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ETHYL GASOLINE CORPORATION
Ghemicel Resmearch Loboratory

USE COF "FILTROL" FOR REMOVAL OF TETRAETHYLIEAD
FROM GASOLINE '

PURPOSE

To tast the feasibility of removing TEL {tetraethyllead)
from gasoline, in the liquid state at ordinsry temperaturss, by
neans of the chemically activated clay, "Filtrol.”

SUMMARY

{1) Porcolation of liguid gasoline, coatainiag 3 cc.
TEL/zel. in the form of ETHYL Fluid, through a tower packed with
zranuls® Fillirol at rocm temperature remcoves the TEL complebely.
This iz a more afficlent methed Then intermitient sheking of s
Baten of gasoline with the Filtrol.

{(2) Tho allowable rate of flov of the gasoline throush a
r, Tor reasconebly efficizet operetion, is of the ordesr of
1 gal./br. per 1o, of Filtrol. The epace ccecunied by the &C-100
mesh granular Fiitrol i1s 48.5 cu.in. {710 cc.) mer pound, =snd the
£ree space is 71% of this. Hence, the above rabte is eguivalent
o a time of contact hetween the fuel and ths Filtrol of 2.2 min.

(3) Ths caepacity of the Filtrol, for complete romoval of
the TEL, dersnds on thse ccntact time and, particulerly, cn the Xind
of fuel treated. This is showvn by the folloving comparlson betveen
an inert fuel, such as pure iscsctane, and a typlcel cracked
zagolilines

Gapacity: cc. TEL —emeved
pexr 1b, of Filtvol
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Rate of flow: gel./hr./l1k,

003 . :.L _:3
Centact time: nin,
Kind of Fusl 27 8.2 2.7
Fure isococtane ’ 32 25 18
Cracked gasoline 1.4 1.2 1.0

VWhen the concentration of TEL is less than 3 cec./zal.,
“he above capaclty remasing about the same for the Iiscoctane but
is probably considerebly less for the craclked gasoline., At the
"ond-point," after the capacity of the Filtrol has besn resached,
. the concentration of TEL in the fuel leaving the tover increases
" abruptly from zero up to about 2 cc./gal. The TEL taken up is
tenaciocusly retained by the Filtrol, and cannot be washed cut by



)

2 non=lecded fuel.

(4) The effect of an increase in temperature on the rate
of vremoval is kmown %o be pronounced, although no quanitltative
oxperiments have ss yet been made in this connection. )

(5) There iz szome evidence that the rate of removal may
be much faster from veporized gasoline than from the liguid.

(6) ©The halogen compounds in ETHYL Fluld are not removed
oy Filtrel, vhereas the red dye is quickly adsorbed.

7) An Army CGascline Field Range, Model M-3T7, was fitted
~ith two tubes, containing together 1.42 ib. of Filtrol, incorporated
batween the fuel tank and the burner without any increase In the
sver-all dimensions of the Range. It wvas operated for 12 hr., using
3.0 gal. of cracked gasoline containing 3.0 cc. TEL/gzl., before any
TEL came through. The tubes became quite waxm {rom the heat of the
ourner, which accocunts for the fact thet the smoun®t of TEL rsmovad
w28 nearly eight times as great as wouid have bhsen cxpected at room
Lemperaiure.

{8} Pessible metheds of practileal use of the Flltrol ave
~utlined. ZExperimental work ls being contioued slong the iinss of
algh tempersiure and vapor rthagse treatmeant.

INTRODUCTION

The presence of TEL in 2 fvel to be un
meating unit is undesirable for two reasons. IFi

4 in 2 cecoking or
56,
fizalth hagzard: food must not e contamineted with ic

sre is a
d. Second,
‘0l valves
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from thermal decomposition of' the TEL.

A survey of pousible methods of removing the TEL from the
fuel shows, at the present time, only itwo which appear to be zulte
able for practlicel use. The Tirst consists of decouposing the TEL
in the fuel by vaporizing the fusel at a high tempsrature, and then
rassing the vapors through s filter which removes, as a dust, tThe
solid particles of leasd. This method is currently used in the
‘lodel M«3T7 U. S. Army Gaszoline Fleld Range developed at the
jeffersonville Depot, Q.M.C. As shown In a previous report from
this Laboratory, LTD 4l1.5, and in a report frem Dr. R. A. Kehoe
fated June 1, 1941, this method camnnot be considered vholly
successful, a certain amount of lead finding its wsy &t times

beyond the filter, especislly during the firvst hell hour of operastion. .

The second possible method is that of adsorbing the TEL
Trom the liguid or vaporized gesoline by & solid adsorbent. A
chemically sctivated clay appears Lo e the best type of adsorbent
for this purpose, and the use of the partlceular clay, Filtrol, was
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suggested to this lLeboratory by a memorandum received from

Dr., W, J. Sweeney of the Esso Laboratoricas. Since thiz Filtrol
vas presumably as efficient as any of these clays, 1t bhas bsen -
*he only one tested so far in the present work. Another type of
adso§benx, sillica gel, was also tested with much less satisfactory
results. ®

The work covered by the present report was designed to
aprly only to the removal of TEL from liguid gesoline at eboutb
room temperature, inasmuch as it appeared that these conditions
would probably be the most practiceble for actuel use of the
process. It is known, however, that the sdsorptive power of an
activated clay increases greatly as the tempersature is raised;
a2lso, & previous report, LTD 41-30, on the use of Filtrol for
vemoval of TEL vapor from gir indlcgtes that adsorpticon from the
vapor rhase may be more efficient than Ifrom the 1lliquid. Further
experiments slong these lines ere in progress.

METHODS AND ZQUIPMENT

Materials

Tilirol., - Ssmples vwers supplied by Mr. 8., R. FPunsien,
Filtrol Coifd., Los Angelos. PFiltrol 1s & hydrated aluvminuwn sililcate
derived Irom certaln rpaturally occuring bentonlics and activated
#ith sulfuric acid. 7The designations and cheracteristics of the
samples tested are es follovwa:

Super - This is the rsgular powdewred Filitrol, stated
%o cogtain about 14% free meisture {110°C.) and 1%% volsiile matter
1700°F. )

: L.M, - This is povdered naterial ceataining about
17% nmoisture, ‘

X215 -~ This is Super Filtrol vhick has been extruded,
dried To about 4% free molsture (124 volatile matter), and reduced
to 60-100 mesh. This materisl is available In cxperinentsl quans
tities only, at the present Uilne,

X=209 « This 1s similar to X215, but 1s 10-12 mesh
in size end contains 14% frec moisture..

Fuelas. - Most of the test vork was carried on with two
fuels of widsely different charscteristics. Isooctans of fairly
high purity (C.F.R. Reference Fuel F.3) vas selected as being
Lypical of the inert, paraffinic-type fuels. As the other extreme,
commercial Mid-Continent gasoline vas selected as representative
of the highly cracked gasolinss, containing a considerable propor-
tlon of reactive, unsaturated hydrocarbons. This gasoline,
identified as Fuel R (test fuel Wo. 122-41D), contained 0.071%
sulfur and 4 mg. A.8.T.M. dissolved gum.
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Other fuels, used in some tests, were: No. 9 0il, a
refined kerosene; Fuel @&, a technical isooctane; Fuel H, a 100
octane base stock (No, 2@1-#0); Fuel P, a high-octane poraffinic
base stock (No. 334-36); Fuel Q, & comusrcisal 73 octane base
zasoline (No. 216-39); Fuels R-2 and R~3, similar to Fuel R (No.
157-41D and No. 53-41D respectively)s Fuel S, z different type of
commercial cracked gasollne (No. 159-41); and Fuel X, sn uarefined,
high-sulfur, cracked stock (No. F-12).

TEL (tetraethyllezd). - Unless otherwise indicated,
% ec. TEL/gal. vas added to the fuels in the fowm of ETHYL Fluld.
For isocctane, which had besen deleaded with Flltrol srnd was to be
re-used, straight TEL was added, since tests shoved that the
halogen compounds (ethylene dibromide and dichloride) in the
ETHYL Fluld were not removed by the Flltrol.

Analyticel Methods

The presence of TEL in gasoline in concentrations as low
es 0.05 ce./gal. vas detected, and a rough cstimate of the amount
vas chktelned, by treating a 5-ml, sample in a test tube by drop-
vige addition of 30% bromine in cerbon tetrachloride snd chserving
the volume of lead bromide precipitated. For guaatitsilve snalysis,
a 100-ml., sample was treated by the stendard A.S5.7.M. H0l-Refliux
method.

Taulpment

Percolaticon methed., - The fuel was pumped, Wy a Zenith
pump with adjustable ralte ol delivery, upward through s glags tube,
or through two tubes in series, asz shewn in Fig. 1. The tubes had
inside diameters of 9.5, 21.5, or 41.2 mm., and vere waifornly
packed with Filtrol for a length of, usuvally, %862 mm. The tubes
vere kept at room temperaturs, about 20°, except in one test where
& temperature of 100° was obtzined by & steam jacket arcuand the
tube, Small samples of the effluent fuel were tozted abt respular
intervals for the presence of TEL, and asg soon as a posilive test
ves obtained, larger samples were teken for a gquantitstive analysis.
The pressure drop over the length of the tube was measured by &
gauge cn the inlet line: it amounted to only.a few pounds in all
cases, : o -7

s
-

Bgtch method. - The desired emounte of fuel and Filtrol
in 8 closed container at room temperature were shaken, either
continuously by a motor-driven shaker or at 15.min. intervels by
nand during the day. In one experiment, stirring wvas effected
and higher temperatures were obtained by boiling the fuel, with
the contalner open to & reflux condenger., Samples of the fuel
vere withdrawn at suitable intervals, filtered if necessary, and
analyzed for TEL; appropriate corrections were made for these
withdriwals, in computing the capecity of the Filtrol for TEL
removal, '
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Aromy Fleld Ragggﬁ - The M~37 Mcdel Renge was adapted,
as shown schematically in Fig. 2, by placing tvo tubses in series
between the fuel tank and the vaporizer. The fllter disc in the
vaporizer waes omitted. As shown in Fig. 3, ths tubes, of steei,
each 20 in. long and 1.5 in. i.d., were packed for a lengiir of
17 in. with a totel of 1.% 1b. of the X-215 Filtrol, held tightly
in place by a pad of glass wool and a spring inslide the cap which
slosed the end of each tube. An asbestos yad 3/8 in. thick
shielded each %tube, but despito this the tubes Lescame quite warm -
about 60°C, - during operation of the unit.

RESULTS

rercolation Method: Rate snd Canacity

The data for isooctane and cracked gascline R with
X-215 Fiitrol at room temperature are given in ZTabls I and Fig. 4.
It i1s szen that, over the range of contact time used, from 2.8
to 50 min., the relatlon Letween the logerithm of The centact Lime
and the amount »f TEL removed completaly pery ib. of Piltrol is
roughly linear, a2nd is independont of the dlameter of the tube.
The individual soints are semewhst scattered, but this may simply
De due to varizulions Iin room Lenperaturs. For contsct timss of
27, 8.2, aad 2.7 nin. {flow vates of 2.3, 1, sad 3 mal. of fuel
nay hr. per 1b, of PLltrol), the lines drawvn in Flg. 4 chow emounts
of TEL removed Jrom lgsocctane of 32, 25, snd 18 ve. per 1b. of
Filerol, cnd fron the masoline, 1.8, 1.2, znd 1.0 co., respectivelr.
These lines, of zourse, cannot bz extrapclated: as the contact
time apprcachea zero, vthe TEL ramoved musgt So Lilkewlae, and the
indicetion fror the experiments as a2 vhols i that 2 contact time
of less than 2.7 =zin. {(flow rate preater than 3 zal./ar./ib.) would
not be efficient; on the other hand, there is no cvldsnt sdventage
In prelonging tihe conitact time Iar beyond 27 nin.

A

Batch Method: Rote and Capacity

With continucus shaking, the time required for complsis
removal of TEL Irom iscoctene 1z only cbout oune~half as great as
in the percclation method, e8s cnovn by the data in Table 17 axnd
¥lg. 2. Removal of 32 cc. TEL per 1b. of Filtrol vequires 15 hr.
by the batch method, compared with %0 hr. by percolatlon; removal
of 18 cc./1b. reguires 1.5 hr. shaking and 2.0 hr. percolaticn.
For compiete TEL removal from the gasoline R, the capacity psr l1lb.
of Filtrol is 2.1 cc. TEL in ebout 15 min. shaking snd 2.9 ce. in
45 min.: agaein, this 1s much faster Than the removal by percelation.

On the other hand, when intermittent shalting is employed
(egitating the batch vigorously cnéé overy 45 min. during the
yorking day), the rate of removel is much slower than Iin the
percolation method. For isooctane, complete vemoval of 21 ce.{av.;
TE% per 1b. of Filtrol required 70 hours. The data are ghown in
Table II. ' '
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Concentration of TEL

¥hen isooctane contalning 1 cc. TEL/gal. 13 treated by
the percolation method, the amount of fuel deleaded is three times
as great as for the fuel containing 3 cc. treated at the same rate
of flow. In this experiment, the isococtane used had been re-leaded
following previous treatment with Filtrol, and therefore the fusel
itself was probably entirsly inert.

On the other hand, ln another sxperiment in whieh two
towers were used in series, with iscoctane which contained 3 cec.
TEL and had not previocusly bsen treated, the emount of fuel
deleaded by the second towsr vas no moye then thet by the firvst
sower, desplte the fact that the concentration of TEL in the fuel
entering the second tower averaged oaly about 2 cc./gel. The dats
are gilven in Table III.

With pasoline, no conmparable teshs were na but 1t may
Be anticipated from the lnown affect of the fuel itself {use
Selew) that the amount of fuel delsaded will not be much, 177 any,

lovw
osreater at lovw concentrations of TEL.

Hexdmum Capeeliy

A semple cf I-215 Filtrel vap shakon wvwith isocetans
senvaining 3 cc. “”g/wa~., and a2dditional TEL was 5idﬁd ﬁo RN
taln the concentraticon at the 2 ce. level., After ng nmod
taken up, the Filtrel was removed ant easlyzed fop ¢eadn
centained an emount equivalent to 56 ce. TEL per Ib, of Fl
This velue was confilrmed by anaiysis of o >“uaiv off Fiitrol
frem the Dottom of the Tivst tower after the 90-hwr. My sh
Teble IIX. Also, in one experiment by the batzh method an
of TEL ot least as grest as this vas completely razmoved
fuel, indicating “hét tam capaclity of the Filiwxol deoss n
Y

on the coancentration of TEL ru“a”ninw iIn the fusli

i

4

*Lhe% confirmation was given DJ c?e fact thet when
the above emple of Filtrol aauuratmd vith 50 cc. TEL/1b, was
renoved and then shaiten with TEL-frvee fuel, no TEL vhatever vas
desorbed or dissolved by the fuel. The tenacity wilth which the
Filtrol retains the lead was further shown by’ the “nilure to
remove any lead from thls semple cn treatment wiith absolute ethyl
alcohol, or concentrated aguecus ammonia, or brouine and hot wabter,
or by high-temperature vacuum distilletlion. IHemce, it remailns
unknown in what form of chemical combination the lead 1ls held.
The saturated Filtrol does, however, have a proncuncsd oaor, and
1t probebly should be considered as a hazardous material, to be
disposed of by burning or burying.

Adsorptlon Rate and Cradlents In Towers

Evidence from gseversl experiments shows that the rate
at which the Flltrol adsorbs TEL is by no meens constent, but
deer 'sases as the lead content bullds up, and this decrﬁase is not
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uniform but occurs in n somewhat stepvise fashion.

Samples of the Filtrol from near the top and bottom of
sach of the two towers in series used in the 90-hr. run (Table III)
were taken at the end of the run, at which time the effluent fuel
contained gbout 1.cc. TEL/gal. Anslysis showed e fairly uniform
gradient in lead content from top to bottom, the amounts found belng
equivalent to about 20 cc. TEL per 1lb. of Filtrol at the top and
80 cec./1b. for the seturzted material at the bottom.

During the course of this same run, after 39 hr., the
sencentration of TEL in the fuel leaving the top of the lower tower
rose rapidly from zero to sbout 1 ce. TEL/gal., then more slovly
to about 2 ce., after vhich -= from 50 hr. 0 90 hr. -=- 1% remained
egsentieally constant. A similar result was obtained in a percola-~
tion test with gasoline where the concentration of TEL In the
effluent fuel remained &t sbout 2.3 cc. for many hours.

Further evidence of the change in »rate of remcovel of the
TEL is given by one test of the bateh method with continuous
zhaking, using lscoctans and X-215 granular Piltrel, with 11 ce.
TEL prer 1b, of Filtrol. The ccncentraticn of TEL was reduced from
3 cc./gel. to less than 1 cc. in 5 min., bubt complese pemoval
required 22 min.: This marked changs in rate occurred desplte
the fact that the cmount of TEL was only one~Lifth of the maximum
capecity of the Filtrol.

Removal of Halogen Compounds end Dye

Anelyses of the samples of Flltrol taken aflbeyr the
20=-hr. run shoved on average of only 0.1% helogen {as bronins),
an emount neglilzlible in compariscn with the lesad present, although
zreater than in the originsl PLiltrol, 0.0074%. Anslysis of a
zample cof deleeded fuel showed the expescted amount ¢f halogen
»resent. Evidently, the sthylene dichloride and athylene dibromide
p?iﬁeng in the ETHYL Fluid used avre practically unaffected by
?J. ero 3

The red dye used in the Fluld iz, as cxpscted, very
rapidly and completely adsorbed by Filtrol.

Effect of Fusl

The nature of the fuel itself is unguestionably the most
important factor in the use of Filltrol for remcval of TEL. As
ndicated above, at & given flov w»ate the amcunt of isocctane
completely deleaded is some 20 times as grest as the amount of
gasoline R. This result 1s undoubtedly due principslly to the
»resence of unsaturated hydrocarbons in the crecked gasolins,
vhich evidently combine with the Filtrol and in so doing greatly
reduce its effectiveness for combination wilth TEL.
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Tests made with a technlicel, scnewhat impure grade of
!sooctene (Fuel G) gave a much poorer lead removsl than those with
the nearly pure, F-3 iscoctane, s shovn in Table I and Fig. 4.
This suggests that the nature, rather then the smount, of wunsstura--
ted hydrocarbong present is the important factor. :

Direct comparison of & varlety of fuels wes made by the
batch method with continuous shaking. Four tests were msde, with
anounts of TEL equel %o 12.7 and 6.35 cc. per 1b. of Filtrol, and
wlth sheking times of 5 and 10 min. The results, given in
Table IV, show that the rate of removal veries widely. 0Of the
three inert fuels -~ H, F~3, end P -~ st the head of the list,
the amounts taken were very much less than could be completely
delecaded by the amounisg of Fillirol used: nevertheless, there ls
A distinet difference in the rate of removal of TEL 1ln these three
fuelg, and 1t is of ianterest to note that Fuel H, the 100 octene
Dage, was delesaded even faster than the stenderd F-3 isococctiene.

The four gasolinegs «= @, R.%, R-=2, and § ~- next on the
1ist in Teble IV probably contein encugh TEL to saturste the
T1ltrol present, or neevly o, but the differences in rate of
vemcval are still conspilcucus. The two gesolines, R-2 and R-3 ere
sresunsbly nesrly identicsl in composition, snd thelr Dehavior in
thiz test is lilrewise the same.

In this test, gsscline S appears

scmevwhet less rapidly
delended than geecline B. Fovever, in & percolsticn test {Teble I
and Fig. 4) vhere complcete vemovel of TREL was effected LY using e
riore Filtrol {the emount of TEL removed per 1lb. of Filirol being
~bount the same £s in the vregeni test). nosolline 8 wss deleaded 2
1lttle more readlly than gesoline K. Hence the s2bove sheking test
13 not =sn absolutely eccuvsie measure of the velatlve ease of
connplete deleading of the fuels. ‘

The result for the Tfinal fuel, X, in Teble IV ig of
interest, since thiz is an wwrelfined, cracked stock containing
2.84% sulfur, end the removal of TFL thepefrom was prasctically
nill. It 1s therefore nossible that the presence of sulfur compounds
n & fuel may contribute to 1ts elfect on the abllity of Filtrol
%0 remove TEL. o

Comparison of Different Filtrols

As shown in Table II, X-215 Filtrol which has been .
reduced to & 200-mesh powder (with care to avoid exposure to moist
alr) 1s no more effective than the regular 60-100 mesh granuler
Torm, but st the seme time is definitely better than the ordinesry
Sureyr Filtrol powder. Other prelimlinary tests showed no marked
difference in effectlilveness between the Super, the L.M., snd the
X-200 grades.

Further drying of the X-215 grade by heating to 155° or

172°, with loss in weight of 7.7% or 8.4% respectively, did not
further improve its efficiency (Table I}.
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Effect of Tempersture

Although no systematic study of the effect of tempersture
has been mede {inesmuch es the originsl uvnderstanding was that room-
temperature operation wes of principel importance), a fevw isolated
experiments vere carried out. The results indicate that en
incregse in temperature effects a substantisl incresse in the rate
of removal of TEL snd, perhaps, in the meximum capacity of the
Piltrol as well.

In a preliminsry percolation test at 1C0°, isococtene
sontaining 3 ce. nL/gal. vas deleaded with X-200 Filtrol in
2.2 min. contact time to an smount egqual to 40 cc. TEL per lb. of
F1ltrol, nearly twice as good a removal as obtained with the
superior X-215 Filtrol at room temperature.

In a bateh treatment in boiling No. © 0il at 165°, or
‘n fsooctene st 05°, 1 1b, of L.M. Piltrol rcemoved completely
apout 27 ce. TEL in less than 1 hr., vhereas at rocm tempsrature
removal wes not complete In 5 hr.

P

In Teble IV, the dats for the two fels whieh were shaken
uith Filtrol at 0° and au 50%, es well as st 21°, chow a diz,wnﬂt
:ffect of temperasture. The copparison betwesn the results for the
Tael P oot 0° and 21° I1s ‘“fil?g, the lezsd removal belng, respec-
tively, 53% and C0% in 5 min., o 7H6% ead 99% in 10 min.

The results, zlven belew, of the tecst made with the
rmodified Army Field Ronge con ?CHWCALJ ue accounted for excent i
the Lompersture -- about G0° ~- of the Pilivol tubes 1n thls tcwun

Removal of TEL from the Vepor Phasge

In & previous wreport, LID le;ﬂ t the

X-215 ¥litrol effected ¢ cmviesﬁ ”GEO““l i satureted TIL va
yrom moL%t alr at room tempereture Iin o fev seconds! con
The skcUiBt o7 TEL removed wes 28 ce, per lb. of Filtro
Turther complete removal might be obtained at a slover rate since
Jib Flltrol was far from comnlet*By saturated. The {flow rate, Iin

eviane of TEL, was close to 2 cc. /b per ib. of Filtrol,. Hence
’qe efficiency of the Piitrol i tris cage was almost a8 good =8
in the removal of TEL Irom 1sooctane, desplte the fact thet the
Filtrol was simultaneouslv saturated with water vapor. This result
encoursges & test of TEL removal from vaporized gasoline.

Removal of TEL with S84lica Gel

Two semples of silice gel (which sppsered to be in the
active state as judged by the heat genersted cn wettlng them with
woter) wvere tested with isooctane contalning TEL. The rate of
removal of the TEL wass very much slower than when uslng Filtrol;
whether the maximum capacitiy was also less vas not determined.

KE 63065524



10,

Test of Modifled Army Field Range

The Range, modified as described sbove, was cperated on
gasoline R containing 3 cc. TEL/gel., at an average rate of
G.4 gal./hr. This rate is some 50% greater then normal, probably
a result of the lowvered resistance to the flow of fuel due to
removal of the filter disc. Samples of the fuel taken from the
line between the Filtrol tubes and the burner showed that the
TEL began to come through after 12 hr. vhen approximately 5.0 gal.
of fuel had been delivered. The smount of TEL completely removed
by the 1.42 1b, Filtrol used was therefore over 10 cc./1b., an
amount eight times as great ss that removed in the percolation
tests at room tempersture. As stated above, this must have heen
due to the hipgher tempsrature -- about 60° -~ of the Filtrol in
this test. Operation was continued up to 21 hr., end during the
last 4 hr. the TEL content of the effluent fuel remained essentially
constant at about 1.8 cc./gal.

DISCUSSION

Based cn voth genersl considerations end the present
results, it appears that there is & good pessibillty Tor the
practical use of Filltrol or a zimiler clay for removal of TEL
from any commercisl gasoline, and that this mey be accompllghed
zither by a hnigh-temperpture, vapor-phase or by a lov-bemperaturs,
liquid-vhaee process. The Torwer method is 2t present under
Investigation.

Treatment of liguid gasoline for use in the Ayny Fileld
Range can concelvably be carried out In several ways, such as:

(1} To attach a large contaloer of Filitrol in gexies
with one deliveyry pipe on a tank truck, dilscharging lsad-Urece fuel
from this contalner into 5S5-gal. cans for distribution. A 50-gal.
container would hold 260 1b. of Filltrol, and 35 gal. of fuel, and

3t a flow rate of 1 gal./hr./lv. weuld deliver 260 gal./hr. or £111
one S5-gal. can per rin. However if the amownt of TEL which could
be removed were only 1.2 c¢e./1b. f{as found in the present wercola-
tion tests on gasoline at room temperature}, then ounly 100 mal., of
fuel -could be treated before renewing the Filtrol. If sdvantage
vere taken of the time of contact between deliveries, by cdelivering
not more than sbout 5 or 10 gel./hr., then the capacity of the
Filltrol might be increased several-fold.

(2) To add directly a suitsble amount -- about 5 lb, -
of Filtrol to each 5-gal. can of leaded gasoline, shaking the can
frequently for at least one hr. before using the fuel. An allowe-
ance of 0.3 gal. would be made for the volume occupled by the
Filtrol., Care to exclude water, and filtration of the gasoline
taken from the can, would be reguired, and the removsl of the
spent Filtrol from the can wounld be a problem.
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11.

(3) To install Filtrol tubes directly in the Range, as
vas done in the present work, but with the Filtrol supplied in a
sealed cartridge which could be inserted into the tube, punctured

by the cap of the tube, and later removed as a unit for dispossl
and replacement.
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| | TABLE I
REMOVAL_OF TEL FROM FUELS BY PERCOLATION METHOD

S g o Vg O e, PR oS

All tests made wlth glags towers paclked with X-215 Flltrol
at room temperature; letter (a) denotes Filtrol dried in oven.,

Tovers . . Fuels
ég:égger p:cked . symbol txve
P-3 pure lsooctane
A 9.5 mm, 1 W57-476m. G technical izooctane
B 21.5 mm, 2  914-065 rm, Q@ T73-octane gasoline
C 41,2 mm. ' _ R Mid-Cont. craclted gascline
S different cracked gasoline
TEL | Volunme cc. TEL
content Rate of fuel (Contact removed
Run Filtrol of fuel of flow deleaded  time per l1b.
Ho, Tovwer grams Fuel co./sal. ml, /hre, ml, min, Filtrol
20 A-l 22,6 F-3 3,02 1084 542 1.32 8.7
23 B-1  119.6 . . 3000 5202 2.26 15.7
109  A-1 23.8 ) ! 501 1465 2,250 22.?
108 " 2,38 7 " 571 1000 2,51 16.4
21 7 23.1 : " 555 148 2,59  18.0
115 : 2&‘ 03 .: 2-9}4 5"‘5’:} .?3?9 E'otgﬁ ‘l?jol
27 0 24,5 . 2.68 515 1553 2.83 19.0
122 . gi.g " éogg g?; i?pg 2.64 %863
2 © . ° 42 J-Gég“ 2 (35 5 ®
139 " 24,0 " 1.16 542 =567 2.65 20,7
120 " 24.8 " 2.70 506 1575 2.83 19.2
lll n 225’ PS 9 ) 2\37 .{_L}f}}? 5 8 ,‘33 =0, 7
2 " 224 " 3.02 265 34T 5,43 3.3
125 B-1 1cg.g F-3 g.;g ?@; 9020 10,6 2363
11 A-1 24, ' . 5 2544 11,1 7.
131 3.1 120.0 " 2.95 660 7538 11.2 22.2
134 " 115.0 " 2,98 657 oL 1.2 fl.}
8 " 120.0 ! 2.95 282 10762 25.83 31.0
101 C-1  384.0 " 3.02 1000 39000 271 36.6
“ c-2 78%.0 " " 1000 800060 34,2 34.9
107 A1 22% @ 2.99 562 320 2. 47 B
%gﬁ ) 2l.7" " " 521 i;? = a0 - "*é
3 23 © 1 3 7 ) ,) 3 © ? o
102 a 22,6 " M 12 2o 11.5 o8
135 A-1 25.6 Q 3.29 142 760 20.0 11.7
119 B-l1 . 120.0 R 3.02 1460 3565 5.03 1.1
118  A-1 2%,.1 " : 167 iz 7.65 1.9
17 " 24,3 " L] 129 10.2 1.9
122 A-2 56.5 " . 131 113 §i°§ %og
120 B-l 120. : i3 . L.
121 " 131.0 " " 142 531 52.3 1.5
1 A-1 24,5 S 3.27 144 120 9,95 1.3
122 " 2.4 " o 150 100 9.55 1.6
130 - A-2 46.1 " " 14z 178 19.6 1.5
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TABLE IT
REMOVAL_OF TEI, BY BATCH TREATMEINT OR SHAKING METHOD
Iscoctane or gasoline (Fuel R) containing about 3 ec. TEL/zal.

shaken continuously with Fillirol in a closed coantainer at
room temperature. -

Initial
Kind of TEL content Tine Removal
Filirol Fuel cc./lb. Filtrol | hours of TEL, %
{215 isooctane 70.6 0.5 19
7 35
" " 42,0 0.5 3

3 46

7 58

" " 35.3 23 75
g : : 320§ 158.5 o9+

23 O 3 © ‘!‘: 100

o " 17.2 1.28 100

" " 12.7 0.08 G2

fl 1 O R ?_6 ?'ﬁ?

" " 6.35 G.G8 a3
] 1 ' 0 . 16 ?;L-%-
Super " 38.5 22,25 22
! " 2.6 23 34
X-215 powder u 23,5 22,25 58
i “ 22,6 2% oL
X-215 " 32.6 215 59
152 96

TR 100

" gasoline 2.9 0,75 100

" " 2,1 0.25 100

(a) Intermittent shaking, cnce every 15 min. during 9 hr., cach day.

x
o
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<O
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TARLE III

L O s VS g g

REMOVAL OF TEL FROM ISOOCTANE IN A 90-HOUR RUN

Two towers in seories used with 384 and 400 g. (& total
of 1.73 1b.) X-215 Filtrol; contact time 27.1 min. in
ecach tower; through-put of fuel 0.264 gal. /hr,; TEL
content 3 cc./gal. TEL removal corrected for samples
withdrevn for analysis.

TEL content TEL removed
cc./zel. of ec. per 1lb.
fuel leaving of Flltrol
Time Lower Upper Lower Upper
hours tover tower tower tover
0-38 o]
29 0,20 36.6 -
40 .38
L3 Y
s LB
oy e
55— ’ 0¢86
59 '1099
63 1.93
o7 1.34
2.5 1.93 ¢©
0 0 est. 55.0 5.7
82 1.93  0.73
34 « 97
86 .98
88 1.03
.36 58.7 2l.1

0 1.64



TABLE IV

RELATIVE EASE OF REMOVAL OF TEL FROM DIFFERENT FUELS
IN_SHORT-TIME SHAKING TEST |

150 mi, fuel shaken with 5 or 10 g. X-215 Filtrol
{about 12 or 6 cc. TEL per 1lb. of Filtrol) for
5 or 10 min, at 21°C.

TEL TEL_removed 9

content h . ¥ilivol 10 g, Fllitrel

Fuel cc./gel. &S min. 10 min, 5 min, 10 min,
hs 3.3% o7 3k 06 100
F-3 3.53 52 77 93 100
B 3.42 &8 &3 90 100
) 3.37 36 B 70 29
R-3 3,10 L3 28 >e iy
7.2 3,41 12 17 29 ko
> 3.5 8 i3 21 27
X 3,25 0 Q 2 2
P -- 3t Q° 53 76
at 50° o7 29
R=3 ~= a2t 0° lg 23
at 50° 3 45
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