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ABSTRACT

A test pragramme was performed involving two
pairs of vehicles - each pair of the same
type and model, techaically matched, and
equipped-with emigsion control systems inclu-
ding lambda sensors and 3-way-tatalysts.

The aim of the programme was to investigate
the influence of gasoline containing 15 ppm
fervocene (Dicyclopentadienyliran) on the
long-term emission performance.

Vehicles were operated in a highly comparable
way. under. typical traffic conditions. encoun-
tered in the FRG. From each pair, one car wa<
fualled with clear, the other with Ferrocene-
contafning gasoling.

£ffects on the exhaust emisston-performance
were explored at intervals of about 10 000

km operation by means of the CVS method using
the FTP 75 driving cycTe.

The results demonstrate.that Ferracene. opera-
tion resulted in lower pollutant emissions.
This was confirmed when ane vehicle was swit-
ched to Ferracene operation after 40 000 km
of clear operation.

Measurements of the fuel economy during test
operatians showed distinct improvements when
vehicles were fuelled with Ferracene-contai-
ning gasolines.

Further investigations of particulate emis-
sions from the test. cars were eonducted by
an independent research institute. The re-
cults show particulate emission levels to be
Yow, with only minor changes in the particu-
late iron contents. No gaseous iron compounds
were measured within the detectiom timit.

INTRODUCTION

Ferrocene - chemically defined as dicyclopen-
tad#enyli#0ﬂ7—~belongsrt0~the»c1ass of metal-
locens and consists of two parallel C. hydro-
carbon ring systems with the iron atoM loca-
ted in-between.

Que to this unique chemical structure and the
resulting physical-chemical properties Ferro-
cenc te-used in-a-vardety-of application are-
as. Some of its uses, in the field of chemi-
atry, biochemistry, physics and minecal ail
products, are given in appendix, which aiso
contains some physical, chemical and physiolo-
gical properties of Ferrocene.

With regard ta the vuse of Ferrocene in mine-
ral oil products combustion improvement in
heating ails is a major field of applications
{1)*. By way of contrast, its well=known pro-
perty of octane enhancement in unleaded gaso-
lipes is-presantly.only.used to a small ex-
tent in racing/offroad activities and in

the after-market additive business (2, 4).

The actane enhancement by Ferrocene, however,
offers definite-energetic and economic bene-
fits in countries with significant market sha-
res of umteaded gasoline grades (3).

[

Therefore, with regard to the recent develop-
ment towards an- increasing market pemetration
of unleaded gasolines in European countries,
particularty: in-the FRG,.an investigation
programme on_the use of Ferrocene as a gaso-
line additive was fnitiated.

The test programme, still ongoing, incorpara-
ted 3 variety of different technical aspects.

+ Numbers in parentheses designate references
at end of paper
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Table 2: Technical Data of Test Vehicles

. clear
Al

Vehicle Code Ferrocena A7 g ;
?;;:facturer BMW >Volkswagen
N8 e inders 312 i Golf Ggl 16 v
Displacement (cm3) 1754 1760
Bore (mm) 89.0 81.0
Stroke {mm) 71.0 86.4
Max. Power (kW) 75 95
at Engine Speed (mfn-lz 5800 5800
Max. Speed (km h= 1) 154 200
Weight (kg) 1040 966
Injection System ' Bosch Basch

Knock Sensor
-Emission Controt

Date of Manufacture
Mileage before Test (km)
Mileage after Test (km}

{L=~Jetronic) (KE-Jatronic).
without with
Lambda Sensor Lambda Sensor
3-Way-Catalyst 3-Way-Catalyst
{(monolith) (monolith)

May- 1987 July.- 1987
< 50 < 50
85000 _ 20000

TEST FUELS While vehictes A1 and 81
were operated with clear gasoline only, A 2
and-§ 2 were- fuelled with am tdentical gaso-
line plus 15 ppm Ferrocene.

During the test programme gasoTines from
several refinery batches were consumed, all
consisting of unleaded Premium-grade ("Eurge
super”) with the stated octane specifica-
tions. All.gasalines were additized with a
high-performance type of detergent at a com-
monly applied concentration level.

Over the different batches of gasolines, the
additton of 15 ppm Ferrocene. resulted in
average octane increases of RON = 0.6 and

MON = 0.4 units. For the purpose of direct
comparison, this Ferrocene-caused octane en=
hancement was not compensated, since octane
adjustment would have-medified. the chemicat
composition of the Ferrocene-treated gaso-
line batches. C

Test fuels were provided from underground
tanks via gasoline dispenstng pumps- fdenti--
cally to those used in service stations.
Fuel quantities were measured by means of
the normal calfbrated dispense monitor. .
Additional fuel was carried in canisters for
long-distance driving.

DRIVING CONBITIONS For. the fleld test non-
professiona) drivers were hired to drive the
test cars. under typical traffic.conditions.
Vehicles A 1/A 2 were operated in two shifts
per day, resulting in a monthly average mi-
leage of about 14 DO km:

In contrast, vehicles 8 1/8 2 were operated
at more moderate average mileages of about
4 000 km per month with one shift per day
only.

To compeasate aay-effects of individual dri-
ving habits, drivers switched cars daily.

The drivers were instructed to devide up
their driving mileage as follows: 10 % urban,
20" % extra urban; and 70 % -autobahn driving.
The actua) distribution was reported daily
and matched: the requested distribution clo-
sely for all vehicles over' the entire test
duration.

22
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Results of the €O, HC and Ny, emissions for
vehicles A 1/ A 2 are shown {n Fig. 3 over

a test miTeage: of about 86 008 km correspon-
ding to 6 months of operation. At low mileage
the emissions are similar for both vehicles
and emission levels are in accordance with:
German specified 1imiting values.

At the- start- of ‘the test. the emissfons were
similar for both cars and were within the
spectfied limits. Analogue to vehicles A 1/A
2 emissions went up with increasing mileages.
Up to 20 000 km the results showed no dif-.
ferences tn the- emission performance of both
cars within experimental error. At this mi-
leage, however, both cars -exceeded the speci-
fied NC timit and had reached the specified
€O limft. 1t was therefore decided to break

-oFf -the comparative test at this stage.
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