' LARORATORY EVALUATIONS OF THE L4th ML OF TEL

I. Reports Related to Engine Durability and Deposit Effects
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PR-24, "The 4th ML of TEL"

This report suxmarizes a large number of data accuzulated
since 1954. It covers the antiknock effectiveness an
econonics, as well as the durability and deposit effects,
of high TEL concentrations. For convenilence it ig divided
into three sections: Antiknock Effectiveness, Engine
Durability, and Deposit Effects.

The results reported in the Engine Durability and Deposit
Effects sections are based on over 4,000,000 miles of
vehicle testing in light and medium passenger car service
and in heavy duty truck service. In addition to this,
12,000 hours of testing was done in two farm tractor fleests
plus several thousand hours of dynamometer testing. In all
cases, the comparison was made between engines cperated on

‘3.17 gms Pb per gallon and 4.23 gms Pb per zallon.

The results of many tests, in various types of engines and
service conditions, indicate that higher TEL concentratioans
can. be used without deleterious effects on valve life and
engine wear. There may be a slight increase in wear of
some engine components when 4.23 gms Pb is used. Kowever,
this incresse is not critical, since the wear rates are
well within acceptable limits. Also, dats indicate that

engine cleanliness may be improved by higher TEL
concentrationse. -

Dynamonmeter and road tests have shown that the bth ml of
TEL decreased the miles to spark-plug fouling in some
engines, but the decrease was small compared to the
variations in plug life among engines of different makes.
These tests also showed that the 4th ml of TEL does not

significantly affect atabilized knock or .,urface-:. wition
requirements.

IR 61-4, "Deposit Effects‘wjzth Lead Antiknocks”

The type of combustion chamber deposits that are formed in

- light-duty passenger car service, such as prolonged driving

in city and suburban areas, mey cause surface ignition if
the vehicle is suddenly accelerated to relatively hich
speeds. In high compression engines, surface ignition is

often accompanied by objectionable noise, generally termed .
rumble.

Such deposit-effects are influenced by fuel and lubricant
composition as well as by engine design. TEL and TML were
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compared at each of two lead concentrations and with each
of two scavenger formalations. The lead concentraitions

were 3.17 and 4.23 gus per gallon. The scavengers were
those used in Motor Mix and Aviation Mix.

Differences were observed between TEL and TL and betwesn
Motor Mix and Aviatlion Mix; but no significent differences
were found between the two lead concentratiocns.

=177, "Field Service Experience of Vehicles Operating
on High Lead Content Fuels"

A survey was conducted on 34 fleets representing 555
commercial vehicles, with gross weigats (GVW) ronging
vetween 4000 and 78,500 pounds, which have operaied for thac
past two years on fuels containingz on the averace 2.38 oo
%o 4.23 ga Po per gallon. During the two or thrce years
prior to this the average yearly level of the fuels cn - nich
these fleets operated was 2.55 to 3.17 1 per gellon. The

-

records of maintenance practices by these fleets indicate
valve life, piston ring life, cylinder bore wear, bearing
life and spork plug life have not materially changed
during the past four or flve years. The discussions witln
the laintenance Superintendents of these fleets also have
confirmed this. .

During the past year periodic contacts have dbeen mnde with
the Service Departments of the various automcbile. companics,
the Engineering and Service Departments of the commercial
vehicle nmanufacturers, and with the Engincering and Scrvice
Departments of the tractor companies for discussions

" concerning engine dursbility problems. We have not found

any cevidence that field problems vhich might te related
to fuel utilization are greater in any speciflc geosrazrhic

‘areas than in others. This suggests field service vrcblens

in all areas, vhether the vehicles are operating on high or

low lead content ga.solines, are being handled satisfactorii;
by the desalers. _

ER-436, “Effect of hth MJ. m on E‘::gine Performance angd
Durability=-~Continéntal }iS-330 Engineer Corps In:

’u"

. The test program was conducted using two Continental !S-3%0

- Engineer Corps engines operated under a modification of

Militaxy Specification MIL-E-11278B. The specification was
modified to indicate the possible difference in spark piug
performance of this model engine on fuel containing 3 ml
(3.17 grams Pb) Tm.anauml (L. 23gramsl’b) TEL par gallcn

~of zasoline.

The results of‘.these 1000-hour tests showed thot increasing
TEL from 3 to 4 ml per gallon produced:
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1. No change in valve life.

2, No chenge in power loss due to depositse.

3. lio change in spark plug life if the plugs had been

i serviced according to the MIL-E-112783 4litery

o Specification. This is further explained in the

discussion of test resulls.

L, An 18% increase in cocbustion cheomber depssit weight.
5 A l'-s% decrease in piston-top deposit weich

5. Report lio. ER-437, "Effect of hth ML TEL on Engine Performance and
: : Mrabilityu-.dlitary Standoxrd "hbines Hedel 23016-2%

L=

- —

The test program wag conducted using four Modal 22016-2,
Militery Standord engines. These engines were oner:.tcd
under a modification of the lMilitary Specificoiicu (IL-Z-
112788, The specification was modified to indicate the
possible difference in spark plug performance of this model
engine on fucl containing 3 ml (3.17 groms Po) TEL end 4 ol
(4.23 grams Pb) TEL .per gallon of gasoline. Two engines
were operated 1000 hours on each lead concentra‘aion.

The results of these 1000-hour tests showed that:

1. XNo valve failures occurred in any enginc.

2. Exhaust valve lash loss was rot affected by Inecreus
ing lead concentration from 3.17 za to 4.23 ga per
gallon.

3+ Power loss due to deposits was negligible at boi.h

"~ lead concentrations.

. % . Total combustion chsxber deposits were 15% less in

; engines operated on 4.23 ga Pb than in engines '

operated on. 3.17 ga Po.
“ S« Ko differences in spark plug perferrance would have
_ been noted 1f the plugs had been servieced in
- .. " accordance with MIL-E-11278B. However, no plug
) . servicing was done, and the plugs were lefi in the -
engines until failure occurred. Uader this procedure,
' spark plug life was 2995 less at the higacr leed
concentrations
6. The alfference in performance and dursbility arc
' greater between engines operated on the same TIL
concentration than between engines using difTercnt
TEL concentrations.
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. Renori,u fclated to Miscellaneous Aspects of Hicher Lead Concentrations

l. Paper Hoe. 57«10, "Particulate Lead Compounds in Automobile Exhoust Cog®

by D.A. KirSChler, L% Gilbert, Fele Ia-u&b, and
Le.M. Hiebylski

This paper presents the results of a comprehensive study of
the amount, compoaition, and particle size distribution of
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the leed commounds present in the exhoust gases of
auntemobile engines operated on fuels containing tetracthyli-
lead. It was found that city-type driving tends to exiauss
cousiderably less lemd than is burned by the car and that
the excess lead which deposits oa exhaust systenm surfoce:
tend to be exhausted under higher speed or hizhsr lcad
conditions. The data also show the amcunt of lead crlhicusted,
expressad as a percent of lead burned, is the sanme for toil
the 3.0 and 4.0 ml TEZL/gallon concentrations.

2. Report PFRe2UA, "The Effect of hkth ML TEL on Lubricating Oil Performence
- ' in 'M3' Tests" ;

There wvas no sisnificant difference between the 158" test
. results obtained with 3.17 g eand 4.23 s Po. This is in
. : ’ spite of the fact that the tests were run with « ccmnareiad
--- 10W=-30 motor oil which had a MIL-L-210LA additive trcataon:
_ instead of the usual Supplement 1 level o edditive ircaiment.
Thus, the bth ml of TEL does not contribute to varnizi cr
sludge deposits, rusting, wear, oil ring clogging, or oil

&

" screen clogging in the '"MS" Secquences I, II, IIXI, and V.

The foregoing results of the "no effect” of Lth nml of TIL
on engine depouits are in sgreement with those previocusly
observed in ¥L-2, EX~-3, and L=k tests (Reported in FR-24),
It is conecluded that increassing fuel lead content fronm
3.17 gn to 4.23 gm per gallon will have an insignificant
effect on the performance of lubricating oils.

113, Reports Related to Antilmnock Effectiveness and Economics

1. Report lo. PR-2k, "The 4th ML of TEL"

This report summarizes a large number of data accummliated
since 195hk. It covers the antilknock effectivencss and

x (%
of high TEL concentrations. For convenience it is divides
into three sections: Antilmock Effectiveness, Sagine
Durabllity, end Deposit Effccts. :

" A comparison of tetra.ethylle‘ad. with refinery processing zs
a neans of producing gasoline cctane nurber iandicates
severel possidle advantages for TEL, TFor exmmple, it has
" . _"been observed that the resulting increase in Research Octanc
' number alone does not adequately reflect the practical
benefits sterming from higher TEL content. Motor octane
nuzber, usually a better:criterion of the hisi-speed high
_powver output and part-throttle road antikncek performance
of a fuel, often is increased more than the Research octane
number when TEL 1s useds Thus, with TEL, antilmock quality
can be raised without increasing fDuel sensitivity.
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TEL also gives gasoline better rozd perforzonce than would
be anticipated from laboratory enzine ratings. The trend

toward niore aromatics end fower olefins will increase this
“rood borus" in the future. As compared with processing,

additionsl TEL chows en adventaze ot full-throttle ot £

L owWe

-average specd for maximim knock, =nd this suderiority tonds

to Increase at higher speeds. Additional TLL is particulorly

‘effective under part-throttle lmock conditicns,.

The inherent flexibility that TEL provides in refining
cperations is another distinct advantace. By using 955 o
produce competitive octane ausbers, refiners can tetter
schedule refinery operations and capital investmont for
processing equipnment. Since each refiner's operation is
unique in itself, no attempt has been made to skhow the
effects of increased lead in all types of fuels.

RT=G7, "Road Octane Correlations for Premium Casolines - 1350
RT=-98, "Road Octane Correlations for Regular Casolines - 1550

RT=99, "Part-Tarottle Rood Octane Correlations for Promiun
Gasolines = 1960"

RT-111,"Road Rating Fuels in the General Motors Z5-59
Test Zugine"

RT-113, "TEL Road Bonus"

RT«130, "Prodiction Systems for Road Antlimock Cuality of
Premium Gasolines = LS5L"

The above veports present the resulis of prograns conducted

to develop correlation equations for predicting road antilnoek

performance of .commercial gagolines from laboratory inspzoiicn

data. Frevious studles, conducted at a2 constant tetracthyllcad

(TEL) level, have shown that lsboratory Research end MMotor
octene numbers and hydrocarbonetype content are satisfacicry

veriables for: predicting the road behavior of fucls.

- Continuing investizations have indicated thet the inclusioa )
. of tetraethyllesd content (TEL) significantly increzses

. . accuracy of such equations when TEL is5 o varisble,
- of the following general form were selected:

2503 the

Zguations

S FT

Road O.le ma +b (R) +¢ (M) + a.(0) + e (T=) + £ (4)
vhere R = Regearch octane nuxber :
M = Motor octane number
0 = QOlefina, Vol.9
o A= Avomatics, Vol.%

| TEL = Tetracthyilesd, gl/gal
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gallon) are shown alaa.

Wa'dak il

have shown overage values as hicgh as 0.453 (Repot Iloe BED-IL3Z

.\‘.1 ST Lle Svamlily

at some speeds &nd throtile meftings. This =oons that wedor

i b od

these conditions, vhen two gasolines have the same Regearch

LS 09

and Motor octane numbers and the eame general hydrccoybon-

The coefficientzfor TEL in standerd producticn cutomobiles

‘type concentrations, the cne with the Righer WL content

will on the average, rate 0.4ES ccimne numbers teiter on e

See

rocd for each ml TEL (L.057 gn Po) d.:.:femn“. The coeflfizient

holrvte1

for TEL in the experimental General !stors ZI~5) Tesy "n~'~m
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&t 12.1 to 1 compression ratio (Report No. R?-111) wvas a
h;.ga ag 1.155 undcr cne set of opera\.mn c¢onditicnse.

T-112, ‘Roa.d and Laboratory Antilmock Data on Lead Alkyls"

KT-132, "Road ond Laboratory Antilmock Data on Lcad Allyls
in the Ceneral Mstors IS-52 Test Inzine®

The results included in these reports are {rca prosrans

designed to evalunte the performance of the varicus lead
alkyl antilmock compounds in a variety of fucls (representive

of 57% of U.S. production) run in both roiuler an ;c*cm.v...
recquirezent cars. Lead content ranged between L.58 ;| Po
and 3.70 ga Po/gallon and the reports deal 7*,1:.32':?.1:/ with
data presentation. The data irndicate the leozd level
significantly contributes to road octane quality vhen ratced
by the lMedified Uniontown method; l.e., the average lead
coefficient was as hipgh as 0.3k,

dagva

.Papar No. 61-10, "Zconomics of Antilmock Selection” by WeW. Eobin ond

Cuds Wolfe ' Western Petroleum Refinors Association
(now iPRA) San Antenio, Te:ms s &pril 10, 1561,

V.aterial m this paper serves to demeonstrate that chenges in

refinery gasoline composition can often result in significout
savings to the refiner when full advantaze can te talen of

the Zlexibility permitted by the varicus lead antilmocls

-l

available. The advantages to the refiner of the Tlexibility

..‘—.-.UJ

of operation permitted by higher lead contents (3.7 gz 7o/
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