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Abstract 

Lubricating oils are composed of base oils (> 85% v/ v) and enriching additives (<15% v/ v). 
Three types of base oils may be distinguished: 1) traditional bases (obtained by low-volatile fractions 
from crude oil distillation refining), 2) synthetic bases (mainly poly-alpha-olefins, sometimes esters, 
especially succinic acid esters), 3) bases of natural origin (especially obtained from refined plant oils). 
The bases of natural origin are the only ones recommended for application when lubricating oil may 
be emitted to the environment (e.g. when the machine with an open cutting system is used). Group-
type separation and analysis of group-type composition of base and lubricating oils are of significant 
importance in quality control and environmental monitoring. Due to the potentially wide range of 
polarity of the components of base and lubricating oils, group- type separation becomes a difficult 
separation problem. It is also a serious analytical problem due to the considerable diversity of 
physicochemical properties. The authors propose a new procedure for the separation and determination 
of the group-type composition of base and lubricating oils using thin-layer liquid chromatography in 
normal phase systems (abr. NP-TLC) on silica gel plates impregnated with berberine salt/ in the 
coupling of thin-layer chromatography with flame ionization detection (abr. TLC-FID).A new, 
effective procedure of TLC plates impregnation with berberine sulphate was presented. The proposed 
procedure ensures the visualization of all groups of base oils. Extensive experimental research showed 
that a 2-step development procedure with application of n-hexane up to 100% height of development + 
15 min and further n-hexane: isopropanol: tri-fluoroacetic acid 96.25: 3: 0.75 (v: v: v) up to 75% 
height of development is advantageous for the group-type separation, both in TLC-FID and TLC. 

Keywords: lubricating oil; base oil; group – type composition; TLC; TLC-FID; berberine 
impregnation 

1. Introduction
Lubricating oil is considered as a fluid structural element of machines (consisting of base oil

85% v/v and a package of enriching additives up to 15% v:v) [1,2]. There are three main groups of 
base oils: traditional base oils (so-called mineral), synthetic base oils and natural base oils [2]. Mineral 
base oils [1,3] contain low-volatile, liquid, branched aliphatic hydrocarbons, mainly isoalkanes 
(Paraffins, abr. P), aliphatic substituted alicyclic hydrocarbons, the so-called naphthenes (abr. N), 
aliphatic and/ or alicyclic substituted aromatic hydrocarbons, mainly single-ring aromatics (abr. A), as 
well as very low levels of polar organic chemicals, resins (abr. R) [4]. The lowest polar fraction of 
saturated hydrocarbons is often called saturates (abs. S). Saturates are the sum of paraffins and 
naphthenes, S = P+N. The enriching packages fulfil various utility functions, such as: anti-seizing, 
anti-corrosive, removing deposits, anti-foaming, accelerating deemulsification with water, improving 
heat exchange and others. They are always products of the organic synthesis industry.  

Mineral base oils produced from crude oil, as well as lubricating oils produced on its basis, are 
harmful both to the environment and to the health of the device operator or people in the range of the 
mist sprayed by the machine [5]. The oil mist arises during the use of cutting devices, as well as 
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during pouring oils into transport containers [6]. A worker exposed to oil mist has a high risk of skin 
cancer, pathological changes in the lungs, liver, kidneys and heart, as well as irritable and allergic 
reactions [7, 8]. When mineral oils are emitted to the environment, they undergo multi-stage changes 
as a result of interaction with soil components, water and sunlight. As a consequence, changes in the 
chemical structure occur, leading to formulation of secondary transformation products that may 
increase the level of eco-toxicity of the emitted substance [9, 10]. 

Synthetic base oils represent the second group of base oils. The main and most frequently used 
representatives of this group are the poly-alpha-olefins (PAO), less frequently synthetic esters, 
especially succinic acid esters or polyesters [1,11,12]. Due to their relatively high price, synthetic base 
oils are currently used as motor oils and as gear oils. The third group of base oils are the base oils of 
natural origin, especially refined plant oils and their derivatives. These oils should be used exclusively 
in lubricating oils emitted to the environment or potentially capable of polluting the environment [13]. 
Natural origin oils consist mainly of triacylglycerols (abr. TAG), diacylglycerols (abr. DAG) and 
monoacylglycerols (abr. MAG). Some manufacturers also declare to add free fatty acid esters, 
especially fatty acid ethyl esters (abr. FAE), sometimes methyl esters (abr. FAME) to the lubricating 
oils composed of natural oil bases. As a result of hydrolysis, natural oil bases may contain free fatty 
acids (abr. FFA), polyunsaturated free fatty acids (abr. PUFA) and glycerol (abr. GL). Waxes of plant 
origin, mainly squalane and squalene [14] may also occur. Oils of natural origin have favourable 
performance properties [2], they are however susceptible to hydrolysis and have a low oxidative 
resistance [15]. They are also more expensive than mineral oils obtained from petroleum. What is 
especially important, they are easily biodegradable [14,16,17]. When hydraulic oil may leak onto the 
soil during a breakdown of the device, it should also be considered to apply natural base oil, which 
would be harmless to the environment [5,16,17,18].  

Group- type separation and analysis of group-type composition of base and lubricating oils is 
essential in the quality control of lubricating oils, as well as in environmental monitoring. The 
literature on the subject is dominated by group-type separation and determination methods based on 
adsorption - desorption in glass columns with a polar porous adsorbent, or with several such 
adsorbents, and gravimetric determination of the weight fraction of individual fractions. [19-21].  

Conditions that allow the very low polar saturated hydrocarbons (S) to be separated from the 
slightly more polar low volatile aromatic hydrocarbons (A) in the base oils include thermally activated 
polar absorbents such as silica gel, alumina, so-called Attapuscus clay (natural adsorbent) and the use 
of a very low-polar solvent (n-pentane (n-C5) or n-heptane (n-C7)), sometimes n-hexane (n-C6) for S 
and A separation [22–26]. Group-type separation of the S/ A components is very difficult using both 
adsorption-desorption and HPLC due to the steric obstacles occurring in the molecular structure of 
components [22,23,26]. Neither of these methods [27-32] enable the separation and determination of 
the group-type composition of base oils containing a matrix including acylglycerols and their 
derivatives [32-35]. The development must be either stepwise or gradient to specify: S/ A/ FAE/ TAG/ 
FFA/ DAG/ MAG and GL groups.  

In this study, the possibility of using Normal Phase - Thin Layer Chromatography (NP-TLC) 
and Thin Layer Chromatography coupled with Flame Ionization Detection was carried (TLC-FID). 

Thin Layer Chromatography (abr. TLC) is a separation technique that has been used for 
several years [36,37]. The coupling of thin-layer liquid chromatography with flame-ionization 
detection (abr. TLC-FID) is a separation analytical technique for quantitative separation and 
determination of the detailed or group-type composition. Separation and determination of non-volatile 
or low-volatile mixtures, volatile organic chemical compounds, including those of natural origin, 
mixtures with a relatively wide range of polarity via TLC-FID is broadly described in the literature 
[38-42]. The literature describes many methodologies of using TLC-FID to study the composition of 
lubricating oils [43], heavy crude oil distillates and tar [44], petroleum origin products [45], heavy oils 
and tars [46]. In cases where TLC or TLC-FID are used to separate and determine the group-type 
composition of mixtures with a relatively wide range of polarity and a relatively complicated 
composition, i.e. for separation and determination of the group-type composition of asphalts or 
residues from vacuum distillation of crude oil, lipids and phospholipids, the most commonly used is 
stepwise two- or three-stage development [47]. The solvent with the lowest solvent strength has the 
longest development path, and the solvent with the highest solvent strength - the shortest [48,49]. The 
issues related to an explanation of the correct sequence of the stepwise development for group-type 
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separation specifying S/ A/ FAE/ TAG/ FFA/ DAG / MAG/ GL groups when some components do not 
dissolve in one of the solvents of the stepwise development program are an object of this paper.  

The subject of this study is the development of new methodologies for group-type separation 
and determination of group-type composition of base and lubricating oils with a wide range of polarity 
of components with application of i./ stepwise development with the NP-TLC technique on silica gel 
plates impregnated with a salt of berberine to assess the group-type composition of the oil, as well as 
in the pilot studies for TLC-FID; ii./ TLC-FID separation and analytical techniques to determine the 
group-type composition of oils. The research also includes the problem of the correct sequence of the 
stepwise development in the case of the lack of solubility of glycerol and monoacylglycerols and their 
derivatives in volatile aliphatic hydrocarbons constituting one of the solvents in the stepwise 
development program. 
 

2. Materials and methods 
 
2.1 Reagents and samples 
 
Silica GEL 60 F254s 200x200mm TLC plates supported on aluminium foil were applied Merck, 
Darmstadt, Germany. Berberine sulphate for impregnation (purity ≥98%, was purchased in Sigma-
Aldrich, Tokyo, Japan,); methanol, (purity for LC) was purchased in Merck Darmstadt, Germany. 
Following TLC and TLC-FID solvents components were applied: n-hexane (n-C6) (purity for HPLC, 
Merck Darmstadt, Germany), isopropanol (IsoOH. purity for HPLC, Merck Darmstadt, Germany), 
tert-butyl methyl ether (abr. MTBE; purity for HPLC, Merck Darmstadt, Germany), chloroform 
(analytical purity, POCH, Gliwice, Poland), dichloromethane (abr. DCM; analytical purity, Chempur, 
Piekary Śląskie, Poland), toluene (purity for HPLC, Merck Darmstadt, Germany), methanol (purity for 
HPLC, Merck Darmstadt, Germany), trifluoroacetic acid (abr. TFA, purity for analysis; Merck 
Darmstadt, Germany). 
Following sample solvents: dichloromethane (abr. DCM; analytical purity; Chempur, Piekary Śląskie, 
Poland); acetone (analytical purity; Chempur, Piekary Śląskie, Poland) were used. 
Crystalline iodine for visualisation (I2) was purchased from Sigma-Aldrich, Poznań, Poland (analytical 
purity). 

The samples are summarized in Table 1. The concentration of the samples was set at a given 
level according to the principle: sample material weight / sorbent weight <10-4 g/ g. 

 
Table 1. Sample summary. 
No. Characteristics of the sample Acronym Purity, Producer (if applicable), City, 

Country  
Sample concentration 

1. Anhydrous glycerol GL Analytical purity, POCH, Gliwice, Poland 5 mg/mL acetone 

2. Monoacylglycerol 
1-monopalmoleoyl-rac-glycerol MAG Purity ≥99%, Sigma-Aldrich, Darmstadt, 

Germany 7 mg/mL acetone 

3. Diacylglycerol 
1,2-dioleoyl-rac-glycerol DAG Purity ≥99%, Sigma-Aldrich, Darmstadt, 

Germany 5 mg/mL acetone 

4. Edible rapeseed oil TAG1 100% plant oil, Szamotuły, Poland 5 mg/mL DCM 
5. Edible sunflower oil TAG2 100% plant oil, Bolesław, Poland 5 mg/mL DCM 

6. TAG1+TAG2 
1:1 (v:v) TAG Mixture of samples 4 and 5 5 mg/mL DCM 

7. Free Fatty Acid,  
Oleic Acid FFA Purity ≥≥99%, Sigma-Aldrich, Darmstadt, 

Germany 5 mg/mL DCM 

8. Fatty Acids Methyl Esters FAME Technical purity, LOTOS SA, Gdańsk, 
Poland 5 mg/mL DCM 

9. Machine oil produced on the 
basis of crude oil processing LAN Commercial product, Orlen, Płock, Poland 5 mg/mL DCM 

10. 

SAE 30/90 
base oil from petroleum refining; 
SAE30 consists of S and A in 
proportions S:A equal to 3:1 by 
mass 

S30 Technical purity, LOTOS, Gdańsk, Poland 5 mg/mL DCM 

11. PAO 6 
synthetic oil base of PAO Technical purity, Chevron Phillips 

Chemical, Texas, USA 5 mg/mL DCM 
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polyalphaolefin type, 100% S 

12. 
Squalene 
polyunsaturated hydrocarbon, 
triterpene 

Sq Purity ≥99%, Sigma-Aldrich, Darmstadt, 
Germany 5 mg/mL DCM 

13. 
Plant-based lubricating oil with a 
package of conditioners, 
commercially available 

O1 Commercial product, Gliwice, Poland 5 mg/mL DCM 

14. Fry; Edible plant oil – exhausted 
sample O2 Exhausted oil based on 100% plant oil, 

Szamotuły, Poland 5 mg/mL DCM 

15. High-quality chain saw oil, 
commercially available O3 Commercial product, Gliwice, Poland 5 mg/mL DCM 

16. 
Motor oil, synthetic 
polyalphaolefin type, 
commercially available 

O4 Commercial product, Warszawa, Poland 5 mg/mL DCM 

17. 
Fully biodegradable 
Preservative lubricant for saw 
cutting systems, new formulation 

O5 Commercial product, Malbork, Poland 5 mg/mL DCM 

18. Lubricating oil for chainsaws, 
commercially available O6 Commercial product, Malbork, Poland 5 mg/mL DCM 

19. Hydraulic oil H Technical purity, LOTOS, Gdańsk, Poland 5 mg/mL DCM 
20. Turbine Oil T Technical purity, LOTOS, Gdańsk, Poland 5 mg/mL DCM 

21. SAE 10/90 
Base oil from petroleum refining  

S10 Technical purity, LOTOS, Gdańsk, Poland 5 mg/mL DCM 

22. 
Brigthstock 
Base oil derived from the refining 
of vacuum crude oil residues 

BS Technical purity, a LOTOS, Gdańsk, Poland 5 mg/mL DCM 

DCM – dichloromethane; following substances were used as technical standards: S10 (for S and A, since S30 consists of S 
and A in proportions S:A equal to 3:1 by mass), PAO (for S); mixture of TAG1 and TAG2 (1:1 v/v) for TAG.  

 
• TLC separation 

TLC separation was carried in Glass Developing Chamber with dimensions 250x50x200mm (Duran, 
Lingea Chemicals, Warsaw, Poland) with a glass cover; three walls were lined with cellulose filter 
paper (Merck Darmstadt, Germany).  
Sampling was carried with a 5 μL glass micro-syringe in the volume of 3 μL (Hamilton, Nevada, 
USA), the minimal dimensions of the spot were kept under a TLC dryer: TK-8 (Iatron Labs, Tokyo, 
Japan). The concentration of the samples is given in Table 1. Samples were placed- at a distance of 1.5 
cm from the edges of the plate and with the distance 1 cm between the spots.  
The dried TLC plates with the applied samples were suspended for 10 minutes above the developing 
solvent height (9 mm) in a closed TLC chamber. This ensured an equilibrium state between the 
solvent vapours in the TLC developing chamber and on the sorption surface. The plate development 
heights are given in Tables 2, 3 and 4 depending on the development method used. After each 
development step on a specific solvent, the TLC plate was dried (105°C for 15 min, until constant 
weight). The visualization was carried under UV lamp (TB 02, UV TB Telebid, Warsaw, Poland) and 
subsequently the TLC plate was placed in a desiccator over crystalline iodine (30 g I2/ L) for 15 min, 
in temperature 35±2°C. The activities described above were performed under a fume laboratory 
extractor. Pictures of the TLC plates after each visualisation step were taken with XIOAMI Camera 
(Redmi A2 Lite, 12MPix, Hon Hai Precision Industry Co., Shenzhen, China).  
Table 2. Development conditions for TLC and TLC-FID chromatograms in 1-step TLC development (to 100% 
of the development height) 
One-component solvents n-C6; cyclohexane; (MTBE), chloroform, DCM 

Two-component solvents n-C6:IsoOH [v:v]: 
99.7:0.3; 99.4:0.6; 98.75:1.25; 97.5:2.5; 95:5; 90:10; 70:30 

Three-component solvents nC6:IsoOH:MTBE [v:v:v] 
98.7:0.3:1.0; 98.4:0.6:1.0; 97.8:1.25:1.0; 96.5:2.5:1.0; 87.5:5:7.5; 40:10:50 

MTBE – methyl-tertbutyl-ether; DCM- dichloromethane; IsoOH- isopropanol; n-C6 – n-hexane 
As shown in tables 3 and 4, the stepwise development was performed, either by increasing solvent 

strength of the solvent in subsequent development stages, while reducing the development distance 
along the height of the adsorbent layer on the TLC plate, or by decreasing the solvent strength of the 
solvent in subsequent development stages, while increasing the distance of development along the 
height of the TLC plate. 
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Table 3. Development conditions for TLC and TLC-FID chromatograms in 2-step development. 
Acronym 2-stage development method  

A1 
1. n-C6 up to 100% of development height 

2. n-C6: IsoOH: TFA 94.25:5:0.75 (v:v:v) up to 70% of development height 

B1 
1. n-C6: IsoOH: TFA 94.25:5:0.75 (v:v:v) up to 70% of development height 

2.n-C6 up to 100% of development height + 10 min (TLC-FID)/ + 5 min (TLC) 

A2 
1. n-C6 up to 100% of development height +10 min 

2. n-C6: IsoOH: TFA 96.25:3:0.75 (v:v:v) up to 70% of development height 

B2 
1. n-C6: IsoOH: TFA 96.25:3:0,75 (v:v:v) up to 70% of development height 

2. n-C6 up to 100% of development height +10 min 

A3 
1. n-C6 up to 100% of development height +15 min (TLC-FID)/ + 7.5 min(TLC) 

2. n-C6: IsoOH: TFA 96.25:3:0.75 (v:v:v) up to 75% of development height 

B3 
1. n-C6: IsoOH: TFA 96.25:3:0.75 (v:v:v) up to 60% of development height 

2. n-C6 up to 100% of development height + 5 min (TLC-FID)/ + 2.5 min (TLC) 
n-C6 – n-hexane; IsoOH- isopropanol; TFA- trifluoroacetic acid 
 
In tables 3 and 4 the conditions defined by acronym A and C refer to the first development step using 
the solvent with the lowest solvent strength. This step was developed up to 100% of the height of the 
TLC plate sorption layer. The last step was carried with the solvent with the highest solvent strength 
while the shortest migration distance along the height of the TLC plate sorption layer was applied. The 
conditions defined by acronym B and D refer to the first development step using the solvent with the 
highest solvent strength, while the shortest migration distance along the height of the TLC plate 
sorption layer was applied. The last step was carried with the solvent with the lowest solvent strength 
within 100% of the height of the TLC plate.  
 
Table 4. Development conditions for TLC and TLC-FID chromatograms in 3-step development. 

Acronym 3-stage development method  

C1 

1. n-C6 up to 100% of development height +10 min (TLC-FID)/ + 5 min (TLC) 

2. toluene up to 60% of development height 

3. DCM:MeOH 95:5 (v:v) up to 40% of development height 

D1 

1. DCM:MeOH 95:5 (v:v) up to 40% of development height 

2. toluene up to 70% of development height 

3. n-C6 up to 100% of development height + 10 min (TLC-FID)/ + 5 min (TLC) 

C2 

1. n-C6 up to 100% of development height +10 min  

2. toluene up to 60% of development height 

3. CHCl3:MeOH 97:3 (v:v) up to 50% of development height 

D2 

1. CHCl3:MeOH 97:3 (v:v) up to 50% of development height 

2. toluene up to 60% of development height 

3. n-C6 up to 100% of development height +10 min 
n-C6 – n-hexane; MeOH- methanol; DCM - dichloromethane 
 

For impregnation purposes, TLC plates were placed under a fume laboratory extractor on the table 
surface on cellulose blotting paper and impregnated with a 60 mg/ mL solution of berberine sulphate 
in methanol by spraying it with a glass TLC sprayer placed approx. 30 cm above the plate (Erlenmeyer 
flask with a capacity of 100 mL, with NS 19/26 socket, Duran spray head (Lenz Laborglasintrumente, 
Darmstad, Germany). A volume of 50 mL of the methanol berberine sulphate solution was used for 
each plate. The plates were dried in a laboratory dryer (model 30l Pro, Adverti , Łódź, Poland) at 
105oC until a constant mass was reached (1 hour). The plate was then transferred to a desiccator with 
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desiccant until the TLC plate cooled down. The plates were weighed on an analytical scale (Radwag, 
Model: SBS-LW-300A, Warsaw, Poland) with an accuracy of 0.1 mg. 
After each development step, the plate surface was photographed under a UV lamp in the light of λ = 
254 nm and λ = 365 nm, the borders of the spots were pencil-marked. Further, the plate was exposed 
to iodine vapour for 10 minutes in a closed desiccator at room temperature. After exposition, the plates 
were photographed. 
On the basis of the obtained chromatograms, the values of Rf and retention factors (k) were determined 
for individual spots - representing certain substances or groups of chemical compounds.  
The Rf factor was calculated using equation 1: 

Rf=a/b      (eq. 1) 
where: 
a - distance from the starting point to the point of the highest intensity of colour / fluorescence spots 
on the TLC chromatogram, mm 
b - distance passed by the moving phase until the end of the development zone, mm 
In the case of development above the height of the development zone, the distance was defined as the 
length of the adsorbent layer on the TLC plate/ TLC FID rod. This approach is not common and 
usually prohibited, however due to the circumstances described in p.3.4 is accurate and allows to 
obtain better S/A resolution during two-step development.  
Retention factor was determined on the basis of Rf and can be calculated using equation 2: 

 k = (1-Rf) / Rf     (eq. 2) 
 

where: 
k –retention factor, - 
The selectivity factor was determined on the basis of the ratio of the retention factors obtained under 
the same conditions, according to equation 3 [50]: 

α = k2/k1      (eq. 3)  
where: 
α – selectivity factor, - 
k1 – retention factor for a faster spot (migrating higher) on the TLC plate / TLC-FID rod,- 
k2 – retention factor for a slower spot (migrating lower) on the TLC plate / TLC-FID rod, - 
 
To compare the obtained values with the use of non-impregnated and impregnated TLC plates, the 
range (abr. R) was determined as the difference between the values of the retention factors for 
individual groups of chemical compounds according to equation 4:  

R = | (kj – ki) |      (eq. 4) 
where: 
kj - value of the retention factor for a specific chemical compound/ group of chemical compounds (for 
specific spot on the TLC chromatogram) with a non-impregnated adsorbent, - 
ki - value of the retention factor for a specific chemical compound/ group of chemical compounds (for 
specific spot on the TLC chromatogram) with the impregnated adsorbent, - 
 
Values of the solvent strength of one-component solvents and multi-component solvents components 
relative to silica gel (εO) were adopted from literature [33].  
 
TLC-FID separation 

For TLC-FID separation, the following set was applied: a ten-rod frame with 10 TLC-FID - 
chromarod-S III® (micron-sized silica gel with a special preparation and a very high specific surface: 
above 1000 m2/ g); TLC-FID analyser with flame-ionizing detector: (Iatroscan, Iatron Labs, Tokyo, 
Japan); measuring analogue-digital transmitter: A/ C-4 (with a measuring range: +/- 5μV to +/- 5V, 
sampling frequency 40 Hz, - AKORD, Toruń, Poland); Data processing software from the A/C-4 
transducer: "Chomik-2" version for Windows –(developed originally in Gdańsk University of 
Technology, Gdańsk, Poland); sample dispenser SES 3200 / IS-01 (Iatron Labs, Tokyo, Japan); glass 
developing chamber with dimensions 140x200x50mm with three walls lined with cellulose tissue, 
with a glass cover, a handle for a frame with Chromarod-S III rods and the adjustment system for the 
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frame position along the chamber height; (Duran, Lingea Chemicals, Warsaw, Poland); frame with 
TLC-FID rods / TLC plates dryer: TK-8, (Iatron Labs, Tokyo, Japan). 

The Chromarod-S III frame was activated by firing the rods once at 35 seconds/ 10 cm and twice 
at 50 seconds/ 10 cm on a TLC-FID analyser (i.e. carrying each rod by hydrogen air flame before 
dispensing the solution of the mixture separated)). Activated frame was placed in a desiccator with an 
active drying agent for 10 minutes until temperature reached the ambient temperature. Further the 
samples were loaded onto the TLC-FID frame rods with the automatic sample dispenser. 0.5 µl of the 
sample was placed at the concentration given in Table 1. After the samples were applied, the TLC-FID 
frame was placed in a laboratory drier at 105°C for 10 minutes. After complete evaporation of the 
solvent, the TLC-FID frame plate was placed in a desiccator with an active drying agent.  

To establish an equilibrium state between the solvent vapours in the TLC chamber and on the 
sorption surface, the dried frame with TLC-FID rods loaded with samples was suspended for 10 
minutes above the solvent level (20 mm above the bottom of the chamber) . The frame with the TLC-
FID rods was next immersed in the solvent with the bottom edge of each sample spot above the 
solvent level. Further, the solvent reached the height given in Tables 2, 3 and 4 depending on the 
development method used. After each development step, the frame with TLC-FID rods was dried 
(105°C for 15 min, until constant weight). The activities described above were performed under a 
fume laboratory extractor. After complete evaporation of the solvent, the TLC frame was placed in a 
desiccator with an active drying agent. 

After the last development step the frame with the rods was placed in an Iatroscan analyser with a 
flame ionization detector (TLC-FID analyser) and chromatograms were recorded. The flow rate of 
hydrogen was equal to 150 mL/ min; the flow rate of air was 1.8 L/ min. The displacement of the rods 
in the flame of the TLC-FID detector: 50 s/ 10 cm. The peak areas were digitally separated. 

Based on the maximum of each peak from the TLC-FID highlighted in the individual 
chromatograms (fig. 4), the Rf values, the retention factor (k) and the selectivity factors (α) were 
calculated (please, see eq. 1-4). The names of individual chemicals/ groups of chemicals were assigned 
based on the retention parameters obtained under TLC conditions on plates impregnated with 
berberine sulfate, under the same development conditions. The limits of detection (LOD) were 
determined based on the interpolation of the regression function for individual groups of chemical 
compounds. The noise amplitude was determined and was equal to 0.05 µV (mean value obtained 
from 6 noise heights in the chromatogram). The average noise amplitude was multiplied 3 times (0.15 
µV). Then, on the basis of the calibration curves (x - mass of the substance, µg; y - peak height for a 
given substance, µV), the LOD was determined as the height of the peak that exceeds the noise value 
for a given substance. The limits of quantification (LOQ) were determined as equal to three times 
LOD. In order to evaluate the dispersion of the values of the retention factor (k) and standard deviation 
were calculated. The ranges of SD values determined for k ϵ (1.5; 5) are given in tables 5 and 6 for the 
results performed in triplicates. The calibration curve method (External Standard) was applied, 
assuming a linear course of the calibration function forcing 0.0 point. 
 

3. Results and Discussion  
 
3.1  TLC plates impregnation methodology  

 
The only known method of obtaining visualization of aliphatic or alicyclic molecular 

structures in the VIS range on TLC plates with silica gel is the use of impregnation of the plate [50], 
which may be carried with berberine salt. Molecular structures enhancing the fluorescence of 
berberine are present in all groups of chemical compounds of base and lubricating oils with a wide 
range of polarity, except glycerol. The studies (Table S.1) have shown that in the case of glycerol or 
other low volatile alcohols or polyols, the berberine salt exhibits a dark blue to navy blue fluorescence. 
This determines the possibility of identifying the presence with the use of TLC plates impregnated 
with berberine salt, as well as an approximate assessment of the group-type composition of base and 
lubricating oils with a wide range of polarity of components. 
The berberine salt was evenly distributed on the plate surface. The differences in the mass of the plates 
after impregnation were in the range 0.1-0.8 mg, i.e. no more than 1% of the total weight of berberine 
sulphate applied on the TLC plate (Table S.1). Exemplary TLC plates impregnated with berberine 

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


8 

sulphate are presented in figure 1. The range of retention factors (k) for components migrated with the 
solvent with low solvent strength did not exceed 0.05, and for the solvent with higher solvent strength 
it did not exceed 0.03. It can be concluded that the impregnation of TLC plates with silica gel F-254s 
with berberine sulphate, performed according to the method developed in this study, has no effect on 
retention for solvents with low and medium-low solvent strength used in this study. It can also be 
stated that the developed impregnation methodology allows to obtain an even distribution of berberine 
sulphate over the entire surface of the TLC plates. As shown in Figure 1 (C and D plates), despite the 
high content of saturated hydrocarbons in oils, the visualization of S group hydrocarbons after 
exposure to iodine vapours is practically non-existent. It is also very weak for group A with the above 
described molecular structures sterically hindering the addition of iodine to the aromatic ring. At the 
same time, it is highly sensitive to acylglycerols and derivatives containing unsaturated fatty acids. 
The study of this work also showed that impregnation of the TLC plate with berberine sulphate 
increases the intensity of the colour of the spots caused by its adducts with iodine of mono-, di- or tri- 
substituted acylglycerols or esters containing unsaturated fatty acids. On the other hand, it is almost 
impossible to visualize saturated fatty acids, their esters with aliphatic alcohols, or acyl-glycerols in I2 
vapours. These chemicals are visible on TLC plates impregnated with berberine sulphate if they 
contain aliphatic or alicyclic (-CH2-CH2-) structures in the molecules. Our studies have shown that in 
the case of glycerol or other low volatile alcohols or polyols, the berberine salt exhibits a dark blue to 
navy blue fluorescence. This determines the possibility of identifying the presence as well as an 
indicative assessment of the group-type composition of base and lubricating oils with a wide range of 
component polarity specifying the S/ A/ TAG/ FAE/ FFA/ DAG/ MAG/ GL groups, as confirmed by the 
research presented in this work. 

It should also be added that the intensity of the changes in berberine fluorescence intensity 
caused by aliphatic molecular structures is not high. Consequently, visualization is only possible for 
relatively high mass of components/ groups of components within the TLC spots. For groups of 
hydrocarbons migrating with a low polar alkane, i.e. for S, the LOD value can be estimated at 0.5 mg, 
for aromatic hydrocarbons A at 0.5 mg. For groups migrating with a higher polar solvent, the LOD 
values are higher, i.e. for FAME - LOD is around 0.7. mg, for TAG: approx. 1 mg, for FFA: 1 mg, 
DAG: 1 mg, MAG: 1 mg. On the other hand, for glycerol GL remaining at the dosing point, due to the 
intense navy blue fluorescence of berberine, LOD is approximately equal to 1 mg [51]. 

3.2 Research on retention and selectivity of TLC separation with the use of single/ multi-
component solvents and single and multi-stage development 

The groups of substances that may constitute or represent components of the base or 
lubricating oils used in cutting machines are listed in Table S.2. The results are shown in Table S.2 as 
the values of the retention factors k calculated from Rf for silica gel F254s impregnated with berberine 
sulphate.  

Certain groups of organic chemicals were eluted/ separated as specific chemical compounds 
that could constitute components or represent appropriate groups of components/ components of base 
or lubricating oils, especially oils for cutting machines. Squalene can also be treated as a low volatile 
alkene (so-called olefin) while GL is a product of complete hydrolysis of acyl-glycerols and represents 
low-volatile polar polyols and alcohols solvent strength 
Single-component solvents 

Based on the results presented in Table S.2 and previous studies [21, 35, 47, 52,53], it can be 
assumed that the solvent with a low solvent strength (i.e. n-hexane, n-C6; εo = 0.00 [34]) is the only 
single-component solvent enabling the separation of the saturated hydrocarbons group (S = P + N) 
from aliphatic and alicyclic substituted aromatic hydrocarbons A from base/ lubricating oils (α A/S = 
2.70). An alkane based solvent will therefore be necessary in one of the group -type separation steps of 
the base/ lubricating oils. However, the solvent strength of n-C6 or any other alkane is so low that it 
does not even allow the migration of acyl-glycerols and their derivatives from the starting point. 
Moreover, n-hexane is a bad solvent for DAG and FFA, and it does not completely dissolve MAG and 
GL [54]. One-component solvents characterized by a higher solvent strength than alkanes, which 
would enable the migration and separation of acyl-glycerols and their derivatives, i.e. MTBE (εo = 0.20 
[34]), or dichloromethane (εo = 0.33 [34]) - do not allow separation of saturated hydrocarbons S from 
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aromatics A (αA/S = 1.00). Hence the conclusion that the group-type separation procedure by TLC / 
TLC -FID technique of base and lubricating oils with a wide range of polarity must include a 
development step using n-C6 can be drawn. Most likely, iso-alkanes such as iso-octane will also be 
suitable. In addition, it was found that application of cyclo-alkanes such as cyclohexane or methyl-
cyclopentane also allows S/ A separation in base and lubricating oils under TLC/ TLC-FID conditions, 
but with lower selectivity than using alkanes as solvent. The separation procedure cannot therefore be 
a one-step process. Therefore, at least a two-step separation procedure is necessary. Moreover, the step 
with the alkane as solvent to separate S and A should be carried to obtain the longest possible 
development distance. The selectivity of S/A group-type separation of the components of base and 
lubricating oils is advantageous under the conditions of TLC or TLC – FID.  
Two-component solvents 

In the second stage of the research, two-component solvents with n-C6 as one of the solvent 
components were included. Isopropanol (iso-OH) in various proportions was added to n-hexane (as the 
component with the highest volume fraction). Isopropanol is a component with relatively high solvent 
strength (εo = 0.63 [34]), and at the same time a relatively good solvent for organic chemical 
compounds from low-polar to polar. By increasing the proportion of the more polar component in the 
solvent, the elution force of the mobile phase is increased and the nature of the adsorption interactions 
on the sorption surface changes. The conditions of this stage of the research are listed in Table 3, and 
the results are presented in Table S.2. 

On the basis of these results it can be concluded that the MAG migration from the starting 
point is possible only when the volumetric iso-OH content in the solvent is higher than 5% (v/ v). 
Below this content, kMAG => ∞. At the same time, the maximum isopropanol content for the spots of 
the saturated and aromatic hydrocarbon groups which did not overlap on the TLC chromatograms is 
0.75% (v/ v). In addition, isopropanol is an solvent component that adversely affects the separation of 
FAME (low molecular weight esters of alcohols and fatty acids) from triacylglycerols (TAG). The 
spots were practically overlapping. 

Careful analysis of the data in the second part of Table S.2 leads to the conclusion that the 
two-component n-hexane: isopropanol solvent in any proportion of these components is not selective 
enough to enable separation on TLC plates (hence also in the TLC-FID) under one-stage development 
conditions ensuring the possibility of determination of the group-type composition with respect to S / 
A/ Sq/ FAE / TAG/ FFA/ DAG/ MAG/ GL groups. 
 
Three-component solvents  

The results of the studies on the use of the three-component solvents are presented in the third 
part of Table S.2. n-hexane is used as the solvent component with the highest volume fraction and 
isopropanol as the component with relatively high solvent strength. MTBE was applied as the medium 
solvent strength additive. The possibility of using an isocratic mixture of non-polar n-hexane with 
slightly more polar MTBE and very little addition of relatively polar isopropanol in the development 
step of separating acyl-glycerols from their derivatives was investigated. 

Under TLC stepwise development conditions, chloroform as a medium-polar addition to the 
solvent should ensure group -type separation of base and lubricating oils [24,55]. Even though, 
chloroform was not used as a component of the solvent for several reasons, i.e.: high toxicity and eco-
toxicity and especially low durability of CHCl3 in the air atmosphere - with the formation of phosgene 
without the addition of the so-called polar stabilizer.  

As can be seen in Table S.2, the isopropanol - MTBE mixture in a favourable proportion can 
replace chloroform in the group-type separation of base and lubricating oils containing acylglycerols 
and their derivatives. The solvent, which enables S/ A group-type separation of oils via TLC on silica 
gel plates, is a mixture of n-C6: Iso-OH: MTBE in the ratio 98.7: 0.3: 1 (v: v: v) (αA/S = 1.71) 
However, a preferred solvent that allows the separation of acylglycerols and their derivatives with 
respect to the Sq/ FAE/ TAG/ DAG/ FFA/ MAG/ GL groups (αMAG / DAG = 5.39; αDAG/FFA = 1.67; 
αFFA/FAME = 1.85; αTAG/FAME = 1.04; α FAME/A = 2.35) is n-C6: Iso-OH: MTBE in the ratio 87.5: 5: 7.5 (v: 
v: v) 

The test results also show that for the separation of base and lubricating oils with respect to the 
S/ A/ Sq/ FAE/ TAG/ FFA/ DAG/ MAG/ GL groups , at least two-stage development is necessary. In 
the development step, which should ensure S/ A group-type separation, n-hexane or another alkane 
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should be used as a one-component solvent and the development distance should be as long as 
possible. For the separation of acylglycerols and their derivatives, the above-mentioned multi-
component solvent is advantageous. At the same time, the distance of the development with a solvent 
with a higher solvent strength than the alkane should be as high as possible. It should be so determined 
that the group of aromatic hydrocarbons A forms one spot without degrading the S/ A resolution. Thus, 
in this step, a separation ofA/ Sq/ FAE/ TAG/ FFA/ DAG/ MAG/ GL (GL spot remaining at the starting 
point) with sufficient resolution should occur. 

 
3.3 Research on the development of favourable conditions for group-type separation of base/ 
lubricating oils using the TLC technique  

In the case of group-type separation of components of materials with a relatively complex 
group-type composition using the TLC or TLC-FID technique, containing aliphatic hydrocarbons S 
and aliphatic / alicyclic substituted single and multi-ring aromatic hydrocarbons A, the literature most 
often proposes a three-stage separation with decreasing the development distance and increasing the 
solvent strength of the solvent in the subsequent development stages [22,39,48]. Possibly longest 
migration distance is preferred for S/ A group-type separation with an alkane (here n-C6) as solvent. 
For the migration and separation of acyl-glycerols and their derivatives, an solvent with higher solvent 
strength than the alkanes (i.e. n-C6) is obviously needed. To ensure migration of relatively polar 
MAGs and polar glycerol (GL), the solvent strength of the solvent should be high. 

The research includes several different procedures for a two-stage and three-stage 
development for group-type separation of base and lubricating oils with a wide range of polarity of 
components. Various solvents were tested using an solvent with higher solvent strength than the 
alkanes. The different distance of TLC expansion in the different development steps were taken into 
account. The test conditions are presented in Tables 3, 4, and 7. Separation of the S/ A/ Sq/ FAE/ TAG/ 
FFA/ DAG/ MAG/ GL groups was investigated with multi-component solvents composed of: n-C6, 
MTBE, iso-OH. Additionally, a very little addition of trifluoroacetic acid (TFA) was investigated. TFA 
plays the role of blocking "overactive" sites on the adsorption surface, which positively affects the 
spot width of acylglycerols and derivatives, especially FFA [56] (when n-C6 was used as solvent). The 
apparent displacement of the n-C6 front above the upper limit of the adsorbent layer on the TLC plate 
(also - TLC-FID rod) was taken into account. This provides an extension of the migration path (time) 
of the S and A groups and improved group-type separation. 

The results of these studies are shown in Table S.3. To draw attention to the reverse migration 
order of specific components or groups of components, the selectivity factor α (calculated as defined 
from the ratio of the retention factors of the later eluted to the earlier eluted spot) is distinguished in 
Table S.3 with an asterisk symbol (*). Figures 1, 2 and 3 are examples of the developed TLC plates 
taking into account different conditions for the visualization of spots on TLC plates. 

The separation results given in Table S.3 were used to design the preferred group-type 
separation conditions by the TLC-FID technique. They were also taken into account in formulating 
other various conclusions from the research of this work, including the issue of stepwise sequence in 
the study of group-type composition of oils with a wide range of polarity of components. 

 
Sequence of stepwise development 
Development of the TLC / TLC-FID chromatograms was performed in two paths: 
- increasing the solvent strength of successive solvents and at the same time decreasing the 
development distance in subsequent stages of the stepwise development (the first stage with an alkane 
as the solvent at the maximum development distance, the next - with an solvent with increased solvent 
strength at a shorter distance with inter-stages plate drying to remove traces of the solvent between 
successive development stages); 
- decreasing the solvent strength of the solvent and increasing the migration distance in subsequent 
stages. 

Detailed results are presented in Table S.3. A comparison of the chromatograms obtained 
using the same 2-stage development conditions; with different sequences of changes insolvent strength 
is presented in Figure 2. It is observed that the order of the change of solvent strength in successive 
development step has a significant effect on the migration and group-type separation of low-polar S/ A 
groups under TLC conditions. This may be related to the different activity of the adsorbent surface 
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during the development step with alkane solvent. When the original TLC plate (or the frame with TLC-
FID rods) is exposed in a TLC chamber to an atmosphere of nonpolar alkane vapours and the first 
development step is performed with this solvent, greater retention and higher selectivity of S and A 
separation occurs (i.e. TLC plates A, C in the Fig. 2.). In other case, when the exposure of the TLC 
plate (or the frame with TLC-FID rods) takes place in the vapours of the more polar solvent 
components, it leads to a certain degree of deactivation of the silica gel adsorption surface and, at the 
same time, it lowers the values of the retention factors k of low-polar components of the groups A and 
S (including B and D TLC plates in the Fig. 2). 

3.4 the two and three step TLC development efficiency 
Based on the results in Table S.2 and the exemplary illustration in Fig. 1. It can be observed 

that the three-step development procedure proposed in the literature for the batch separation of 
asphalts or heavy petroleum products containing asphaltene [20,47] is not effective for the group-type 
separation of base and lubricating oils by a wide range of polarity. This occurs irrespective of whether 
the successive stepwise development steps are carried out in the direction of increasing or decreasing 
the solvent strength of the solvent. There is no TLC plate with sufficient separation selectivity when 
the individual development steps are performed with alkane up to 100% of the adsorbent layer 
distance, toluene up to 60 - 70% of the distance and: DCM / MeOH in the ratio 95: 5 v / v up to about 
30 - 40% of the distance of the adsorbent layer and irrespective of whether there is a decrease or an 
increase in the solvent strength of the solvent in the subsequent development steps. 

The studies and research described above and the analysis of their results lead to a general 
conclusion that the two-stage development procedure should be the most appropriate for the group-
type separation of base and lubricating oils with respect to S/ A/ Sq/ FAE/ TAG/ FFA DAG/ MAG/ GL 
groups (GL remains at the dosing point). At the same time, the greatest possible migration path should 
be ensured in each of the development and separation steps. 
Studies have shown that extension of the development time with an alkane over the development zone 
of the TLC plate/ TLC-FID rods for a certain time is advantageous to improve S and A resolution 
during the extension; the low-polar volatile solvent is vaporized from the top edge of the adsorbent on 
the TLC plate/ TLC-FID rod. The development time extension value varies for TLC and TLC-FID as 
well as for increasing or decreasing the solvent strength of the solvent in the subsequent development 
steps. Appropriate values should be selected experimentally, ensuring that the top of the S group spot 
does not reach the upper limit of the development zone on the TLC plate/ TLC-FID rod. 

3.5 Research on the selection of favourable separation conditions in TLC-FID with the use of 
pilot tests using the TLC technique 
As stated in the introduction, it is very important to be able to determine the group-type composition 
of base/ lubricating oils with a wide range of polarity, especially oils emitted to the environment from 
various types of cutting machines, as well as oils that can potentially become a significant pollution of 
the environment as a result of machine failure. The studies with the use of TLC showed that the TLC-
FID technique could be appropriate for this purpose. To develop a favourable separation and analytical 
procedure the results of the TLC tests were used. The results given in Table S.3 for which 
representative TLC developed plates are shown in Figure 3 are particularly interesting for this purpose. 
The chromatograms obtained using the TLC-FID technique for several different group-type separation 
conditions determined on the basis of the TLC test results are presented in Figure 4. Table S.3 presents 
the results of the TLC-FID tests as the values of the retention factors k calculated on the basis of Rf 
from the TLC-FID chromatograms. Application of the same development conditions in TLC (Figure 3) 
and TLC-FID (Figure 4) allowed to obtain the same development sequence of the separated 
components. The values of the retention and selectivity parameters are similar, but not identical (Table 
S.3). Therefore, it is possible to minimize the research on the selection of favourable separation
conditions, performed directly by the TLC-FID technique. It should also be added that the
development time of the n-hexane (n-C6) front to 100% of the distance of the TLC plate with a length
of 10 cm development zone is approx. 13 min and for TLC-FID rods with a length of 10 cm of the
adsorbent layer, approx. 26 min. Therefore, the additional n-C6 development time for TLC was
reduced twice as compared to TLC-FID (Table S.3). TLC-FID chromatograms presented in Figure 4
are performed under different development conditions given in Table 4. It can be seen that the
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preferred conditions for separation and group-type composition determination of base/ lubricating oils 
with a wide range of polarity of components are the two-stage development conditions coded as A3 
and B3. Specifically: 
- A3 - first development step: n-C6 to 100% development height + 15min for TLC-FID (+ 7.5min for 
TLC); second development step: n-C6: IsoOH: TFA 96.25: 3: 0.75 (v: v: v) up to 75% of development 
height; 
- B3 - first development step: n-C6: IsoOH: TFA 96.25: 3: 0.75 (v: v: v) up to 60% of the development 
height; second step: n-C6 to 100% development height + 5min for TLC-FID (+ 2.5min for TLC). 
Due to the obtained results, the conditions under A3 procedure seem slightly more favourable than B3. 
In practice, they can be used alternatively, especially for the low sample concentrations during the first 
separation step using an alkane as solvent, no adverse effects were observed due to the insolubility of 
certain polar components of the oil in the low-polar solvent. 
Based on the results of the research presented in Figure 4, it can also be concluded that the problem of 
low solubility of certain oil components in the low-polar solvent during the first separation step seems 
to be of secondary importance for oils that are liquids at room temperature and since small masses of 
samples are applied to TLC- FID rods (TLC plates). Under conditions of larger sample masses (higher 
degree of adsorbent overload), the B3 method will probably be more advantageous than A3. 
 
3.6 Validation parameters of the TLC-FID methodology and results of determination of group-
type composition  
The validation parameters for determination of the mass of components/ groups of components of 
base/ lubricating/ edible oils using the A3 methodology in the TLC-FID technique are presented in 
Table 5. 
 
Table 5. Summary of statistical parameters for determination of the mass of a component/ group of 
components in group –type separation by TLC-FID technique by A3 method under the conditions 
described in Table 4. 

Group GL MAG DAG FFA FAME TAG Sq A S 

Regression 
equation - y=1.61x y=1.74x y=1.13x y=1.33x y=1.09x y=1.38x y=1.94x y=0.52x y=2.72x 

R2 - 0.97 0.99 0.98 0.99 0.98 0.99 0.98 0.99 0.99 

LOQ µg 0.09 0.09 0.13 0.11 0.14 0.11 0.08 0.03 0.06 

LOD µg 0.27 0.27 0.39 0.33 0.42 0.33 0.24 0.09 0.18 
y - height of the peak of a specific component / group of components in the TLC-FID chromatogram [μV]; x-mass of a 
specific component/ group of components in the sample dosed onto the TLC-FID rod [µg]. 
 
The equations of the calibration functions were determined on the basis of the dependence of height of 
the respective peaks as a function of the mass of a component/ group of components in the TLC-FID 
chromatograms. The methodology for the calibration curve determination (External Standard) was 
applied, assuming a linear course of the calibration function forcing (0,0) point. Such approach is 
generally accepted and correct in the case of TLC-FID [40]. 
The A3 methodology (Table 4, Figures 3 and 4) was used to investigate the group-type composition of 
selected commercially available base or natural lubricating oils. The results of these studies are 
summarized in Table S.4. The data in Table S.4 were obtained by the TLC-FID technique and the A3 
method, based on the integration of all peak areas on the TLC-FID chromatograms. The names were 
assigned to the specific peaks based on the order of migration of the respective components/ 
component groups and the values of the respective retention parameters on TLC. 
The results in Table S.4 are adequate for petroleum, synthetic and semi-synthetic base oils, as well as 
for natural origin oils and their conversion products. For lubricating oils containing additives, there are 
additional peaks from these "additives", but also an overlap of peaks from the additives on the peaks 
from base oil components may occur. The results presented in Table S.4 are indicative for the 
description of the group-type composition of the oil. 
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To determine the content of petroleum fractions in the tested oil, containing a group of saturated 
hydrocarbons that are very difficult to biodegrade S and a group of aromatic hydrocarbons A that are 
extremely harmful to the environment and health, the obtained results are of high importance. In order 
to identify the presence and an approximate assessment of the content of petroleum fractions in the 
lubricating oil, it is particularly important to test the oil by TLC technique with the use of plates 
impregnated with berberine salt. Only the identification of S group in oil, in the absence of the A 
group, proves that the base oil is a PAO type synthetic oil. The lack of S and A groups and a high 
content of the TAG group at the same time, prove that the base oil is purely plant oil of natural origin. 
Then, depending on the content of the FFA group, one can obtain information about the degree of the 
plant oil hydrolysis process. 
 

4. Conclusions 
 
Methodologies for the separation and assessment of the group-type composition of base and 
lubricating oils with a wide range of polarity of components were developed with respect to S/ A/ Sq / 
FAE/ TAG/ FFA/ DAG/ MAG/ GL groups (GL spot remains at the starting point), using thin-layer 
liquid chromatography (TLC) on silica gel impregnated with berberine salt thin-layer chromatography 
coupled with flame ionization detection (TLC - FID). As a result of the research, favourable group-
type separation conditions were determined.  
In the step using a completely non-polar solvent (n-C6) with the longest possible development path, a 
separation of low volatile, mainly branched aliphatic hydrocarbons P and aliphatic substituted 
alicyclic N oil hydrocarbons occurred. Extension of the time and hence the development path, in the 
non-polar solvent application stage is of significant importance for obtaining possibly selective S and 
A group-type separation. The extension value is experimentally selected, while observing the upper 
limit of the S group spot almost reaches the upper limit of the adsorbent layer on the TLC plate and 
also on a TLC-FID rod. (5 min for TLC and 15 min for TLC-FID under applied experiment 
conditions). The migration when medium-polar solvent is applied for the development and separation 
of acylglycerols and their derivatives should be as long as possible, but without deteriorating the 
degree of S and A group-type separation.  
During multistep development, the solvent primarily used may be an alkane, despite the fact that it has 
virtually no MAG solubility and very low FFA's solubility. However, when adsorbent overload occurs, 
the solvent used in the first separation step should be a good solvent for all components of the 
separated mixture. Differences in adsorbent properties on TLC F-254 plates and Chromarod SIII rods 
make it impossible to directly transfer the values of retention and selectivity parameters from TLC to 
TLC-FID. The order of migration and the values of the retention and selectivity parameters are 
however similar in both techniques. The impregnation of the TLC plates with berberine sulphate is 
necessary for the visualization of all groups of oil components in UV 365nm light. For some groups, 
especially those containing alkenes or unsaturated fatty acids or their derivatives, the sensitivity of 
visualization with iodine is higher than that obtained for the same groups after impregnation with 
berberine sulphate. A fluorescence at 365 nm light of dark blue to navy blue occurs due to presence of 
adducts between glycerol and berberine. This provides the visualization of this group of chemicals on 
the plates impregnated with the berberine salt.  
The obtained research results presented in this work and the conclusions are particularly important for 
the assessment of environmental and health harmfulness of lubricating oils emitted to the environment 
from various types of cutting machines, as well as hydraulic oils that may potentially become 
environmental pollution as a result of machine failure. Determination of the presence and of the 
content of petroleum components in the oil is possible. The procedure also enables the assessment of 
the degree of hydrolytic degradation of triacylglycerols. Hence the procedure may be applied for the 
assessment of the "degree of degradation" of oils of natural origin. The obtained procedures may be 
used in the technical analysis of group-type composition of all types of base and lubricating oils: from 
crude oil refining, refined plant oils and their derivatives, synthetic oils, as well as various mixtures of 
the above-mentioned oils.  
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Figure 1. Summary of TLC developed plates ( F-254s silica gel) impregnated with berberine sulphate (B and D) using the 
spraying methodology developed in this work, and non-impregnated – (A and C). Development methodology according to 
D1 in Table 4; A and B - visualization in 365nm UV light; C and D- Visualization in visible light after exposure of the TLC 
plate to iodine vapour. Samples (Table 1.) 1- Rapeseed oil, edible, 2-PAO6, 3- motor oil, synthetic poly-alpha-olefin type, 
commercially available, 4- Lubricating oil of natural origin with a package of additives, commercially available, 5 -SAE10/ 
95, 6-SAE30/ 90, 7-Brightstock, 8- lubricating oil produced on the basis of a mixture of vegetable and mineral oil, 9-FAME, 
10- machine oil produced on the basis of crude oil processing.

Figure 2. Exemplary photographs of TLC developed plates obtained under development conditions and the separation of the 
same samples on silica gel plates impregnated with berberine sulphate with the use of different order of the solvent strength 
sequence of the solvent in successive development steps. Development conditions according to Table 4: A1– plates A, C - 
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increase in the polarity and solvent strength of the solvent with successive development steps; B1 - plates B, D - decrease in 
the polarity and solvent strength of the solvent in successive development steps; Visualization: A, B: under 365nm UV light, 
C, D: under visible light after exposure of the TLC plates to iodine vapour. Samples: 1- mixture - SAE 30/90 base oil, Sq, 
TAG, DAG, FFA, MAG, glycerol, 2-mixture of sunflower and rapeseed vegetable oil (1:1 v:v), 3-DAG, 4-MAG , 5-FFA, 6-
FAME, 7- lubricating oil produced on the basis of a mixture of vegetable and mineral oil, 8- machine oil produced on the 
basis of petroleum, 9-SAE 30/90, 10-PAO 6 + squalene. 

Figure 3. Exemplary photographs of TLC developed plates obtained for two-step development under conditions A3 and B3 ; 
according to Table 4; separation carried with: increase of solvent polarity and solvent strength in successive development 
steps (A, B); decrease in the polarity and solvent strength of the solvent in successive development steps (C, D); 
Visualization: A, C: under UV 365nm light, B, D: under visible light after exposure of the TLC plates to iodine vapour. 
Samples: 1- mixture - mineral base oil, SAE 30/90, Sq, TAG, DAG, FFA, MAG, GL; 2-FAME, 3- lubricating oil for cutting 
machines, based on a mixture of plant and mineral (petroleum) oils, 4-SAE 10/ 90, 5-SAE 30/90. 
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Figure 4. Summary of TLC-FID chromatograms for the A1, A2, A3, B1, B2, B3, C1, C2, D1 and D2 development 
conditions (according to Table 4) for 0.5 μL sample volume. Sample concentrations: 1.42 mg/mL GL, 1.42 mg/mL TAG , 2 
mg/mL MAG, 1.42 mg/mL DAG, 1.42 mg/mL FFA, 1.42 mg/mL FAME, 1,42 mg/mL S30 (S30 consists of S and A in 
proportions S:A equal to 3:1 by mass), applied on TLC-FID rods in the form of a solution in a mixture of acetone: 
dichloromethane 3: 4 (v: v) as spots with minimal width. 
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