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Abstract

This study is aimed at substantially reducing the particulate matter (dust) emission during the combustion of
heavy fuel in boilers by addition of combustion improver. The combustion improver used were the oil-soluble
organometallic compounds that were found to be more effective than the dispersing agents that are generally used
for reducing the particulate emission. The dust reduction effect was found to depend on the active materials
(metals) as well as on the organic ligand part of organometallic compounds. Acetylacetonoate and naphthenate of
Fe and Ca were found to be most effective for dust reduction. Addition of Fe and Ca organometallic compounds as
combustion improver in concentration of 30 ppm (metal basis) to heavy fuel oil, caused dust reduction by 50 wt%

to 80 wt%.
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Table 1. Elemental analysis and properties of sample

heavy fuel oil.
C 86.3
H 12.0
0.38
Element (wt%) S 0.97
(o) 0.3
Ash 0.02
Heating value (kcal/kg) 10,484
Specific gravity (15/4°C) 0.940
Properties Viscosity (50°C SFS) 90
Ignition point (°C) 131
Boiling point (°C) 2121
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Table 2. Composition of sample heavy fuel oil in terms
of area % of Chromatograph.

Heavy Oil Saturated HC Aromaticts Resin  Asphaltene
$0.3% Oil 47.279 39.115 6.723 6.856
S 1.0% Oil 37.522 43362 9.514 9.592

Steam exhaust

{) Water level

2 Buner (Gun-type)

Oil filter

Conbustion air controller

Fig. 1. Experimental set up of combustion boiler used for dust reduction tests.
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Table 3. The selection of combustion improver for the
experiment of dust reduction.

No. Combustion improver wt%-of metal
1 Ferrocene 30
2 Iron (I) oxalate dihydrate 31
3 Manganese (II) acetylacetonate 21.7
4 Iron (III) acetylacetonate 15.8
5 Barium acetylacetonate hydrate 37
6 Barium oxalate 60.9
7 Calcium acetylacetonate hydrate 16.8
8 Iron naphthenate, 80% 12
in mineral spirits (12% Fe)
9 Manganese naphthenate, 56% w/w 6~10
in mineral spirits (6~ 10% Mn)
10 Magnesium naphthenate (3.5~ 8% Mg) 35~8

Calcium naphthenate, approx. 35% 4

11 in mineral spirits (4% Ca)

50

Dust concentration (mg/Sm?®)

(6} T G S K w N

Domestic commercial heavy fuel oil additives

Fig. 2. Dust reduction by domestic commercial heavy
fuel oil additives (organic additives).

A7} 9l Aoz Aok (Poullikkas, 2004).
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Fig. 3. Dust reduction performance of metals in naphthe-
nate based organnometallic compounds.
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Fig. 4. Dust reduction performance of metals in acety-
lacetonate based organnometallic compounds.
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Fig. 6. Effect of dosage of iron acetylacetonate on dust
reduction.
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bustion of heavy fuel oil containing calcium naph-
thenate as combustion improver.

(2003)2] Wtz Aol AAIE Dust A7+ 95t g4
A Artge) s = Adez Mg

3.3 ALEZIA| ABol| 98t Dust YARE
Hlﬂ

29 73} 8 Qlamlvks Salad] BEE A
£ o483t =AW Duste] YAEEZ x4
(Coulter Particle Size Analyzer: LS-230 =9)2 23
st FaR YAe] EAE-X (cumulative vol-ume
percent)2} X4 (differential volume percent)E
FAG Aelnt. 1 72 F5 dAA] Dustd] JAE



Z% 283 I3 8L Ffo d4EZAR A cal-
cium naphthenateE 30 ppm (Ca 7)) A 7)3}e] <4
Al RAEE Dust] Y732 E Vel a8 73
29 8004 Dusts} YA7E A1 ol RED AR
90~100um Belolx FH2He sk B4
o daFUAE Bl daske Hesb YAe
% Fo| g vepllc) 22l m HFUA (arith-
metic mean diameter)2 Z§ 94 Dust7} 74.3 um,
A4Z2A) 37HA9) Dust7} 88.5umegs A4E
ZA A7} Duste] HE7d ol F7ksle A4 1al
o} =F 10um o3} mlAgl| 2] Ruju g un Z
Fg Aasle A4l wid QasAAE A%

A97} i A7) vebd e mA 2,

S
b

2
[

D Sl 48353 e 5714 dadsia
£ A=2H(EDY 1/1,000~1/2,000 F7)ske] A
Al Dust 27182 A|Fol| wg} xo]5 Bylon} o
AHoz 20% o] HzH&-& By} Dust A 7He-
°of vlwA ZA 4L AL AxFAA=A 9 ogF
Hops Asf $FARIEAMS JFe] 2 ¥ 7elH=
Aoz FAH

2) AR A2 AxFAAEA 84 1S
4:313H2 (0il soluble organo metallic compounds)-2-
AHEA] Dust Azt aszh A vebge) 84§
F43ES Dust AZEANE F& AEY 27
we} xol7b 91, =3 78] 7k= (organic ligands)
o) Z5o] e E Dust A7k Bzl hae] Aol
£ 29t} Calcium naphthenate, iron naphthenate -
Ca, Fe 7]Fo2 Zfol 30 ppm H7}ste] Qaa]
Dust 782 50~80 wt. %S v}ehjc} k2l Ca, Fe
€ 50ppm o] AH7FAA) Dust H7Hg-o] o o|A}F 2
7Fe RolA] g WA EE By

3) Duste] Y7L, A2ENAE Brbslo] Ao
FHUE dashe Aol wal AAREF] B
Yebg® HgdAel F71ehe ®glvh 283 Dust
% 10um ojste] mAz]e] dYL ArEAAE
A7k 4971 va Aagd ngo

4 HA daFAAe] A9 271023 Dust 23}
%, AaFAA L) W AzAA Y A1, d4EA

AEA, =, A7 (2006) 34 2B e aEg A4
2204 R FAS A el 23t w)A el
Ak A, B A AT, A
AelA) 27371/ E A 1Watr, 011-031-010.

AR, $A1E, o)A E, FAA(1999) duf N2 =94
2L, T3 Ad T4 533U E 51999-
009206.

A4 (2006) A22) BlAEAS] o8 v7)29, Ge7)
217 3}+3) %], 22(5), 535-553.

FIE R, KB 55— (2005) A 7H 3G RNE O B,
HA CMCHR.

MM % EHE(2002) OB T4 Guide, H AR JRJEIL.

Danilov, A.M. (1998) New additive for fuels: analysis of
publications for 1991-1996, Chemistry and Tech-
nology of Fuels and Oils, 34(1), 51-58.

Eliot, R.C. (1978) Boiler fuel additives for pollution reduction
and energy saving, Noyes Data Corp., U.S.A. 23-
27.

Fuel Tech Inc. (2003) Fuel Additive: Smoke-Out, Fuel Chem,
Fuel Tech Inc. Cat. U.S.A.

Giammar, R.D., A.E. Weller, D.W. Locklin, and H.H. Krause
(1977) Experimental evalution of fuel oil additives
for reducing emissions and increasing efficiency of
boiler, Battelle-Columbus Lab., U.S. EPA Contract
No. 68-02-0262.

Howard, J.B. and W.J. Kausch (1980) Soot control by fuel
additives, Prog. Energy Combust. Sci., 6, 263-276.

Kazuhiko and Kenichi Yuge (2005) Effect of fuel additives
on reduction of smoke and particulate matter, and
stabilization of cycle-to-cycle variation, J. of Japan
Petroleum Institute, 48(4), 229-235.

Mitchell, J.B. (1991) Smoke reduction from burning crude oil
using ferrocene and its derivatives, Combustion
and Flame, 86, 179-184,

J. KOSAE Vol. 24, No. 1 (2008)



62 AER-=GA - $AA - ARAE - %A

et

Poullikkas, A. (2004) Cost-benefit analysis for the use of
additives in heavy fuel oil fired boilers, ELSE-
VIER, Energy Conversion and Management, 45,
1725-1734.

Somasundaram, G. and P.D. Sunavala (1989) Suppression of

718 GHA] AL A1s

soot in the combustion of residual furnace oil us-
ing organometallic addittve, Fuel, 68, 921-927.

Witzel, L., P. Moszkowicz, and G. Clausst (1995) Mechanism
of particulate reduction in heavy fuel oil com-
bustion, Fuel, 74(12), 1881-1886.



