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ETHYYL CORPORATION
Chemical Research Laboratory

Tos: Members of Research Committee
From: deorge Calingsert Address: Detroit
Subject: Iron Carbonyl Date: March %, 1944

The possibility of commerciael uae of Iron Carbonyl as sn anti-
knock agent has in the recent past received a grsat deal of atiention
from our Research lsboratories, and sseveral of the problems 1involved in
such a developmen® have been presented st meetings of the Research
Committee and of the Coordinatizn Committes, sometimes briefly and some-~
times more thorougiily. There seems however to e no writtem presentation
of the subject as a whole, The present memorandum attempts to list,
describe briefly, and evaluate as well as possible, the individual sub-
jects which, taken togsther, constitute the whole pistyurs. It 1is hoped
that, having before us this summary, possibly smended and supplemented,
we wiil have a clearer understanding of the problems facing us, and will
be 1in a better position to advlise the Management of our estimaste of the
situation and our recommendations for a future sourse of action.

" Broadly stated, and after narrowing down by preliminary work,
the field as 1t now stands is that of marketing as an antiknock matarial
a nixture of tetraethyllead and lron carbonyl, in the ratio oF 1:35 by
volume, and to be used in concentrations not to exceed 0.5 ce., TEL and
1.5 ¢c. of iron oarbonyl per gailon. The whole field can be divided
under the eight following hesadings, which are discussed below:

I. Procurement
II. Eungine Performance
I11. Health Hazards
IV, Stability
V. Ignition Difficulties
VI. Engins Wear
VII. Wear-~iezdueing Additives
VIII. Procurement of Additlves

I. Prozurement

Tetrasethyllead is available commercially. Iron Carbonyl 1s a
known compound; the raw materials for its production are cheep and
plentiful, and the manufacturing process 1s well known and has "been
successfully used on full iIndustrisl scale. A study of the patent
situation has revealed no dominating patents which would prevent us
from entering the field. Some patents which may be of interest as



improvements are now contirolled by ths Aliszn Property Custodiean, end
licenses could be abtalned at a nominal cheege. However, the exaoct
details of a manufacturing process will have {o depend on the rosult
of experimental work of ocur own. Such an experimental projes~si was
startsed in the Chemical Resgsarch Laboratory over a y=ar ago, but wvas
interrupted a few months later; active work will be resumed in a fc
weeks.,

II. ¥ngine Performance

This has been shudiled exhaustively by the fngireering Labox
The performence of the materisl In medesrn engines mekes it unusually
attraztive, both by comparison with present.day fuels, and »sn & pric
basis, sven when the g¢alculation iz based on the most conszrvatlive
estimates of its mamufacturing cost. The economlc pleoture may he e
less favorable by the necessity, discuassd betov, of using additivss
the cost of which canncot be even guessed at this stage. IT, as it
hoped, the cost of additives 1s not vrobibitive, the use ol the proc
wlll depend solely on the satlsfactory aolution of the technical pre
described bslow.

I1I. Health Hazards

The latest reports from the Medical Department are to the
that the materigsl is intrinsically less toxic than tetraesthyllead.
view of its greater volatlility, however, protection agsinsi direct ¢
posure to the vapor of concentirated lron carbonyl is indispenssble.
would probahly be well at this point Lo tsele the matter up =2galin wii
Medical Department for final confirmation ¢f the pravious reporis, ¢
for consideretion of a further experimental program on the subject.

IV, Stability

The factors affecting stabllity sre: wair, heat, snd light.
tetraethyllead component of the new fluid is Xpown to be suffliclent]
stable to withstand normal sxposure to these factors. Troa zarbonyl
known to be stable to hsat, and there is no indication thaht it 1s no
also stable to normal exposure to alr, provided light exposure ig e
cluded. The compound is, howvever, unstable to iight. Several sta-
bilizers have been dessribed, moatly in tbe patent 1llteraturs. A r:
extenslive re-survey of the field recently <completed by the Chemienld
Rasearch lLaboratory showed that these are notwholly elfective, Mt |
to unsover any new or better stabillzers. JIE 1s e falr esltimate st
stage thet air and heel stabllity are adeguata, but that exposure L
llght must be minimized, or eise serious difficulties may result.
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V. Ipnition Difficulties

In the early use of iron carbonyl, spark plug fellures con-
stituted one of the two major drawvbacks of the product. This trouble
has been considsrably decreased by lowering the concentration at which
iron carbonyl is used, but not, however, to the vanishing point. Com-
paratively little information is available on the effect of corrective
agents, primarily {(as noted below) because of the unavsilability of
compounds having the necessary physical properties for use in an englne.
What daeta have been obtained suggest that the problem is still s size-
able one, although probably not as critical a3 the wear problem.

VI. Engline Wear

The greatest obstacle to the use of Iiron carheonyl is its
effect on engine wear. Comprehenslive data ares available which indicate,
by and large, an engine wear five times that obtainsd on present-day
ETHYL gasoline. As Iin the older case of the use of bromine compounds for
the removal of lead f{rom the engline, there is svery evidence that the
effect of any fuel additive will be due to the elemenis edded, and not
to the type of compound in which form the elements are present. Ths
evidence on the specific effect of the elements ls rather sxtensive,
and polints to only five elements as being avallsble at a ressonsble
price and having apprecieble wear-raducling charzcteristies. These flve
elements are: zine, copper, titanium, calclum, and barium. In the most
favorable tests the wear wes reduced down to 200% of normal. Some eval-
uation 1s needed at this polint of how much greater weay than normal, if
any, can be tclerated. It seens highly probsble that cost alone dozs
not govern here., Cost-conssious flast operators may tolerste additional
wear if they can be satisfled that this is more than offset by other
decreases in cost, but competitlive advertlsing slone would keep private
owners from using any fuel causing perceptible trouble., Perhaps the
only ¢riterion then will be: by bow much cvan ihe wear incrsase before
1t becomes noticeable. An evaluation of this factor is necessary for
a correct appraisal of our present positlon on the wear problem.

VIiI. Wear-Reducing Additives

Quite distinet from ths question of: vhich element is deslrable
in an additive? is the guestion:what are the necessary characteristics for
a marketable fuel addltive?

Our extended experience in the present investigation as well as
in the marketing of ETHYL Fluid ensbles us to set dovn minimum specifi-
cations for any material which is to be marketed as a gasoline additive.
These specifications are:
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It must be a liquid, at least down to ?2°F., and if it
conteins any solid components, these should be present
in vexysmall amounts only, such as dye in ETHYL Fluid.

It must be gasoline-soluble, preferably miscible 1in all
proportions, or at least soluble down to -10°F. in con-
centrations several tlmes thet normallyused. This should
be true solubility, notdispersion, such &s an emulsion,
and should not reguire the use of a third mutual solvent,
the effect of which might be lost on dilution.

It must be stable to water and insoluble in it, or nesrly
so., because otherwise it would be extrescted when the gas-
oline 1s in contact with wvater, in storage tanks, in
settling bowls, etc.

It must be completely stable to alr at ordinary atmospheric
temperaturses.

It must have "Inductibility into the combustion chamber".
This new term refers to the gbility of the material to be
successfully transported from the carburetor jet into ths
combustion chamber, and 1t depends simultaneously on
several physical properties.

One of the necessary propertiss, already dlscussed above,
is that of being liguid. Experience has shown that solids
wi1ll deposit in scme typesof intske manifolds through which
llguids might be entrained. The other two propertles are:
volatlility, and stability to alr under the conditions ex-
isting in the intake manifold. The =mpecifications on these
two properties are interrelated: a very volstile material
need not be very stable, because it will remain in the
manifeld onily a short time, and hdave little contact wlth
tlie hottest walls of the manifold. A ron-vplatile ligquid
willl t¢ some extent deposii on the wolla snd will dépend
for its indunction onkelng swept 1n oy the charge; '1tspro-
longed contact with hot surfaces therefore will c¢all for

a much higher degree of stabllity. Here are a Tfew illus-
trations: tetraethyllead is equally suvecessfully intro-
duced jinto the combustion chamber through a hot or cold
manifold, sven though it is known that the compound would
be quickly oxidized if kept at the temperature of the hotter
wall of the manifold. Top lubricants, €ven some consiating
of rether heavy but stable lubricating oil, can be iused
successfully, most likely because while they are not volatile
they are stable enough to withstand the wall temperature of
the manifold snd are swept into the combustion chamber by
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the charge. On the other hand, some zinc compounds
which are liquid, hut have nelther the volatility of
tetraethyllead nor the oxidatlon stability of lubri-
cating oil, leave heavy deposits in ths induction
system.

Bearing in mind the range of conditions in intalke manifolds,
the following tentative specilfications are offered:

{a) A vapor pressure of at least 1 mm. at 50°C., with not more
than 5% decompositlion by air-bubbling for 5 minutes at
100°C., or:

{b) With & vapor pressure less than 0.1 mm. st 50°C., not more
than 5% decomposition by air-bubblingfor 5 minutes at 200°C.

VIII. Procurement of Additives

In the course of this investlgetlion, & isrge number of compounds
of many elements have besn prepared hy the Chemlcal Res=srch Laboratory,
and considerable Iinformatlon has heen accumulated, both from the literaturs
and from our own work, regarding the physical end chemisal properiles of
these compounds. So far, no compound of barium or calcium has besn found
which begins to approach the minimum specifications; as regards the other
three desirable elements, titanlum, copper, and zine, volatility 1s often
availlaeble at the expense of stabllity, and the most stable of the gasoline-
soluble liguid compounds show insufficient volatility, while thelr stabllity
at1ll falls far short of that of lubricating olls, The whole field is
being reanalyzed at this time with a1l ths avellable expert talent,and a
statemnnt on the subject will be available in the near future.

IX. GConclusions

Subjecut to such corrections and additionsas may be offored by
other members of the technical staff of the Corporation, the present status
of the marketability of iron carbonyl may be surmarized as follows:

A. No Problenms

The Procurement and Antiknock Effectiveness leave no speclal
problems the outcome of which is at all doubtful.

B. Minor Problems

The Health Hszards are probably not excessive; the exact status
of the problem could be ascertalned readily from the Medleal Department.

The Stability may or may not constitute a serious problem, de-
rending on an evaluation of thse amount of light exposure to be expsescted
under normel condltions.
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C. Major Problems

Ignition Diffigulties snd Engine Wear loom as two serious
problems. Both appear to be still in the stage where trouble

is greatsr than normal. It would be interesting at thls stage
to have estlmates of: .

{a) How much above normel are the wear and ignition trouble
observed wvhen the best additives are used;

{b) How reliable i1s the estimate of {(aj;

(¢} How likely it is that further work will improve
estimate (a).

Procurement of Wear Additives. ~ A statement wlll be avallable
shortly regerding:

{(a) How certain are we that the specifications now set for
a satlsfactory additivs are correct;

{b) What is the likelihood of preparing a satisfactory additive;
(¢c) What is the reliabllity of estimate (b).

It 1s the hopeof the writer that a cereful considerstion of the
above meterisl by all the interested membsrs of our technical staff will
lead to an intelligent evaluation of the status of the probiem as a whole,
30 that in turn the best decisions can be made as to the proper orientation
and Intensity of our ressarch actlvity in this fleld.
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