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OXZZ!

Fresh soot –B100 – 1500 rpm, 2.6 bar 53% oxidized –B100 – 1500 rpm, 2.6 bar 
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SIDI ENGINE 

]]!

Engine Parameter Units Value 

Compression 

Ratio 

[-] 11.97 

Bore [mm] 85.96 

Stroke [mm] 94.6 

Displacement [cm3] 549 

Clearance Volume [cm3] 50 

Connection Rod 

Length 

[mm] 152.4 

Gasoline direct 

injected 

Ricardo Hydra 
!!Single cylinder 

research engine 
!!Four-stroke engine 

A>91/%()!>K!&1>K(F!8>(/%1:!?>/$,=%1!



EXPERIMENTAL SETUP 

]Y!

3 mm 



TESTED FUELS & TEST MATRIX 

3 fuels tested 

!!EPA Tier II EEE 

!!E20 (denatured ethanol:EEE, 20%:80% by volume) 

!!E85 (denatured ethanol:EEE, 85%:15% by volume) 

]_!

Operating 

Condition 
Speed 

Injection 

Timing  

Fuel 

Quantity 
AF 

Spark 

Advance 

Injection 

Pressure  

Intake 

Temp. 

Oil 

Temp. 

Coolant 

Temp. 

[RPM] [°bTDC] [mg/cyc] [-] [°bTDC] [MPa] [°C] [°C] [°C] 

EEE 

EOI 
280 2100 280 11 15 25 11 45 90 90 

Rich 2100 280 11 13 25 11 45 90 90 

Lean  2100 280 11 17 25 11 45 90 90 
Late 
EOI 

2100 220 11 15 25 11 45 90 90 

Heavy 
Load 

2100 280 21 15 18 11 45 90 90 

Engine Operating Conditions 

!!PM sampling was pre-

planned 

!!Wide range of operating 

conditions with changes to 

A/F ratio, Load, Injection 

timing 



C 1s high res scan – SIDI engine/EEE fuel/Rich condition 



FTIR-ATR ANALYSIS   

]b!

!! Significant volume-

averaged organic content 

!! Variation with condition – 

suggests different 

chemistries 

!!More variation as a function 

of engine operation 

!!Even within a single 

aggregate 

!! C-H (aliphatic) – more 

profound in Fuel-rich 

conditions 



COMPARATIVE FRINGE ANALYSIS 

]\!
!! Distinct change in nanostructure during oxidation 

!! Lamella become more longer, flattened 

After oxidation Before oxidation 

Fringe Length 

Fringe Tortuosity 



XPS vs.Lamella Length XPS vs. Lamella Tortuosity 
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Burnout % 

ULSD soot B100 soot shrinking core prediction 



Q(.*+(/8!O'+(1(5!L-)*!a!"1*=*8!@--.!

YZ!

R.L. Vander Wal et al. (2007), 1. R. H. Hurt et al. (1987), T.E. Easler et al. (1990) 

•! ['KK1(=!Q@O!"1*=*8!*(51(*!

•! F/+7/8!#V1)/7-(!deZnU!

–! D-88-0!=2*88=!

–! #V1)/7-(a1()',*)!5+/>217f/7-(X!

low load (1500 rpm, 125 ft/lb) 

exhaust temp. ~ 270 0C 
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