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Physical and Chemical Properties of ULSD Particulate Matter with Hygroscopicity
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ABSTRACT

Condensation of water can affect the morphology of particulate matter (PM) produced from burning
hydrocarbon fuel and thus their refractive index, eventually altering the light scattering properties of
particles. Optical characteristics of PMs released in the air is an essential research to reduce uncertainty in
terms of environmental and climate models. However, research results on the effect of hygroscopicity of
particulate matter on optical properties are relatively insufficient. Therefore, in this study, optical
characteristics were studied through physical and chemical analysis of Ultra Low Sulfur Diesel (ULSD) PM
produced under different relative humidity conditions. While Transmission Electron Microscope(TEM)
analysis was performed to confirm the physical shape, Raman spectra & total carbon analysis were
performed to elucidate the degree of graphitization of carbon of PM. Results obtained from series of
analyses clearly indicate that ULSD PM reacted with water to collapse the agglomerate structure into a
compact form, thus resulting in an increase in the light scattering effect.
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N=HdYy
ULSD : Ultra Low Sulfur Diesel Dy : Fractal dimension
RH : Relative Humidity ks : Fractal prefactor
d, : Particle diameter A, : Projected area
x, : Optical diameter
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Table 1. Summary of chemical and physical properties
of ULSD used in the present study

Contents Unit Value
Density g/em’ 0.825

Carbon Residue (m/m)% 0.015

Sulfur content (m/m)% <0.001
Water & Sediment V)% <0.02
Flash point °C >40.0
Ash content (m/m)% <0.02
Kinematic Viscosity (40°C) mm?/s 2.825

Pour point °C <0

Table 2. Experimental conditions for burning ULSD

. N, Relative
ULSD Air . .
. (Carrier) Humidity
[g/h] [L/min] .
[L/min] [%]
6.5 3.5 3.5 23~64
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Fig. 1. Schematic diagram of experimental set—up.
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Fig. 2. TEM images of PM collected in different humidity conditions
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Fig. 3. Measurement of morphology parameter.

YR A AR SUAE EAoke Tl e A
e gkl Al 27} A 4749 Sl A Ao
& 1A oS AT A 0 2 242 08 Azt o]
Bl Q7§40 8 QI8 el e 7| stote At
WBR- 9P Qi Bl o] B T 9 7] vt
of u]3h el WetS KojFm ek e vt ot
£ 2ol YT PM SUA] meg wh) wig 57
23R Table 20] 2 jo] 91k, PMo] £ At} £
2719k 371 TEM o]w]4] Aol 25 4RI 744
7] 9efo) 53] 8l Woleld FAL Table 30f el =



54

o
3
=
ik
ol

Table 3. Summary of morphological properties of PM

80 collected in different humidity conditions
40 dp [nm] Dy ky

RH23% [37.53+5.84| 1.25 2.76

£ RH 43% [4630+5.85| 120 3.46

- RH64% [44.60+520 184 3.63
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Table 4. First-order Raman spectra of carbonaceous material

First Order Raman band

Band Initial Position Type Vibration Mode
4 Ideal Graphitic Lattice
G 1580 cm Lorenz
(Ez; Symmetry)
r Disordered Graphitic Lattice
D, 1360 cm Lorenz
(Graphene Layer edges / A, Symmetry)
¥ Disordered Graphitic Lattice
D, 1620 cm Lorenz
(Surface Graphene Layers / E>, Symmetry)
D; 1500 cm™ Gaussian Amorphous Carbon (Gaussian line shape)
D4 1180 cm™ Lorenz Disordered Graphitic Lattice (A, Symmetry)

Table 5. Measured Raman band area ratio of PM
collected in different humidity conditions.

RH23% | RH43% | RH64%
L/, 0.99 0.94 0.93
L/, 0.58 0.58 0.58
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