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Abstract: This article provides a brief introduction to the indicators of the volatility and flammabil-

ity of lubricating oils and fuels. It is proposed that the initial boiling point be used as an indicator of 

the contamination of lubricating oil with distillate fuel (i.e., diesel biofuel oil) in the context of the 

rapid detection of explosion risks in the crankcase. Detailed tests were carried out on lubricating oil 

samples (SAE 30 and SAE 40 grades, which are most commonly used in the lubrication systems of 

marine trunk engines) diluted with diesel oil at selected mass concentrations (0, 1, 2, 5, 10, 20, 50, 

and 100%). The oils were tested to determine their relevant properties: the flash point temperature 

and the initial boiling temperature. The flash point was determined in a closed crucible using the 

Pensky–Martens method, which is in accordance with PN-EN ISO 2719. The differences between 

the initial boiling point and the flash point of the tested lubricating oils were determined for differ-

ent dilution levels of lubricating oil in diesel fuel. An approximate method for the calculation of the 

flash point of the oil based on the initial boiling point is proposed. The results of oil flash point 

measurements are compared with values calculated as a function of the boiling point for both lubri-

cating oils tested. An evaluation of how well models fit the experimental results is reported. Con-

clusions are presented on the applicability of the proposed method during operational practice. 

Keywords: trunk piston marine engine; crankcase explosion; marine diesel engine; crankcase oil 

dilution; diesel oil; flash point temperature; initial boiling temperature 

 

1. Introduction 

One of the hazards that can lead to possible explosions during the operation of ma-

rine trunk engines is the ingress of unburned fuel into the crankcase [1]. This occurs when 

the piston rings, the piston, and the sleeve are excessively worn or damaged and/or when 

the fuel injection system is not functioning properly [2]. Fuel has a lower flash point than 

lubricating oil (minimum 60 °C), and its presence could theoretically contribute to a crank-

case explosion (CCE) that would not have occurred otherwise. Some authors have pointed 

out that fuel in oil is among the factors increasing the risk of a crankcase explosion [3–5]. 

For safety, the circulating oil is subjected to periodic laboratory measurements of its vis-

cosity and flash point [5]. In practice, a 2–5% fuel dilution is considered excessive and calls 

for immediate maintenance [6]. This does not mean, however, that higher concentrations 

of diesel oil in lubricating oil are not encountered under operating conditions. In this ar-

ticle, to present a new method for determining lube oil contamination with distillate fuel, 

measurements for a full range of concentrations (0–100%) were carried out, which enables 

a complete picture regarding the possibility of mapping the change in the flash point and 

boiling point of lube oil to different degrees of lube oil contamination with distillate fuel. 

The causes of lubricating oil contamination with fuel and recommended corrective actions 

are shown in Table 1. 
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Table 1. Fuel inflow caused by mechanical effects (based on [7]). 

Action Effect What to Do 

Continued operation with 

stops and starts. 

The fuel does not burn off 

completely. 

Reduce the mileage change 

interval to the strictest 

change interval indicated 

by the manufacturer. 

Starting in the cold. 

The fuel does not burn off 

well because the combustion 

temperature is low. 

Wait for the engine to in-

crease in temperature be-

fore accelerating. 

Problems in the injection sys-

tem. 

The droplets of fuel being in-

jected into the chamber are 

big, leading to poor combus-

tion. 

Incomplete combustion is 

occurring; inspect the in-

jectors. 

Poor combustion. 
The fuel does not burn off 

completely. 

Incomplete combustion is 

occurring. Check that the 

combustion chamber and 

the injection system are 

working properly. 

Worn-out engine parts: valve 

guides, injectors, and wear. 

Conditions change in the com-

bustion chamber, meaning it is 

no longer optimized. 

Inspect the engine and in-

jectors.  

Excessive acceleration. Excess inflow of fuel. 

Incomplete combustion is 

occurring; adjust the con-

trol system. 

Mixture of rich fuels. Excess fuel. 

Incomplete combustion is 

occurring; inspect the in-

jection system. 

Faulty injectors. 

Can produce excessive inflow 

of fuel or inadequate fuel in-

jection. 

It does not burn fuel as 

well, resulting in deposits. 

Inspect the injection sys-

tem. 

There are several methods to detect the presence of fuel in engine lubricating oil. The 

most important of these are summarized in Table 2. In operational practice, the lubricating 

oil circulating in marine engines is periodically checked for changes in its viscosity and 

flash point [8]. 

Table 2. Advantages and disadvantages of the main methods for detecting fuel in lubricating oil 

(prepared on the basis of Ref. [8]). 

Method Advantages Disadvantages 

Gas Chromatography 

Widely accepted industry 

standard. 

Highly precise. 

Suited for high-volume labs. 

Can detect biodiesel and etha-

nol. 

Can only be carried out in a 

lab. 

Requires costly equipment and 

gases. 

Takes significant time to 

achieve the best results. 

Requires expensive equipment 

and gases. 

Viscosity Analysis 
Availability of portable instru-

ments and lab instruments. 

Inability to definitively indicate 

a fuel dilution issue. 
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Accepted routine test for testing 

the lubricant condition. 

Optimal screening test for prob-

able fuel dilution. 

Ability to detect ethanol and bi-

odiesel. 

Mandates a careful technician. 

Flash Point Testing 

A pass/fail result is sufficient in 

the case of most applications. 

Ability to detect ethanol. 

Very little sample required (i.e., 

1–2 mL). 

Inability to detect biodiesel. 

Requires a careful technician. 

Requires knowledge of the 

oil/fuel type mandatory for 

quantitative measurement. 

Poses risks by heating fuel-

laden samples. 

FTIR Spectroscopy 

Low cost per sample after initial 

equipment purchase. 

Test can be carried out quickly. 

Mandates the use of costly 

equipment. 

Calibrations are mostly specific 

to a narrow sample type. 

Surface Acoustic Wave 

Sensing 

Easy to use. 

Portable. 

Requires only 0.5 mL of a sam-

ple. 

Less expensive than gas chro-

matographs. 

Can complete the test quickly. 

Easily adaptable to different 

oil/fuel types. 

Inability to measure biodiesel. 

Mandates calibration with a 

reference fluid. 

Among the methods for the analysis of fuel dilution in lubricants is Gas Chromatog-

raphy (GC) [9] based on ASTM methods D3524, D3525, and D7593 [8]. Such an approach 

can be aided by quantitation, which is achieved via the integration of the area under fuel 

peaks measured with a Flame Ionization Detector (FID) [10]. Fourier-Transform Infrared 

(FTIR) Spectroscopy [11] can also be used to detect fuel oil contamination, which enables 

the user-friendly and fast measurement of fuel dilution. However, this method does not 

accurately distinguish the base material from which specific hydrocarbons are derived. 

Another detection method is the Spectro Q6000 Fuel Dilution Meter (FDM), which in-

cludes a Surface Acoustic Wave (SAW) sensor [12] that responds particularly to the pres-

ence of fuel vapor [8]. 

The oil viscosity (the change in the viscosity of used oil relative to fresh oil) can be 

quickly determined under shipboard conditions with the use of portable test kits. In par-

allel, the lubricating oil samples are periodically sent to a laboratory, where the viscosity 

of the oil and other oil characteristics are determined. However, the change in the viscosity 

of the oil circulating within the engine is influenced by factors such as the aging of the oil, 

the gradual depletion of the supply of oil-improving additives, and the types of contami-

nants that enter the oil. Contaminants can include diesel oil (DO), heavy fuel oil (HFO), 

water, and combustion products [13,14]. Thus, depending on the operating conditions of 

the oil and the nature of the impurities, the viscosity of the oil may decrease or increase. 

The flash point of a material is the lowest liquid temperature at which, under certain 

standardized conditions, a liquid emits vapors in such quantity that it can form an ignit-

able vapor–air mixture (standard EN IEC 60079-10-1). The flash point is an important pa-

rameter for classifying flammable liquids and is the lowest temperature of an analytical 

sample, corrected for an atmospheric pressure of 101.3 kPa, at which the application of an 
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ignition source will momentarily ignite the vapors above the surface of the liquid under 

test [15]. There are several methods for determining the flash point. 

The selection of a method for determining the flash point is dependent on several 

factors. First, the method of choice is imposed by the product specifications. In addition, 

the manner in which the method is selected may be determined by legislation. If regula-

tions or specifications enable a choice of procedures among several, then it is advisable to 

use the most accessible method. There are two classes of flash point test methods [16]: 

closed-crucible ones, which require the use of a Pensky–Martens device [17], the Abel pro-

cedure [18], or the Tag method [19,20], or open-crucible ones that employ a Tagliabue 

device [21] or the Cleveland method [22]. The test method is selected depending on the 

type of substance to be tested and its physicochemical properties. For example, highly 

volatile substances, such as some alcohols or some hydrocarbons, can be tested using both 

the Abel method and the equilibrium method [23], but not the Pensky–Martens and Cleve-

land methods. On the other hand, petroleum substances such as diesel, fuel oil, or gasoline 

should be tested by non-equilibrium methods, such as the Penksy-Martens, Abel, or 

Cleveland methods [15]. 

There are diverging views in the literature about how the flash point of the oil affects 

the risk of ignition of oil vapors [24–26]. However, there is no doubt that the flash point is 

an indicator of the contamination of the lubricating oil with fuel, since the flash point of 

the oil is lowered by such contamination [27]. The flash point of oil under ship conditions 

is not commonly determined, and the results are obtained by the appropriate testing of 

oil samples sent to a specialized laboratory [5]. This has led the author to develop an al-

ternative method for indirectly determining the change in the flash point based on another 

oil characteristic that can be determined under ship conditions, namely, the initial boiling 

point of the oil. Attempts have been made to use and evaluate this indicator for spark 

ignition engines [28,29]. With the exception of small vessels, spark ignition engines are 

not commonly used as marine engines on ocean-going vessels. 

The initial boiling point is one of the characteristics of oils and fuels that relates to 

their volatility and, thus, indirectly to their tendency to be ignited by an external heat 

source. The volatility of an oil or fuel depends on its chemical composition. There are 

many indicators for assessing the volatility and the autoignition properties of a fuel, which 

are determined from the results of the fuel distillation. For example, from the percent by 

volume of fuel that vaporizes at 70 °C, a vapor lock index (VLI) is determined for petrol, 

which is also known as the flexible volatility index (FVI) [30]. This can be expressed by: 

��� =  ��� =  10 ∙ �� +  7 ∙ �70, (1)

where VP is the petrol vapor pressure determined using the Reid method (kPa), and E70 

is the amount of petrol that distills up to 70 °C (% v/v). 

There are a number of standards and indices that describe the volatility of fuels [31], 

which include those based on the recovery temperatures of a specific quantity of fuel dur-

ing its distillation, e.g., 10, 50, and 90% v/v fuel. The volatility index can be determined 

from the following formula [32]: 

�� =  
��� � ��� � ���

���
, (2)

where t10, t50, and t90 (in units of °C) are the 10, 50, and 90% recovery temperatures, respec-

tively. 

The autoignition temperature or the kindling point of a substance is the lowest tem-

perature at which it will spontaneously ignite in a normal atmosphere without an external 

source of ignition, such as a flame or a spark. An important indicator that describes the 

autoignitability of a substance is the autoignition delay, which, in the case of compression-

ignition engine fuels, is defined as the time elapsing between the moment that the fuel is 

injected into the engine combustion chamber and the point when the fuel–air mixture ig-

nites [33]. 
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As indicated by Formula (2), the temperatures t10, t50, and t90 of the recovery of a spe-

cific amount of fuel during the distillation are also used to calculate the empirical indica-

tors of the fuel autoignition delay (which is an alternative to a measured parameter, the 

cetane number (CN)). One such indicator is the calculated cetane index (CCI), which is 

interpreted in the same way as the cetane number (the cetane rating) [34]. The CCI can be 

determined using an equation with two or four variables described in the respective 

standards. According to ASTM D976, the CCI value is [34]: 

��� =  454.74 −  1641.416 ∙ ���  +  774 ∙ ���
�  −  0.554 ∙ ���  +  97.803 ∙ (log ���)� (3)

where ρ15 (g/cm3) is the density at 15 °C.  

The CCI value based on ASTM D4737 is [34]: 

��� =  45.2 +  0.0892 ∙ (���  −  215)  +  {0.131 +  0.901 ∙ [���.�∙(�����.��)  −  1]} ∙ 

(��� − 260)  +  {0.0523 − 0.420 ∙ [���.�∙(�����.��)  −  1]} ∙(��� –  310) +  0.00049 ∙
[(��� –  215)� − (��� –  310)�] +  107 ∙ 

[���.�∙(�����.��)  −  1]  +  60 ∙ [���.�∙(�����.��)  −  1]�. 

(4)

The calculation of the ratios described by Formulas (3) and (4) requires distillation to 

determine the temperatures at which the corresponding percentage of the test substance 

is recovered. When analyzing lubricating oil contaminated with distillate fuel, recovery 

temperature values can only be determined at a very high diesel fuel content in the lubri-

cating oil, i.e., at around 50% [35]. At a lower diesel fuel content (as occurs in practice) in 

the lubricating oil, recovery temperatures cannot be determined (but they are very high) 

due to the relatively homogeneous hydrocarbon composition of the lubricating oils and 

additives other than hydrocarbons. Furthermore, in practice, the derived cetane number 

(DCN) [36] can only be measured for pure fuels with special instruments, as these devices 

are not calibrated to the conditions required for the ignition of the lubricating oil. In sum-

mary, for lubricating oils potentially contaminated with diesel fuel, the quantity that can 

at least indirectly describe their ignition properties always remains the flash point. 

As already indicated, the determination of the flash point tMFP requires a suitable 

measuring instrument, which, in practice, does not occur under operating conditions. 

With the initial boiling point tIBP, which is much easier to determine compared to the flash 

point, the latter can be approximated. The calculated flash point tCFP can be described by 

the general formula proposed by the author: 

����  =  ����  +  ∆�, (5)

where Δt is a constant temperature difference that depends on the chemical composition 

of a substance. 

If the substance tested is the lubricating oil contaminated with the diesel oil, with the 

latter corresponding to C (% m/m), the temperature difference Δt can be provided as a 

function of the contamination of the lubricating oil with diesel fuel, i.e.,  
∆� =  �(�). (6)

This value can be estimated as the average difference, K, of the values of the flash 

point and the initial boiling point measured—for a specific lubricating oil and diesel fuel 

and for varying contents of diesel fuel in the lubricating oil—so that: 

∆� ≈  � =  
∑ (���� � ����)�

���

�
, (7)

where n is consecutive pairs of measurements for different diesel fuel contents in the lu-

bricating oil in the interval � ∈  [0,100] (% v/v). 

After substituting Equation (7) into Formula (5), the approximate flash point of the 

oil can be determined using the measured initial boiling point with the following formula: 
����  ≈  ����  +  �. (8)

To assess the feasibility of using the initial boiling point as an indicator to describe 

the contamination of the lubricating oil with diesel fuel, an experiment was conducted to 

determine the average value of the constant K for selected types of lubricating oils and 

their mixtures with diesel fuel. Subsequently, the flash point tCFP calculated in this way can 

be compared with the flash point tMFP determined in a closed crucible using the Pensky–
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Martens method according to PN-EN ISO 2719. The final step is to evaluate how well tCFP 

fits tMFP and, on this basis, to assess the suitability of using the model described by Formula 

(5) and thus determine the suitability of measuring the initial boiling point of the lubricat-

ing oil to assess its possible contamination with diesel fuel.  

2. Materials and Methods 

Detailed tests were carried out on lubricating oil samples (SAE 30 and SAE 40 grades) 

diluted with diesel oil at selected mass concentrations (i.e., 0, 1, 2, 5, 10, 20, 50, and 100%). 

The oils were tested to determine their properties: 

 Flash point temperature tMFP; 

 Initial boiling point tIBP. 

This experiment used the Flash Point Pensky–Martens Semi-Automatic device (Walter 

Herzog GmbH, Lauda-Königshofen, Germany), as shown in Figure 1, to measure both 

quantities. The flash point was determined in the closed crucible using the Pensky–Mar-

tens method, and the initial boiling point was measured in the open crucible (atmospheric 

conditions). According to the latest certification results of the mentioned apparatus, the 

measurement accuracy is 0.35% and the repeatability is 0.05 K (0.05 °C) for a range of 

268.15–383.15 K (−5–110 °C), and the measurement accuracy is 0.10% and the repeatability 

is 0.10 K (0.10 °C) for a range of 363.15–643.15 K (90–370 °C). 

For research conducted in specialized laboratories, a number of distillation methods 

can be used, an overview and detailed description of which are provided in the literature 

[37,38]. Approximate methods are also known that enable the determination of the aver-

age boiling point value based on knowledge of the exact chemical composition [39]. How-

ever, when complete information about the substance under test is absent, there can be a 

significant limitation in the use of these methods. In the present experiment, an apparatus 

from Walter Herzog GmbH, Lauda-Königshofen, Germany, that allows for the realization 

of flash point measurements according to ISO 2719 [17] was used to determine the boiling 

onset temperature. 

Similarly, oil baths available on ships equipped with thermostats or specialized plate 

heaters, used as a standard for heat bearings, shafts, and bushings prior to assembly dur-

ing repair work, can be used to conduct such a test. To increase the accuracy of the meas-

urement, it is advisable to take several measurements of the boiling onset temperature 

and use the average value in the calculations. In this experiment, 5 measurements were 

taken for each sample, and the values presented in the article are averages. The maximum 

measured temperature difference obtained in a given measurement series for each sample 

did not exceed 1 K (1 °C). 
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Figure 1. Flash Point Pensky–Martens Semi-Automatic camera from Walter Herzog GmbH used in 

the study (photograph by M. Szmukała). 

Lubricating oils with SAE 30 and SAE 40 viscosity grades (Appendix A), which are 

among the most common oils in marine and industrial engines, were used in the experi-

ment. The test used Orlen Efecta Diesel Biofuel (designated CN27102011D), the nominal 

parameters of which are listed in Table 3. This fuel belongs to the ISO-F-DMX category 

(Appendix B). The lubricating oils used in the test were Agip Cladium 120 SAE 30 CD and 

Agip Cladium 120 SAE 40 CD, the characteristics of which are listed in Table 4. 

Table 3. Physical and chemical properties of Orlen Efecta Diesel Biofuel declared by the manufac-

turer [40]. 

Specification Parameter 

Cetane number ≥51 

Initial boiling point 75–180 °C  

Boiling point range 95% vol. distillates to 360 °C 

Flash point (determined in a closed crucible) >56 °C  

Autoignition temperature (according to 

DIN51794:2003-05) 
approx. 240 °C  

Kinematic viscosity (acc. to PN-EN ISO 3104)  
1.5–4.5 mm2/s (2.549 mm2/s) at 40 °C 

approx. 2.151 mm2/s at 50 °C 

Density 820–845 kg/m3 at 15 °C 

Relative vapor density  approx. 6 (for air = 1) 

Cloud point −7 °C 

Cold filter plugging point −8 °C 

Table 4. Physical and chemical properties of the Agip Cladium 120 CD lubricating oils used in the 

tests declared by the manufacturer [41–43]. 

Specification Parameter 

Oil 
Agip Cladium 120  

SAE 30 CD 

Agip Cladium 120  

SAE 40 CD 
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Kinematic viscosity (acc. to PN-EN ISO 

3104) 

108 mm2/s at 40 °C 

12.0 mm2/s at 100 °C 

160 mm2/s at 40 °C 

15.7 mm2/s at 100 °C 

Viscosity index 100 100 

Total base number 12 mg KOH/g 12 mg KOH/g 

Flash point (determined in closed crucible) 225 235 °C 

Pour point −18 °C −15 °C 

Density 895 kg/m3 at 15 °C 900 kg/m3 at 15 °C 

Agip Cladium SAE 30 CD and Agip Cladium SAE 40 CD oils are high-quality engine 

oils of API CD grade (supercharged marine, traction, and industrial compression-ignition 

engines) from AGIP-ENI. The additive batch allows engines to operate on lower-grade 

fuels, i.e., marine fuels and fuels with higher sulfur content, while maintaining a high 

engine performance [41,42]. These oils meet the following specifications: Deutz MWM, 

Dorman Diesel, Fincantieri-Divisione Grandi Motori, Isotta Fraschini, MAN B&W, 

Mirrlees, MTU marine oil, New Sulzer Diesel, Nohab, S.E.M.T. Pielstick, SKL, VM, and 

Wärtsilä. 

3. Results and Discussion 

Figures 2 and 3 show the experimental results for the diesel fuel mixed with SAE 30 

and SAE 40 grade oils, respectively. Detailed information on measured temperatures is 

presented in Appendix C. The functional relationships described by Formula (6) for both 

of the tested lubricating oils are shown in Figure 4. 

 

Figure 2. Measured values of the initial boiling point and the flash point and the calculated flash 

point of the tested SAE 30 oil at different levels of lubricating oil dilution with diesel fuel. 
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Figure 3. Measured values of the initial boiling point and the flash point and the calculated flash 

point of the tested SAE 40 oil at different levels of lubricating oil dilution with diesel fuel. 
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Figure 4. Differences determined between the initial boiling point and the flash point of the tested 

lubricating oils for lubricating oil with different dilution levels of diesel fuel. 

The values of the K factor were determined using Formula (7) for the concentrations 

tested in the present experiment. The K factor for the case studied, when lubricating oil of 

SAE 30 class was diluted with diesel fuel, was 123.75 °C (396.90 K). The accuracy of the 

model fit (as the difference between the calculated model and the flash point temperature) 

for the SAE 30 oil ranged from 95 to 146 °C (K). In contrast, the K factor for the case studied 

was 121.25 °C (394.40 K) when the SAE 40 lubricating oil was diluted with diesel fuel. The 

accuracy of the fit (as the difference between the calculated model and the flash point 

temperature) for the SAE 40 oil ranged from 85 to 150 °C (K). 

The goodness of fit of the model was evaluated by determining the relative error �max 

(%) for the differences expressed on an absolute scale in units of Kelvin, alongside which 

MSE and RMSE were used to determine the estimator bias. In addition, the values of the 

Pearson correlation coefficient R and coefficient of determination R2 were determined for 

sets of measured and calculated flash point values. The above indicators are summarized 

in Table 5. 

Table 5. Indicators describing the model’s goodness of fit to the experimental results. 

Specification Lubricating Oil Meeting Viscosity Grade Requirements 

Oil grade SAE 30 SAE 40 

�max (%) 7.47 8.28 

MSE (K2) 379.93 484.68 

RMSE (K) 19.49 22.01 

R (-) 0.89 0.85 

R2 (-) 0.78 0.72 

The relative estimation error does not exceed 10%, while the MSE does not exceed 

484.68 K2 (the RMSE value does not exceed 22.01 K), which can be considered sufficient 

for the engineering applications in question. With the assumption that an R coefficient 

ranging between 0.7 and 0.9 indicates a strong correlation [44], both oils that were tested 

meet this criterion, and the direction of change is positive. The model fit described by the 

determination coefficients can, in turn, be classified as being at the borderline between 

good and satisfactory. 

4. Conclusions 

The results presented here are highly promising and prove that it is possible to use 

the initial boiling point of the oil to evaluate its potential contamination with fuel. More-

over, if the appropriate benchmark characteristics of lubricating oils from the relevant vis-

cosity classes are available, the flash point can be estimated based on the measured initial 

boiling point. 

This article characterizes the relationship between the initial boiling point and the 

flash point for oils of viscosity grades SAE 30 and SAE 40 [45] at different levels of dilution 

with distillate fuel of the ISO-F-DMX category. The next step should involve similar tests 

carried out on lubricating oils of viscosity grades other than those presented in this article 

and for fuels of other categories. Additionally, in a further investigation into the possibil-

ity of using the initial boiling point to assess the contamination of lubricating oils, similar 

experiments should be carried out for heavy fuel oils. 
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Abbreviations 

ASTM American Society for Testing and Materials 

CCE Crankcase explosion 

CCI Calculated cetane index 

CII Calculated ignition index 

CN Cetane number 

DCN Derived cetane number 

DO Diesel oil 

FDM Fuel dilution meter 

FID Flame ionization detector 

FTIR Fourier-transform infrared 

FVI Flexible volatility index 

GC Gas chromatography 

HFO Heavy fuel oil 

IEC International Electrotechnical Commission 

ISO International Organization for Standardization 

SAE Society of Automotive Engineers 

SAE 30, SAE 40 
Viscosity grades of lubricating oils according to SAE J300-2021 

standard 

SAW Surface acoustic wave 

VLI Vapor lock index 

VI Volatility index 

Symbols  

C Percentage lubricating oil contamination with the diesel oil 

K Average temperature difference 

Δt Temperature difference 

t10, t50, t90 10, 50, and 90% recovery temperatures 

tCFP Calculated flash point 

tIBP Initial boiling point 

tMFP Measured flash point temperature 

ρ15 Density of the substance at 15 °C 
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Appendix A 

Table A1. SAE J300-2021 classification based on viscosity for engine oils for SAE 30 and SAE 40 

grades (based on [46]). 

Parameter b 

Low-Tempera-

ture Cranking 

Viscosity 

(mPa∙s) at 

Temp. (°C) 

Low-Tempera-

ture Pumping 

Viscosity 

(mPa∙s) at 

Temp. (°C) 

Low-Shear-

Rate Kine-

matic Viscos-

ity (mm2/s) at 

100 °C 

Low-Shear-

Rate Kine-

matic Viscos-

ity (mm2/s) at 

100 °C 

High-Shear-

Rate Viscos-

ity (mPa∙s)  

at 150 °C 

Limit Max. 
Max. with 

No Yield Stress 
Min. Max. Min. 

SAE 

Grade 

30 - - 9.3 <12.5 2.9 

40 - - 12.5 <16.3 

3.5 (0 W-40, 5 

W-40, and 10 

W-40 grades) 

40 - - 12.5 <16.3 

3.7 (15 W-40, 

20 W-40, 25 

W-40, 40 

grades) 

      

Appendix B 

Table A2. Characteristics of Marine Distillate Fuels in Accordance with ISO 8217:2017 [47]. 

Parameter Limit 
Category ISO-F- Test Methods  

and References DMX DMA DFA DMZ DFZ DMB DFB 

Kinematic viscosity at 40 °C 

(mm2/s) a 

Max. 5.500 6.000 6.000 11.00 
ISO 3104 

Min. 1.400 2.000 3.000 2.000 

Density at 15 °C (kg/m3) Max. - 890.0 890.0 900.0 
ISO 3675 or ISO 

12185 

Micro carbon residue at 10% 

volume distillation residue  

(% m/m) 

Max. 0.30 0.30 0.30 - 
ISO 10370 

Micro carbon residue (% m/m) Max. - - - 0.30 

Sulfur (% m/m) b Max. 1.00 1.00 1.00 1.50 

ISO 8754 or ISO 

14596; ASTM 

D4294 

Water (% v/v) Max. - - - 0.30 c ISO 3733 

Total sediment by hot filtration 

(% m/m) 
Max. - - - 0.10 c ISO 10307-1 



Energies 2022, 15, 7927 13 of 15 
 

 

Ash (% m/m) Max. 0.010 0.010 0.010 0.010 ISO 6245 

Flash point (°C) Min. 43.0 60.0 60.0 60.0 ISO 2719 

Pour point d (°C) 
in winter Max. - −6 −6 0 

ISO 3016 
in summer Max. - 0 0 6 

Cloud point d (°C) 
in winter Max. −16 Report Report - 

ISO 3015 
in summer Max. −16 - - - 

Cold filter plug-

ging point d (°C) 

in winter Max. - Report Report - 
IP 309 or IP 612 

in summer Max. - - - - 

Calculated cetane index Min. 45 40 40 35 ISO 4264 

Acid number (mg KOH/g) Max. 0.5 0.5 0.5 0.5 ASTM D664 

Oxidation stability (g/m3) Max. 25 25 25 25 e ISO 12205 

Fatty acid methyl ester 

(FAME) (% v/v) 
Max. - - 7.0 - 7.0 - 7.0 

ASTM D7963  

or IP 579 

Lubricity, corrected wear scar 

diameter (WSD) at 60 °C (μm) f 
Max. 520 520 520 520 ISO 12156-1 

Hydrogen sulfide (mg/kg) Max. 2.00 2.00 2.00 2.00 IP 570 

Appearance - Clear and bright g - c - 
a—1 mm2/s = 1 cSt. b—Notwithstanding the limits given, the purchaser shall define the maximum 

sulfur content in accordance with relevant statutory limitations. c—If the sample is not clear and 

bright, the total sediment by hot filtration and water tests shall be required. d—Pour point cannot 

guarantee operability for all ships in all climates. The purchaser should confirm that the cold flow 

characteristics (pour point, cloud point, cold filter, and plugging point) are suitable for the design 

of the ship and intended voyage. e—If the sample is not clear and bright, the test cannot be under-

taken, and, therefore, compliance with this limit cannot be shown. f—This requirement is applicable 

to fuels with a sulfur content below 500 mg/kg (0.050 % m/m). g—If the sample is dyed and not 

transparent, then the water limit and test method as given in the Section 6.12 of the ISO 8217 shall 

apply. 

Appendix C 

Table A3. Measured Flash Point and Initial Boiling Point Temperatures. 

Lubricating 

Oil Grade 

Lubricating Oil Contamination with Diesel Oil (% 

m/m) 
0 1 2 5 

SAE 30 
Measured flash point [°C] 180 166 160 134 

Measured initial boiling point [°C] 275 271 267 264 

SAE 40 
Measured flash point [°C] 178 160 150 132 

Measured initial boiling point [°C] 263 260 259 254 

Lubricating 

Oil Grade 

Lubricating Oil Contamination with Diesel Oil (% 

m/m) 
10 20 50 100 

SAE 30 
Measured flash point [°C] 110 96 78 65 

Measured initial boiling point [°C] 256 237 228 181 

SAE 40 
Measured flash point [°C] 100 93 74 65 

Measured initial boiling point [°C] 250 231 224 181 
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