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Emission Characteristics of Fine Particles, Vanadium and

This study identified a particle size distribution (PSD) of fine particulate matter and emission characteristics of V
and Ni by the comparison between anthropogenic sources of oil combustion (industrial boiler, oil power plant, etc.)
and lab-scale combustion using a drop-tube furnace. In oil combustion source, the mass fraction of fine particles
(less than 2.5 micrometers in diameter) was higher than that of coarse particles (larger than 2.5 micrometers in
diameter) in PM,, (less than 10 micrometers in diameter) as like in lab-scale oil combustion. In addition to this, it
was identified that ultra-fine particles (less than 0.1 micrometers in diameter) had a large distribution in fine
particles. Toxic metals like V and Ni had large mass fractions in fine particles, and most of all was distributed in
ultra-fine particles. Most of ultra-fine particles containing toxic metals have been emitted into ambient by
combustion source because it is hard to control by the existing air pollution control device. Hence, we must be

careful on these pollutants because it is obvious that these are associated with adverse health and environmental

effect.

Nickel from Heavy Oil Combustion
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Fig. 1. Schematic diagram of lab-scale drop-tube furnace.
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Table 1. Ultimate analysis of heavy oil used in lab-scale
oil combustion.

R EERPEE

Table 2. Identification and capacity for tested boilers.

Capacity (steam

. - ; D : Fuel Boiler type  APCD
0il-1 0il-2 0il-3 generation)
Water (%) 0.03 0.01 0.05 Oil_ind | 4.5 ton/hr B/Boil Firetube  Cyclone
Carbon (%) 83.15 82.72 85.63 Oil_ind 2 10 ton/hr B/Coil Firetube  Cyclone
Hydrogen (%) 9.79 10.52 11.09 oil 1,135 ton/hr . Electric
_pwr B/C oil . ESP

Nitrogen (%) 0.76 1.18 0.1 (350MW) generation
Sulfur (%) 1.65 3.02 1.23
Ash (%) 5.67 3.92 5.78
Oxygen (%) 0.96 0.91 0.86 50
Vanadium (ppm) 38.70 58.80 40.87 ol
Nickel (ppm) 18.50 22.40 17.57 ~ Qil2
Iron (ppm) ND ND ND 40 ~ 0il3
Zinc (ppm) 56.80 ND ND & — Ave
*ND : non detectable g 30t

= 20

- _ &
PM,s0] £74& 9ls] APAlet 7] F dAE F =
2 ZA3}=d 2ol= Moudi YHE] (Anderson In- 10
strament Co. Ltd )7} AFgE o) Aol 23 PM,, 0 . >
0.01 0.1 1 10

9 w23 JAREE AR $18 EPA method
201A7} A£5gleh (US EPA Method, 1997). Moudi
YHEIE 10719 doz FAF glow, 7t we
AQAAe A7 8 AAGek4 S (30 Limin)
2 WjE72s SHA7IH. Moudi s1HE el 7
4% 005~ 18umelsh RE AL 3uE AP
298ty =24 AAEE 98 SW-846 3050B
(US EPA Method, 1986)7} A}-4-¥¢]om, ICP/MS
(Varian Co. Ltd., Ultramass 700)& ¢]-£-3] ¢]& 24
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Fig. 2. Particle size distribution from lab-scale combus-
tion.
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Table 3. Emission concentration of fine particles and V & Ni from oil combustion.

PM conc (mg/Sm?)

Ni conc (ug/Smx) V conc (ug/Sm3)

<25pum <0S5um <O0.1pm

<25pum <05um <0.1um

<25um <0S5pm <0.1um

Lab-scale data 5.07 4.57 3.16
Field data 12.51 9.22 395

184.73

0.75 0.47 2.13 1.34 0.95
15424  100.45Y - - -

DThe prediction value of Ni mass fraction in PM, by the combustion of drop-tube furnace (%)

60
M == Oil |
= 0il 2
50 = Oil 3

Mass fraction (%)

Aerodynamic diameter (um)

Fig. 3. Mass fraction of Ni by particle size from lab-scale
oil combustion.
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Ni[PM,  I/Ni[PM, 5= PM,soll Z3H o] gl Nizt
PM, ol 2= o] & Nig| A3FEE(%)& Vet
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Fig. 4. Mass fraction of V by particle size from lab-scale
oil combustion.
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Table 4. Comparison of field data and lab-scale data from oil combustion.

PM PSD (%) Ni MF (%) V MF (%)

<25um  <0S5um  <0.1um <25um <05um <0.1um <25um <0S5um <0.lum
Lab-scale data 90.49 81.60 54.35 90.04 66.35 43.21 91.25 74.05 48.33
Field data 79.53 54.10 22.70 85.24 63.20 41.16" -
The prediction value of Ni mass fraction in PM,, by the combustion of drop-tube furnace (%)
Table 5. Comparison of ultra-fine mass fraction in fine PM from lab-scale and field combustion.

Lab-scale data Field data

PM MF (%) Ni MF (%) V MF (%) PM MF (%) Ni MF (%) V MF (%)
PM,5/PM, 5 90.18 73.69 81.14 68.02 74.14 -
PM, /PM, 5 60.06 47.99 52.96 28.54 48.28" -
PM, ,/PMg s 66.61 65.12 6527 41.96 65.527 -

DThe prediction value of Ni mass fraction in PM,, of PM, 5 and PM, 5 by the combustion of drop-tube furnace (%)

50
- Oil_ind I(stack)
-~ Oil_ind 2(stack)
40 ~ Oil_pwr (stack)
& — Avg. (stack)
= 30
2
7 20
Z
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10
0 4
0.1 1 10

Aerodynamic diameter (um)

Fig. 5. Particle size distribution from anthropogenic oil
combustion sources.
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Fig. 6. Mass fraction of Ni by particle size from anthro-
pogenic oil combustion sources.
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