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ABSTRACT

Purpose: The purpose of this study is to determine the dangers of biodiesel and general diesel mixtures
currently used as alternative fuels by equipment (tag method and penski Marten method) and to
determine the difference between flash point and combustion point (closed, open) according to test
methods. It is intended to be used as a reference material for identification and evaluation of fire-
causing substances by confirming the risk of mixtures by comparative analysis and measurement, and
establishing a risk assessment method for chemical substances. Method: Flash point test method and
result treatment were tested based on ASTM and KS M mode, which are tag sealing and pen
schematense test methods used as flash point and combustion point test methods for crude oil and
petroleum products. The manufacturer of the equipment used in this experiment was a test equipment
that satisfies the test standards of KS M 2010 with equipment produced by TANAKA of Japan. The
flash point and combustion point were measured, and the flash point according to the test method of
biodiesel and general diesel mixture ( Closed, open), and the ignition point of a mixture of biodiesel
and general diesel was compared and analyzed for ignition risk compared with conventional diesel.
Results: Looking at the experimental results, first, as an analysis of the risk of flammability of the
mixture, the flash point of a substance containing 70% biodiesel was found to be about 92°C based on
general diesel with a flash point of 64.5°C, and gasoline and biodiesel or When the biodiesel mixture
was synthesized, it was confirmed that the flash point tends to decrease. In addition, the difference
between the flash point and the combustion point was analyzed as about 20 ~ 30°C, and when a small
amount of gasoline or methanol was mixed, the flash point was lowered, but it was confirmed that the
combustion point was similar to that of the existing mixture. Conclusion: In this study, in order to
secure the effectiveness of the details of the criteria for judging dangerous materials in the existing
Dangerous Materials Safety Management Act, and to secure the reliability and reproducibility of the
judgment of dangerous materials, we confirm the criteria for judging the risk of the mixture through an
experimental study on flammable mixtures. It will be able to provide reference data for experimental
criteria for flammable liquids that are regulated in the field. In addition, if this study accumulates

a OPEN ACCESS know-how on experiment by test method, it is expected that it can be used as a basis for research on
risk assessment and research on dangerous goods.

Received | 3 September, 2020
Revised | 27 November, 2020
Accepted | 7 December, 2020

This is an Open-Access article distributed under Lo . . . .. . . . .
the terms of the Creative Commons Attribution Keywords: BiodieseL, Flash Point, Fire Point, Ignition Point, Fire Fighting Law, Dangerous Goods

Non-Commercial License (http://creativecommons. Control Act, Material Safety Data Sheet, Mixture, Heating Rate
org/licenses/by-nc/4.0) which permits unrestricted
noncommercial use, distribution, and reproduction
in anymedium, provided the original work is
properly cited.

ety o Disaser Infomtion Al TR, 2 A7) BA2 @A) AR AR Gl ol o oilat Auhe A B R 93
© Society of Disaster Information All rights reserved.
=

= A E (R S A T WA ot 2 R A Al Ao ThE Q1eh B A of(TH, 2F) AFlE ]



Ju Suk Kim and Jae Sun Ko | A4 Study on the Flammability and Combustion Risk of Biodiesel Mixture

Hoto] S}l S8 o] AT Ao Fa Ake =
8 : : 4 Y A AR ARSE AL Sl H R |
2 w24 7]uhel A 4] A FEE 9l ASTM 2 KS M odeE JEom @@8}%}. 2 A7 A} g o] A2 U] TANAKAAL]

M AR 2 KS M20109] A 722 Sk A9 2 Q1o 9 A4S 24et T, ol e Ut v A £ g e] A9y
Aol k2 Qlshg (|, 9.2 2ol g Shelsta, EMHﬂqmmq%éﬂgﬂ@ﬂ+%ﬂ+4ﬂﬂ44m EOEEE R FRE
shoich @7 AT QAN E A B4 S2o] Ast Aol dier 49 AT B o= shHol 64.5T Yt AL SEo 2
< o vfol e tdlo] 70% S =29 Q192 oF 92 C = 2RI =Gl 7HE R T Hio| e T E= vio] e ol Eot &8 SIS
Hol Yol & A4S s 4= AT ok 2 AeH T A o] Zpol= oF 2030 CHER 24 H UL, 230 7HEd e vEEo &
A Qleh 2 WopA|ut 271E0 EgEe] Ao FASE A SIetal:. A Aol A= 71 fleEcidda
2o flde oA 71=el A daidsti gl fdE B A R ARG FHEE FH o R, Ao £ =0l
g = Aol TS EE ehd dA it A B 7)ol etk a4

L

>

oF EQHE R A7 AW Aol thet ieake-2 ZAUTH S92 9184 Bk ATl glo] /)% Aol
2 =

ME

ot U Ha Y

Fjell Al §50] HolA] Walo 2 S5 sf5}E o] ob4 BHgolyolck A2 ol B sleh 5ol A5 E 9l
sfo}0] $1950 o 7he Al ol ol 4] g gl Zle] @ Aefolnl, 4177 vl eheg gIsA chatet 2
WS G U] AR AL QlimE, T b TlEAR) SR A2 AR B AR A2 1
A @A) ARg st Slck g @A) vlo] e t)aat el o] Behme) Alzel Ago Bt 7 BatehA w3 glck. oS
S S QA sdolonEl a0 S 2061 1 e] B W B 20 29
531 913, 19} el 414 AkE-0 2.0] Aol tieh Y BrshA Aela ek, Jet sk Beiet sle e e v
o i) olol 4] g sl o] 1s0) 559 2] WBEIA A A0 A 357} 7o) A i,
113 At 73 o] B 4 Gl Bl Thet 9194 oM o] Fo1A17) kar qlek. ehet AAIT A ek vk

S84 ATZ S0t QT A} Emo] 9P ool thet A Ale) A st o

|

A
A}
_

20| 2 Y Lhg
1 Q170 BAe ) oAl 2 Aok ks vlo] 9 T lnt k] mo) EekEe] Sl (e
ok 2 A Aol T2 1k Bl Aol B, o) Aol S H]

6}1 SISHEEIO 14 b2 Shiolel sple] B 2k el 42 A2 ot el

Jok
e

El

M

g

A

o,

ol

o

R

r}gll'

E i

i

1o

£ Y
M oot ol
o oox X
o o B
=¥ (g,
fu >

_,d
oo
ﬂ
rr
ju sl
E
o
re
FU
1o
r}gli
ol
m
1o
do
ot
o,
mlo
>,
ot
)
rO
ok T
oE
2
o,
N
L
ool
0
X
il
o o
1o
do
oo
ox
o
ol
N
N
_0|L
K
N,
i
W
o
ol
w

o AHeHe 4 TP 1 B4 o1 A elel s i

KOSDI

11



Journal of the Society of Disaster Information | Vol. 17, No. 1, March 2021

oY

Fig. 122

1T

o] sl

A Study on the Flammability and Combustion Risk of Biodiesel Mixture

Collect & review related data

Preparation b

efore experiment

Determine research purpose &
method

Experiment based on teg-milled test method & pen schematics type test method (ASTM & KS M)

-Dangerous goods safety management Act
-Dangerous goods classification guide book
-Handbook of chemistry & physics
-Material safety data sheet
-GHS, classification of flammability liquids

-Petro

Material

((Palm oil, Soybean oil)
‘Gene
-Gasoline
Preparation of measuring equipment
‘teg-milled type & pen schematics type

preparation
diesel : PD

ral diesel

-P
-Experiment

ilot test
equipment setting

-ASTM mode
1) ASTM E 681-04
2) ASTM E659-78
3) ASTM D93-10

-KATS mode
1) KS M ISO 2592.
2) KSMISO 3251
3) KS M 5000

Flash point and fire point measurement experiment of biodiesel mixture

-Flash point measurement for
commercial diesel, standard
diesel and biodiesel mixture (tag
sealing type)

-Flash point measurement for a
mixture of commercial diesel ,
standard diesel and biodiesel
(Penschema Tense formula)

-‘Open flash point and fire point
measurement of biodiesel mixture
-commercial diesel
-Biodiesel mixture

-Mixed risk measurement
-Biodiesel mixture and regular
gasoline
-Biodiesel mixture and methanol

|

Review of research results by teg-milled type & pen schematics type test method

Experimental results & discussion (Measures)

‘ -Comparison between experimental values & existing reference value ‘

Conclusion

Fig. 1. Experim

ent flow chart

12

K

OSDI



Ju Suk Kim and Jae Sun Ko | A4 Study on the Flammability and Combustion Risk of Biodiesel Mixture

[®]

HIO|2C |2 (Bio Diesel)=2¢t=2| I5HH 4l

M Ol AAE ZHAISI(ASTM international, 2005;
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A ARG S Hio| @ B Hio| @t o] Tl EAE ) 7|20 T} Sott = ARESEL Qi 2 Aol
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o} T3t gREA R = vlo] @ H]2(BD) 2% & THGEF)(Palm oil type), TIFSGEF)(Soybean oil type)S A3l AFR5}

STt Table 2= LRI thet E2|3tebd EA44-S& el Aot} 84| © 2= Biodiesel(X) + Diesel(100-
10,---100](vol %)2] "H-& A sto] Addstgint. of&w] @A) Hiol @ tdlo] g2 714 ol /\]’9“0]'_’ V=
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Table 1. Biodiesel blending method and commercial

Product Name Biodiesel Petrodiesel Commercial
Biodiesel 100 100 0 Research use
Biodiesel 70 70 30
Biodiesel 50 50 50 Illegal use
Biodiesel 30 30 70
Biodiesel 20 20 80 Related research progress
Biodiesel 10 10 90
Biodiesel 5 5 95 Some use
Biodiesel 0 0 100 Commercial Products

Table 2. Physicochemical properties of Commercial diesel fuels(KATS, 2008)

Property Diesel fuel Diesel fuel Diesel fuel
(general) No. 1 No. 2
Melting-point (°C) 34a 18a -29-9a
. 160-190b 145-300 (wide-cutaviation, 45-280)c 282-338a
Boiling range (°C)
143-384 193-293a
> 56b >21~<55 52 (closed cup)a
Flash-point (°C) 58-66 (wide-cut aviation,<21)c> 54 (closed cup)a
(Pensky-Martens) 38 (closed cup)a
Autoignition temperature (°C) 177-329a 254-285a 263a

a From Agency for Toxic Substances and Disease Registry (1995), b From CONCAWE (in press); automotive gas oil, c From CONCAWE (1985,
1995); kerosenes
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Table 3. Flash point test result of commercial diesel (tag closed type)

Product Name Flash point("C)
G* 42
S* 44
Q. Btk 44
Sk 74
Standard Diesel 62

et <QldE9d ] (Korea National Fire Agency, 2008)°ﬂ OlopA S-#x# 0] A A| 47 Al 34-FF= 27 2 7}
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Table 4. Flash point by blend ratio of biodiesel and standard

diesel (tag enclosed type) B
Bio Diesel Flash point Bio Diesel Flash point —~ 80 +(B;:|[,}1if;:,le] X
(palm type) S (soy type) (0 ,c% B
100 ¢ 100 ¢ 5 o =
70 P 70 P I s
50 78 50 78 T s =EE
30 7 30 70 i
20 68 20 68 0 10 20 30 40 50
10 66 10 66 BD
5 64 5 64
0 62 0 62 Fig. 2. Flash point of blend ratio of biodiesel and standard
% : Equipment measurable temperature range exceeded diesel (tag closed type)
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Table 5. Flash point measurement result of commercial diesel (pen schematics type)

Oil Companies Procedure A Procedure B Procedure C
G* 445 46.5 46.5
S* 445 46.0 48.0
OF*B*** 46.5 46.5 46.5
S-Hk* 78.5 78.5 78.5
S** 64.5 64.5 64.5
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Table 6. Flash point by blend ratio of biodiesel and standard diesel (pen scheme type)

BioDiesel(palm type) Procedure A Procedure B Procedure C
100 174.5 180.5 178
70 92 92 92
50 80 80 80
30 72 72 72
20 70 70 70
10 68 68 68
66 66 66
0 64.5 64.5 64.5

Table 7. Flash point by blend ratio of biodiesel and standard diesel (pen scheme type)

BioDiesel(soy type) Procedure A Procedure B Procedure C
100 180 - 180
70 92 92 92
50 80 80 80
30 72 72 72
20 70 70 70
10 68 63 68
66 66 66
0 64.5 64.5 64.5

HIO|@ CJH =5tE9o| @A oI5PH I 9IAT(ASTM international, 2005; KATS, 2007)
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Table 8. Commercial diesel flash point and fire point (cleveland open)

Oil Companies COC Flash Point COC Fire Point Difference
G* 62 74 12
S* 58 78 20
OF*-BH#* 62 76 15
S-Hok* 102 118 16
Sk 84 102 18
Hroletd ok

Table 9] UrEM e} o] QIsH o] 7Z-¢-nto] @ oA o] ik wat B3 BD10, BD202} t5-7- BD30, B20°ﬂ A5
1

2~
-~
15 ek oA © 2] QIS 2 B S, L ge
A7 ago] WA QI B AHAE olelst AE oA Haslsl] SJslA 24 AT 4Tl 2] LK) e w744
NS4S SeA AHS stk ok Fig 3, 41 Hho| .01 £3-80] g ZelRdls 0 Zubal o 2 s i

Table 9. The flash point and fire point of the biodiesel mixture (cleveland open)

BioDiesel palmtype =~ COC Flash COC Fire Difference BioDiesel soy type  COC Flash COC Fire Difference

100 180 204 24 100 188 206 18
70 122 156 34 70 140 162 22
50 106 134 28 50 110 132 22
30 104 128 24 30 102 124 22
20 102 120 18 20 96 124 28
10 96 120 24 10 94 120 26
86 106 20 5 92 106 14

0 84 102 18 0 84 102 18
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Table 10. Flash point of biodiesel mixture and 1% gasoline mixture

1% Gasoline(%o) Procedure A Procedure B Procedure C
BDS5 42 42 42
BD 10 44 44 44
BD 20 46 46 46
BD 100 54 52 56
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Table 11. Flash point of biodiesel mixture and gasoline mixture (tag sealing type)

Gasoline(%o) BioDiesel5 BioDiesel10 BioDiesel20 BioDiesel100
1 42 44 46 62
3 20 22 24 20
5 8 8 8 14

Table 12. Flash point of biodiesel mixture and gasoline mixture (cleveland open)

gasoline(%) BioDiesel5 BioDiesel 10 BioDiesel20 BioDiesel100
1 74 76 32 162
3 50 50 56 60
5 40 40 42 46
g l T grl N T e
. === gt ====22 JE NS4 SRS et e
T = e Z e
S~ 40 i —— 50
[} "‘ 2: 0

Gasoline(%) Gasoline(%) Gasoline(%)

Fig. 5. Flash point of biodiesel mixture and Fig. 6. Flash point of biodiesel mixture and Fig. 7. Fire point by mixing ratio of bio-
gasoline mixture (tag sealing type) gasoline mixture (cleveland open) diesel and standard diesel
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Table 13. Fire point of biodiesel mixture and gasoline mixture (cleveland open type)

Gasoline(%o) Bio Diesel 5 Bio Diesel 10 Bio Diesel 20 Bio Diesel 100
1 96 96 98 200
3 80 90 90 200
5 72 72 80 192
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Table 14. Biodiesel+methanol mixture fire point

Methanol(%) Flash point (closed) Flash point (open) Fire point (open)
1 36 184 202
3 25 72 202
5 14 42 202
40 200 40
35 180 \ 35
30 0 \\ 30
- ~140 -
%25 g 20 ™~ £ 2
g ~ g
E20 oo E 20
%15 = %’3” % 15 —y
S [ —o—rire point (open) ! 260 —e—Flash point (open) | ARRRE F oo | —#—Fsh point (closed) |
5 . ;
0 0 0
1 15 2 25 3 35 4 45 5 1 15 2 25 3 a5 q as 5 1 2 3 4 5
Methanol(3) Methanol(2) Methanol(%)

Fig. 8. Flash point by blend ratio of bio- Fig. 9. Flash point by blend ratio of bio- Fig. 10. Fire point by mixing ratio of bio-
diesel and standard diesel. (tag diesel and standard diesel.(cleve- diesel and methanol (cleve- land
closed type) land open type) open type)

KOSDI



Ju Suk Kim and Jae Sun Ko | A4 Study on the Flammability and Combustion Risk of Biodiesel Mixture

2y oy

EA I 2 HIAZ (O AAo| 2t il
BT A A AL T A Tl el WalA] 1k 274 Aol Kol 4L mukt LEASSE o
o], 70| 79 Thakeh 4L 7 Qlek 7F Al e Belhe A S el A o Aoch WAe]
9jol B2 7oHA FHmeh200] 150 GHEALR QJhA] Fol FREr), YA OE bk B
0] 74921 o] 44 941, Hr e BHL 8710 Hob 1 L=E /1ot
o] go] %218 71s4o] %tk Table 15, 16, 170] Lhebclel o] 5 Al2E 7411 Q128 2799 2
3} 127l Ao B WA oF 2 Col it e Auke Al

Table 15. Comparison of flash point between pens closed and pensky-martens (palm type)

Oil Companies Pensky-Martens(Procedure A) Tag Closed
G* 445 42
S* 445 44
OF*-BH** 46.5 44
S-Hok* 78.5 74
Shx* 64.5 62

Table 16. Comparison of flash point between pens closed and pensky-martens (palm type)

BioDiesel (palm type) Pensky-Martens (Procedure A) Tag Closed
100 178
70 92
50 80 78
30 72 72
20 70 68
10 68 66
66 64
0 64.5 62

Table 17. Comparison of flash point between pens closed and pensky-martens (soy type)

BioDiesel (soy type) Pensky-Martens (Procedure A) Tag Closed

100 180 -
70 92 -

50 80 78

30 72 70

20 70 68

10 68 66

66 64

0 64.5 62
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Table 18. The flash point and fire point of the biodiesel mixture (cleveland open, palm type)

BioDiesel(palm type) COC Fire COC Flash Pensky-Martens Tag Closed

100 204 180 178 -
70 156 122 92 -

50 134 106 80 78

30 128 104 72 72

20 120 102 70 68

10 120 96 68 66

106 86 66 64

0 102 84 64.5 62

Table 19. The flash point and fire point of the biodiesel mixture (cleveland open, soy type)

BioDiesel(soy type) COC Fire COC Flash Pensky-Martens Tag Closed
100 206 188 180 -
70 162 140 92 -
50 132 110 80 78
30 124 102 72 70
20 124 96 70 68
10 120 94 68 66
5 106 92 66 64
0 102 84 64.5 62
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Fig. 11. Comparison of flash point and fire point by mixing Fig. 12. Comparison of flash point and fire point by mixing
ratio of biodiesel and standard diesel ratio of biodiesel and standard diesel
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