
based on the separation of phases between NMP solutions of 
the raffinate and the extract through a sight glass placed in the 
central part of the extraction column, presented in Figure 2.

Table 3. Parameters for refining processes of 79/Bl
Tabela 3. Parametry dla procesów rafinacji frakcji 79/Bl

Parameters of the refining process For an arrangement 
with NMP

For an arrangement 
with NMP + formamide

Solvent to feedstock ratio 2.5:1 2.5:1
Column top temperature 73°C 108°C
Column bottom temperature 50°C 85°C
Column load 3 kg/h 3 kg/h

Table 4. Parameters for refining processes of 80/Bl
Tabela 4. Parametry dla procesów rafinacji frakcji 80/Bl

Parameters of the refining process For an arrangement 
with NMP

For an arrangement 
with NMP + formamide

Solvent to feedstock ratio 3.0:1 3.0:1
Column top temperature 88°C 117°C
Column bottom temperature 65°C 94°C
Column load 3 kg/h 3 kg/h

Fig. 2. A sight glass enabling the observation of phase 
separation inside the laboratory extraction column
Rys. 2. Wziernik umożliwiający obserwację rozdziału 
faz wewnątrz laboratoryjnej kolumny ekstrakcyjnej

The laboratory examinations of extraction processes for 
fractions 79/Bl and 80/Bl, using N-methylpyrrolidone as the 

main solvent and formamide as a co-sol-
vent, allowed the generation of samples 
of raffinates and extracts. Raffinate sam-
ples underwent an assessment of physi-
cochemical properties within a scope 
typical of raffinates. The properties of 
raffinates generated during processes 
using N-methylpyrrolidone with no co-
solvent were a point of reference for the 
assessment of the remaining raffinates 
created during refining processes using 
a co-solvent.

Table no. 5 lists the properties of raf-
finate samples resulting from laboratory 
tests.

When comparing the results pro-
duced in laboratory extraction processes 
for NMP and NMP with a 5% addition 
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of formamide, processes R 1378 and R 1379 for the heavier 
fraction 80/Bl, there is a noticeable increase in the efficiency 
of raffinate by 3.4% (m/m) for a process using a co-solvent. 
In a raffinate produced from fraction 80/Bl during a process 
with no participation of a co-solvent, kinematic viscosity in 
100°C was determined at 9.017 mm2/s and 65.29 mm2/s for 
40°C recalculated from the value obtained in 70°C; a viscosity 
index of 114 was determined based on these values. Raffinate 
R 1379 produced during the process using a co-solvent was 
characterised by slightly higher viscosities of 9.040 mm2/s in 
100°C and 65.90 mm2/s in 40°C, respectively; the viscosity 
index for this raffinate amounted to 113. It was also charac-
terised by a slightly lower viscosity index, a lower refractive 
index and a slightly better colour compared to the raffinate 
resulting from process R 1378.

In the case of the lighter fraction 79/Bl, no increase in raf-
finate efficiency was noticed in the process using a co-solvent 
(process R 1381) compared to the process conducted using just 
N-methylpyrrolidone (process R 1380). The viscosity index 
for both processes was calculated at an identical level and it 
amounted to 119. Viscosities determined for raffinate gener-
ated in a process using 5% formamide were slightly lower in 

both temperatures compared to viscosities determined in the 
reference raffinate with just N-methylpyrrolidone. A slight 
decrease in the refractive index and a colour improvement were 
recorded for process R 1381 which used NMP + 5% formamide. 
Figure 3 below presents the efficiencies of raffinates for the 
tested refining processes. 

Table 5. Properties of the obtained raffinates
Tabela 5. Właściwości uzyskanych rafinatów

Laboratory raffinate R 1378 R 1379 R 1380 R 1381

Conditions of refining
feedstock 80/Bl 80/Bl 79/Bl 79/Bl
solvent NMP NMP + 5% formamide NMP NMP + 5% formamide
NMP to feed ratio 3.0:1 3.0:1 2.5:1 2.5:1
column top/bottom temperature [°C] 88/65 117/94 73/50 108/85
column load [kg/h] 3 3 3 3
–– raffinate efficiency calculated per feed [% (m/m)] 33.4 36.8 40.9 40.8

Properties 
Kinematic viscosity in a temp. of 100°C [mm2/s] 9.017 9.040 5.350 5.217
Kinematic viscosity in a temp. of 70°C [mm2/s] 20.32 20.38 – –
Kinematic viscosity in a temp. of 50°C [mm2/s] – – 19.87 19.18
Kinematic viscosity in a temp. of 40°C, converted [mm2/s] 65.29 65.90 – –
Viscosity index 114 113 119 119
Refractive index nD

70 1.4500 1.4491 1.4476 1.4447
Colour L3.0 2.5 L2.0 1.5
Solidification temperature [°C] 50.4 51.2 37.8 38.0
Sulphur content [% (m/m)] 0.41 0.39 0.37 0.41
Group composition [% (m/m)]

–– paraffin-naphthenes
–– aromatics with nD

20 < 1.53
–– aromatics with nD

20 1.53–1.55
–– aromatics with nD

20 1.55–1.59
–– aromatics with nD

20> 1.59
–– resins
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Fig. 3. Performances of raffinates in relations of the co-solvent 
amount for both fractions
Rys. 3. Wydajności rafinatów w zależności od udziału współroz-
puszczalnika dla obu frakcji
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The refractive index in 70°C 
indicates an improvement in the 
quality of raffinates resulting from 
extraction processes using a co-
solvent. For the reference raffinate 
for fractions 80/Bl from process 
R 1378, the value of the refractive 
index was 1.4500; in a comparable 
process resulting from refining 
based on the same feedstock with 
the participation of a co-solvent, 
the refractive index dropped by 
0.0009. Like in previous processes, 
in raffinates produced during the 
process for fraction 79/Bl, the val-
ue of the refractive index in 70°C 
was also decreased by 0.0029 for 
the process using a co-solvent, and 
it amounted to 1.4447. 

The assessment of the selec-
tiveness of fNMP activity along 
with the used amount of co-sol-
vent was additionally based on an 
analysis of group compositions of 
the resulting raffinates. The test 
was performed using the PN-72/C-04025 method, which allows 
breaking aromatic hydrocarbons into groups depending on the 
values of the refractive index. Conventionally, it is assumed that 
aromatic hydrocarbons with a refractive index of nD

20< 1.53 and 
nD

20 1.53–1.55 define mono- and bicyclic compounds, while 
aromatic compounds with nD

20> 1.55 characterise tricyclic and 
polycyclic aromatic hydrocarbons.

The performance of all 4 refin-
ing processes resulted in the remov-
al of hydrocarbons with refractive 
indices nD

20 above 1.53, meaning 
bicyclic, tricyclic and polycyclic 
aromatic hydrocarbons. When com-
paring raffinates generated during 
extraction processes for which the 
feedstock consisted of the heavier 
fraction 80/Bl, it can be concluded 
that no differences were observed in 
the group composition of these raf-
finates; they were virtually identical. 
The group composition of raffinates 
produced based on the lighter frac-
tion 79/Bl exhibited a slight drop 
by 1.6% (m/m) in the paraffinic-
naphthenic hydrocarbon content 

Fig. 4. Graphic presentation of the colour value determined in the raffinates and feedstock from 
which they were produced
Rys. 4. Graficzne przedstawienie wartości barwy oznaczonej w rafinatach i surowcach, z których 
zostały wytworzone
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Fig. 5. Graphic representation of the refractive index at 70°C in the feedstock and raffinates obta-
ined during their processing
Rys. 5. Graficzne przedstawienie wartości współczynnika załamania światła w 70°C w surowcach 
i rafinatach uzyskanych w trakcie ich przeróbki
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Fig. 6. Graphic presentation of the results of the group compositions of feedstock 79/Bl, and the 
raffinates obtained from it
Rys. 6. Graficzne przedstawienie wyników składów grupowych surowca 79/Bl oraz uzyskanych 
z niego rafinatów

for process R 1381, and a 2.2% (m/m) increase in the level of 
aromatic hydrocarbons with a refractive index of nD

20< 1.53.
For a better representation of the distribution of aromatic 

hydrocarbons contained in the resulting raffinates and feed-
stocks in specific groups, figures 6 and 7 present this distribu-
tion in a graphic form.
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Summary

Solvent refining tests of specific vacuum fractions used 
technological parameters adjusted to critical temperatures 
determined for the given arrangements. Basic physicochemical 
properties of the produced raffinates were determined. When 
analysing the results produced in laboratory extraction pro-
cesses for NMP and NMP with a 5% addition of formamide, 
processes R 1378 and R 1379 for the heavier fraction 80/Bl, 
there is a noticeable increase in the efficiency of raffinate by 
3.4% (m/m) for the process using a co-solvent. However, it 
was characterised by a slightly lower viscosity index, a lower 
refractive index and a slightly better colour compared to the 
raffinate resulting from process R 1378. No differences were 
observed in the group composition of the compared raffinates; 
they were generally identical. In the case of the lighter fraction 
79/Bl, no increase in raffinate efficiency was noticed in the 
process using a co-solvent (process R 1381) compared to the 
process conducted using just N-methylpyrrolidone (process 
R 1380). The viscosity index for both processes was calculated 
at an identical level and it amounted to 119. A slight decrease 
in the refractive index and a colour improvement were recorded 
for process R 1381 which used NMP + 5% formamide. The 
group composition of the analysed raffinates exhibited a slight 
drop by 1.6% (m/m) in the paraffinic-naphthenic hydrocarbon 
content for process R 1381, and a 2.2% (m/m) increase in 
the level of aromatic hydrocarbons with a refractive index 
of nD

20< 1.53.
When comparing the results produced in INiG – PIB with 

results presented in the literature regarding the use of a co-
solvent in extraction processes, it should be remembered that 
vacuum fractions exhibit very diverse susceptibility to refining, 
depending on the petroleum from which they were acquired. 
The tests described in the papers were conducted in a periodic 
one-stage manner in laboratory glass. The tests performed in 

INiG – PIB used a laboratory refining column, simulating the 
process of continuous solvent refining, which could have also 
affected the produced results.

This paper was written on the basis of the statutory work entitled: 
The impact of the use of a co-solvent in the extraction process on 
the quality of the resulting raffinates, pt. 2 – work of the Oil and 
Gas Institute – National Research Institute was commissioned 
by the Ministry of Science and Higher Education; order number: 
0017/TO/2019, archive number: DK-4100-0009/2019.
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