ISSN : 1976-2208 (Print) Journal of the Society of Disaster Information
ISSN : 2671-5287 (On-line) Vol. 19, No. 3, pp. 532-544, September 2023
www.sodi.or.kr https://doi.org/10.15683/kosdi.2023.9.30.532

Original Article

HIO|C[A SetE0] eRtislo| 2 EX S| Cheh Xl g+
Experimental Study on the Thermal Characteristics According to the
Content Change of Biodiesel Mixture

AzM! . Jafm*
Ju Suk Kim', Jae Sun Ko?*

'Junior Researcher Official, Fire Safety Research Division, National Fire Research Institute, Asan, Republic of Korea
2pProfessor, Department of Fire Safety, University of Howon, Gunsan, Republic of Korea

*Corresponding author: Jae Sun Ko, 119kjs@howon.ac.kr

ABSTRACT

Purpose: To identify and evaluate the risk of chemical fire causative substances by using thermal
analysis methods (DSC, TGA) for the hazards and physical property changes that occur when newly
used biofuels are mixed with existing fuels It is to use it for identification and evaluation of the cause of
fire by securing data related to the method and the hazards of the material according to it. Method: The
research method used in this experiment is the differential scanning calorimeter (DSC: Difference in
heat flux) through quantitative information on the caloric change from the location, shape, number, and
area of peaks. flux) was measured, and the weight change caused by decomposition heat at a specitic
temperature was continuously measured by performing thermogravimetric analyzer (TGA: Thermo-
gravimetric Analyzer). Result: First, in the heat flux graph, the boiling point of the material and the
intrinsic characteristic value of the material or the energy required for decomposition can be checked.
Second, as the content of biodiesel increased, many peaks were identified. Third, it was confirmed
through analysis that substances with low expected boiling points were contained. Conclusion: It was
shown that the physical risk of the material can be evaluated by using the risk of biodiesel, which is
currently used as a new energy source, through various physical and chemical analysis techniques (DSC
+ TGA).In addition, it is expected that the comparison of differences between test methods and the
accumulation and utilization of know-how on experiments in this study will be helpful in future studies
on physical properties of hazardous materials and risk assessment of materials.

Keywords: Differential Scanning Thermal Analysis, Thermogravimetric Analysis, Heat Flux,
Temperature Rise rate, Heat of Decomposition, Boiling Point, Mass Loss Rate, Mixed Compound,
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9 = e} Q= ARAFEEA(DSC, Differential Scanning Calorimetry : Setline DSC/DSC+, France) Yt € 55
B H(TGA, Thermogravimetric Analysis : TGA Q500, USA) ¥2]2] A% © 2(ASTM international, 2005; 2016;
2020) SorEo] BAJL Sholsh shAf Yol Ed o] Al ZHAof| 2l 2lg 2 B85 2} Slo|t), TS A2 AR E =1}
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T A HlE S =N %@94 F2] B4 E4& EQl vl skt ji.

AR Hio] @ e T EA R 7o) vt} Skt e 2 ARRE AL Qlrt. whebA 2 Aol A= 7] 3T
Z)(SD : Standard diesel )l -F-AF(Palm oi & Soybean oil )& F1]H= 2393 Hio] 2T %‘(BD : Bio diesel)= 7FA|al A
= S, BT A= 0] 79 AR5 Aol ohdzt AlRAlf|A] SRRt & Al ] H 7S EdehA] &
A, oA S o A ) T e A ol c ) B AR E
g 7R o] B2 Blw A g4 2 BekeA ot f A1 R-E F/dols IRt ool Edo] ok AdEl otk 59l

=Y Alz2ARI GO, SO, 0il-O000, S—OOO@Ei—v—Oﬂ A A Aol AdET oo Q1
A6 2 Ao i) AR A AR|SH= 8- TEESHE(QISFY 44°C) SOAIE-S AA5t] Agl-g Ra¥steict. T

S 0] 85 Hlo] Q.0 SFHPHLC Table 13} o] BuE 7|50 2 36712] A|2E ghEo] AFl6] Table 2= Hio] 2T

[¢]

Al

9 SEP 9 A o2 b lolc,
Table 1. Biodiesel type and mixing method Table 2. Biodiesel mixing method and commercial use
Target Blodlesel(BD) 2type, Petrodlesc.zl(PD), (BD Product Name BD PD Corr.lme.r(flal
Substance : Palm oil type, Soybean oil type) availability
BD100 100 0 Research use
BD70 70 30 -
BD50 50 50 Illegal to use
Mixture Biodiesel(X) + Diesel(100-X), BD30 30 70 -
Method [X=5, 10,::-100](vol%) BD20 20 80 Related research
BDI0 10 90 -
BD5 5 95 Some use
BDO 0 100 Commercial Products
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Table 3. Boiling point and heat of decomposition results for temperature change for standard sample

Classification Heating rate (°C/min) T (Boiling point, °C) /A\H (Heat of decomposition, J/g)
5 291.91 1533
PD 10 285.90 1543
20 207.45 149.5

H2| H-f{(Palm oil type)2} tH57- (Soybean oil type) 2] BT A 7.0] S-2& T of] Tt 2 A5 5-3 UERH 23l
Table 3%} Fig. 2& AHEH BD 0, 5 EF0A ARo] ¢ 1719 B4 13E SRIET 4= oY, 2545 £ 5,
10°C/min -FAFRT AaRS FERHLL 910, 20°C/min®] A5 52 /s S5 2 Q6|4 o327t gotA vrehtA] &
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Fig. 2. Standard diesel heat flux measurement result (20°C/min) Fig. 3. Comparison of standard diesel heat flux measure-
ment results (5,10,20°C/min)
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Fig. 4. Comparison of heat flux measurement results of palm oil type at 20°C/min
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Fig. 5. Comparison of heat flux measurement results (Palm oil type ; 5, 10, 20°C/min)
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Fig. 6. Comparison of heat flux measurement results of soybean oil type at 20°C/min
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Table 4. Measurement result of measuring the weight change of the sample according to the temperature increase with
standard diesel

Classification Heating rate (°C/min) Mass loss rate (%) Temperature (°C)
5 99.92 209.64
PD 10 100.0 226.68
20 99.80 249.55
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Fig. 11. Comparison of thermogravimetric measurement results of palm oil type at 20°C/min
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okl Qlrke 2 24 AitkE SR1E 4= Qih oR& Table 5= 2t ool it 2F2+9] SD+BD ol thet 2+
SeHL(5, 10, 20°C/min)E BT} T1of whE Fel A o ek At A HE HR( oK : 162°C) 2 Hi (<19t
7 :282°C)E vl e m v Fih A vehet o™ Es192 tiF 72 A o2 YERdT ol ¥

o
:‘o
rr
A
)
ox,

24 8.0gto] s1-s70lste]n] B7] FolA QHH 71503, thEfre MR EA L0 g0l 117-141 % T 3

Table 5. Measurement result of differential scanning calorimetry of BD

) pop oil type soybean oil type
Classification He:‘ tmg‘rate . . /AH(Heat of . . /AH(Heat of
(*C/min) T(Boiling point, °C) decomposition, J/g) T(Boiling point, °C) decomposition, J/g)
5 -8.69, 146.98 25.31,471.6 133.7 305.13
BD20 10 -8.15,296.25 27.05,177.4 -15.09, 268.63 62.53,246.13
20 -7.25,299.01 28.50, 116.1 -13.96, 256.22 83.04,301.6
5 -45.92, 5.48, 290.95 22.86,60.47, 158.8 -44.07,-6.33,206.98  32.55,27.48,235.2
BD50 10 -45.46, 5.44, 258.99, 346.56  22.77,71.74,231.5,22.26  -43.77,-8.66,217.92 34.35,28.27,221.4

20 -44.41, 6.50, 287.57,350.56 22.86, 74.15,243.4,21.05  -43.16,-7.71,243.53  29.64, 27.90, 134.7

S2A0| M2 UBTRA

EEATlo] QU 0] ER0] 50 Sl W2 G5 B4 FNE Fig. 11-140] el 264 TRol] ko] 52
o e} 7] 2 4552 0] ZjolFEASIAIR 200°0-270°C © Ul 9% olite] At Hsh S Hot ik, BAR
7} oo 2. oI 71N 2 Wilol T A 1 o] Wik pkx) sisleh. A0 BE ARAb 58 St 37
ol wet ) Busl 57} 571 & 4 Qe of 2 4557t Kl et Al e o] FHsii= ARl ] Bo KA )
of A2 7] Bl BRFT Fo] S5 i) ] w2 ek W S8 2He 27} A @0 Hole 2
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O = ofafd 4= ek TRH105+2°COA AR RIS 1| o] T=r O] 0F30% (ST 70%), HEo] 2 TA10] 73-9-2F4% 7
T2 S ck(Kim et al., 2021; 2022). ©F22 Table 6= -7 7ol thet Z12Ee] SD+BD Skfadol thet 2+ 5245 (5, 10,
20°C/min)'d A =gt T o] v Tof| whE ol g o) Fot A At Al TR tiF-R-E Bl P o ol 2= B
7oA = Ve o™ G oH S(EF A= B TR A9 HESHA veR o HRet i 2% BDO] ok
ol TS B Ui T A a2 A0 AR e TIuo] Fe et ST oke A 0 & YERTh

Table 6. Thermogravimetric measurement result of BD

Classification Heating.rate Pop-U type Soybean oil type
(°C/min) Mass loss rate(%o) Temperature (°C) Mass loss rate(%)  Temperature (°C)

5 99.97 218.61 99.88 215.47

BD20 10 99.78 234.41 99.86 229.37

20 99.88 260.31 99.84 256.28

5 99.89 215.92 99.90 227.58

BD50 10 99.95 239.68 99.89 240.58

20 99.89 259.42 99.89 259.42

O} Table 7-= 5L A=l e thF7-E thd o2 A A A+ Alg|=2] ARl vio] @) 9] Q15+, HI5}
A, d44, 7rEx 51“]%’4%”34 M), A0 A Aol 2|3 @Y DSC AY 2Rl F=4, & 593,
TG AY ARl F-240f T e wste] 25 AaE 9okt Aot} oo e AutE HA|A 0 2 1t H
NFPA(National Fire Protection Association : B|=} {2} 3]) £-577]<55Q](National Fire Protection Association, 2022)<= 91-8
SH= QFEokd e o] 91918 E557]5(National Fire Agency of Korea, 2022)0l4 E5] Al4F =2 A A 246

ko3|
=
7]

S

FRA OAA) Ol QoI T4 B4 Q13FE 50~60°C, L3FE 200°C, HIZ 200°C~370°C, H]Z0.8~0.9 5o th|= A

S 2 A A EFEAL 2ol vl e Hlo] o= = fledEtue ] fldE R el 240l Hiet
= HleTEl= )19k 170°C, "l 250°C, HIRd 200°C, ©]9]9] 72273 A&7t §lon= qlsto] Aol o] &t HA
THA| 2ol 1A mlHleh FZo] .

Table 7. Final results of prior and present thermal risk assessment of biodiesel(Kim et al., 2020; 2021; 2022)

Prior research results
BioDiesel BioDiesel
Flash point(°C Flash point(°C
(palm type) point(°c) (s0y type) point("c)
Pensky- Pensky-Mart
Martens Tag Closed Pensky-Martens Tag Closed Tag Closed ens
BD20 70 68 BD20 70 68
BioDiesel Ignition point(°C) BioDiesel Ignition point(°C)
(palm type) 201 40ul (soy type) 2014 40ul
BD20 265 275 BD20 265 275
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Table 7. Final results of prior and present thermal risk assessment of biodiesel(Kim et al., 2020; 2021; 2022) (Continue)

Prior research results
L Heating residue L Heating residue
BioDiesel BioDiesel
. . . volatile
(palm type)  Non-volatile content (%) volatile content (%) (soy type) Non-volatile content (%)
content (%)
BD20 7.21 92.79 BD20 8.93 91.07
Lower explosion limit Upper explosion limit
(LEL) (UEL)
Sample volume (Lw) Explosion or not Sample volume (Lw) Explosion or not
explode explode
1.3402 3.2765
(Accepted) (Accepted)
1.3708 explode 3.2302 explode
13402 s _3.2806 5
LFL, = 501 =112g/m UFL, =502 =273g/m
Current research results
) . Palm type Soy type
Classification
/A\H(Heat of . /A\H(Heat of

DSC . o - o - o
( ) Heating rate(°C) T(Boiling point, °C) decomposition, J/g) T(Boiling point, °C) decomposition, 1/g)

5 -8.69, 146.98 25.31,471.6 133.7 305.13
BD20 10 -8.15, 296.25 27.05,177.4 -15.09, 268.63 62.53,
20 -7.25,299.01 28.50, 116.1 -13.96, 256.22 83.04,301.6
Classification Palm type Soy type
(TGA)  Heatingrate(°C)  Mass loss rate(%) Temperature (°C) Mass loss rate(%) Temperature(°C)
5 99.97 218.61 99.88 215.47
BD20 10 99.78 23441 99.86 229.37
20 99.88 260.31 99.84 256.28

o5 Hekshr] 9t 2Rl 0 st el - RAlAlel ARl ofd] 2 4ol Tt Hioks S4eto =M njH|et =/ Hlo]
ElE S5k | wetzt Agh-s 438513, 71 TS Table 70 LRSIt Urehdh vt o] 2545 445 20°C/min,
BD? Alo] ARk B W5 Hj2te @3 NFPA 174 7152]¢1 150°C ZH=100°C HE2] 2o]7 Q1311 Al r =
NFPA 1] 5 A A7} 7 9] vt 250°C )] Ao 2 T = et ok Bl A 42 20°COlA NFPA 1178212}
AAA71100°C =0 2Pl S HERHAL Qltt. 11 o 2= o2 7RAIZE AT 7FA 2o AllA Sofl leg = o] /o] el
gt 2, SA71718, Ad2, ARArE 2o 712279 71 2 Al frefido] 2o o], Al2ARE Hio]

QrjAlo] BxjeF Hio| 9 rjAle] Z3Hr So] th2 g4 Q= 710 2 W)

g

ot
o
=

2 A= @A A oA Y = ARBSIAL Q= AlFE A} Bho] oAl FA ARG T BT £
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T FH 0 2 1) BT, 2 A 2L oAU 2 AP EIT 9 ol Q]| RS Tl Bl 5
312 BAZIH(DSCHTGA)S Falel AHg o 24 B0] B2 984S WK 4 ka2 HolRolch, e olejgh 14
w7 0 2 Sfat spfe] AlEAte A2 U] 1 ol =8 U B4 914 ol ofefat RG] $12 B8
D 45 G A0E el ohge] i Aol QIaky EEHEo ek shote Belde) A% A g Fal EEE
ohet 184 W 71] olkAIE AR Zleste] 2 Aol S A E Hole] wlmel Ao vhet w5k 5
25t B P QIR Ee] B 70t B 9184 871 Aol glo] =g Hlelet /epgick
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