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Soot Generation System Utilizing High-Temperature Fumace

Sanghwan Cho®, Sunho Park”, Younwoo Nam", Yoo youl Choi”, Wonnam Lee™

ABSTRACT

A new soot particle generation system has been developed and tested. The soot
generation system consists of two sections, a fuel supply and a soot production. In the
fuel supply module, either liquid fuel precisely controlled by a syringe pump is mixed
with preheated carrier gas and rapidly evaporated or gaseous fuel controlled by a MFC
is diluted with dilution gas. The soot production module contains a heater that can raise
the gas/fuel temperature up to 1400°C. The physical and chemical properties of produced
soot particles depend on the type and concentration of fuel, the residence time, and
temperature in the soot production section. The soot generation system will be utilized
to produce well-defined soot particles for soot studies such as the evaluation of
experimental sampling and analysis processes for the quantitative assessment of PM and
BC from ships and the adverse health effects on pulmonary and cardiovascular systems

of human body.
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Fig. 2 Fuel supply section.
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Fig. 3 Temperature profile and residence time.



Al 463 KOSCO SYMPOSIUM % &3 (2013 %= FAI8k=]3]) 57

LEREES:

Propylene
1500
¥ > 3 12
v A 2 AR 7 A] oﬂ/ﬂ_ A wdgA= Fig. 49 Fuel flow rate (gas):
%O] *ﬂ'ﬂ"y. ‘IFEI‘E. %?E H}%%E}‘. Ag}‘éﬂ% HH 29.5sccm
AJAe] EAE dolrR7] 5t EFlA ud 1400
JAE A3 AZHGR) B T3] 7FAA e
ol Wgts dopmolth dawmeE JAEA Ze 2
LA (C3He) T A n-AHCsH) & A& T 100
o 422 49 bgd ds sRAN ner 8 -
o] %5 1200, 1300, 1400°C= MHAstx F3F 2
< 10, 20, 40, 6.0 slpmo.2 WA 7| AN 2H ]
3T ‘
1100 ‘
Carrier gas (N;) 2 SLPM 4 SLPM 6 SLPM
Mole fraction 1.49% 0.75% 0.50%

Propylene

‘ 1500
E 1400
Fig. 4 Emission of soot particles.

Figure 5% Zzdal 82 ALgd g =
A A E aize) AN wakg el
%E]' —19:5:_9] %_7]_01] IE}E} E@% UHOSQ] &']o] Carrier gas (Ny): 2 SLPM
Zaol M oMo Wtk T LEs} s
A AFAzEe] #e 2 (ES A= vl "% Mole fraction  1.0% 1.49% 2.04%
?jg] )JIJO] 75@_}9_; Eﬂi—s—]__—y]_ %;EL:_ oéo_]x],t_ 7/—1 Fuel 19.8 scem 29.5sccm 40.4 sccm

o & drh dRe BR& T/ A4
S Z7MA7|A "t} Fig. 55 59U Fig. 5 Soot production with propylene.

oF AFAIZE 7oA AR F
0 A= BolFa glo. AFAIRE
Z1 2.0 slpm®] =R A& 1300°C ©]
oAM= A2 mjAdATE AdE
Joem diwk T7he AAHEE v
SN E Aoz AT
BFAR n-IG ol g3ke] WAL YHF e
SGA L Gd A4 ARE A8
= Ag SIS Fig 62 n-3tel
e Adzre] ANH WskE 1

(°C)

ature
2
g

Temper:

Lo

il

o
Ly
a

—

ox 2 i
o2 12 rfo El (&

lo to o _

1500

e

o <y M1 & fob ro r|r alo
>,
s

¢
Temperature (°C)

Frh Zegae B9 fAEA FUT A
Aol A mAd kel Aol dmel FE

of wt Frkshe AEgE Helw 2
o}

1200

o
=

.
Sk a2 uE A rlo

n-Hexane
Carrier gas (Ny): 2 SLPM

Residence time: 20 ms

Mole fraction 0.5% 1.0% 15%
Fuel (liquid) 0.0580 ccm 0.1159 ccm 0.1739 ccm

e
=
o
o
fru
oft
e
o
Q@
bt
Ho
of
=2
>
1=
fu

1100

offt

°

o,
(WA
f o

R N T - 3
£
M
o

ol & el tt. Fig. 6 Soot production with n—hexane.



58 Al 463 KOSCO SYMPOSIUM

22320139 % #ATEU )

theFst A AGEE wide] 548 dot
27] 935te] TEM &4& 33Tt Fig. 72
Zzeddl ARE AT OU¥d A9
TEM AFH S B #t) Case 12 1200°C, Xy (A
SEES) 149%, % 20 slpm F7, case 72
1400°C, X; = 1.49%, % 2.0 slpm &3, 184
case 82 1400°C, Xy = 0.75%, % 4.0 slpm =
A A FAE widdAE HoErh AFAILE|
2 case 89 % primary YAe Z7|7F Fo
o, %7} B8 case 19 A9olE AAE oA
o A7t HE] whelE A gy @ VOC A
Lol EAlste MEAH BHEFS BT %
7} #=3(1400°C) AFAIZro]l 21 A5 $Ag
ol primary YAZF WA A PAdEo L

o PN
= 3AE B 5 U

Fig. 7 TEM photos of propylene soot particles.
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Fig. 8 TEM photos of n—hexane soot particles.

¥ 7
2 oA7E FENFR AP R HFuE
ARAEAEAG S RS 7] 2.9 AP,
BO) 7% W3t 997t 2 ALslE AwA
o fyuglen], oo A=

[11 . M. Kennedy, “The Health Effect of
Combustion-Generated Aerosols”, Proceedings
of the Combustion Institute. 31, 2007, pp.
2757-2770.

[2] B. Giechaskiel, B. Alféldy, Y. Drossinos, “A
Metric for Health Effects Studies of Diesel
Exhaust Particles”, Aerosol Science, 40, 2009,
pp. 639-651.

[3] N. A. H. Janssen, et al., “Black Carbon as
an Additional Indicator of the Adverse Health
Effects of Airborne Particles Compared with
PM10 and PM25”, Environmental Health
Perspectives, 119, 12, December 2011.

[4] L. Jing, "CAST Soot Generator for Liquid
Fuel,” 7th ETH Confernce on Nanoparticle
Measurement, 18. - 20. August 2003.

[5] 95, o33, o]xdd o, “vidYA
DGR E o] &g oA w77t o vid 2 &
714 &8 EZ(SOF) BAY, $tarx}52h33hs] 8
<3 =%H, 2008. pp. 568-784.





