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ABSTRACT

Purpose: By measuring and evaluating the risk of biodiesel through non-volatile residue (NVR) and flash point and
explosion limit measurement at a specific temperature according to ASTM test standards, the risk of chemical fire
causative substances is identified and a universal evaluation method By derivation and securing the risk-related
data of the material, it can be used for the identification and analysis of the cause of the fire, and it can be applied to
the risk assessment of other chemical substances Method: In order to measure the risk of biodiesel, it was measured
using the non-volatile residue(NVR) measurement method, which measures how much flammable liquid is
generated at a specific temperature. Heating was tested by applying KS M 5000: 2009 Test Method 4111. In
addition, the flash point was measured using the method specified in ASTM E659-782005, and the energy supply
method was measured using the constant temperature method. In addition, the explosion limit measurement was
conducted in accordance with ASTM E 681-04 "Standard test method for concentration limits of flammability of
chemicals(Vapors and gases), test standard. Result: As a result of checking the amount of combustible liquid by
the non-volatile residue (NVR)measurement method, the non-volatile residue(NVR) of general diesel when left at
105+2°C for 3 hours was about 30% (70% of volatile matter) and about 4% of biodiesel. In addition, similar results
were obtained for the non-volatile residue(NVR)heating temperature of 1502°C, 3 hours and 2002C for 1 hour,
and white smoke was generated at 200°C or higher. In addition, similar values were obtained as a result of experi-
mentally checking the explosion (combustion) limits of general diesel, general diesel containing 20% biodiesel, and
100% biodiesel. Therefore, it was confirmed that the flammability risk did not significantly affect the explosion
risk. Conclusion: The results of this study suggested the risk judgment criteria for mixtures through experimental
research on flammable mixtures for the purpose of securing the effectiveness, reliability, and reproducibility of the
details of the criteria for determining dangerous substances in the existing Dangerous Materials Safety Management
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o}, 12|57 ZH1A] S92 ASTM E 681-04 'Standard test method for concentration limits of flammability of chemicals
(Vapors and gases); A &T2(ASTM International, 2011)°]| &J5]] A&-& ZIss13Act.

Table 1. Biodiesel type and mixing method

Target Substance Biodiesel(BD) 2type, Petrodiesel(PD), (BD : Palm oil type, Soybean oil type)
Mixture Method Biodiesel(X) + Diesel(100-X), [X= 5, 10,:**100](vol%)

Table 2. Biodiesel mixing method and commercial use

Product Name BD PD Commercial use

BD100 100 0 Research use
BD70 70 30 -

BD50 50 50 Illegal in use
BD30 30 70 -

BD20 20 80 Related research progress
BD10 10 90 -

BD5 5 95 Some use

BDO 0 100 Commercial Products

QHIC | gl HIO| QL =3HE 9| J1UTHE 27 AISI(ASTM International, 2005, 2011; Korean Institute of Tech-
nology and Standards, 2007)
ZAhE
7pdzER o] =40 =as ARl o 0 2 ZA5H= 712 912] 0 2 i) thi SHASTM International, 2005, 2011;
] =7

Institute of Technology and Standards, 2009)]] 21014 75ml -F-&5H< - Ee 15500 Be HrEe] Al '

o

184

KOSDI



Ju Suk Kim and Jae-Sun Koh | Experimental Study on Ignition and Explosion Hazard by Measuring the Amount of Non-volatile (NVR) and
Explosion Limit of Biodiesel Mixture

A e A tolle TRE AAH de o R dde Astl. MR S o =E SRE AAISEH
OF Mk UYEAIRRH, (JIS K5400-1979) 8.2.2(Japan Fire Agency, 1979)°]l 745K AlR2] 7td o]
AESIHAL SFE AAIST] S5 TRt tidolLt Hlo| el Holpai o
Q.

Kol
2ol 7HAd Ao DR AR S-S AR SiA sl ES T ob&®] 7HE 2= KS M 5000 : 2009

Tu
2
R
r}gll
E [
i
i)
i)
N
R=)
E

<

>,
ool o,
o
E
=
=
=
&,
g
o
o
=4
—
[¢)
o)
=3
=K
o
&
g
o,
L
=
2
&
[\ e}
(e
S
2
o
)
op
%
X,
ikt
Qb
filo
>
gL_l‘
ol
ol
2
|
ot
mE
A
1o
)
™
rlo
o
oo
i)
My
rlo

A7B 100013, o714 Vi SRR R SRS S AR O] A%, Ak AR AR T (g), BE

<

71 F2] AR A1 2] FAlg), C : A2 )OIk Oh el A= eIl 1052202 3ARF R T $1s]

2 AR Img7b] SHE A S A2 AFS1o] S ok A2 B2 2g0l5H7 1A AAehH AR e AlE el

A RABHE F Brb e B Sstlck /A Sue fi mEeh o] n@ ko] SFElolgls B U FTy)

IR Z5P] I wSel Algelek. vlol ot o] S2e] A9 oiAol] tfze] RS 2g0lt2 ol
1

o}, o o2 sleizkie] MsjeRg Slelslial 1054209 150:2°C, 200:2°ColA] Sgh Hl 0 2 ARS aiict,

Aut oA 2] 1A Z3 A H(Korean Institute of Technology and Standards, 2007)
AHHA 0 &2 7MAERE T aRol okl Sl o, e BRI S
O] 78 o] Y= 7IAAdEE R A a0 2 BRI BERE-S 2T 4= Q)& Aotk
7tazEER oA 71 T ARt 212 o' 2ol duft leZA|AoKH=AE A ohs Aot k& 0] 79 FRol w2t
A 2L, AR Z710] oA ek, ARl 2291 105+2°C 3ARE 32 WS 7120 & 1507, 200C 202 RS 4

O

Kol

¢ A mER A7 EAESH) ot ZHAREE Hole SR SR AR Ut ke
oM gL S et =318 578 Al F B 2%, AT/ 4%E AAISHAL QT Table 32 A2
= S A 25~30% 2] 2R ST o AR o 2o ol e SRRl HelE &
1571 f18lA 150+2°C2F200+2CoflA A S SHAT. 20042 CoflA 1417te] 21 Al ofMd= vhke] o 7171 EAgshA
S R 1 AR A7 Al 2] BRHE-S Z25I9IT Table 49} 501 febdHLe}t o] 150+27C2}F200+2°C 2] B3R
ol SAE A Ao ASohe T BF A7l AR o= Sl A= otk o] d=o] 7B At 7]
off oJsi A Azl =] FAL A Fig. 1,204 HEhdutel 2ol QIekde: 2jol7F EAgshy, 71l ol &t

SIS 7o) GARstkE 2 U7 £ 4E0E 218 4 qlairk

iih)
<]
2
i)
rO
i
&
1o M

o o
z

|
e
ik o
MI

oo

AN o
NS

Table 3. Non-volatile residue(NVR) of general diesel (105+2C 3 hours)

Oil Companies Vessel weight ~ Sample weight ~ Dry sample + vessel ~ Non-volatile content (%)  Volatile content (%)

G* 1.987 2.0273 2.5566 28.10 71.90
S* 1.964 2.0112 2.4838 25.85 74.15
Oil-B*** 1.953 1.9234 2.4701 26.88 73.12
S-o** 1.9749 2.0764 2.5447 27.44 72.56
ST* 2.0643 1.2862 2.4488 29.89 70.11
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Table 4. Non-volatile residue(NVR) of general diesel (150+27C 3 hours)

Oil Companies Vessel weight ~ Sample weight ~ Dry sample + vessel ~ Non-volatile content (%)  Volatile content (%)

G* 1.9459 2.1105 2.006 2.85 97.15

S* 1.9585 22134 1.9994 1.85 98.15
Oil-B*** 1.9464 2.0667 2.0564 532 94.68
S-o** 1.941 2.0915 2.0061 3.11 96.89
ST* 2.278 2.0491 2.3274 2.41 97.59

Table 5. Non-volatile residue(NVR) of general diesel (200+2C for 1 hour)

Oil Companies Vessel weight ~ Sample weight ~ Dry sample + vessel ~ Non-volatile content (%) Volatile content (%)

G* 1.9392 2.0212 1.9669 1.37 98.63

S* 1.9503 2.0776 1.9611 0.52 99.48
Oil-B*** 1.956 2.0772 2.0833 6.13 93.87
S-o** 1.9453 2.0371 2.0129 332 96.68
ST* 1.9292 2.0556 1.9989 3.39 96.61
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Table 6. Biodiesel mixture (palm oil type) Non-volatile residue(NVR) (105+2C 3 hours)

Palm type Vessel weight ~ Sample weight ~ Dry sample +vessel ~ Non-volatile content (%)  Volatile content (%)

BD100 2.0752 1.3488 3.3708 96.06 3.94

BD70 2.0669 1.3165 3.1263 80.47 19.53

BD50 2.0675 1.3347 2.9448 65.73 34.27

BD30 2.1461 1.3011 2.8404 53.36 46.64

BD20 2.0716 1.3105 2.7127 48.92 51.08

BDI10 2.0721 1.3129 2.6282 4236 57.64

BD5 2.0655 1.3329 2.5846 38.95 61.05

BDO 2.0643 1.2862 2.4488 29.89 70.11

Table 7. Biodiesel mixture (soybean oil type) Non-volatile residue(NVR)(105+2C 3 hours)

Soy type vessel weight ~ Sample weight ~ Dry sample +vessel ~ Non-volatile content (%)  volatile content (%)
BD100 2.1412 2.0788 4.1557 96.91 3.09

BD70 2.1474 2.0087 3.7762 81.09 18.91

BD50 2.078 2.0256 3.462 68.33 31.67

BD30 1.9601 2.0458 3.156 58.46 41.54

BD20 2.1219 2.0155 3.1033 48.69 51.31

BDI10 2.1348 2.0637 3.0898 46.28 53.72

BD5 2.1068 2.0451 2.9625 41.84 58.16

BDO 2.0643 1.2862 2.4488 29.89 70.11
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Table 8. Biodiesel mixture (palm oil type) Non-volatile residue(NVR) (150+2C 3 hours)

Palm type vessel weight ~ Sample weight ~ Dry sample + vessel ~ Non-volatile content (%)  volatile content (%)

BD100 2.0945 2.012 3.2411 56.99 43.01

BD70 2.1396 2.0922 2.7878 30.98 69.02
BD50 2.1283 2.0321 2.3256 9.71 90.29

BD30 2.1021 2.0736 22123 5.31 94.69

BD20 2.0793 2.0296 22257 7.21 92.79

BDI10 2.0864 2.0031 22157 6.45 93.55

BD5 2.0589 2.0815 2.159 481 95.19

BDO 2.278 2.0491 2.3274 2.41 97.59
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Table 9. Biodiesel mixture (soybean oil type) Non-volatile residue(NVR) (150+2C 3 hours)

Soy type vessel weight ~ Sample weight ~ Dry sample +vessel ~ Non-volatile content (%)  volatile content (%)
BD100 1.9548 2.0788 3.1125 55.69 4431

BD70 1.9677 2.064 2.5068 26.12 73.88

BD50 1.9415 2.1225 2.4017 21.68 78.32

BD30 1.9451 1.9772 2.1216 8.93 91.07

BD20 1.9332 22147 2.0452 5.06 94.94

BDI10 1.9629 2.0728 2.0519 4.29 95.71

BD5 1.9501 2.0167 2.0299 3.96 96.04

BDO 2.278 2.0491 2.3274 2.41 97.59

Table 10. Biodiesel mixture (palm oil type) Non-volatile residue(NVR) (200+2C for 1 hour)

Palm type vessel weight ~ Sample weight ~ Dry sample + vessel ~ Non-volatile content (%)  volatile content (%)

BD100 1.9556 2.1227 3.0315 50.69 49.31

BD70 1.9704 2.0592 2.4562 23.59 76.41

BD50 1.955 2.0063 2.4408 2421 75.79

BD30 1.9483 2.0635 2.325 18.26 81.74

BD20 1.9501 2.1214 2.3005 16.52 83.48

BDI10 1.9416 2.0871 2.0483 5.11 94.89

BD5 1.9576 2.0073 2.0525 4.73 95.27

BDO 1.9292 2.0556 1.9989 3.39 96.61

Table 11. Biodiesel mixture (soybean oil type) Non-volatile residue(NVR) (200+2C for 1 hour)

Palm type vessel weight ~ Sample weight ~ Dry sample + vessel ~ Non-volatile content (%)  volatile content (%)

BD100 1.9408 2.1145 2.791 40.21 59.79

BD70 1.9498 2.1821 2.8138 39.59 60.41

BD50 1.9703 2.1289 2.1849 10.08 89.92

BD30 1.9541 2.1225 2.1408 8.80 91.20

BD20 1.9824 2.0422 2.1353 7.49 92.51

BD10 1.9447 2.0967 2.0282 3.98 96.02

BD3 1.9506 2.1207 2.0303 3.76 96.24

BDO 1.9292 2.0556 1.9989 3.39 96.61
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W Soy N Soy

BD100 BOD7VO BDS0 BD30 BD20 BD1O  BDS BDO BD100 BD70 BD30 BD30 BD2Z0 BD1O0  BODS BDO

Fig. 3. Comparison of volatile content by type of biodiesel Fig. 4. Comparison of volatile content by type of biodiesel
mixture (150+2C for 3 hours) mixture (2002 for 1 hour)

HIO|C | SotE0o| HSPH Z7HAIS(ASTM International, 2005; 2014)

AlFH © 2= ASTM E659-78(ASTM International, 2005)A4] 1#451H= 1 0 2 o] Z-FHHALe A2 o] 85}
o] 24519t} A|&EL= Table 12,13°f LS HER} 240 BDO, BD5, BD10, BD20, BD50, BD1002] 671 A|ZZ 2044, 4014,
60ul, 80ul®] 47l= AES sttt ob&d Bt} Hio|eodeRtEs A2HS AMBSIA ASTMTHA(ASTM
International, 2005; 2011; 2012; 2014)°]] 2= ZHH]E ARE-l|A AE-S 1853t

Table 12. Ignition point of biodiesel (palm oil) mixture (unit: C)

palm 20ul 4000 60u 80ul
BDO 260 260 265 265
BDS5 260 260 265 270
BD10 260 270 270 280
BD20 265 270 280 290
BD50 265 275 280 295
BD100 265 275 285 295

Table 13. Ignition point of biodiesel (soybean oil) mixture (unit: C)

Soybean 2014 4010 601l 80ul
BDO 260 260 265 265
BD5 265 270 270 270
BD10 265 270 270 275
BD20 265 270 280 280
BD50 265 275 280 285

BD100 265 275 280 290

A= Fig 5, 601 e HEeh o] el = QIS R R 2 2 2lolE B Ao = odsial ot ZEHA
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Fig. 5. Ignition point of biodiesel (palm oil) mixture Fig. 6. Ignition point of a biodiesel (soybean oil) mixture

HEZCPAnt HIO| QT Po| ZHISHHIZYASY(ASTM International, 2011; Korea Occupational Safety and Health
Agency,2004)

Table 14+=ZoHA| Aol xolr}. 18] ol =40 3¢ 549 AFRS & 4= 7] "lwell o7 1A g ' A=
2 golA LA HAE % TeI= LER 4= Sk, 12y EhE 0] 9 FARE S 2T 4 gV whEell ZERA19]
= o/’ = mg/LE BEAISH} ZHRHAIE A2 ASTM E 681-04 "Standard test method for concentration limits of
flammability of chemicals(Vapors and gases); (ASTM International, 2011)A]&4F2°]| 2Js]] A &2 23§51t

Table 14. Explosion limit test conditions

Item Value
Atmospheric pressure 101.8+1kPa
Test temperature 275 C
Ignition source Spark

Flask volume (V) 12L

23 BARAEA IR A89IEAC) Kol 2] Zargie] ool kg nlA 4 Sleke 71 stoll BT,
Hol o), el AFgEtE SlohH A7 B9 Hg] vl oriie] BB AAste] S Ade Wit
Table 15, 16,170 AT 24 B2 0% 2siA|o] jol2 51184 Ioick, Eel Aehraiie] 4P EvE 2 Kol
MPAYakA] Rt Hol QX e] 49 Qlaka e A, Bo] Zhi B 7)) vt fAkshcka 2 4 gl o}
2pA B0 R4S 71 e Qlakdel thakeh 242 Sl1sha 2ol Bad Aol
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Table 15. Standard diesel (BDO) explosion limit test result (unit: g)

Lower explosion limit(LEL)

Upper explosion limit(UEL)

Sample volume(L,,)

Explosion or not

Sample volume(L,,)

Explosion or not

0.2098 Does not explode 6.2015 Does not explode
0.3859 Does not explode 4.5986 Does not explode
0.5406 Does not explode 4.2646 Does not explode
0.6006 Does not explode 4.105 Does not explode
0.7249 Does not explode 3.9087 Does not explode
0.7955 Does not explode 3.6559 Does not explode
0.9779 Does not explode 3.5195 Does not explode
1.1515 Does not explode 3.4001 Does not explode
1.3179 Does not explode 3.3344 Does not explode
1.3489 explode(Accepted) 3.2765 explode(Accepted)
1.3806 explode 3.2302 explode
LFL, = 10'?’0%: 112g/m® UFL, = 36?071625 =273g/m*

Table 16. Biodiesel (BD20) explosion limit test result (unit: g)

Lower explosion limit(LEL)

Upper explosion limit(UEL)

Sample volume(Ly)

Explosion or not

Sample volume(Ly)

Explosion or not

0.2809 Does not explode 6.2208 Does not explode
0.4076 Does not explode 4.6378 Does not explode
0.5188 Does not explode 43179 Does not explode
0.5949 Does not explode 4.0109 Does not explode
0.6555 Does not explode 3.8949 Does not explode
0.8076 Does not explode 3.6439 Does not explode
0.9649 Does not explode 3.5809 Does not explode
1.1055 Does not explode 3.4555 Does not explode
1.3079 Does not explode 3.3279 Does not explode
1.3402 explode(Accepted) 3.2765 explode(Accepted)
1.3708 explode 3.2302 explode
LFL, = %: 112g/m* UFL, = 36?081026 =273g/m*

Table 17. Biodiesel (BD100) explosion limit test result (unit: g)

Lower explosion limit(LEL) Upper explosion limit(UEL)

Sample volume(L,,) Explosion or not Sample volume(L,,) Explosion or not

0.3055
0.4264

Does not explode 6.1331
4.5404

Does not explode

Does not explode Does not explode
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Table 17. Biodiesel (BD100) explosion limit test result (unit: g) (Continue)

Lower explosion limit(LEL) Upper explosion limit(UEL)

Sample volume(L,,) Explosion or not Sample volume(L,,) Explosion or not
0.5046 Does not explode 4.3081 Does not explode
0.5878 Does not explode 3.9888 Does not explode

0.68 Does not explode 3.8637 Does not explode
0.8046 Does not explode 3.6508 Does not explode
0.9585 Does not explode 3.5902 Does not explode
1.1101 Does not explode 3.4756 Does not explode
1.2811 Does not explode 3.3646 Does not explode
1.3346 explode(Accepted) 3.2744 explode(Accepted)
1.3809 explode 3.1989 explode

LFL, = 15’031426 =111g/m? UFL, = 36.2071424 =273g/m*
Msiza g oy
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