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Microstructure and Chemical Properties of Particulate from Diesel Engine
Fueled with Ce-based FBC Fuel

LIU Junheng' SUN Ping' JI Qian' SU Wenbo® XIAO Xue' YAO Xiaohua'
(1. School of Automotive and Traffic Engineering, Jiangsu University, Zhenjiang 212013, China
2. China National Heavy Duty Truck Group Co. , Lid. , Hangzhou 311231, China)

Abstract; In order to remove the deposited particles inside diesel particulate filter ( DPF) and realize the
DPF regeneration, fuel borne catalyst ( FBC) additive is thought to promote diesel particle combustion
with the active metal component in fuel. FBC can reduce the particulate ignition temperature, and also
decrease the peak temperature of regeneration process. Naphthenic acid cerium solution was selected as
FBC, which was blended with diesel by the ratios of 50 mg/kg, 100 mg/kg, 150 mg/kg and 300 mg/kg
(Ce mass fraction) and marked as F50, F100, F150 and F300, respectively. The particulate
physicochemical properties of a common rail engine fueled with Ce-based FBC were studied by using
thermosgravimetric analysis, gas chromatography/mass spectrometry ( GC — MS), scanning electron
microscopy ( SEM ) and staged sampling particulate system methods. The variations of oxidation
susceptibility , soluble organic fraction ( SOF ) components, size distribution and microstructure of
particulate with and without FBC were studied. Results showed that the oxidation reaction of particulate
matter (PM) was moved to the low temperature area with the increase of FBC ratio, and the mass fraction
of 150 mg/kg for Ce was the optimal blending ratio. The ignition temperatures of PM combustion were
reduced by 94°C , 131°C , 150°C and 152°C , and the peak temperatures were reduced by 61°C , 123°C ,
146°C and 161°C with the four FBC fuels. Before and after adding FBC, the mass fraction of SOF in PM
sample were 29. 6% and 24. 1% , respectively. Compared with pure diesel PM sample, the high number
of carbon atoms in SOF was decreased, and the polycyclic aromatic hydrocarbons ( PAHs) were
decreased by 49.2% . For FBC particle sample the particle sizes were moved towards small size
direction, the peak number concentration of accumulation modal particle was decreased by 14.4% , the
peak number concentration of nuclear modal particle was increased by 8.9% , and the peak mass
concentration was decreased by 14. 5% . FBC particle sample, which had porous sponge morphology and
low bonding degree, contained 1.23% of Ce element.
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Tab.1 Main parameters of diesel engine

S8 Bl
HL A% x 172/ (mm x mm) 105 x 118
TAER/L 4.09
#hpe = A LM
JE 45 L 17.5
TG 91 4 HL i R R AL
I KW K J)/ MPa 160
B Yy () /kW (remin ~") 95(2600)
Fe KA () /(N-m) (remin ") 400( 1 500)
S S AR AE 3/ (g- (KW -h) 7') 190

1.2 Hriess

R E G420 AVL - PUMA L il 4 B
B4 R G, 1% F G0 R 2 T L 7 DB 5 0k R 4R
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A3 348 TST 28 ® 9 EEPS —3090 1 55k: 47 kL 4% 3%
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1 R E fe Ak FBC Ho ), T AL 75 %5 o
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F147 B A UE , 23 98 J5 15 2 04 U8 Wk SOF 43 M il o
03 TSR I8 SR F HP — SMS 7 B8 6 4048 % ki
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Fig.1 Oxidation characteristics of particles for

different FBC ratios
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Fig.3  Carbon distribution in SOF with and without FBC
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Fig.4 Particle number and mass concentration

distributions with and without FBC
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Fig.5 Morphology of PM with and without FBC
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