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Exhaust gas purification characteristics of M - 90 fueled SI engine for passenger car
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Abstract

With the recent interest in methanol as a SI engine fuel, aldehyde emissions have become a

greater concern. A M - 90 fueled passenger car was operated on a chassis dynamometer using

FTP 75 driving cycle to examine formaldehyde emissions.

Formation process of aldehydes and methods to reduce them are discussed in this paper for

a SI - engine passenger car operating by M - 90. Aldehyde emissions have been found to be 3

to 7 times higher from M - 90 than from gasoline, while CO, NOx, THC are as low or lower

than gasoline. Noble metal compositions appeared to play a role in formaldehyde and

unburned methanol emission performance. For example, catalyst Pd showed better reduction

of both formaldehyde and methanol than catalyst Pt. However, emission rates of formaldehyde

and methanol for catalyst Pt were relatively similar to catalyst Pt/Rh.
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Fig. 1 Schematic diagram of FTP test setup

1. Brake 2. Flywheel
5. Dilution Air 6. Cooler
9. Pressure 10. Venturi tube

3. Exhaust 4. Air Filter
7. Sample Venturi Tube 8. Gas Temperature
11. Fan 12. Sample Bag
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Table 1 Specifications of test vehicle

45

item specification
e _4cyl-inlive-DOHC, watercooled
boreXStn;ke : o “ 81.6mm X 86mm -
| totaldisplacement | 1799 S
engine 7£:vompressi;;‘;atlo 98:1 -
 Max.power(SAE) | 101kW/5800min ' o
; ”I\/Iauxit;);;u;(AS?AE—) - 1 138Nnv 4500 min ¥ T
mixture induction n sys. r electronic contrélled MPI sys. -
| grossweight 1570kg 7 -
| Max.climbing performance(tan 6) 0.560 T
vehicle fom e e e
| transmlsswn | manual 5 shift
Cwe 7 pismoru

Table 2 Specifications of test fuels

T result
items i methods fr e e e e e e
M-100 | RG-100 |  M-9
Sp. Gr. 15M4C } * 0.796 | 0.734 | 0.789
RON ! D 2699 : (110) 91.8 J (108)
A/F ratio ’ * 6.47 ‘ 14.56 | 772
Gross heat value [kd/kg] K * 19930 } 43940 22160
T BP T D 86 34 51
| 10%BP | 465 63
Distillation | 50% BP 89.5 | 64.5
[t] © 90% BP l 1405 65
| EP | 181.5 95
- ] Res[vol.%] | 0.9 04
Pb [g/l] | D 3229 LT 0.0005
W & S [Vol.%] i D 2709 LT 0.0005
N S ,7)_‘+v - — S — e
Rvp [bar] ‘ D323 0.277 ! 0.74 1 0.531
Total Sulfur [wt.5] ﬁ D 130 | LT 0.01
7148 10%F A ZA8 2 E38)7 RG- 100(A] % H] & ASTM D - 12989] ulz} #H = API 8j3
FA7Ed)S AL &Y A5 AEEAL £ A% o2, A(D 7, Yutu|Fo g B
GC(gas chromatograph 5880 A, Hewlet Pack- s o}
ard)& o] &3tk o, e 7HRON)= ASTM D - 1415
oA &3 Z8 A Sp. Gr. 15/4Cc ="~ 1
26999 wle} CFR 7] B A &3 3t F o} il p. Gr. T API+1315 (1)

& ASTM D - 869 mzt, = 571 (R,
ASTM D - 323 wet 233t 28jn ¢4
e zr=wd & 23 A(AC - 300, Leco coopera-
tion - St. Joseph)& o] &8t FUHE &S 3}
Ak
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Table 3 Specification of catalytic converter

Cell density[cell/in?] 400

Wall thickness [mm] V 0.15 7
W;oldme [ ! 1.8

Shape i oval type

Size[mm] ' 14;) >< 81x Sr)WliL o

Noble metal Pt/Rh=(5/1) V
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(56000km mileage)& AF8-3531, M - 900 & Zwf
o] B35S v e w= Table 33 22 A Y4
A AE&e JEW Pd, Pt, P/Rh, Pt/Rhe] 47}
A g stget olu B4 AaGEHe FFL Loyl
cat. vol.o]®, Pd/Rh 2@ Pt/Rhe] A ¥ &2 7}
5/101th. Fuj7} AAHA & A s
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gt =4 §x817] st wiridsl#E £ R
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A &£(M-903 RG-100)9) uj7) 72 w254
v @A ol = 23 A g 56000kmel 5§ A5t
g FzAASR ¥u A8y upite] R=§-H s
Ao 22 M- 909 del A Zh Ful o] w717 8t
EA ] A Ho = table 39] Al AZEY

o5 AUL AEAE MAFUAFoIN FTP
752 = (Fig. 2y08 4 3H A, CVS(constant
volume sample) ol whel wi7]17t =& HF, £
3t o

CO, NOx, THC+ CVSH{ o g2 A #stod, v 7]
7}~ BE-A71(MEXA 8120, HORIBA)Z #2439
oh e ge Smith 0] Aed Yoz 27
sttt CVS 34 gd 2328 A€ w77t aw

o vjglale w77t 2E A FH sk, o] E sHE
(113¢) HZ & AHAAE T3l £3 7 (glass
impinger)oll F#3tch. 37l £ 0C T
o] gol ZFF7t 5ol gl wivIztae AFS
deo7|v Exgct o] o wjrlzts F e 4
Be iS50 &t =9, o] FH5 S
A elg A ¥ S FID(flame ionization detec-
tor)7F BaE GC= ¥4 3k,

EE U8l =% Lipair 57o] Agte e w
22890k CVS A% 2RE) 719 2](113T) 8 %
2 Al g il w772 E AT b, ol 8
E7 FFEG ZRVdE £ 0C $29
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AH(perchloric acid)?] £-4o] Eof glo, w77t~
7} o] £ & EslA, wj7) 7k o L F LS
= o] Sodo] &K, o] BN L LCE EMT

Cycle length : 11.115 miles (approx. 17.8km)
Cycle duration : 1877s+600s pause
Average speed : 34.1km/h, Max. speed : 91.2km/h

km/h

' ct S Motor “oft” ht
S
2
3 20
Q.
%]
ke
3 8ot
o

Q L

0 505 1000 1372 1972 2477 s
Test duration ¢

Fig. 2 FTP 75 mode test cycle
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FTP 75 2= A HA ZF £vje] CO, NOx,
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t}h Fig. 32 CO9j 354 & el Aoz, &
o] Pt7} o 5.0g/km 2 74 & A vepva, 199
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Table 4 Emission test results of RG - 100 and M - 90

emission \ fuel M -90 1 RG- 100
CO[g/km] 2,11 4.35
THC [g/km] 0.08 1 0.26
NOx [g/km] 0.27 044
Formaldehyde [g/km] 0.023/0.036 = 0.003/0.01
unburned Methanol [g/km] 0.06 .

=
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Pd/Rh, Pt/Rh, Pd, Pte] g¢olt}.
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1 ew, 29 Fufo A o 0.3g/km A Eolt}.
Pd Zuj7} & Zoj R} o2t Feld AP S

X e do
Jo
>
ok
i
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o
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Pt  Pd/Rh Pt/Rh

Fig. 3 Test result of FTP CO Emissions
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Fig. 4 Test result of FTP oxides of Nitrogen Emis-
sions
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0
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Pd/Rh Pt/Rh
Fig. 5 Test result of FTP THC Emissions
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Fig. 5= THCY W &E54 & ez Ut
THC+ Pd/Rh Zuj7} 0.08g/kmE YeRH L g1,
Pd &vlo A+ 0.14g/km, Pt/Rh Zofo] A &=
0.16g/km, Pt Ewjol A+ 0.24g/kmE Z+z} e}
Wi et o] 232 By PAdAE o7t PtAIE
Zvj B} &g zF 3] THC & 3lol] o] & fre
3tte AE 4 & Ut o] & THCY vl Es
NMOG(Non - Methane Organic Gas)e] RAF
(Reactivity Adjustment Factors) 0.412 #4+3}
@' Pd/Rh Zuf 7} LEV 774 gt Mol Bof 7H& &
T Uk

Fig. 6& X Edds| =9 vie54 & ez
Uk AEE AFAe YA EELH S = v &
EdL dd3] Fad AFE 7RG X ELH 9
ZE fFEAH AT Edolr|E AR A
F87 ZHAA NMOG A& FolAM & &4
4 AAE ZHA 31 7] Wil vE LEV 220
dAx FARNGez s ot Pd, Pd/Rh, Pt/Rh
Zu) 7} A 9] FASHA 2.1mg/kmE Wi &8t =
iAo, Pt Fool A& 4.8mg/kmo 2 A9l 24|
ol o] Bl& L QUth A FujolAle] XE LS
= W& 5+ ULEV FA & 5mg/kmEt}t @&

Pd/Rh Pt/Rh

Pd Pt
Fig. 6 Test result of FTP Formaldehyde Emissions
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Fig. 7 Test result of FTP methanol Emissions

FUS L5 ATk FolS XELUIE PAE
4% 2¥ PAAE £/ PAE S} 959
ge Aol THC Hot5 43 S48 & &
o},

Fig. 72 v o @hg2] &5 4 < ehd 2o
2 Pd/Rh, Pd, Pt/Rh Zujo| A < 0.06g/kmo] &}t
§ Holx 9%, Pt ZojE o5 FujRc) ge
0.12¢/kmZ Feb 3 ek W ekgo] o@
Hvhel Fakaste ¢A Fig. 5, Fig. 69 THC 2
¥ 294 s =9 vp37ix] 2 PA/Rh, Pd, P/Rh £
57} Pt Zujuct ekt A2 & 4 ok

ool ABZYE MBL AFAHE Fo) A
Pd AQ %ol 7 Pt AG S ol ¥ s THC, L5
EEEERER LEREES SRR
9 ulEFEe uF A XY} LEV 4298 &

e
= AU

£

4, 2 =

M -90% RG - 10022 7}& A BA | #S &
T SEAFAE M FHAZANA =8
W77t B S ZAIR A g 22 A2
BAt.

1. M -90& RG - 1009 v)&] XELH 3 =9
ull & gFo] 3~7u} @kt

2. CO, THC, NOx& M-90°] RG - 1009] ¢
49%, 30%, 60%2] G~F 2. 2 A it

3. M~ 902 AHg-& A}Fate) SloiA] COSl & st
A7 PA/Rh, Pt/Rh, Pd, Pt Zu) s=oft}.

4. Pd A1E Zuj7} Pt AQ FojRT} oghE &
F2te] THC & shofl /-2 3fclt.

5. Pd AlE Zuj7t Pt AE oo vla) LEL
dsl= g njd vigg Fazrst 2o

6. A gol AHE3 Fol] FolA = PA/Rh Fuj7t
wghg7] ol 73 A g Fojolth

:

02

ek

aF

1) Richard D. Lawrence, “Emission from Gasohol
fueled Vehicles”, Proceedings of the 3rd Interna-
tional Symposium on AFT, Vol. 2, pp. 176 - 185,

(370)



3)

4)

5)

7)

AEAEM 90 233 Y7l vzl sba A 354 49

1979.

Holger Menrad, “Athanol als Kraftstoff fiir Otto-
motoren”, ATZ 81 - 6, pp. 279 - 282, 1979.

D. G. Ferry, W. A. Temple and E. G. McQueen,
“Toxicity of Methanol/Petrol Mixture”, Proceed-
ings of the 3rd International Symposium on
AFT, Vol. 3, pp. 603 - 612, 1979.

R. K. Pefley, L. H. Browning, L. E. Hornberger,
W. E. Likos, M. C. McCormack and J. B. Pull-
man, “Characterization and Research Investiga-
tions of Methano! and Methyl Fuels”", ERDA
Contract No. EY - 76 -~ s - 02 - 1258, University
of Santa Clara Report No. Me - 77 - 2, 1977.
Kenichi Ito and Toshiaki Yano, “Formaldehyde
Emissions from a SI - engine using Methanol”,
Proceeding of the third International Sympo-
sium on AFT, Vol. 3, pp. 613 - 624, 1979.

L. H. Browning and R. K. Pefley, “Predicted
Methanol ~ water Fueled SI engine Performance
and Emissions’, presented at the 2nd Interna-
tional Symposium on Alcohol Fuel Technology,
Wolfsburg, Germany, Nov. 1979,

L. H. Browning, and R. K. Pefley, “Kinetic
Wall - Quenching of Methanol Flames with
Applications to Spark Ignition Engines”, SAE
Paper No. 790676, 1979.

(371)

8)

10

1

12)

13)

14)

Holger Menrad, Winfried Bernhardt, and Gerd
Decker, “Methanol Vehicles of Volkswagen - A
Contribution to Better Air Quality”, SAE paper
No. 881196, 1988.

Alex R. Sapre, “Properties, Performance and
Emissions of Concentration Methanol - Gasoline
Blends in a Single - Cylinder, Spark - Ignition
Engine”, SAE paper No. 881679, 1988.
Automotive Electric/Electronic System, Robert
Bosch GmbH, pp. 28 - 30, 1995.

Smith, L.R. and Urban, C.M., “Characterization
of Exhaust Emission from Methanol - and gaso-
line - fueled Automobiles”, Report EPA 460/3 -
82 - 004, 1982.

Lipair, F. and Swarin, S.J., “Determination of
Formaldehyde and other Aldehydes in Automo-
bile Exhaust with an improved 2,4 — Dinitro-
phenylhydrazine method”, Journal of Chromato-
graph, 247, pp. 292 - 306, 1982.

O. Fujita, K. Ito, Y. Sakamoto and T. Yoshii,
“The effect of cayalyst arrangement on the oxi-
dation of unburned emission from methanol
fueled engines”, [{ International Symposium on
Alcohol Fuels, Vol.2, pp. 689 - 694, 1991

CARB, “Proposed Amendments to Low - Emis-
sion Vehicle Regulation”, pp. 1- 48, 1995.



