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ABSTRACT

The dimensionless extinction constants of smoke particles produced from burning of soy methyl ester (B100) biodiesel
and ultra low sulfur diesel (ULSD) fuels were measured. To this end, optical measurements of smoke volume fraction
with the aid of a He-Ne laser at 633 nm were compared to the simultaneous gravimetric measurements. The average value
of measured dimensionless extinction constants at 633 nm was 11.8 for biodiesel smoke particles and 11.1 for diesel
smoke particles, respectively whose values are very comparable withing the range of measurement uncertainty (+ 10.1%).
The analysis of Raman spectroscopy revealed that overall characteristics of light extinction between particles produced

from each fuel may differ from each other.
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Figure 1. Schematic diagram of experimental-setup.
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Figure 2. Measured laser transmittance through the transmis-
sion cell.
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Figure 3. Comparisonsbetween calculated and measured laser
transmittances.

Fire Sci. Eng., Vol. 30, No. 1, 2016



40 A9 - 49 -

2 1.4

o Detailed view of TC

l; 12 | O Particle Infet

= Particle Qutlet
o .141:1 N -\I-
L 1t S : : -
= gl 112 |3 4|5 6|78 ==
(o) o -

% 08 » Extended Tube ldu:lnlcl
o

B

g 06 | O Biodiesel
© © Diesel
04}

@

S o)

E02F

wh

L

o |

w OF oI @ @ g ®@ o
g 1 1 1 L L 1 1 1
= 0 2 4 6 8

Sector

Figure 4. Mass of smoke particles deposited in each of sec-
tors in the TC.
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T S o8] GG we PEEIREE

:": R
el K gto] W3t 5 e AL

A o2 ¢ 2 HE
uf 011;],(14)

wEhA] 2 AoA = A7IYPAEe] BAaATR MEdHE
2B 7] Q)8 2kt spectroscopy 42 AA| bil a

A= Figure 70 EAIEOIt - £ 5 e A
Ad YA vpo] oAl AZ|Ya; Rl A ?ﬂzﬂ@] 7
=S A Dpeak®} Gpeak F410] F-5lo] =)
t}. 2kt spectroscopyA] oA Dpeak (1350 cm ™'y -4
& (amorphous)dHl ¥lEE BATZE u]sl=Aolw G
peak (1580~1600 cm ™= 53} (graphitic)d BrAT27}
AL J2S 2u]stth, G peakel D peake] Bl(I1g/lp)
£ olgsld Sp* £4351d vl AeE vEkd S gle
o Io/Iy7t 1850 AZSES SP* 43 e ulgol

>

Q ol

Table 1. Summary of Raman Spectroscopy Analysis

Diesel Biodiesel
Ip (arb. unit) 533 1144
I (arb. unit) 670 1299
I6/Ip 1.26 1.09
Z7ks0) S8t Ak Foheke A0 eld Jnk,

Table 19 vlo] ]z} t)d A7|UALe] D peake} G peak
3% B A= H (/) E 22t Alltste] Al FAoh
td A71972ke] Ig/p7h vke] et A7]dAkR T Eo}
o Sdstd §a72s AU AeS oridth wet
A o] o)A A7|4Atel Hlsf =4 §} oA Q7197
OV\]JJ’QE’?—H o g 01]1,1%]—3—

. Q% Hfe] OWM tAd 71
G623 nm)ellA M= TrA}oWL, T AsolM 2H
A7IYARZ Qe FFet kel WSS
MZ AJold o 5e ot X 7]Ed nie} 3to]

U A71dARe] AR B A0l ek viel et
A 7197 K, #hol v A71dAbst fAteivhes Ae
Hlol e A7 4o sFater S0l (A A7]9dAtel B

T T

3ll) 7sh7] wioletar Al & 4 Qloh 523, YAl o
g Akt 5492 dAke] @ d(morphology)ell 7 ¥&=

7] w) Fol| 1Y = Ag 7l AA7)xbe] Ao Qo] 2 2}
o7} A& 4= 9oL, AAS FIEAL olEElr] EIM =

o]¢} AHHE st A7t A E|ojof & Ao = ATHT
4.8 E

SR o RE AR Hlo] QA (Soy Methyl

Fire Sci. Eng., Vol. 30, No. 1, 2016



42 HAAR - A9 -

Ester, B100)3} t]&(Ultra Low Sulfur Diesel, ULSD) <4
7197k T2 FAEAFE 633 nm doJAE o|-&3}
of FA o T AT Ar|YAte] AXEEH FH
2 FEyor A% A7 AFEES Hlalsto
S48t vtel e v 3 vl AZIYAe] Fakd FAad
AT, K= 2H) 1187 1112 24 B35 39 YolA]
e frAtstslet. vtel et} td A7|dzte] Ak
FaEAFE zolE Tt Br] S8 AFHE A719A
oJeth w2 E it spectroscopyE ©]8-3te] ZH7F &
Abetith. A A71942ke] 9= vtol e v A4k
Hlgl] o Sdstd gAa7xE 7 o] FE557E X
ARk, vpo] oAl A7 YA HA A YAl vl =
A E AR et K, #hol Eokd MAdE 7
o} vpol et} oA A7|YRtel| ot FAEEA
3] olaljatr] s A7IUAe] B R of
3} A7 QAL AFeAE AS0E vlo]
A AZIIAFe] K, 72 54 AABIAAL 633 nme] FHUS
ol-gate] AZIYAte] AAEES SAHEY A5 &
AR S Ao g YT

o R

References

1. A. Demirbas, “Potential Applications of Renewable
Energy Sources, Biomass Combustion Problems in Boiler
Power Systems and Combustion Related Environmental
Issues”, Prog. Energy Combust., Vol. 31, pp. 171-192
(2005).

2. J. H. Bae, “Forecasting the Competitiveness of Biodiesel
in Korea”, Korean Energy Economic Review, Vol. 7, No.
4, pp. 101-131 (2008)

3. A. K. Agarwal, “Biofuels (Alcohols and Biodiesel)
Applications as Fuels for Internal Combustion”, Engines.
Prog. Energy Combust., Vol. 33, pp. 233-271 (2007).

4. T. D. Durbin, J. R. Collins and M. R. Smith, “Effects of
Biodiesel Blends, and a Synthetic Diesel on Emissions
from Light Heavy-duty Diesel Vehicles”, Environmental
Science & Technology, Vol. 34, pp. 349-355 (2000).

5. J. Song, M. Alam, A. Boehman and U. Kim, “Examina-
tion of the Oxidation behavior of Biodiesel Soot”, Com-
bust. Flame, Vol. 146, No. 4, pp. 589-604 (2006).

Sh=taha) Anbeks] =84, A30d A1, 2016

U - gt

6. A. Boehman, J. Song and M. Alam, “Impact of Bio-
diesel Blending on Diesel Soot and the Regeneration of
Particulate Filters”, Energy and Fuels, Vol. 19, No. 5, pp.
1857-1864 (2005).

7. N. A. Marley, J. S. Gaftney, J. C. Baird, C. A. Blazer,
P. J. Drayton and J. E. Frederick, “An Empirical Method
for the Determination of the Complex Refractive Index
of Size-fractionated Atmospheric Aerosols for Radiative
Transfer Calculations”, Aerosol Science and Technology,
Vol. 34, No. 6, pp. 535-549 (2001).

8. Q. Feng, A. Jalal, A. M. Fincham, Y. L. Wang, T. T.
Tsotsis and F. N. Egolfopoulos, “Soot Formation in
Flames of Model Biodiesel”, Combust. Flame, Vol. 159,
pp- 1896-1893 (2012).

9. K. C. Smyth and C. R. Shaddix, “The Elusive History of
m=1.57-0.561 for the Refractive Index of Soot”, Com-
bust. Flame, Vol. 107, pp. 314-320 (1996).

10. J. Y. Zhu, M. Y. Choi, G. W. Mulholland and L. A.
Gritzo, “Measurement of Soot Optical Properties in the
Near-infrared Spectrum”, International Journal of Heat
and Mass Transfer, Vol. 43, pp. 3299-3303 (2000).

11. M. Y. Choi, G W. Mulholland and T. Kashiwagi, “Com-
parisons of the Soot Volume Fraction Using Gravimetric
and Light Extinction Techniques”, Combust. Flame, Vol.
102, pp. 161-169 (1995).

12. E. M. Patterson, R. M. Duckworth, C. M. Wyman, E. A.
Powell and J. W. Gooch, “Measurements of the Optical
Properties of the Smoke Emissions from Plastics Hydro-
carbons”, Atmospheric Environment, Vol, 24, No, 11, pp.
2539-2552 (1991).

13. M. O. Andreae and A. Gelencser, “Black Carbon or
Brown Carbon? The Nature of Light-absorbing Carbona-
ceous Aerosols”, Atmospheric Chemistry and Physics,
Vol. 6, pp. 3131-3148 (2006).

14. S. C. Choi, “Measurement and Analysis of the Dimen-
sionless Extinction Constant for Diesel and Biodiesel
Soot: Influence of Pressure, Wavelength and Fuel-type”,
Ph.D. thesis, Drexel University (2009).

15. A. C. Ferrari and J. Robertson, “Raman Spectroscopy of
Amorphous, Nanostructured, Diamond-like Carbon, and
Nanodiamond”, Phil. Trans. R. Soc. Lon. A., Vol. 362,
pp. 2477-2512 (2004).



