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A Study on the Characteristics of Soot Particle Formation
by Hydrogen Addition in Co-flow Ethylene Diffusion Flame

Im Dae-won

Department of Marine System Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

In this study, the study was carried out to understand the
characteristics of micro-soot particles by the stepwise addition of
hydrogen to co-flow ethylene diffusion flame. The nozzle of the
co-flow were mixed with ethylene and hydrogen at a constant flow
rate. The oxidant was mixed around the flame with a constant
mixture of nitrogen and oxygen. The collected soot was analyzed by
high resolution electron microscope and Raman spectroscopy. Also
Numerical analysis was carried out to confirm the mole fraction of

various species in the diffusion flame.

The numerical analysis confirmed that the mole fraction of the Co-
and Cs;- chemicals increases when hydrogen is added. This affected
PAH incidence, so it was possible to predict an increase in smoke
emission, and in the case of OH, the mole fraction decreased rapidly
after an increase in the mole fraction. It is believed that OH radicals

was an important role in the oxidation of smoke.
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When the ethylene diffusion flame was visually checked, it was
confirmed that the length of the flame and the reddish coloring on
the flame decreased as the hydrogen addition amount increased. This
is thought to be due to oxidation and dilution effects due to the

increase of the mole fraction of the OH radical.

Shape and microstructure of the soot particles were analyzed
through TEM and Raman spectroscopy. As a result of TEM, the
boundaries of a single particle circle were collapsed when the
hydrogen additive was increased, and the shape was observed to be
unclear, and the size of the single particle was also found to be
relatively small. As a result of the Raman spectroscopy, the G/D ratio,
a representative indicator of the degree of graphite, decreased with
the addition of hydrogen. It was also confirmed that the value of the
D peak decreased, meaning that as the addition of hydrogen
increases, not only does the Graphite structure fade away but also

the particle’s defects.

KEY WORDS: Ethylene diffusion flame, Hydrogen addition,

Soot microstructure, Polycyclic aromatic hydrocarbon (PAH),
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Table 1 Contents of regulations on SOxX emission by sea

20123 20154 | 20204
TE Hla
1/1~ 8/1~ 1/1~ 1/1~
SR 35 05
) MEPC
‘?“}5-3"/ 1.0 0.1 58/23/Add.1
= Annex 13
SRR 10 | o0l MEPCEOH
e X MDO(0.5) 0.1 CCR, Title 13,
Yok | MGO(15) ’ Section 2299.2
EU Directive
EU 0.1 92005/33/EC

MEPC 58%}2]2](2008.10.); MEPC 60%} 3]2]; California Code of Regulations(CCR),
Title 13, Section 2299.2; EU Drictive 2005/33/EC
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Table 2 NOx emission regulation for disel engines

T Tier I Tier I Tier I
1361;771 17.0 g/kWh 14.4 g/kWh 3.4 g/kWh
130 <n < 45. p= 02) 44. pt- 023) 9. p- 02)
2,000rpm g/kWh g/kWh g/kWh

n >
2,000rpm 9.8 g/kWh 7.7 g/kWh 2.0 g/kWh

MEPC 58/23/Add.1 ANNEX 13.

Table 3 Contents of regulations on NOx emission by sea
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2000.1.1.~ 2011.1.1.~ 2016.1.1.~
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Fig. 4 Experimental setup for Flame Synthesis
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Table 4 Simulation condition for the effect of fuel mixture in Counterflow
C.H; & H, diffusion flames

No. CoHy Hy
CASE 1 100% 0%
CASE 2 95% 5%
CASE 3 90% 10%
CASE 4 85% 15%
CASE 5 80% 20%
CASE 6 75% 25%
CASE 7 70% 30%
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Fig. 5 Calculated OH & Temperature distributions with increasing
the hydrogen addition
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Fig. 6 Calculated C,;H, distributions with increasing the hydrogen
addition

_21_

Collection @ kmou



0.00020 T

I U I ’ I £
—o—Case 1
4 —a—Case 2| ]
—&— Case 3
—wv—Case 4|
0.00015 4 Case 5
—4—Case 6
Im —bt—Case 7|
o) <
O o
Pt
o
E 0.00010 + 4
k3]
E 1 -
=
@
S J
= 0.00005 —
0.00000 —pose—s i e T i i 7 O —f —
0.0 0.5 1.0 1.5 2.0 25 3.0 35 4.0

Distance (cm)

Fig. 7 Calculated CsH; distributions with increasing the hydrogen
addition
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Fig. 8 Calculated CHs distributions with increasing the hydrogen
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Fig.11 Flame Photographs by Case 1 ~ 7
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Fig.12 Adjusted light intensity at flames by Case 1 ~ 7
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Fig. 14 TEM Phootographs of CASE 1 (C;Hs 100%, H, 0%)
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Fig. 15 TEM Phootographs of CASE 3 (C,Hs 90%, Hy, 10%)
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Fig. 17 TEM Phootographs of CASE 7 (C,Hs 70%, H, 30%)
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Table 5 Intensity and Raman shift of G & D peak and G/D ratio

by case
G peak D peak
No Raman . Raman . G/D
. . Intensity . Intensity ratio
shift (D) shift (cps)
cps cps
(cm™ . (cm™ P
CASE 1 1607.466 11.967 1363.515 9.333 1.2884
CASE 2 1613.252 10.288 1352.909 8.056 1.2770
CASE 3 1590.110 9.426 1358.694 7.911 1.1915
CASE 4 1604.574 8.158 1363.515 7.295 1.1183
CASE 6 1588.182 5.089 1376.050 4.852 1.0489
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Fig.18 Raman spectra of soot by case 1 ~7
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