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Effect of MMT gasoline additive on PM emissions from a GDI and PFI gasoline
engine
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Abstract; In order to understand the effect of the organometallic antiknock additive MMT ( methylcyclopentadienyl manganese tricarbonyl ) on PM
(particulate matter) mass and number concentrations from GDI ( gasoline direct injection) and PFI ( port fuel injection) gasoline engine,PM emissions
were measured from a turbocharged GDI gasoline engine and a naturally aspirated PFI gasoline engine operating on a baseline fuel or the baseline fuels
blending with different ratios of MMT. The measurements were conducted by means of DMS500 analyzer with fast response particulate. Measurement results
showed that, compared with baseline fuel, the addition of MMT could increase PM emissions from both GDI and PFI gasoline engine. PM number
concentrations from GDI gasoline engine was consistently higher than that of PFI gasoline engine operating on fuels with different MMT contents under
different loads. As the MMT content of fuels increased ,PM mass and number concentrations from GDI and PFI gasoline engine both increased under small
and medium loads. At high load, PM number concentrations from PFI gasoline engine increased with the MMT content of fuels, but for GDI gasoline
engine, its PM number concentrations were the lowest while operating on MMT-free gasoline, then the peak number concentrations of micro-particle
decreased with the MMT content of fuels. The number of nucleation and accumulation mode PM from GDI and PFI gasoline engine followed the same trend.

Keywords: MMT; GDI gasoline engine; PFI gasoline engine; particle matter
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HARGE MMT RS I 250 85 4 sh HLTE R LA K
HEm rys2 e, [ Ah 238 AT 1 K i il e .
Nelson 55 FH ¥4 2 i F WA X — &5 GM 3-800 %
THIBL 3 38 FH A 38 VM S I T MM B 703 B
PR e & URL) DT ARG OLFEAT 1 ARSI, 3 o 7 M
Mria KA 55 DU FE2A C Mn 0 VIR S 4%
JLR , T ZE AR TR M A5 451 4 P, Ca I Zn 55
JGZ ( Nelson et al., 2002 ). Ardeleanu 45 i F 3% T7
(UDDS) DA K% i i 23 i (HWFET ) 47 3006 35 % 9 4
B (8 WA I MMT (4 7530, 1 308 1 K s
MMT FYFIAE A 0T B AT 03, A58 AN ) 26 2
BRI MMT #9353 AR BRI MMT #) 5
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P (Ardeleanu et al.,1999).Roos 547 T /5 LR )
2, LOPPAr A TS I T MMT #9953 5 RIS
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PPEREAS IS0 (098 17, 45 50 &k PR SRl v i
SRR INT MMT B9 89 25 805 40 L, oA
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S CO FINO, IEALRCEA T B 1945 1K (Roos
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TMALYERE A (5K G AR 55, 2012) SRLIAN EAE IS 5
MDIHLERI A ELPT 453 % 5 MMT X428 % GDI %
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Table 1 Main technical specifications of GDI and PFI engines

e KPR fiT A2/ mm I/ mm 45 Hem /L
GDI & 3hHl R E A 4 fiT 82.5 84.2 9.6 1.8
PFI % Zh#Hll DY PR ARV AR K 83 91 10 2.0

®2 FERABEE

Table 2 Main measurement instruments
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2R LAY LA4-4.9 1 ETAS A A
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L RAL AR 6 117BFD16 Hit+ KISTLER 2\ )
PRI IR DMS500 SKII ~ %&[E Cambustion A 7]

O 43 A7 A 25 il (1 J& Cambustion 23 A 1)
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B MRS FOHLER AT YAR T R R 2 AR
SR AL DMSS500 s RGOk T A3 b A2 0 2 51
}9'5~1000 nm , % K4 2 f ok #244E 38 18 R 1
T I 157 TR A 200 ms , B R FEAE N 10 Hz.
RIS, A& shAILRR S B S 28 nl A BURE 48 1E i X
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G W SORE A R T v ™ A A R A FL R 38 e T
ELISE F1A) FEL AL 1SR A S A TR) 7 A28 SR 1 800 B (5
o4 2011).
22 R &E

TR0 T FH AR 23 2 R TR i MMT B % B 7
RO2 JRIMAE A FEAtih , iE R MMTO, 76 i Al il op 4%
B MMT HH Mn 5850500 8 12.5 F117.5 mg- L™

B 5 75, 43 i i MMTS . MMT12 Al MMT18. 4
Tyt i ) YA SO R 3. 050 sk B 1k
2000 r-min~", %% 30 N-m 90 N+-m F1 150 N-m
b 3 A G 00K 2 A MMT #5570 % GDI
PFI 53 ALK HE A5 a6 AR vl 4 ik
IR e BhHLA 28 = 5 M A 2 1 2 Ak 3 T A9 ik
L HE I — PR e 146 52 B, e R T AR AR T
R R ER AR VG 25, TR 5 — B, IR
SR EHAILBR 13 B 4 BRI 7E 2000 remin™' (90 N-m T
B I2 %% 15 min, DU OR & SATL I % P9 R 75 B 400K
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Table 3 Main properties of the fuels

TS ik

Wi @ﬁyg HEE EEQ0C) g AU BEES e ik Akt
B (mg-L™") (kg-m™) kPa ppm S0 (MUF/”\ (ﬁiﬂl

10 5380

MMTO 92.8 0.000 1 728.0 84.0 165.0 60 <5 0.09%  0.5% 33%
MMT8 94.4 8 735.4 87.5 165.5 60 <5 0.09%  0.5% 33%
MMTI2 945 12.5 735.4 89.5 165.5 60 <5 0.09%  0.5% 33%
MMTI8  94.9 17.5 735.4 89.5 165.5 60 <5 0.09%  0.5% 33%

o B, RN EEAR &, SR BE AL

3 FLIHER 55 (Result and discussion)
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Fig.2 Comparison of PM number concentrations from GDI and PFI gasoline engine operating on different fuels under 3 loads
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Fig.3 Comparison of nucleation mode particles number concentrations from GDI and PFI gasoline engine operating on different fuels under 3 loads
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Fig.4 Comparison of accumulation mode particles number concentrations from GDI and PFI gasoline engine operating on different fuels under 3 loads
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Fig.5 Comparison of PM mass concentrations from GDI and PFI gasoline engine operating on different fuels under 3 loads
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NS T, AN 2 GDI Il ALIA 2 PRI IRTM AL, 1
LT VA R A B 2 Min 7% 5 P 1 00 T 484 o /) 7
I, GDI YA PFL Y33 AL A TORE HE ik o & ke 2
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TER SR T AN [l & Mn A9 883 B, GDI Y53l
FHEIRI29°8 670 °C 1 LA PRI Y5 AL A HEIR A
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GDI VML T H AR &5, AT PRI RIM AL AT
DL AL ZA0RE, BC7E KA AT A FH MMT18 B, 3L
BT AR I PRI YL —FE A B S s
TR A 3 R0 A R .

4 2518 ( Conclusions)

1) AN/ GDI PIMALIE & PFT IAL, 7245 i
HR I MMT S350 T & shplL g ok HER.

2) RIEEFH & Mn i8R Mn AR, 4%
fai & GDI ¥R AL SOk %5t Wk B2 ¥ B B =5 T PFI
TIMAIL, GDI <M AL ) 8 20 Sk HE L HE PRI 7<mbL
F 1 ~3 R

3) Bt R Mn B 3, /N
GDI,PFI 5 MBI A SO HE OB Ve BE B 2 B T K
i, PRL VRIHMLGOR B Tk B I 2 B Mn & i
3 T _E T, {2 GDI PRI HLINLZ AR5 MMTO B
TRk B0 VR B AT, T AR FHE MMITS 3] MMT18, iR
SR O 5 e 1 e {1 S T 32 A5 R ALK

4) PFL VMLt 4 & 7248 MMTO , MMTS |
MMT12 B AZARAS SR B0 24 4 R PE AR 7K, H
ATERAH MMT18 I H A = A4 B 2 /) A GDL iR

THIBILAE /DN 0 ey T A B 2 Ok B 349 B 25 9k vk v
Mn 5 12 138 00T 0, A8 KA a7 T AR S ROk £
AR R B i 0 far TR G TORE Bl vk B AR A
HHA—2 GDL, PFI YR AL AR SR A ks i = A2 1k
TR BRAZ A S SR 50 AR AL R AR DL
S)FEF/NU N GDI A PFT 53 HIL A S0k 5T
TR I BE R Mn 55 6 ()38 017 386 0. {52 7 9k H
MMT18 53 A, o 25 g L S K far ™ GDI A PFI
TRIMPLHER A fons B vk BE LA A 25 57

REEEEN AL (1955—), B, i+ %%, Rz k¥
WBIUB R ¥ E R E R S E8 24,9 XF WA WRILAR
JEOBRRE R B 3t 22 Fn HE ik 4% ] . E-mail ; arcdyao@ tju.edu.cn.
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