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Highlights  Abstract  

▪ Monitoring changes in engine oil during 

operation as supportive factor  in ensuring the 

required operational properties. 

▪ Analyzing correlation between indicators 

describing the physiochemical properties of the 

engine oil and the determined zones of 

chromatographic separations on the tissue 

filter. 

▪ Increasing the accuracy of the decision about 

the quality of used engine oil, based on rapid 

paper chromatography 

 

 Paper chromatography is a method that allows rapid assessment of the 

condition and identification of fuel, water and soot contaminants in 

engine oil. The paper contains an analysis of the suitability of rapid paper 

chromatography for assessing the operating quality of engine oil. It takes 

into account the comparison of physicochemical parameters by classical 

methods with the quality of commercial paper chromatography. The 

presented research allowed verifying the suitability of paper 

chromatography for laboratory evaluation of engine oil quality. It was 

found that a more extensive analysis of the oil condition is possible 

provided that the chromatographic separation time of oil dispensed onto 

filter paper is increased from 1 minute to 40 minutes. Linear 

relationships were observed between the surface area of the stain core 

after 40-minute separation and selected viscosity parameters (e.g. 

kinematic viscosity measured at 40° C). Based on rapid paper 

chromatography, it was found that reasonable decisions can be made 

about the quality of engine oil, and thus about replacement or further use 

of the oil. 
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1. Introduction 

Modern engine oils are used in more and more advanced 

engines, often operated in extreme working conditions. Hence, 

oil producers are looking for modern formulas that can meet the 

necessary technical requirements [12, 15]. In the production 

stage, each engine oil is enriched with additives that improve 

the operational properties of the base oil [22]. These additives 

can be divided into three groups, functionally. There are 

additives that protect the surfaces of the adjacent engine parts 

(friction modifiers, anti-wear (AW) and extreme pressure (EP) 

additives, corrosion inhibitors and dispersing and washing 

additives), additives that protect the oil against rapid chemical 

changes (antioxidants) and additives that influence the 

rheological properties of the oil, especially at low temperatures 

(viscosators and depressants) [5, 11]. 

During the typical operation of the engine oil, both additives 

and base oil undergo concurrent chemical and tribochemical 

 

Eksploatacja i Niezawodnosc – Maintenance and Reliability 
Volume 25 (2023), Issue 2 

journal homepage: http://www.ein.org.pl 
 

 

Article citation info: 

Molenda J, Wolak A, Zając G, Cieloch P, Chudy D, Assessment of the suitability of paper chromatography for quick diagnostics of 
the operating condition of engine oil. Eksploatacja i Niezawodnosc – Maintenance and Reliability 2023: 25(2) 

http://doi.org/10.17531/ein/162912 

(*) Corresponding author. 

E-mail addresses: 

 

J. Molenda (ORCID: 0000-0003-3477-4971) jaroslaw.molenda@itee.lukasiewicz.gov.pl, A. Wolak (ORCID: 0000-0003-4145-8862) 

artur.wolak@uek.krakow.pl, G. Zając (ORCID: 0000-0002-9025-4551) grzegorz.zajac@up.lublin.pl,  

P. Cieloch patrysiac123@gmail.com, D. Chudy d.chudy98@gmail.com 

mailto:jaroslaw.molenda@itee.lukasiewicz.gov.pl
mailto:artur.wolak@uek.krakow.pl
mailto:grzegorz.zajac@up.lublin.pl
mailto:patrysiac123@gmail.com
mailto:d.chudy98@gmail.com


Eksploatacja i Niezawodność – Maintenance and Reliability Vol. 25, No. 2, 2023 

 

reactions. This consequently leads to deterioration of the quality 

parameters of the oil [2, 7, 8]. These changes are referred to as 

oil aging. They are intensified by the variable operating 

conditions of the oil, especially starting a cold engine (oil 

starvation), as well as high-speed operation. During the latter, 

tribochemical reactions take place, which produce conversion 

products of AW and EP additives, as well as of base oil [1, 23]. 

Additional factors intensifying operational oil aging are oxygen 

from the air, high temperature, and the catalytic effect of 

rubbing metal elements. They lead to structural conversion of 

the oil components (decomposition), including polymerization 

and condensation of some decomposition products, resulting in 

the formation of resins [14] and sludges [4, 16]. During engine 

oil, also acidic or neutral organoxide products are also formed: 

organic acids, alcohols, ketones, aldehydes, or esters. These 

substances affect metals [6], causing corrosion [3] and increased 

wear [21, 32]. External symptoms of oil aging are: darkening, 

deteriorated fluidity, characteristic smell of exhaust gases and 

gasoline, and sedimentation [17, 18]. Thus, aging processes 

significantly affect the physiochemical parameters that define 

the operating condition of the oil. In particular, the total base 

number (TBN) is lowered, the total acid number (TAN) 

increases, and the kinematic viscosity usually increases as well 

[27, 28]. Significant changes are also observed in Fourier 

transform infrared spectroscopy (FTIR) spectra, which are very 

often used in oil quality monitoring [13, 29]. Aging processes 

affect the serviceability of the oil and determine the reliability 

of engine operation. An increase in TAN and a decrease in TBN 

compared to baseline values (which characterize fresh oils) 

indicates that additives that increase alkaline reserve have been 

neutralized, and thus corrosion processes of engine components 

are possible. On the other hand, the increase in kinematic 

viscosity due to the formation of sludge and resins hinders the 

formation of an effective lubricating film that separates mating 

engine components, and thus wear increases and excessive 

amounts of metallic abrasion are formed. It follows that aging 

of engine oil affects physicochemical parameters, the analysis 

of which provides information about engine operating 

conditions (engine condition). Consequently, monitoring of 

these parameters makes it possible to assess the possibility of its 

continued use. 

Monitoring changes in engine oil during operation plays  

a key role in ensuring the required operational properties [9, 10, 

30]. Systematic analysis of the lubricating oil enables the 

assessment of changes in its operational properties and the level 

of contamination. The results obtained in this way constitute an 

important source of information used in the early detection of 

failures or faults in equipment [31] or constitute the basis for 

decisions on the replacement of the lubricant. Correct 

interpretation of the results has a significant impact on the 

proper operation of engines, moreover, bad decisions often have 

negative economic and environmental consequences. Oil 

analysis should include the following tests: physicochemical 

properties, elemental composition, additive analysis and 

contamination analysis [25]. Data analysis is needed to make 

the right decisions about oil condition and equipment reliability. 

The approaches used for data analysis can be divided into [25]: 

a statistical, model-based approach using artificial intelligence 

and hybrid approaches. One of the statistical methods is 

correlation analysis, which shows the strength of the 

relationship between two different variables using the 

correlation coefficient [20]. The high correlation of two 

lubricant parameters proves the predictive association 

applicable in practice [26]. 

In the available literature on the subject, the authors 

undertake numerous and various studies focused on oil analysis, 

but there is a significant shortage of publications describing the 

topic of paper chromatography and its practical use for the 

assessment of oil condition [19, 24]. Whereas, paper 

chromatography allows for a quick assessment of the condition 

of the oil, without the need to take a large volume of oil from 

the engine. There are test kits available on the market that use 

the resolving power of paper chromatography. However, the 

indications of manufacturers of such paper tests include  

a subjective visual assessment of the chromatographic 

separations after a relatively short time, allowing only to 

estimate the usefulness of the oil for further use. In this paper, 

an attempt was made to standardize the oil operational condition 

assessment procedure based on the dimensioning of the 

chromatographic separation zones and the correlation of these 

results with the physicochemical parameters describing the key 

performance properties of engine oil. This method of using 

paper tests is an innovative approach, not yet published in 

professional literature, and the knowledge obtained so far 
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suggests filling the interpretation gap between the results of 

paper tests and the physicochemical parameters of the used 

engine oils. The aim of the study was to assess the suitability of 

rapid paper chromatography for the evaluation of the 

operational quality of engine oil, based on physiochemical 

parameters compared using classical methods, with the quality 

of commercial paper chromatography. 

2. Material and methods 

2.1. Characteristics of the research material 

The research material consisted of engine oils from two 

manufacturers (Castrol and Shell). Their characteristics are 

presented in Table 1.  The oils were used in vehicles detailed in 

Table 2, all the vehicles were equipped with gasoline engines.  

Table 1. Qualitative and viscosity characteristics of engine oils used in the experiment 

Oil SAE ACEA API Classification by engine manufacturers 

Castrol 5W30 C3 (10) SN MB-Approval 229.31/ 229.51; Porsche C30; VW 504 00/ 507 00 

Shell 5W30 C3 (10), A3/B3/B4 (08) SN 
MB 229.51, 229.31; BMW LL-04; GM dexos – licence no. GB2C0710014; 

Chrysler MS-11106 

Table 2. Description of motor vehicles in which the investigated engine oils were used. 

Car brand Car model 
Year of 

production 
Engine capacity 

Engine power 

[KM] 
Mileage [km] Oil sample code 

Suzuki Sx4 S-cross 2014 1600 105 22301 Castrol 1 

Suzuki Sx4 S-cross 2015 1600 120 8110 Castrol 2 

Suzuki Sx4 S-cross 2013 1600 120 52916 Castrol 3 

Suzuki Sx4 S-cross 2014 1600 120 28218 Castrol 4 

Suzuki Sx4 S-cross 2016 1600 105 53173 Shell 1 

Suzuki Baleno 2016 1200 90 59988 Shell 2 

Suzuki Jimny 2015 1300 85 31182 Shell 3 

Suzuki Baleno 2016 1200 90 34537 Shell 4 

Suzuki Baleno 2016 1200 80 60666 Shell 5 

Suzuki Vitara 2015 1600 120 63212 Shell 6 

Table 3. The character of studied engine oil exploitation. 

 Oil sample 

code 

No. of months of 

operation between oil 

changes 

Vehicle mileage in the 

period between oil changes 

[km] 

Castrol 1 11 7718 

Castrol 2 8 3803 

Castrol 3 12 14660 

Castrol 4 7 9961 

Shell 1 8 18440 

Shell 2 11 19764 

Shell 3 11 16617 

Shell 4 6 19387 

Shell 5 6 19101 

Shell 6 15 13503 

The samples of used engine oils were taken at a car maintenance 

service during regular inspections. The interview with the 

owners of the vehicles allowed to determine the oil service life, 

expressed in the number of kilometers traveled as well as the 

number of months in use. The proportions of the vehicle 

operation were determined, broken down into urban and extra-

urban operation. Details are summarized in Table 3. Please note 

that the drivers of the tested cars did not report any oil refills 

during the period of operation in question. 

2.2. Testing the physiochemical properties of oil  

Kinematic viscosity was measured using Stabinger SVM 3001 

viscometer, which is widely used by laboratories controlling the 

quality of petroleum products, both at the production stage and 

of the ready-made products entering the market. A single sample 

application enables assessment of kinematic viscosity at 40°C 

(KV40) and 100°C (KV100) and viscosity index (VI), according 

to ASTM D 2270 procedure.  

The total base number (TBN) was determined by potentiometric 

titration, which is a measure of the so-called alkaline reserve 

that reflects the level of additives increasing the alkalinity of the 

oil. The value of this parameter decreases during operation as 

enriching additives react with acidic oil thermo-oxidation 

products. Measurements were made in accordance with ASTM 

D 2896. 

The total acid number (TAN) was determined on the ERASPEC 

OIL by Eralytics (a portable FT-IR spectrometer in the mid-

infrared range). The tests were based on the ASTM E2412-10 

standard.  

2.3. Characteristics of rapid paper tests  

Among the broad range of rapid paper tests available on the 

marketi, a product of Polish production was selected (an engine 

oil test, https://testoleju.pl/ by the company 44 Tuning 

Performance Center). It is recommended as it meets the 

requirements of the American ASTM D7899 standard for paper 

chromatography in the fractionation of engine oil. The result 

can be identified visually by the differences in the color of the 
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individual areas on the paper substrate. The result is then 

compared with the template provided by the manufacturer to 

assess the dispersing properties of the oil, the presence of solid 

contaminants such as soot, or the contamination of the engine 

oil with fuel or coolant. The interpretation method 

recommended by the suppliers of paper chromatography tests is 

presented in Table 4. 

Table 4. Interpretation of the oil fractionation method during paper chromatography as recommended by test manufacturers. 

Type of engine oil 

contamination 
Example of a paper chromatography test after an oil test Description of the observation 

Fuel 

 

A pale ring will form around the 

outermost edge that can be observed 

after just 1 min from the application of 

oil to the test paper 

Soot and/or solids 

 

The particles will form a black stain 

marking the deposition site (in the 

center). If the dispersing additives are 

working properly, fine soot particles 

will easily penetrate towards the 

outside of the applied droplet, blurring 

the boundaries between individual 

fraction areas 

Water 

 

Ragged edges form on one of the inner 

circles 

Source: www.motorcheckup.com 

Please note that the assessment of the quality of engine oil is 

most often based on the color of the dispersion area, which is 

darker for oils used for longer periods. The sources that affect 

the color change include in particular: an intensive oxidation 

process, engine overheating, low oil level in the engine, as well 

as poor selection of the oil quality class for a given type of 

engine, as well as poor quality of oil filters.  

2.4. Procedure for an in-depth analysis of 

chromatographic separations on paper tests 

The analysis of the results of the paper chromatography tests 

was carried out in two stages: after 1 min, and after 40 minutes 

of separation of substances on a filter tissue, both recommended 

by the manufacturer of the tests. This allowed for a better 

differentiation of the quality of the chromatographic separations 

on the test filters, and thus increased the reliability of the engine 

oil quality assessment. Increasing the clarity after a longer 

separation time is the result of not only the capillary effect, but 

also of the physiochemical interactions between the separated 

chemical substances contained in the used engine oil and the 

cellulose functional groups from which the paper 

chromatography tests are made. 

For the paper test, a 25 µl oil sample (pre-heated for 15 

minutes at 70°C) was applied to a commercial paper 

chromatography test (filter tissue). Then, the paper test was 

photographed after a specified time, i.e. 1 minute and 40 

minutes. The photographs were taken with a Nikon D80 camera 

at the following settings: 4s exposure time, f /16 aperture, ISO-

100 speed, 72 dpi horizontal and vertical resolution, no flash. 

The photos were taken using a specially prepared shadeless tent 

with an external light source (a fluorescent lamp with a color 

temperature of 6500K, power of 30W, and a color rendering 

index of Ra> 90). Thanks to the light temperature of 6500K, the 

colors of the photographed tissue filters are similar to the colors 

perceived by the naked human eye.  

In addition, dimensions of individual areas distinguished 

during oil fractionation, differing in color, were measured (the 

radius of the core of the stain and the diffusion zone were 

measured, according to the diagram shown in Fig. 1).  

 

Fig. 1. Diagram of the names of individual zones of 

chromatographic separation of oil on a filter tissue 
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Table 5. Markings of the analyzed parameters of individual 

zones of chromatographic separations on tissue filters. 

Designation Description 

R1_R stain core radius after 1 min. 

R1_C total stain radius after 1 min 

P1_R stain core area after 1 min. 

P1_C total stain core area after 1 min. 

P1_dyf diffusion zone (ring) area after 1 min. 

R40_R stain core radius after 40 min. 

R40_C total stain radius after 40 min 

P40_R stain core area after 40 min. 

P40_C total stain core area after 40 min. 

P40_dyf diffusion zone (ring) area after 40 min. 

Then, these measurements were used to calculate the surface 

area of the circular core of the stain and the ring of the diffusion 

zone. The area of the diffusion zone ring was also determined, 

as well as the rate of growth of the diffusion zone over time, 

which was the quotient of the area of the ring formed after 40 

minutes of the test and the area of the diffusion ring after 1 

minute. The list of indicators calculated based on measurements 

of the area of the chromatographic separation zones on filter 

tissue is presented in Table 5. 

2.5. Statistical methods to verify the correlation between 

variables 

The Pearson coefficient was used to assess the correlation 

between the physiochemical parameters and the parameters 

determined from the measurements of individual lubricating oil 

separation zones on paper chromatography tests. This 

coefficient allows assessing the level of linear correlation 

between the studied variables. The value of the correlation 

coefficient is in the closed range from -1 to +1. The greater its 

absolute value, the stronger the linear relationship between the 

variables. Zero means no linear relationship, positive values 

mean an increasing linear relationship, and negative values  

a decreasing linear relationship. Based on paper 

chromatography, the relationship between the following 

variables was verified: P40_R, P40_dyf, P40_dyf/P1_dyf and 

the physiochemical parameters of the oil, such as: TAN, TBN, 

KV40 and VI. 

3. Research results and analysis 

The results of the physiochemical tests and the images of the 

fractionated oil on paper tests are presented in Tables 6 and 7. 

The images of the tissue filters after the separation of the oils, 

obtained after 1 minute of the test, have a much higher color 

saturation. Therefore, after 40 minutes, the oil stains were also 

measured, with more noticeable differences (the diffusion zone 

is greater). In this case, the internal diameter ranges between 8.6 

and 10.0 mm, while if the ring (diffusion zone) is included, it 

ranges between 13.4 and 16.4 mm. 

Table 6. Summary of the results of physiochemical tests and paper chromatography for Castrol oil. 

Oil sample code 
Appearance of the tissue filter after time 

Physiochemical parameters 
1 min. 40 min. 

CASTROL 1 

  

KV40 = 58.5 mm2/s 

KV100 = 10.6 mm2/s 

VI = 173 

TBN = 4.4 mgKOH/g 

TAN = 2.8 mgKOH/g 

CASTROL 2 

  

KV40 = 56.4 mm2/s 

KV100 = 10.4 mm2/s 

VI = 176 

TBN = 7.0 mgKOH/g 

TAN = 2.1 mgKOH/g 

CASTROL 3 

  

KV40 = 66.2 mm2/s 

KV100 = 11.5 mm2/s 

VI = 169 

TBN = 3.4 mgKOH/g 

TAN = 2.8 mgKOH/g 
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Oil sample code 
Appearance of the tissue filter after time 

Physiochemical parameters 
1 min. 40 min. 

CASTROL 4 

  

KV40 = 64.0 mm2/s 

KV100 = 11.2 mm2/s 

VI = 170 

TBN = 4.2 mgKOH/g 

TAN = 3.1 mgKOH/g 

Table 7. Summary of the results of physiochemical tests and paper chromatography for Shell oil. 

Oil sample code 
Appearance of the tissue filter after time 

Physiochemical parameters 
1 min. 40 min. 

SHELL 1 

  

KV40 = 68.3 mm2/s 

KV100 = 11.7 mm2/s 

VI = 167 

TBN = 3.6 mgKOH/g 

TAN = 2.8 mgKOH/g 

SHELL 2 

  

KV40 = 74.4 mm2/s 

KV100 = 12.4  mm2/s 

VI = 163 

TBN = 3.8 mgKOH/g 

TAN = 3.8 mgKOH/g 

SHELL 3 

  

KV40 = 61.6 mm2/s 

KV100 = 10.9 mm2/s 

VI = 169 

TBN = 2.9 mgKOH/g 

TAN = 3.2 mgKOH/g 

SHELL 4 

  

KV40 = 62.0 mm2/s 

KV100 = 10.8 mm2/s 

VI = 167 

TBN = 4.2 mgKOH/g 

TAN = 5.8 mgKOH/g 

SHELL 5 

  

KV40 = 78.5 mm2/s 

KV100 = 12.6 mm2/s 

VI = 160 

TBN = 4.7 mgKOH/g 

TAN = 3.9 mgKOH/g 

SHELL 6 

  

KV40 = 67.6 mm2/s 

KV100 = 11.9 mm2/s 

VI = 173 

TBN = 4.4 mgKOH/g 

TAN = 3.6 mgKOH/g 

 

The analysis of the chromatographic separations after 1 

minute shows that in each observed case there is a dark colored 

core of the stain and a relatively narrow diffusion zone. On the 

other hand, extending the separation time to 40 minutes 

increases the total diameter of the stain with a simultaneous 

broadening of the diffusion zone compared to 1-minute 

separations. In most cases, the core diameter of the stain related 

to the deposition of high molecular weight (solid) products of 

oil aging slightly increases or remains comparable to that 

observed after 1 minute. Only one sample (Shell 5) showed  

a decrease in the diameter of the stain core after 40 minutes of 

the test compared to the diameter after 1 minute of the test (from 
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9 mm to 8.8 mm). In this case, it can be assumed that impurities 

in the oil include low-molecular aging products, or polar 

products which can more easily move with the oil into the 

diffusion zone than impurity products present in other samples. 

Thus, high-molecular oil aging products - with high viscosity - 

are deposited in the core area of the stain on the tissue filter. The 

influence of the high-molecular compounds of aging products 

(in the form of sludges and lacquers) on the increase of 

kinematic viscosity is a physical basis for examining the 

relationship between the size of the stain core and oil viscosity 

parameters.  On the other hand, the increase in the surface of the 

diffusion zone is related to the presence of dispersing and 

washing additives in the oil. They reduce the surface tension 

and, due to their chemical structure, facilitate capillary 

movement of the oil with additives and possibly low-molecular 

aging products on the tissue filter, leading to chromatographic 

separation. Please note that some dispersing and washing 

additives, e.g. calcium or magnesium sulfonates, are 

additionally characterized by a high alkaline margin, so their 

concentration in the oil can affect the TBN and TAN value. 

Upon analyzing the physiochemical parameters of selected oils, 

it can be concluded that significant differences in their values 

are observed between individual samples, especially for the 

parameters characterizing the presence of alkaline additives, as 

well as the amount of acid aging products. This can be related 

to the size of the diffusion zone of the chromatographic 

separations. Thus, there is a physical basis for assessing the 

correlation between the parameters describing the 

physiochemical properties and the size of the diffusion zone on 

the tissue filter.  

Table 8 presents quantitative paper chromatography data 

containing the sizes of the stain cores and diffusion zones after 

1 minute and after 40 minutes, as well as the physiochemical 

parameters determined for the tested oil samples. The collected 

numerical values of individual indexes of the size of the 

chromatographic separation zones and the physiochemical 

parameters of oils were subjected to statistical correlation tests. 

The calculated Pearson coefficients are presented in Table 9. 

 

Table 8. List of parameters describing the size of stains and their zones after paper chromatography tests and the physiochemical 

properties of the tested oils. 

Oil 

 

R1_R 

mm 

R1_C 

mm 

P1_R 

mm2 

P1_C 

mm2 

P1_dyf 

mm2 

R40_R 

mm 

R40_C 

mm 

P40_R 

mm2 

P40_C 

mm2 

P40_dyf 

mm2 

P40_dyf/ 

P1_dyf 

KV 40 

mm2/s 

KV 100 

mm2/s 

VI 

 

TBN 

mg/g KOH 

TAN 

mg/g KOH 

Castrol 1 4.5 5.2 63.6 84.9 21.3 4.5 7.5 63.6 176.6 113.0 5.3 58.5 10.6 173 4.4 2.8 

Castrol 2 4.5 5.1 63.6 81.7 18.1 4.5 8.2 63.6 211.1 147.5 8.2 56.4 10.4 176 7.0 2.1 

Castrol 3 4.5 5.5 63.6 95.0 31.4 5.0 7.4 78.5 171.9 93.4 3.0 66.2 11.5 169 3.4 2.8 

Castrol 4 4.4 5.1 60.8 81.7 20.9 5.0 7.4 78.5 171.9 93.4 4.5 64.0 11.2 170 4.2 3.1 

Shell 1 4.5 5.2 63.6 84.9 21.3 4.6 7.6 66.4 181.4 114.9 5.4 68.3 11.7 167 3.6 2.8 

Shell 2 4.0 4.6 50.2 66.4 16.2 4.3 6.7 58.1 141.0 82.9 5.1 74.4 12.4 163 3.8 3.8 

Shell 3 4.5 5.3 63.6 88.2 24.6 5.0 7.9 78.5 196.0 117.5 4.8 61.6 10.9 169 2.9 3.2 

Shell 4 4.3 4.9 58.1 75.4 17.3 4.5 7.7 63.6 186.2 122.6 7.1 62.0 10.8 167 4.2 5.8 

Shell 5 4.5 5.0 63.6 78.5 14.9 4.4 7.5 60.8 176.6 115.8 7.8 78.5 12.6 160 4.7 3.9 

Shell 6 4.3 5.0 58.1 78.5 20.4 4.9 7.8 75.4 191.0 115.6 5.7 67.6 11.9 173 4.4 3.6 

 

Table 9. Assessment of the linear relationship between the 

physiochemical parameters of oil and the size of individual 

zones of the paper chromatography test. 

Tested dependence 
Pearson's coefficient 

Castrol Shell 

P40R vs KV 40 0.96 -0.66 

P40R vs VI -0.91 0.82 

P40R vs TAN 0.68 -0.37 

P40R vs TBN -0.70 -0.47 

P40_dyf vs KV 40 -0.91 -0.51 

P40_dyf vs VI 0.97 0.37 

P40_dyf vs TAN -0.94 0.20 

P40_dyf vs TBN 0.96 0.10 

(P40_dyf/P1_dyf) vs KV 40 -0.92 0.35 

(P40_dyf/P1_dyf) vs VI 0.97 -0.49 

(P40_dyf/P1_dyf) vs TAN -0.82 0.61 

(P40_dyf/P1_dyf) vs TBN 0.98 0.80 

The analysis of the Pearson coefficients shows that there is  

a linear correlation between some indicators describing the 

physiochemical properties of the oil and the determined zones 

of chromatographic separations on the tissue filter. The 

rheological properties can be characterized by the size of the 

stain core area after 40 minutes of the test. On the other hand, 

the parameters describing the degree of oil aging and the content 

of additives increasing the alkaline reserve (i.e. TAN and TBN) 

correlate with the quotient of the diffusion zone area after 40 

minutes of the test to the diffusion zone area after 1 minute of 

the test. In the case of both tested oils, an increasing relationship 

was found between the parameters (P40_dyf/P1_dyf) vs TBN. 

Therefore, the higher the base number value, the higher the 

quotient of the area of the diffusion zones. Such an effect is 
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justified because the high TBN value indicates a high presence 

of additives, and thus a low degree of oil aging. Oil easily 

migrates on the filter paper, expanding the diffusion zone area.  

The relations between (P40_dyf/P1_dyf) vs TAN are slightly 

different, i.e., the quotient of the areas of diffusion zones and 

the acid number. In the case of Castrol oil, the dependence 

decreases, and in the case of Shell oil - increases. This could 

indicate different mechanisms of operational aging of these oils. 

Also taking into account other indicators, including kinematic 

viscosity at 40°C and its relationship with the surface area index 

of the stain core, it can be assumed that during operation of 

Castrol oil mainly high-molecular products are generated, with 

a small amount of acidic low-molecular compounds. On the 

other hand, the aging of Shell oil is related to the formation of 

low-molecular acidic oxidation products that easily migrate on 

the test filter paper, as well as to the high effectiveness of 

dispersing and washing additives.  

Empirical studies have confirmed the necessity to extend the 

chromatographic separation time of the tested oil on a filter 

tissue to 40 minutes, which was previously 1 minute. Extending 

the test time enables effective chromatographic separation, 

which depends on the interaction of the polar components of the 

oil (e.g. organo-oxyacid aging products or sulfonate-type 

additives that increase the alkaline reserve) with the filter 

material. 

4. Conclusions 

Preliminary tests indicate that paper chromatography is a useful 

tool for quick assessment of the operational condition of engine 

oil not only based on the quality templates provided by the 

manufacturer, but also on the analysis of the size of individual 

chromatographic separation zones on tissue filters. Broader 

analysis of the oil condition is possible, provided that the time 

of chromatographic separation of the oil dosed on a filter paper 

is extended from 1 minute to 40 minutes. In this case, in addition 

to assessing the presence of soot, solid contaminants, water and 

fuel in the oil as recommended by the manufacturer of paper 

chromatography tests, rheological properties of the oil and the 

level of its deterioration can be quantified. This is possible 

thanks to the observed linear relations between the area of the 

stain core after a 40-minute separation and the viscosity index 

or kinematic viscosity at 40°C, as well as the relationship 

between the quotient of the diffusion zone area after a 40-minute 

separation of oil to the diffusion zone area after 1-minute 

separation and the base number (TBN) or acid number (TAN) 

of the oil.  

The results obtained in the research fill the gap in the 

literature on the subject. They should be treated as preliminary 

tests which indicate the relationship between the results of the 

paper chromatography test and the physicochemical properties 

of the oil. The identified relationships could be useful for the 

automation of the process of reading the results of the 

chromatographic separation using optical devices with 

appropriate software, which converts the measured values into 

parameters that describe the operational state of the previously 

defined engine oil. However, a broader analysis on a larger 

population of oils is necessary to develop a general model.  

 

 

 

 

Funding:  

The publication was co-financed from the subsidy granted to the Cracow University of Economics - Project nr 068/ZJB/2022/POT 

References 

1. Abou-Ziyan H Z. Heat transfer characteristics of some oils used for engine cooling. Energy Conversion and Management 2004; 45(15–

16): 2553–2569, https://doi.org/10.1016/j.enconman.2003.10.005. 

2. Agocs A, Budnyk S, Frauscher M et al. Comparing oil condition in diesel and gasoline engines. Industrial Lubrication and Tribology 2020; 

72(8): 1033–1039, https://doi.org/10.1108/ILT-10-2019-0457. 

3. Agoston A, Dörr N, Jakoby B. Corrosion sensors for engine oils-laboratory evaluation and field tests. Sensors and Actuators, B: Chemical 

2007; 127(1): 15–21, https://doi.org/10.1016/j.snb.2007.07.041. 

4. Agoston A, Schneidhofer C, Dörr N, Jakoby B. A concept of an infrared sensor system for oil condition monitoring. Elektrotechnik und 

Informationstechnik 2008; 125(3): 71–75, https://doi.org/10.1007/s00502-008-0506-3. 

5. Ali M K A, Hou X, Abdelkareem M A A. Anti-wear properties evaluation of frictional sliding interfaces in automobile engines lubricated 

by copper/graphene nanolubricants. Friction 2020; 8(5): 905–916, https://doi.org/10.1007/s40544-019-0308-0. 



Eksploatacja i Niezawodność – Maintenance and Reliability Vol. 25, No. 2, 2023 

 

6. Besser C, Steinschütz K, Dörr N et al. Impact of engine oil degradation on wear and corrosion caused by acetic acid evaluated by chassis 

dynamometer bench tests. Wear 2014; 317(1–2): 64–76, https://doi.org/10.1016/j.wear.2014.05.005. 

7. Cousseau T, Ruiz Acero J S, Sinatora A. Tribological response of fresh and used engine oils: The effect of surface texturing, roughness 

and fuel type. Tribology International 2016; 100: 60–69, https://doi.org/10.1016/j.triboint.2015.11.016. 

8. Dinesh R, Giri Prasad M J, Rishi Kumar R et al. Investigation of tribological and thermophysical properties of engine oil containing nano 

additives. Materials Today: Proceedings, 2016. doi:10.1016/j.matpr.2016.01.120, https://doi.org/10.1016/j.matpr.2016.01.120. 

9. Du Y, Wu T, Makis V. Parameter estimation and remaining useful life prediction of lubricating oil with HMM. Wear 2017; 376–377: 1227–

1233, https://doi.org/10.1016/j.wear.2016.11.047. 

10. Du Y, Wu T, Wang L, Gong R. Investigation on on-line monitoring method for lubricating oil deterioration. Mechanics & Industry 2017; 

18(4): 402–402, https://doi.org/10.1051/meca/2017022. 

11. Hatami M, Hasanpour M, Jing D. Recent developments of nanoparticles additives to the consumables liquids in internal combustion 

engines: Part II: Nano-lubricants. Journal of Molecular Liquids 2020. doi:10.1016/j.molliq.2020.114156, 

https://doi.org/10.1016/j.molliq.2020.114156. 

12. Howard K. 6 - Advanced engine oils to improve the performance of modern internal combustion engines. In Folkson R (ed): Alternative 

Fuels and Advanced Vehicle Technologies for Improved Environmental Performance, Woodhead Publishing: 2014: 138–164.  

https://doi.org/10.1533/9780857097422.1.138 

13. Hurtová I, Sejkorová M. Analysis of Engine Oils Using Modern Methods. Perner´s Contacts 2016; XI(4): 47–53. 

14. Kajdas C, Makowska M, Gradkowski M. Tribochemistry of n-hexadecane in different material systems. Lubrication Science 2006. 

doi:10.1002/ls.22, https://doi.org/10.1002/ls.22. 

15. Kumbar V, Votava J. Differences in engine oil degradation in spark-ignition and compression-ignition engine. Eksploatacja i Niezawodnosc 

– Maintenance and Reliability 2014; 16(4): 622–628. 

16. Owrang F, Mattsson H, Olsson J, Pedersen J. Investigation of oxidation of a mineral and a synthetic engine oil. Thermochimica Acta 2004; 

413(1–2): 241–248, https://doi.org/10.1016/j.tca.2003.09.016. 

17. Peng Y, Wu T, Wang S, Peng Z. Oxidation wear monitoring based on the color extraction of on-line wear debris. Wear 2015; 332–333: 

1151–1157, https://doi.org/10.1016/j.wear.2014.12.047. 

18. Stan C, Andreescu C, Toma M. Some aspects of the regeneration of used motor oil. Procedia Manufacturing, 2018. 

doi:10.1016/j.promfg.2018.03.102, https://doi.org/10.1016/j.promfg.2018.03.102. 

19. Suszyński Z, Świta R, Łoś J et al. Fast assessment of planar chromatographic layers quality using pulse thermovision method. Journal of 

Chromatography A 2014; 1373: 211–215, https://doi.org/10.1016/j.chroma.2014.11.039. 

20. Thapliyal P, Thakre G. Correlation study of physicochemical, rheological, and tribological parameters of engine oils. Advances in 

Tribology 2017. https://doi.org/10.1155/2017/1257607 

21. Tirmizi S T, Tirmizi S R U H, Tirmizi S A. Mid-FTIR and Atomic Absorption Spectroscopy Based Evaluation of Oxidation Tendencies of 

Lubricating Oils for Effective Oil and Gas Operations. International Journal of Heat and Technology 2020. doi:10.18280/ijht.380311, 

https://doi.org/10.18280/ijht.380311. 

22. Tonk R. The challenges and benefits of using carbon nano-tubes as friction modifier lubricant additives. Materials Today: Proceedings, 

Elsevier Ltd: 2020; 37(Part 2): 3275–3278, https://doi.org/10.1016/j.matpr.2020.09.112. 

23. Tuszynski W, Molenda J, Makowska M. Tribochemical conversions of zinc dialkyldithiophosphate (ZDDP) under extremely different 

pressure conditions. Tribology Letters, 2002. doi:10.1023/A:1020104732624, https://doi.org/10.1023/A:1020104732624. 

24. Voelkel A, Fall J. Chromatographic and non-chromatographic characterization of poly-α-olefins. Journal of Synthetic Lubrication 2007; 

24(2): 91–100, https://doi.org/10.1002/jsl.31. 

25. Wakiru J M, Pintelon L, Muchiri P N, Chemweno P K. A review on lubricant condition monitoring information analysis for maintenance 

decision support Mechanical Systems and Signal Processing. Mechanical Systems and Signal Processing 2019; 118: 108–132, 

https://doi.org/10.1016/j.ymssp.2018.08.039. 

26. Wakiru J, Pintelon L, Chemweno P K. A lubricant condition monitoring approach for maintenance decision support-a data exploratory 

case study. Maintenance Forum on Maintenance and Asset Management, Centre for Industrial Management/Traffic and Infrastructure: 

https://doi.org/10.1155/2017/1257607


Eksploatacja i Niezawodność – Maintenance and Reliability Vol. 25, No. 2, 2023 

 

2017: 69–82. 

27. Wei L, Duan H, Jin Y et al. Motor oil degradation during urban cycle road tests. Friction 2021; 9(5): 1002–1011, 

https://doi.org/10.1007/s40544-020-0386-z. 

28. Wolak A. TBN performance study on a test fleet in real-world driving conditions using present-day engine oils. Measurement 2018; 114: 

322–331, https://doi.org/10.1016/j.measurement.2017.09.044. 

29. Wolak A, Molenda J, Zając G, Janocha P. Identifying and modelling changes in chemical properties of engine oils by use of infrared 

spectroscopy. Measurement 2021; 186: 110141–110141, https://doi.org/10.1016/j.measurement.2021.110141. 

30. Wu T, Wu H, Du Y, Peng Z. Progress and trend of sensor technology for on-line oil monitoring. Science China Technological Sciences 

2013; 56(12): 2914–2926, https://doi.org/10.1007/s11431-013-5400-5. 

31. Zhu J, He D, Bechhoefer E. Survey of lubrication oil condition monitoring, diagnostics, and prognostics techniques and systems. Journal 

of chemical science and technology 2013; 2(3): 100–115. 

32. Zhu J, Yoon J M, He D et al. Lubrication oil condition monitoring and remaining useful life prediction with particle filtering. International 

Journal of Prognostics and Health Management 2013; 4: 124–138. https://doi.org/10.1109/ICPHM.2013.6621415 

 
i Other tests available in Poland and worldwide include: www.fluidtesting.com, www.oil-spy.com, www.machinerylubrication.com, www.lubricheck.com, 

www.motorcheckup.com. 


