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Antiknock Compound

Inclosed are three copies of memorandum on "Stability of
"Ethyl" Antilmock Coupound®,

The report was written with the view of presenting infor-
mation relative to the stabiliby of our produoct in a mammer easily
understood by safety engineers and other {isld representatives.

The lirst draft of this report was reviewed by Drs.. v
Calinpgaert and Beatty and other meunbera of the Chemical Laboratory,..
Their additions and corrections were integrated in the {inal report.

It i3 deemed desirable that this report should receive
general distribution in the field sinos it conteins information of
irserest to all who deal in the distribution of our product.

The reader of this report should be cautioned in its use
since it contains information of a restricted nature., This is
especially true for the information gontained in the section dealing
with the use of inhibitors for the stahilization of" fluid,.
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Stebility of "Bthyl"” Antilmook Compound
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problen of the Chemist. This is ogit should be. Ikuvover, 2 congiderable
mabion has been collboted on this subject which profitably
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7 il ¢ sbabilizebion of "athyl™ fluid, and to

tieid epplicsation.

Deascriptlon of Compounds

Before procseding to o consideration ef the faeters of fluid sto-
bility, it may be well first to roview the properties of ths chunical compounds
involved, sspecially thove which cemprise sludgc.

is you will recall, tetrasthylload is an orgenic molesule, that is,
the lead etom ia attached to carbon atoms. Ths wnlocule iz composed of one
asom of lead atbtached to four ethyl groups. HEH

H0-Cw veprosents an othyl or “mZp"

group. For purposes of this repors, moleoular tebraethyllead iz written s
follewas 4 ) :

Et ~Fb«hit

E‘t °

When we speak of crganic lead salts, we meen, in gensral, ths suc-
cessive replacement of the ethyl groups by other groupa, such as chlorine or
bromine. Ezemples of organio lead salts are triethyllead chloride, diethyl-
lead dibromide, ete. The molecule is conzidersd to be organio in nabure until
a1l the othyl groups have been repleced by other groups, at which time the
moleoule is said to be inorganic in nabure. Mxamples of inorpenio compounds
of lend mre: load bromide (PbBrg), lead chloride {FoCl,), lead sulfate {(PbS0,),
and lead oxide {Pb0). ‘
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Since organic lead salts are the more important compounds associlated
with fluid sludge, and yet least understood by ths non-ochemist, a desoription
of these compounds is given in detail.

Tricsthyllead halides (EtanX) are colorless solids at room temperature.
Triethylloed chloride decomposes when heated to about 120° C. (248° F.). Trie
ethyllead bromide melts at 103° C. (217° F.), with deocmposition, to a turbid
liguid, Triethyllead halides in the form of dust are exceedingly irritating to
the nasal membranes when breathed; they cause excessive sneezing. If they are
breathed for a oroloanged period, they produce a severs headache.

A very important preperty of trietlyllead compounds is that they undergo
8 type of docomposition reaction to produce cetrasthyllead. This takes place
quite rapidly at slevated temperatures, for example during steam distillation,
and slso ocours slowly at room temperature, This property of the compounds
neads to be seriocusly considered whenever fluid sludge is hendled in any manner.

Information regarding the solubility of thoss conpounds in diffsrent
solvents is importent. 1i‘ith the exception of pazoline, triethyllead halides are
vary scluble in nearly all organic liguids, including tetrascthyllead. Iriethyle
lead bromide is soluble to the oxtent of 0% by wsight in "Bthyl” lMotor fix;
“risthyllead chloride, to the extent of 8% by weight in "Ethyl" Hotor ifix. Hence,
it is to be noted that fluid decomposition products, such asg the triethyllsad
halidss, will tend %o dissolve in the fluid and not appear as deoposited sludge.

Triethyllead hydroxide (Et PoOH) is insoluble in "Ethyl"” brand of anti-
knock compound and gasoline, but feirly soluble in water.

/
/-
e

The other organic lead {dielkyllead selts) and inorgenic lead salts
ars practically inscluble in antilmock fiuid. As a result, when they ayre formed
as deterioration products of the fiuvid, they will immedistsliy come out of solution,
and deposit on the botiom or sides of tho container. These =alts when pure are
golorless, but their deoterioration on stending in the prosence of traces of alr or
weter yields yellow and browm oxides of lead, 8o thet most of the sludges obasorved
ars colored, '

Composition of “Fluid" Sludge

Cenorally speaking, the term "sludge” designetes decomposition producta
which settls o the bottom or sides of the container. The term “"sludge” as uzed
in the Laboratories of this Corporation, however, meens decomposition products
which are soluble in the fluid or potential sludge as well as the decompoaition
products which precipitate. In substance them, by the term "sludge" as used in
this roport is meant both potential sludge and presipitated sludge.

Although the exact composition of fluid sludge will depend en variocua
conditions (such as composition of fluid, temperature, exposure to air, 6tc.),
in genoral, precipitated sludge is composed of inorgenic lead compounds, such as
lead bromidse, lead chloride, load oxides, bismuth oxides; and organic lead \
cempounds, such as diethyllead dichlorids and dibromide, and wariocus oxides of
these compoundse
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Elenentary analysis of typical precipitated sludges obta,.«.ned from
comnercial fluid (recent) in the laberatory is given:

Analysis of Preoipitated Sludge
s Lead 7 Bromine 7 Lhlorine.

Motor Mix 58.6 7,72 0.0
Aviation Mix 59.8 7.86 -

To present a further picture of the composgsition of presipitated
sludgs, the following table gives analysis of sludge removad from & refinery
weigh tank for "Dthyl" Antikmock Compound:

Anslyvais oi’ Woigh Tank Sludge

Conmpound ,a by weight
Orpgenic lead zalts 27
Inorganic lead sslts 19
Biamuith compounds 38
Ferric hyvdroxnide 18

i£ i3 to be noted that this sample of siudge was obiained Ifrom a tank
which had been 3in oporation from 1231 to 1844 and hence had o high bismuth
content for the rescon explainsd below. The ferric hydromide content, of course,
is rust freom the teanl.

The potential sludge of "Ethyl" fluvid is composed mainly of triethyl-
leed bromide and triethyllsad chloride. In due time these compounds hooome
oxidized by the atmosgphere and preocipitate as sludgs.

In zmall emounts dissolved sludge is considered to have no delsterious
effaeoct cn the storags of fluid. HNowever, a fluid conbaining s relatively large
smount of potential sludgse is not dosirable cince when it 1s dissolved in
gasoline the trisethyllead salts will precipitato due to their limited solwbility
n that mediume.

The disadvantages of precipitated sludge are obvicus. The sludge HAY
build vp in drums, weigh tanks, linos, etec. amd conssquently increase the
bendling end distribution preblems of the fluid. .

Storage Stability of "Ethyl" Fluid

Stability of Fluid Prior to 1840 -

Prior to about June, 1940 it was gonerally noted that a considerable
emount of zludge had deposited from "Bthyl" antilmock fluid into drums and tenlk
cars., This condition was a souros of considersble annoyance %o the Corporation
cnd to its customers. Research work in our Themical Leboratory end subsequent
development by the Lthyl snd duPont manulacturiap groups provided a means of
elininating the ready sludge-{orming materials from tetrasthyllead before it was
blended to "Ethyl" fluid. This came about in the following way.
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At the time anslysis of sludge obiaired from the fluid invariadly
showed high bisauth content. Consequently, it was thought that the bismuth
ocmpeounds in the totrasthylleoad were largely responsible for the excessive
sludge formetion. Laboratory inveatigations revealed that this was true.

It was found that comiercial lead which was being used in the manue-
facture of tetrastiiyllead contained a small psroentage of metallic bismuth.
in the reaction for the formation of TEL, the bismuth in the alloy would alse
react and form & compound triethylblismuth, similer to TEL. This compound in
the leboratory was noted to be highly unstable and easily. oxidised by air to
form compounds which wuld deposit from the fluid.

Leboratory studies showed that TEL could be freed of this corpound
morely by blowing air through THL before it was blended into fluid. This
proocsdurs was incorporated by the Manufacturing Department. A4s & resuit, the
sludge at that time in orude TEL was greatly reduced, from 0.2-0,3 g. of
preocipitated sludgs/ioo co. TEL to 0.0 g. aludge/200 co. TEL, end was lator
reduced atill further, to 0.C02 £./200 cc. TEL. Thiz hes resulted in the
slininabtlion, for all practical purpcses, of the difficulties with sludge
govsling out in reletively largs smounts in blender. bulk storage tanks, drums
and tank cars under normal storage conditious.

Stakility of Current Fluid and $he Faotorg Affecting its Stability

Ag a result of ithe increased purily of ThL, ths sludge problem of
“Bthyl® antilmock fluld was greatly diminished. Current commorecial f£iuid
containg only =z trace of doposited sludge. On blending vhe fluild or shortly
thereafter, 2 trace of potontisl sludge is formmed by reacbion of the TEL with
the othylens dibromide or impurities therein, but this smounts to lsos than
0.3% of the TEL content, and under proper storage conditions the reaction comes
to a halte. '

Although our manulaciured product, as delivsred to the cusiomer, is
slmogt entirely without sludge, under cortain conditions of storage "Bthyl”
fluid will "age” with consequent formation of a slight smount of sludgs. The
factors which affect the storage stability of "Bthyl® antilnock fiuid ere
dilscusped in the following sections,.

1, Effect of Orxygon or Air. - Loboratory studies and field experience
show that when ' Eonyl"® fluid is expoced to air deteriorrdion of the fluid ceeurs.
The air is digseolved by the fluid, slowly on sbending and rapidly when tho fluid
is agitated. At room temperature "Ethyl” fluid can dissolve 104 of air by volumo.

The aludging resctions of fluld in the presonce of eir ccour in two
geages:  first, a fact oxidation reaction producing a soluble lead sludge,
preeumably an allkyllsead oxide; second, by a reaction betwasen this compound and
othylene dibromide (a constitubent of fluid) to fom Yristhyllead bromide. The
lattor oompound constvitules potential aludge, if the smount of availeble air is
linited. If the amount of air is unlimited, the potential sludge ip sconverted
to decomposition products which are imsolubie in the fluid and settle to the
bottom of the container. In this connsction, leboreatory studies have shown that
there will bo several times as much potential aludge es precipitated sludge.
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In a typical experimemt "Ethyl"” lotor Mix ou standing at room tempere
sture over a period of seven days in & sealed quart Jer with a large but
limited air space gave 0.16% (weight # TEL) as procipitated sludge. In similar
oxperiments and under the same conditions it was found that fluld in open quarxt
Jers gave about B0 times as much precipitated sludge as fluid in sesled Jars. -

Tiith =211 other variables constant, therefore, in general, it can bhe
stated that ths extent of fluid docomposition will depend on the amount of sir
available,

20 BEffoct of Time and Temperaturs. = In order to determine the effects
of time and temperature on fluid stability, lsboratory tests were run in quart
bottles for periods up to 28 days and temperatures renging from 60° to 96° F.
In the tests where an wnlimited amount of air was availeble, it was found that
zludge fovmation (precipitated sludge) increases with increasing tims and
temperature. In these tests it was alaoc concluded that where air is not evaile
able the increassd tempersture merely served to accelsrate the rate of approach
to & constamt sludge levol.

The offect of time and tempersture cn {luid stability hove becn
damonstrated in drum storage tests also. In one tost, a drium of £luid (Motor
Hix) was atored for 96 days at o conatant temperaturs of 140° F. Inspecticn
and analysis of %he £luld aftor ths test showed that the decomposition of %he
{luid %o soluble sludgs increased slowly to tho oxtent of 0,34 of tho THL, and
what there was very little precipitated sludge. In this test, ineldentslly,
the pressure of the drum rose initially to a maximum of 19 pounds gage; within
ons day the air in the drum (3%) dissolved in the fluid, the drum beoame shaell-
full, and the pressure fell to 8 pounds whaore it remeined congbent for the
durstion of ths teost.

In summary, thoe facters of time and temperature (upy to 80° G, (140° 7. })
conbribute very litile Yo aludging of £luid, if the fluid is in closed containers
and consequently exposed to only a very smell zmownt of alr. Conversely, thoy
contribute greatly to fluid sludging if the fluid is being esxposed to an wlinited
gourgo of air.

3. Effoot of Light: ~ The exposure of fluid o 1light in any form iuncressaea
sludge formation, -

In e ropresentative serles of laboratory sexperiments, 254 ml.-samples
of fluid, protoected by a watsr layer, were stored in pint bottles and eixposed
to daylight end darkness for a period up to 20 months. At the end of this .
storage period, the fluid sample contained a 1/8-inch layer of sediment (pre- s
oipitated sludge), yellow crystals of msterial formed on the sides of ths hottle,
and thore was a brownish froating of the glass above the fluid. The sanples
oxposed to daylight gave 0.9 gram of precipitated sludge, while the samples
stored in the dark gave 0.3 gram of preoipitated sludges. Thua, in thils case &b
loast, daylight exposure of the fluid gave a three~fold luncrease in sludgs
formation over the semples stored in the dark.

At the present time "Ethyl" antiknock fluid is being handled and . i
digtrivveted in opague ocontainers; snd es & result, there is very little chanco i
for exposure of the fiuid to light., - Theore is, howover, some light exposure of g
zaall yuantities of fluid used in gasoline labsratories for tosting purposes.

KE 6005044




6o

Protection of "Ethyl®” Fluid Apaingt Deterioration by use of Inhibiters

Although "Ethyl” Fluid is relatively stable undsr ordinary storage
conditions with only trece formetion of sludge, the Corporation has and is
giving much consideration to the problem of finding & suitable inhibitor for
T25hyl® antilmock £luid. 4 completsly stabiliged fluid is considered advane
tagsous both from the economic and safoby standpoint. Such a fluid would
sliminate all distribution problems from the standpoint of sludging in the
containers, and would minimize the handling of 1éad sludpges in cleaning
zasoline stornpge tanks and fluid bulk storage tanka.

Of ths many inhibitors which have been tosted in the laboretory
for the stebilization of fluid, Shell 24MEB (2,4-dimethyl~Getertiery butyl
phenol ) has proved to be ene of the most offective. Laboratory investigations
have demonstrated conslusively thet inhibitor 24M6B nt n concentration of 0.1%
{wased on weight of TEL) in "Ethyl" fluid considarale docreanos the amount of
sludge formsd when the fluld is exposed to air. The use of the inhibiteor in
this concentration gave satisfactory protection of "Ethyl" antilmock fluid
for three woeks at 40° C. and for ove week at 50° €., The remson the inhibibtor
fioes net give unlimited protastion is that the inmhibitor iltself is used up i

poRiRetic PN

Shell 24M35 inbibitor has bean put on the list of sabisfactory
inhioitors for use in the ztabilization of "Zthyl" antilmoclk compouvnd, IHowe
ever, at present it is being used in speoeial ocases only., Regarding itz
wig in coemmercial {luid, a csreful study of the subjeet made by ths Corporation
shewsd that there was no need for a stablilizer under gur normsl bull hnndling
of the fluid, In =ddition, it was felt that since the iahibibor camast elimie~
ante sivdging complotaly, its use camet bo Justilfied.

The inhibiter is chrcntlv bosing used to stablilize fluid chipped in
sre~liter -cans, The use of cannoed fluld, you will recall, iuvelves the uge of
Cluid in %he lshoratory undar caadxulon whera it i1s highly swposed Lo air.
Orened and partlslly u@ed cang of fluid are avbjJect o long periods of storage
with Intermittent sxposwre to air upon opening the can %o remove a small poriion
of the fluid. Witheout inhibitor this gxpesurs resulted in fluid burettss
vaconing coated wibth a deposit difficult to olean, and the fiuvid itaelf bacame
hazy. oo

1y

vy

In order to eliminate or minimize these sludging reacticns Eshyl
Corporation is supplying "Ethyl” satiknock fluid (Aviation) in & dilute form
{eolvent is 70% xylene + 3054 n-heptene by volume) and stabilized with 0,1%
Z24KSB, as a service to our customers, Laboratory tests have shown that the
inhibited canned fluld is satisfsctorily stable for use during perieda up to
six months,

Anpliocastion of Fluid Stobility Data to Field Use

In ordor to supply our customer companies fluid with the least smount
cf deterioration, consideration of the fcllowxng praecauvtions in the fisld ia
sugrested:
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Weigh Tank Storage

Our present systom of storing fluid in customer refineries in weigh
tanks is advantagsous since it does not allow exposure of the fluid ©o light at
any time. '

Glyoerine is added to fluid in woeigh tanks for ths purpose of forming
a protective blanket. The glycerine, being insoluble in the {fluid and having
a density lower than the fluid, will form a seperate layer on top of the fluids
By moans of this layer (blanket) comtact of the bullk fluid with air is largely
guarded ageinst and the tondency of the fluid vapors to escape is greatly
deoreased. It cannot be emphesized too strongly, therefore, that all weigh
tanks should conbtain a glyoerine blankot, if space in the tank is available for
it. Without a blenket, deteriorntion of the fluid can be expected to incresse,
espacially if the vent line has to bes left opsne.

In the operation of a mixing plant, there exists the possibiliby of
rulling air through the fluid, which should not be permitted. Thisg may happen
when the supply of fluid in the tank is low, at whleh time air is sucked vhrough
the standpipe filling the bank with air. This, of course, should bs guardsd
agalnst since 2 fresh swply of air means a condlition for further deterioraticn
of the fluid,

In dealings with oustomers it is good practice to urge & reascnsble
turnover of the fluid in the teank.,. This isa wise directive since it is known
that the longer the storage time the greater the chanses for inoreased sludging
of the {luid, o _

Consideration should alao ba pgiven to the temperature of the rosm
where fluid is stored. Excessiva fluld storage tompoerabure, of course, teads 4o
acoelerate decomposition reactions, Direct sunlight should not bhe allowed to
strike ths tank,

These preocautions are ordinary oconsiderations for plant operations,
they are repeated here for anphasis only. :

Urum Storage

In the storags of fluid in drums in the field thers are two primaxy
considerations from the standpoint of temperature and light, IThe temperaturs
wnder which fluid is stored should never exceed 50° C. (122°F.) Ffor any pericd
of times, In addition, the fluid should be so stored that it is protected from
direct sunlipght at gll times. This, of course, is sccomplished by suitable
roofing which ordinarily is available except in extreme ceses. A word of
explanation is in ordsr at thils point, regarding the term "asun temperature®:
It has been established that if a drum of fluid iz exposed to the sun in a
high temperature area (120° F.), the meximum temperature of the fluid will be
es muoh as 22° F, above the prevailing maximum air temperatures. Henge, the
reagson for the recommendation for storing fluid drums in the shade, ospecially
"in hot climates.
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In the storage of drums care should be exsroised so chot the drum
does not breathe air unnecessarily. This is usually accomplished by not
pornitting bungs to begoms loosgensd,

As to blowing air throug;}; fluid, this should not be pormitted in
nmizing operations. The recommendaticn is the same as diszcussed previously
for wolgh tank storags.

Fluid 1s not chipped in old rusted drums. It haz boon demonstrated
in the laboratory that rust mey catalyzoe and accelerate decomposition reactions.
Howsver, if such a drum comes to your attention it should be marked so thab
the Shipping Dopsitment will be aware of its condition when it is received.

In conclualon, if a case of eacesmva '31udgmmg is noted in the field,
it should be roported at once to those concerned. Investization of the condi-
tions under which the f£luid was stored and leboratory analysis of the fluid
will provide data for further interpretation of fluid sludging.
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