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ABSTRACT 
 

In this work rice oil was tested when it is dripped onto a high temperature 

surface. The tests conducted determined the lowest temperature at which rice oil 

ignited and the highest temperature at which rice oil did not ignite in three tests 

conducted at the same temperature. The results of this study show that the values of 

the evaluated temperatures are of major importance regarding the use of rice oil as 

an eco-friendly lubricant. Thus, the highest temperature at which rice oil did not 

ignites is 465 °C, while the lowest temperature at which rice oil ignited is 470 °C. 

Moreover, at the end of the 8 tests performed, part of the oils collected in the tray of 

the installations used in the present study were subjected to spectrophotometric 

tests. Based on the obtained data, the transmittance spectra were plotted and the 

trichromatic components and coordinates were calculated, as well as the colour 

differences of the tested oils. 

 
KEYWORDS: rice bran oil, flammability, CIELAB, chromatic coordinates, 
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1. Introduction 
 

Flammable liquids and gases, as well as 

concentrations of solid or liquid particles dispersed in 

a gaseous medium, can randomly interact with a high-

temperature surface and ignite, causing major damage 

to the installations in which they operate. That is why 

it is necessary to know with as much probability as 

possible the maximum temperature at which 

flammability does not occur, as well as the lowest 

temperature at which flammability occurs for the 

sources listed above. 

A number of researchers have studied the 

phenomena that determine the flammability of 

various liquids and gaseous media on surfaces with 

high temperatures [1-11]. In his studies, Babrauskas 

[12] listed and analysed methods for investigating the 

flammability of liquids, gases, and vapours on high-

temperature surfaces. On the other hand, a series of 

scientific papers [13-15] analysed the flammability on 

hot surfaces of various types of vegetable oils. Also, 

in the last period of time, a series of tribological and 

rheological studies were carried out on rice bran oils, 

this being considered a potential ecological lubricant 

[16-21]. The use of bio-lubricants is increasingly 

recommended [20], especially in the context where 

recent research [22] shows that under the conditions 

of forestry strategies, for example, it is necessary to 

minimize the inevitable effects of anthropogenic 

climate changes in the future. 

 

2. Experimental results 

 

The flammability tests on a heated surface, for 

rice oil, were carried out on an installation belonging 

to the lubricant analysis laboratory of the Faculty of 

Engineering from “Dunarea de Jos" University of 

Galați. 

The setup and working procedures have been 

extensively described in [9, 13, 14]. On the surface of 

the cylinder (Fig. 1), heated to various temperatures, a 

quantity of 10 ± 0.5 mL of rice oil is dripped, the 

draining time being 50 ± 5 sec. During the entire test 

period the temperature of the cylinder remains 

constant. 

Analysing the flammability tests performed by 

various authors [9-15] for a series of vegetable, 

mineral and synthetic oils, it resulted that the first 

temperature test of rice oil should be performed at the 

temperature of 480 °C. 

According to our studies, the test conducted 

showed that the rice oil ignited after 11 seconds after 

starting the test (Fig. 1.b). From the first drops that 
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come into contact with the heated cylinder, a lot of 

smoke is released. 

In Figure 1.c (second 21 of the test) the most 

intense burning of the oil during the test can be seen. 

It was also observed that the oil continued to burn on 

the cylinder surface for another 7 seconds after the 

test ended (Fig. 1.d). 

The test temperature was then decreased by 30 

°C. The test performed at a temperature of 450 °C 

established that the oil does not ignite throughout the 

test (Fig. 2.a), the amount of smoke released when the 

oil comes into contact with the heated cylinder is 

insignificant compared to the tests that followed. 

 

 
 

Fig. 1. Rice oil tested at 480 °C 

 

Under these conditions, the next test was 

performed at a temperature located in the middle of 

the range between the temperatures of 450 °C and 

480 °C, this temperature being 465 °C. The 

experimental results showed that even at this 

temperature the rice oil did not ignite, throughout the 

test (Fig. 2.b). This is the first test at a temperature of 

465 °C at which the rice oil did not ignite. 

 

 
 

Fig. 2. Rice oil tested at 450 °C – test 1 (a) and 

465 °C – test 1 (b) 

In order to achieve the proposed objective, the 

oil was tested at a temperature of 475 °C, a 

temperature located approximately in the middle of 

the range 465-480 °C. At this test temperature the oil 

ignited after 21 seconds from the start of the test (Fig. 

3.b). Figure 3.c (second 29 of the test) showed the 

most intense oil burning during the test. And in this 

case the oil continues to burn, on the surface of the 

cylinder, after the test has ended (Fig. 3.d), the 

burning time being 5 seconds (a time shorter than that 

recorded in the case of the oil tested at a temperature 

of 480 °C). 

The next test was performed at the next 

temperature at which the rice oil did not ignite, this 

temperature being 465 °C. At this temperature, two 

consecutive tests were performed in which the tested 

oil did not ignite (Fig. 4). 

Thus, the highest temperature (465 °C) at which 

rice oil does not ignite was established (a total of 3 

tests were performed at a temperature of 465 °C 

where the oil did not ignite) and the lowest 

temperature (475 °C) in which rice oil ignite. 

 

 
 

Fig. 3. Rice oil tested at 475 °C 

 

 
 

Fig. 4. Rice oil tested at 465 °C, test 2 (a) and 

465 °C, test 3 (b) 

- 11 -

https://doi.org/10.35219/mms.2023.2.02


 
 

THE ANNALS OF “DUNAREA DE JOS” UNIVERSITY OF GALATI 

FASCICLE IX. METALLURGY AND MATERIALS SCIENCE 

No. 2 - 2023, ISSN 2668-4748; e-ISSN 2668-4756 

Article DOI: https://doi.org/10.35219/mms.2023.2.02 

 

 
 

Fig. 5. Rice oil tested at 470 °C, test 1-55th 

second 
 

In order to refine the range between the two 

temperatures, it was decided to carry out a maximum 

of three more tests halfway between the two 

temperatures specified above. Thus, tests were carried 

out at a temperature of 470 °C. The first test 

performed at the temperature mentioned above 

revealed that rice oil does not inflame (Fig. 5). 

 

 
 

Fig. 6. Rice oil tested at 470 °C, test 2 

 

In the case of the second test performed at a 

temperature of 470 °C, the oil ignites after only 3 

seconds from the start of the test (Fig. 6.b). 

According to Figure 6.c (second 19 of the test) the 

most intense burning of the oil during the test was 

identified. And in this case the oil continues to burn, 

on the surface of the cylinder, after the test is over 

(Fig. 6.d). The burning time was only 2 seconds (a 

time shorter than that recorded in the case of the oil 

tested at a temperature of 475 °C). 

The lowest temperature at which rice oil ignites 

is 470 °C, and the highest temperature at which rice 

oil does not ignite (after 3 tests) is 465 °C. 

Figure 7 shows the order and results of the 8 

tests performed. 

 

445

450

455

460

465

470

475

480

485

0 1 2 3 4 5 6 7 8 9
Te

m
p

er
a

tu
re

 [
°C

] 

Tests  
 

Fig. 7. Flammability tests for rice oil (the red 

rhombus – it ignites; the blue circles – it does 

not ignite) 
 

At the end of the 8 tests carried out, part of the 

oils collected in the tray of the installation were 

subjected to spectrophotometric tests. Thus, the 

transmittance curves of the untested rice oil, as well 

as of the samples where the rice oil was tested at the 

temperature of 470 °C (test 1 – the oil does not burn 

and test 2 – the oil burns) and for the tested oil were 

determined at a temperature of 465 °C (test 1 – the oil 

does not burn). 

Transmittance values were determined in the 

wavelength range of 380-780 nm, using a 

measurement step of 0.2 nm. A 10 mm glass cuvette 

was used. 

Figure 8 shows the transmittance curves of the 

oils tested at temperatures of 465 °C (test 1 - the oil 

did not burn), 470 °C (test 1 - the oil did not burn), 

470 °C (test 2 - the oil burned) as well as for untested 

rice oil. 

Based on the experimental values of the 

transmittances determined at the wavelengths of 445, 

495, 550 and 625 nm, the trichromatic components 

and coordinates were calculated (Table 1), these 

being the calculation support for determining the 

chromatic coordinates (Table 2) and the colour 

differences (Table 3) for the oil samples tested at the 

above-mentioned temperatures as well as for the 

untested rice oil. 

From the analysis of the transmittance curves 

(Fig. 8), very small differences can be observed 

between the oil that was not tested for flammability 

and the oils that did not ignite at the temperatures of 

465 °C and 470 °C, respectively test 1. 
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On the other hand, a major difference is 

observed between the case of the oil that ignited at the 

temperature of 470 °C (test 2) and the untested oil. 

This is due to the radical chemical transformations 

through which the lipids and other organic molecules 

in the oil composition undergo as the working 

temperature increases, also studied in our recent 

research [23]. 
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Fig. 8. Spectral transmittance curves of rice oils 
 

Moreover, as can be seen from table 1, these 

chemical transformations that occur with the change 

in temperature induce, at the same time, chromatic 

variations in accordance with the conditions of the 

tests carried out. Thus, both in the case of the 

trichromatic components and that of the trichromatic 

coordinates, the variations of these parameters are 

noted depending on the temperature at which the 

flammability tests were performed. 

These results are highlighted in the case of the 

oil tested at the temperature of 470 °C (the oil burns) 

when the location of the colour of the oil in the 

chromatic circle is totally different from that of the 

untested oil. 

This shows that, at this temperature, the 

behavior of the oil is different when performing the 

two tests, consistent with the fact that the 

chromophore and auxochrome groups undergo 

transformations in turn. This aspect is much more 

relevant in the case of expressing the colour variation 

of oil subjected to flammability tests by means of the 

chromatic coordinates L*, a*, b*, respectively C*
ab and 

hab (Table 2). 

Table 1. Experimental results for rice oils tested at various temperatures, obtained according to the 

color system (x, y) CIE 1964 (CIEXYZ)/Illuminant D65/10°
 

 

Rice oils 
Trichromatic components Trichromatic coordinates 

X Y Z x y z 

Untested oil 78.029 80.299 68.682 0.344 0.354 0.303 

Oil tested at 465 °C (test 1) 77.613 79.782 67.231 0.346 0.355 0.299 

Oil tested at 470 °C (test 1) 75.919 77.941 64.611 0.348 0.357 0.296 

Oil tested at 470 °C (test 2) 53.270 53.572 31.952 0.384 0.386 0.230 

 

Table 2. Chromatic coordinates (CIELAB system) for rice oils tested at various temperatures/ 

Illuminant D65/10°
 

 

Rice oils 
Chromatic coordinates 

a*/ b* (a*/ b*)2 C*
ab

 hab 

L* a* b* 

Untested oil 91.82 3.83 13.53 0.28 0.08 14.06 74.21 

Oil tested at 465 °C (test 1) 91.59 3.99 14.36 0.28 0.08 14.90 74.46 

Oil tested at 470 °C (test 1) 90.75 4.16 15.17 0.27 0.0752 15.73 74.67 

Oil tested at 470 °C (test 2) 78.21 6.50 28.88 0.23 0.051 29.60 77.32 

 

Our results show that by decreasing the 

brightness parameter of the tested oil by 14.82%, it is 

evident that the colour of the tested oil darkens as its 

temperature approaches the point where the oil burns. 

This is due to the effect of decreasing light absorption 

intensity as the temperature of the oil approaches the 

ignition point. 

At the same time, the yellowness parameter 

increases as the test temperature is higher. Thus, the 

colour coordinate b* increases from 13.53, value 

corresponding to the standard oil, to 14.36 which 

corresponds to the first test of the oil at a temperature 

of 465 °C, respectively the highest temperature at 

which the rice oil did not ignite. 

Moreover, the yellowness parameter value 

increases to 15.17 when the test temperature becomes 

470 °C. According to the data in Table 2, the increase 

by more than 50% compared to the untested oil 

sample is highlighted, when the test temperature 

becomes 470 °C and the oil burns. 
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Relatively large differences in the variation of 

the yellowness parameter also resulted between the 

two tests (test 1 versus test 2) carried out on rice oil at 

the same temperature, respectively 470 °C. If in the 

case of test 1 the increase in the yellowness parameter 

is approximately 12% (variation by 1.64 units), in the 

case of test 2 this variation is more than 15 units 

(Table 3). 

This shows that at the burning temperature the 

degree of yellowness is intensified compared to the 

condition where the oil is not burning, although the 

test temperature is the same. This is probably due to 

the organic compounds formed, such as 

hydroperoxides, during the heating of the tested oil. 

Also, the data presented in Table 2 indicate a 

similar variation in the case of chroma, the rice oil 

subjected to test 2 at the temperature of 470 °C 

presenting the highest value of this chromatic 

parameter. The much higher value proves the superior 

colour intensity of the rice oil subjected to test 2 

compared to that subjected to test 1, although the test 

temperature is the same. 

The highest temperature at which the rice oil did 

not ignite, namely 465 °C, also corresponds to the 

lower values (14.9 and 74.46) of the chroma 

parameters, C*
ab, respectively the hue angle, hab. 

Moreover, the colour variation, ∆E*
ab [24] correlates 

directly with the test temperature at which rice oil 

burns (Table 3). 

 

Table 3. Experimental values of colour differences for rice oils tested at various temperatures 
 

Rice oils ∆L* ∆a* ∆b* ∆C*
ab ∆hab ∆E*

ab 

Oil tested at 465 °C (test 1) -0.23 0.16 0.83 0.84 0.25 0.88 

Oil tested at 470 °C (test 1) -1.07 0.33 1.64 1.67 0.46 1.99 

Oil tested at 470 °C (test 2) -13.61 2.67 15.35 15.54 3.11 20.69 

 

3. Conclusions 

 

Determining the minimum ignition point on a 

heated cylindrical surface of rice oil required 8 tests. 

For all tests in which the rice oil did not ignite (except 

for the oil tested at 450 °C) considerable smoke when 

the oil came into contact with the heated surface of 

the cylinder was observed. 

In the case of tests where oil ignition has 

occurred, it is extinguished on contact with the 

surface of the oil pan (the oil does not sustain 

combustion in the pan). Oil burning on the surface of 

the heated cylinder continues even after the tests are 

finished, the recorded time varying between 7 

seconds (at a temperature of 480 °C – test 1) and 2 

seconds (at a temperature of 470 °C – test 2). 

The maximum temperature at which rice oil 

does not ignite on a heated cylindrical surface is 465 

°C. 

The minimum temperature at which rice oil 

ignites on the hot surface is 470 °C. 

The temperature of 470 °C keeps the oil burning 

to a very small extent after the test is over. 

The highest temperature at which rice oil does 

not ignite corresponds to its maximum brightness 

parameter, respectively to a minimum chroma 

intensity. Increasing the test temperature by 5 °C 

leads to a decrease in brightness parameter, 

respectively a shift of the hue angle towards the 

second quadrant of the colour circle diagram, as well 

as an increase in chroma. 
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