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57) ABSTRACT 

Organometallic compounds are separated from liquid 
hydrocarbons containing the same by contacting the 
liquid hydrocarbon with an activated charcoal having 
hydrous ferric chloride impregnated thereon. The con 
tacting may be accomplished at any combination of 
temperature and pressure at which the hydrocarbon 
will remain liquid and at which all components used in 
the process will remain stable. The contacting may be 
accomplished in essentially any suitable fashion; how 
ever, contacting in a fixed bed of the activated char 
coal is, generally, most convenient and effective. Im 
pregnation of the activated charcoal is accomplished 
by contacting a suitable activated charcoal with an 
aqueous solution of hydrous ferric chloride and there 
after at least partially drying the resulting mixture 
such that the water remaining is internally adsorbed in 
the activated charcoal pores. Generally, the presence 
of water in the impregnated activated carbon adsor 
bent will improve separation performance. This 
method of separation is particularly suited to the sepa 
ration of organo lead compounds from gasoline. 

8 Claims, No Drawings 
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METHOD OF REMOVING ORGANOMETALLIC 
COMPOUNDS FROM LIQUID HYDROCARBONS 

BACKGROUND OF THE INVENTION 

This invention relates to a process for separating or 
ganometallic compounds from liquid hydrocarbons. 
More particularly, this invention relates to a process for 
separating organo lead compounds from liquid hydro 
carbons. 
As is well known, there is an increasing public and 

governmental interest in eliminating or at least signifi 
cantly reducing the amount of lead emitted to the at 
mosphere as the result of combustion of leaded fuels in 
internal combustion engines. In fact, recently passed 
legislation does (or will) establish emission standards 
which can be met only through the use of substantially 
lead-free fuels. The same or related legislation also cre 
ates specifications for such fuels and imposes rather 
harsh sanctions against those which would market such 
fuels but not meet the specifications therefor. 
The production of lead-free or substantially lead-free 

fuels is, of course, well within the ordinary skill of the 
art. Delivery of such fuels to the consumer, however, 
cannot be as easily accomplished. In fact, past experi 
ence with both lead-free and low lead fuels has indi 
cated that intentional and/or inadvertent comingling of 
such fuels with leaded fuels renders such ultimate deliv 
ery impossible, at least, in 100% of the cases. Such co 
mingling could, of course, occur in the pipelines or 
transport tankers as well as in storage tanks at terminals 
or retail outlets. The need, then, for a method, short of 
separate transport and storage facilities, which would 
ensure the delivery of a substantially lead-free fuel is 
readily apparent. 
One such method which could be used is a separation 

method which would permit separation of relatively 
minor amounts of lead from the fuel stored at a termi 
nal or a retail outlet (after transport) or from the gaso 
line in a tanker or pipeline or delivery truck prior to 
transfer into a storage vessel. Indeed, several separa 
tion processes have, heretofore, been proposed for the 
separation of organo lead compounds from gasoline. 
Generally, these have been two-step processes wherein 
the organo lead compound is first converted to an in 
soluble form and thereafter separated either by absorp 
tion, water washing, filtration and/or decanting. Often, 
the chemical conversion is accomplished with a Lewis 
acid such as stannic chloride, and the separation ef 
fected with an adsorbent such as activated charcoal. 
These prior art methods have, however, been primarily 
concerned with the separation of relatively high con 
centrations of lead (greater than 1 gram lead per gallon 
of gasoline) from relatively small volumes of gasoline 
and are not ideally suited to use for the separation of 
relatively small concentrations of lead (less than 0.5 
grams lead per gallon of gasoline) from comparatively 
large volumes of gasoline. In this regard, it should be 
noted that separation rate was a relatively minor con 
sideration in the prior art processes with emphasis hav 
ing been placed on separation capacity. In the present 
situation, emphasis must be placed on the absorption 
rate due to the large volumes which must be treated 
and separation capacity is a less significant factor. 

In general, these prior art processes also result in an 
increased gum content in the treated gasoline. While 
this condition may, generally, be tolerated with respect 
to relatively small volumes of gasoline, to be used in 
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2 
relatively inexpensive equipment having a relatively 
short design life, it obviously cannot be tolerated in 
large volumes of gasoline to be used in modern auto 
mobile engines. The need, then, for a separation proc 
esss geared to the treatment of large volumes of gaso 
line without increasing the gum content thereof should 
be readily apparent. 

SUMMARY OF THE INVENTION 

It has now been found that the foregoing and other 
deficiencies of the prior art organo lead separation pro 
cesses can be avoided with the process of this invention 
and a process well suited to the separation of relatively 
small concentrations of lead from relatively large Vol 
umes of liquid hydrocarbon provided thereby. It is, 
therefore, an object of this invention to provide an im 
proved process for separating organo lead compounds 
from liquid hydrocarbons. It is another object of this 
invention to provide such a process wherein the separa 
tion is accomplished at a relatively high rate. It is still 
another object of this invention to provide such a pro 
cess which may be used without increasing the gum 
content of the liquid hydrocarbons subjected to treat 
ment. Still other objects and advantages will become 
apparent from the disclosure set forth hereinafter. 

In accordance with the present invention, the forego 
ing and other objects and advantages are accomplished 
with a process wherein a liquid hydrocarbon containing 
one or more organo lead compounds is contacted with 
an activated charcoal having ferric chloride impreg 
nated thereon. As is pointed out more fully hereinafter, 
it is essential that the activated carbon be substantially 
amorphous and that the same be impregnated with an 
aqueous solution of hydrous ferric chloride. 
DETAILED DESCRIPTION OF THE INVENTION 

Broadly, the method of this invention can be used to 
separate or remove organo lead compounds from any 
hydrocarbon which might contain such organo lead 
compounds in a dissolved form. The process may, then, 
be used to separate organo lead compounds from nor 
mally gaseous hydrocarbons which have been made liq 
uid as a result of increased pressure as well as solid or 
highly viscous hydrocarbons which had been made liq 
uid as the result of increased temperature. The process 
is equally useful to separate organo lead compounds 
from mixtures of such hydrocarbons as well as mixtures 
of either one or both of these types of hydrocarbon 
with normally liquid hydrocarbons. The process is, 
however, most useful for the separation of organo lead 
compounds from mixtures of normally liquid hydrocar 
bons, which mixtures may contain one or more gaseous 
hydrocarbons dissolved therein. Mixtures of this type 
include the leaded and unleaded fuels such as gasoline, 
jet fuel and kerosene. The method of this invention is 
particularly useful for the separation of organo lead 
compounds from conventional leaded gasolines as well 
as unleaded gasolines which may as the result of con 
tamination contain relatively minor amounts of organo 
lead compounds. 

Surprisingly, it has been discovered that only a lim 
ited number of the commercially available activated 
carbons or charcoals can be used in the process of this 
invention to achieve the desired degree of separation. 
In this regard, it should be noted that activated carbons 
which are substantially amorphous; i.e., activated car 
bons which do not exhibit a graphitic structure or at 
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least only slightly so, and which have high oxygen con 
tents, high pore volumes and relatively high surface 
area per unit weight are most effective. It should also 
be noted, that, in general, the method of preparing the 
activated carbon; i.e., preparation with or without 
chemicals, does not have any significant effect on the 
performance thereof in the process of this invention 
and activated carbons prepared by any method are 
considered equivalent so long as the properties thereof 
are within the ranges set forth hereinafter. One excep 
tion to this otherwise, general, rule is that preparation 
in the presence of a relatively strong acid such as hy 
drochloric acid or treatment with such an acid after 
preparation will, generally, enhance performance. Care 
should, however, be taken in such treatment to avoid 
acid concentrations sufficiently high to permit leaching 
thereof during the contacting process such that the acid 
number of the treated hydrocarbon is significantly in 
creased. 
AS has been noted, supra, it is essential to the method 

of this invention that the activated carbons employed 
therein be substantially amorphous. This does not, 
however, mean that the activated carbons must be 
completely free of crystalline structure. In fact, it has 
been found useful activated carbons may exhibit up to 
about 20 wt.% crystallinity or that the same may con 
tain up to 20 wt.% of carbon having a graphitic type 
structure. Such activated carbons are, therefore, con 
sidered to be within the meaning of "substantially 
amorphous' as used herein. Also, the activated car 
bons which are useful in the method of this invention 
will exhibit oxygen contents within the range of about 
3 to about 25 wt.%; total pore volumes within the 
range of about 0.5 to about 1.5 ml/g, and surface areas 
within the range of about 300 to about 1500 m/g. 
At this point it should be noted that while any acti 

vated carbon exhibiting properties within the aforedes 
cribed ranges is operable, best results are obtained with 
activated carbons containing minimal amounts; i.e. less 
than about 5 wt.%, of crystalline structure. Moreover, 
it should be noted that when activated carbons having 
higher degrees of crystalline structures (within the 
range heretofore specified) are used, best results there 
with will be obtained when there is also a correspond 
ing increase in the oxygen content thereof as well as 
with increased total pore volumes and surface area. 
As will be readily apparent, the particle size of the ac 

tivated carbon is not critical to the present invention. 
Indeed, the method would be quite operative with any 
particle size provided that satisfactory means for sepa 
rating the impregnated activated carbon are used. In 
this regard, it should be noted that essentially any of the 
filtration or centrifugation methods known in the prior 
art could be used to separate particles too small to be 
separated with any other means in either a batch or 
continuous operation. Similarly, any other means 
known to be effective in separating solids from liquids 
could be employed to effect the desired separation. It 
is, however, most expedient and effective to carry out 
the method of the present invention in such a way as to 
either eliminate or at least minimize the need for such 
solid separation and to minimize contacting time. For 
the reason, it is preferred to accomplish the liquid 
hydrocarbon-impregnated activated carbon contacting 
by passing the liquid hydrocarbon through a fixed bed 
of the impregnated, activated carbon. When this 
method is used, a granular type activated type carbon 
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4. 
will be used and the particle size will, generally, range 
between about 0.01 and 0.15 inches. 

In general, any of the hydrous ferric chlorides may be 
used to impregnate the activated carbon used in the 
method of the present invention. As is well known, the 
hydrous ferric chlorides may be represented by the for 
mula FeClaXO wherein X may be any one of several 
numbers including 5, 6 and 12. These compounds may, 
of course, be readily prepared with methods well 
known in the prior art or the same may be obtained 
commercially from several sources. 
The impregnated activated carbon used in the 

method of this invention will be prepared by first dis 
solving a suitable hydrated ferric chloride in water and 
then combining the ferric chloride solution with a suit 
able activated carbon. The concentration of ferric 
chloride in the aqueous solution as well as the amount 
of such solution used in combination with the activated 
carbon is, of course, not critical to the invention and a 
satisfactory impregnated product can be obtained over 
a relatively broad range of such conditions. Best re 
sults, however, will be obtained when the total concen 
tration of hydrous ferric chloride in solution is suffi 
cient to provide the desired concentration of ferric 
chloride on the activated charcoal and when the total 
amount of solution employed is sufficient to insure 
good wetting of the activated charcoal, and hence, 
good distribution of the ferric chloride without provid 
ing a large excess of water which must later be re 
moved. Generally, the aqueous hydrous ferric chloride 
solution and the activated charcoal will be contacted in 
such a manner as to insure good distribution of the fer 
ric chloride over the activated charcoal. This can, of 
course, be readily accomplished with any of the well 
known mixing techniques. After the ferric chloride so 
lution and the activated carbon have been contacted 
for a sufficient period of time, excess water will be re 
moved by drying. Again, this can be accomplished with 
methods well known in the prior art such as by drying 
at an elevated temperature in an oven and/or by con 
tacting the impregnated activated carbon with an inert 
stripping gas such as nitrogen or air. It will, of course, 
be appreciated that the drying time and/or conditions 
can be controlled such that the resulting impregnated 
activated carbon may contain any desired concentra 
tion of water within the pores thereof. 

Generally, a satisfactory ferric chloride-impregnated 
activated carbon can be prepared by first forming an 
aqueous solution of hydrous ferric chloride containing 
between about 5 and 15 wt.% ferric chloride (on a wa 
ter-free basis) and thereafter contacting between about 
1 and 2 milliliters of this solution per gram of activated 
carbon (on a water-free basis). This contacting can be 
accomplished at any temperature and pressure at 
which the hydrous ferric chloride remains in solution 
and at which the solution remains liquid. Generally, the 
contacting will be continued for a period of time suffi 
cient to permit a complete wetting of the activated car 
bon. Following this contacting, the wetted activated 
carbon will be dried so as to remove at least 50 wt.% 
of the total water, i.e., the water derived from the hy 
drous ferric chloride as well as any that might be con 
tained in the activated carbon and the water used to 
form the solution, therefrom and most generally so as 
to remove between about 65 and 85 wt.% of such total 
water. Generally, the ferric chloride impregnated acti 
vated carbon which may be used in the method of this 
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invention will contain between about 5 and 20 wt.% 
FeCls (on a water-free basis), between about 50 and 93 
wt.% activated carbon, on a water-free basis, and be 
tween about 2 and 30 wt.% water. 

In the broadest embodiment of this invention, organo 
lead compounds will be separated from liquid hydro 
carbons by first contacting a liquid hydrocarbon con 
taining one or more organo lead compounds with a hy 
drous ferric chloride impregnated activated carbon and 
thereafter separating either the liquid hydrocarbon 
from the impregnated activated carbon or separating 
the impregnated activated carbon from the liquid hy 
drocarbon. The desired contacting may be accom 
plished either in a batch, semi-batch or continuous op 
eration and as indicated, supra, essentially any impreg 
nated activated carbon particle size may be used. 
Where the particle size is relatively small, however, it 
will be necessary to separate the impregnated activated 
carbon from the liquid hydrocarbon with a suitable 
method as filtration or centrifugation. Where the parti 
cle size is somewhat larger, however, separation might 
be accomplished by settling followed by decanting or 
again with methods such as filtration and centrifuga 
tion. Where the particle size is sufficiently large and 
particularly in the range previously specified, it will be 
possible to effect the contacting in a fixed bed of the 
impregnated activated carbon, in which case the liquid 
hydrocarbon will, effectively, be separated from the 
impregnated activated carbon after the desired con 
tacting has been accomplished. 
Broadly, the method of this invention may be used to 

treat liquid hydrocarbons containing essentially any 
possible concentration of dissolved organo lead com 
pounds. Generally, however, the method will be used 
to treat hydrocarbons containing less than 5 grams of 
dissolved lead per gallon and the same will be most ef 
fective for treating liquid hydrocarbons having less 
than 0.5 grams of dissolved lead per gallon. In this re 
gard, it should be noted that the effective life of the fer 
ric chloride impregnated activated carbon will depend 
upon the amount of lead actually separated therewith 
and as is pointed out more fully, hereinafter, the 
method of this invention will be most effective when 
the liquid hydrocarbon is pretreated with a different 
treating agent. The advantages derived from such pre 
treatment are, of course, most significant at the higher 
lead concentrations. 

In general, separation of the organo lead compounds 
will be accomplished at a satisfactory rate when suffi 
cient ferric chloride impregnated activated carbon is 
used to provide between about 3 and 20 grams of ferric 
chloride, on a water-free basis, per gram of dissolved 
lead in the liquid hydrocarbon subjected to treatment. 
Moreover, the rate of absorption will remain satisfac 
tory, at least in those cases where the hydrocarbon does 
not contain other components which might interfere 
with the lead separation, until the amount of lead ab 
sorbed by the impregnated activated charcoal is some 
where within the range of about 0.05 to about 0.3 
grams of lead per gram of ferric chloride (on a water 
free basis) contained in the original ferric chloride im 
pregnated activated carbon. As will be readily appar 
ent, then, in a batch operation separation can be ef 
fected by adding a fixed amount of the impregnated ac 
tivated carbon to a fixed volume of liquid hydrocarbon, 
the amount added being determined by the amount of 
lead to be separated from the liquid hydrocarbon and 
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6 
the amount, if any, of other components which might 
also be absorbed or otherwise decrease the absorbent 
capacity. In a semi batch or continuous operation, on 
the other hand, contacting with a fixed amount of im 
pregnated activated carbon would be continued until 
the amount of lead absorbed is sufficient to reduce the 
rate of absorption or until the concentration of lead in 
the treated hydrocarbon exceeds the desired concen 
trations. . 

It will, of course, be appreciated that good contacting 
between the absorbed lead and the impregnated acti 
vated charcoal is important to a complete separation. 
Such contacting could, of course, be achieved by shak 
ing, agitation or the like or the same might be achieved 
by passing the liquid hydrocarbon through a fixed bed 
of impregnated activated charcoal. In this regard, it 
should be noted that sufficient contacting will be ac 
complished when the liquid hydrocarbon is passed 
through a fixed bed of activated charcoal having a par 
ticle size within the range heretofore specified at a rate 
within the range of about 2 to about 10 gallons per hour 
per lb. of impregnated activated charcoal. 

In general, the contacting between the lead contain 
ing liquid hydrocarbon and the ferric chloride impreg 
nated activated carbon will be accomplished at a tem 
perature between about 30° and 120°F. and a contact 
ing time within the range of about 1 and about 5 min 
utes will be sufficient to effect the desired separation. 
The fact that the method of this invention can be oper 
ated at relatively low temperatures does, of course, 
offer a tremendous advantage since it is contemplated 
that the same might be used at retail outlets which 
would not offer convenient heating facilities. The pro 
cess cannot, however, be operated at extremely low 
temperatures since the rate of diffusion into the pores 
of the activated carbon would become too slow. 
A particularly surprising feature of this invention is 

the discovery that the water in the impregnated acti 
vated carbon serves substantially the same function as 
the activated carbon itself. This, then, permits the use 
of relatively large amounts of water, within the ranges 
herefore specified, without any loss in separation per 
formance. This does, then, offer a distinct economic 
advantage particularly since the impregnated activated 
carbon may, and sometimes will, be discarded after use 
rather then regenerated. 
As indicated, supra, the method of this invention can 

be effectively used to separate relatively large lead con 
centrations from liquid hydrocarbons. Large concen 
trations will, however, significantly reduce the useful 
life of the impregnated activated carbon. This in turn 
would result in frequent replacement or regeneration 
of the impregnated activated carbon and present an 
economic disadvantage. For this reason, then, it is most 
desirable to combine the method of the present inven 
tion with a different or more conventional method of 
separating lead so that the life of the impregnated acti 
vated carbon can be prolonged. In this embodiment of 
the invention, different and/or more conventional 
methods of separating lead from liquid hydrocarbons 
will be used to reduce the lead content to a concentra 
tion preferably below about 0.5 grams per gallon and 
most preferably below about 0.3 grams per gallon. The 
liquid hydrocarbon having a reduced lead concentra 
tion would then be subjected to treatment with a ferric 
chloride impregnated activated carbon in the manner 
heretofore described. 
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With respect to pretreatment of the lead containing 
hydrocarbon, stannic chloride, ferric chloride in ether 
and silicon tetrachloride have been found most effec 
tive for this purpose. In general, these compounds will 
be used in accordance with techniques will known in 
the prior art and such use need not be set forth in detail 
herein. Nevertheless, it should be noted that any one of 
these compounds or a mixture of any one or more 
thereof will, generally, be combined with the liquid hy 
drocarbon containing dissolved lead at a temperature 
between about 30° and about 120°F. for a period of 
time sufficient to effect the desired conversion of the 
soluble lead compounds. The conversion products thus 
formed will then be separated with a suitable method 
such as absorption, water washing, decanting, filtration 
and/or centrifugation. It will, of course, be appreciated 
that the amount of pretreating agent employed is not 
critical. The amount actually used, however, will gener 
ally exceed the stoichiometric amount required for 
complete conversion of the soluble lead compounds 
present in the treated hydrocarbons. 
While the use of a conventional lead separation 

method in combination with the improved method of 
this invention, offers the greatest advantage of prolong 
ing the life of the ferric chloride impregnated activated 
carbon when liquid hydrocarbons containing relatively 
high concentrations of lead are treated, it has surpris 
ingly been discovered that such a pretreatment, even 
when treating liquid hydrocarbons containing relatively 
small concentrations of lead, significantly improves the 
separation performance of the method of this inven 
tion. In this regard, it has been found that a pretreat 
ment with a halide selected from the group consisting 
of ferric chloride (in ether), stannic chloride and sili 
con tetrachloride is particularly effective for this pur 
pose. Again, the pretreatment may be accomplished in 
accordance with the techniques well known in the prior 
art and substantially in the manner described in the 
preceding paragraph. 
As indicated supra, the method of the present inven 

tion can be used to separate dissolved organo lead com 
pounds from any liquid hydrocarbon. The process is 
particularly useful, however, for the separation of or 
gano lead compounds such as tetraethyl lead and tetra 
methyl lead from mixtures of liquid hydrocarbons such 
as gasoline jet fuel and kerosene. The method of this 
invention is particularly useful for the separation of 
minor concentrations of such lead compounds from liq 
uid hydrocarbon mixtures to be offered and sold as un 
leaded gasolines. 

PREFERRED EMBODIMENT 

In a preferred embodiment of the present invention, 
an activated carbon impregnated with an aqueous solu 
tion of hydrous ferric chloride and containing between 
about 8 and 15 wt.%. FeCls, on a water-free basis, 5 to 
20 wt.% water and 65 to 87 wt.% activated carbon will 
be used to separate tetraethyl lead from gasolines in 
tended to be sold and used as unleaded gasolines within 
the meaning of recent Federal legislation, i.e., gasolines 
containing no more than 0.05 g Pb/gal. The preferred 
ferric chloride will be represented by the formula 
FeCla'6HO. The activated carbon used in the impreg 
nated composition will be essentially free of graphitic 
type carbon (less than 5.0 wt.%) and have a pore vol 
ume within the range of about 0.8 and 1.2 ml/g, an oxy 
gen content within the range of about 10 and 20 wt.% 
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8 
and a surface area between 500 and 1000 m/g. The 
separation will be accomplished by contacting the lead 
containing gasoline with the ferric chloride impreg 
nated activated carbon at a temperature between 40 
and 85F. such that the actual contacting time bets' 
the leaded fuel and the impregnated activated carbu . 
will be between about 1.5 and 3 minutes. 

In a preferred embodiment, the lead concentration ii. 
the gasoline will be less than 0.5 g/gallon and in a most 
preferred embodiment the lead concentration will be 
less than 0.3 g/gallon. Moreover, the lead containing 
gasoline will be pretreated by contacting the same with 
a compound selected from the group consisting offer 
ric chloride (in ether), stannic chloride and silicon tet 
rachloride. The pretreatment will be accomplished by 
contacting the leaded gasoline with an amount of such 
compound ranging between about 1 and about 5 times 
that required for a stoichiometric conversion of all of 
the tetraethyl lead contained therein. The pretreatment 
will be accomplished at a temperature between about 
40 and 85°F. under conditions of intimate contacting 
for a period of time between about 5 and 30 minutes. 
The pretreated gasoline will then be contacted with an 
activated carbon exhibiting properties within the range 
heretofore specified and thereafter contacted with the 
ferric chloride impregnated activated carbon. The con 
tacting with the impregnated activated carbon will be 
accomplished in a fixed bed thereof, the activated car 
bon having an average particle size within the range of 
about 0.015 to about 0.06 inches and at a flow rate be 
tween about 3 and about 6 gal. (gasoline) per hour per 
pound of impregnated activated carbon. 

It is believed that the present invention will become 
even more apparent from the following examples which 
illustrate the broadest embodiment thereof, a preferred 
embodiment thereof and a most preferred embodiment 
thereof. These examples also compare the results ob 
tained by the method of this invention with both prior 
art methods and methods closely analogous to that of 
the present invention. These examples are not, how 
ever, intended to limit the invention in any way. 

EXAMPLE 1 

An activated carbon impregnated with hydrous ferric 
chloride was prepared by first dissolving 20 grams of 
FeCla'6H2O in 115 grams of water and then combining 
this solution with 85 grams of granular activated car 
bon containing 7 wt.% water. The particle size of the 
granular carbon was such that the same all passed 
through a 20 mesh (U.S.) screen and was retained on 
a 40 mesh (U.S.) screen. The activated carbon had a 
total pore volume of 1.1 ml/g, contained 16.5% oxygen, 
had a surface area of 640 m/g and was amorphous or 
non-graphitic. The aqueous ferric chloride solution and 
the activated carbon were combined at a temperature 
of 75F. and the combined mixture was stirred until the 
activated carbon was thoroughly wetted. The com 
bined mixture was then dried in an oven at a tempera 
ture between 60 and 70°C., for a period of 20 hours. 
The resulting activated carbon contained 10 wt.% 
FeCls, on a water-free basis, 20 wt.% HO and 70% 
carbon. 10 grams of the impregnated activated carbon 
thus prepared were placed in a fixed bed and contacted 
with two liters of gasoline containing 0.18 grams 
Pb/gallon at 75F., such that the average contact time 
was about 2 minutes. 
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During the contacting, the flow of gasoline was suffi 
cient as to assure the desired degree of contacting be 
tween the lead and the activated carbon. After comple 
tion of the contacting, the treated gasoline was filtered 
to separate any suspended solids remaining therein. 
The treated gasoline was then analyzed and found to 
contain 0.04 grams Pb/gallon. 
As will be readily apparent, then, approximately 78% 

of the dissolved lead was removed and the resulting 
product contained less than 0.05 grams Pb/gallon. The 
resulting product could, then, be sold as an unleaded 
gasoline within the meaning of recent Federal legisla 
tion. 

EXAMPLE 2 

Two liters of gasoline identical with that used in Ex 
ample 1 was first contacted with 0.29 grams stannic 
chloride at a temperature of 75°F. for an average of 30 
minutes in small batches. In this Example, the gasoline 
was not stirred during this contacting period. Following 
this pretreatment the gasoline was filtered to separate 
suspended solids and passed through a bed of 5 g. acti 
Vated carbon So as to separate a portion of the lead 
therein and then contacted with a mixture comprising 
5 grams of the ferric chloride impregnated activated 
carbon prepared in Example 1 and 5 grams of activated 
carbon identical with that used in the preparation of 
the impregnated ferric chloride at a temperature of 
75F. for a period of 2 minutes. Again, the contacting 
was accomplished by passing the gasoline through a 
fixed bed of the activated carbon and the treated gaso 
line was filtered thereafter to separate any suspended 
solids remaining therein. Following this contacting, the 
treated gasoline was then analyzed for dissolved lead 
content. As a result of these tests, it was found that the 
same contained 0.02 grams Pb/gallon. 

EXAMPLE 3 

Two additional liters of gasoline identical with that 
used in Examples 1 and 2 was first contacted with 0.67 
grams stannic chloride at a temperature of 75°F, for an 
average of 30 minutes (in small batches). Following 
this pretreatment, the two liters of gasoline were fil 
tered then treated with a mixture comprising 5 grams 
of the impregnated activated carbon prepared in Exam 
ple 1 and 5 grams of activated carbon identical with 
that used to prepare the impregnated material at a tem 
perature of 75°F. for a period of about 2 minutes and 
again filtered, in the same manner as described in Ex 
ample 2. Following this treatment, the gasoline was an 
alyzed for lead content and found to contain 0.015 
grams Pb/gallon. 
As will be apparent from the preceding examples, in 

proved results are obtained, even when the concentra 
tion of dissolved lead in the gasoline is relatively low, 
as a result of pretreatment with stannic chloride. More 
over, a pretreatment of this type can be used to convert 
marginal separations into acceptable separations and 
thereby increase the effectiveness of the method of this 
invention to produce a product having less than 0.05 
grams Pb/gallon. 

EXAMPLE 4 

An activated carbon impregnated with an aqueous 
solution of hydrous ferric chloride was prepared in sub 
stantially the same manner as that set forth in Example 
1 except that the relative concentrations and the drying 
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time were modified to produce a product containing 13 
wt.%. FeCl3 on a water-free basis, 5 wt.% water and 
82% activated carbon. Ten grams of the impregnated 
activated carbon thus prepared were then used to treat 
two liters of a gasoline containing 0.15 g Pb/gallon in 
the same manner and at the same conditions as de 
scribed in Example 1. The treated gasoline contained 
0.04 g. Pb/gallon. 

EXAMPLE 5 

An activated carbon impregnated with an aqueous 
solution of hydrous ferric chloride was again prepared 
in substantially the same manner as indicated in Exam 
ple 1 except that the ratio of starting materials and the 
drying time was modified so as to produce an impreg 
nated activated carbon containing wt.%. FeCl3, on 
a water-free basis, 21 wt.% water and 68% activated 
carbon. 10 grams of this material were then used to 
treat two liters of gasoline containing 0.26 g Pb/gallon 
in the same manner and at the same conditions as de 
scribed in Example 1. The lead content of the treated 
gasoline was found to be 0.08 g Pb/gallon. 

EXAMPLE 6 

An activated carbon impregnated with hydrous ferric 
chloride was prepared in substantially the same manner 
as set forth in Example l except that the ratio of start 
ing materials and drying times were again modified so 
as to produce an impregnated activated carbon con 
taining 10 wt.%. FeCls, on a water-free basis, 23 wt.% 
water and 67% activated carbon. Ten grams of this im 
pregnated activated carbon were then used to treat two 
liters of gasoline containing 0.17 g Pb/gallon in the 
same manner and at the same conditions as described 
in Example 1. In this Example, however, the lead con 
tent was found to be 0.06 g Pb/gallon. 
As will be apparent from a comparison of Examples 

4-6, the method of the present invention is operative 
with impregnated activated carbons containing a rela 
tively wide range of water concentrations. As will also 
be apparent, impregnated activated carbons having 
higher water content appear to be equally effective in 
the separation of soluble lead compounds provided the 
water content does not exceed about 30 wt.%. 

EXAMPLE 7 

An activated carbon impregnated with anhydrous 
ferric chloride was prepared by first dissolving 1.0 g. 
anhydrous ferric chloride in 14.4 g ethyl alcohol and 
thereafter combining this solution with 9.9 g of acti 
vated charcoal identical with that used in Example 1. 
Except for the use of ethyl alcohol instead of water and 
anhydrous ferric chloride instead of hydrous ferric 
chloride, the preparation was identical to that set forth 
in Example 1. The impregnated product thus obtained 
contained 9 wt.%. FeCls, 0 wt.% ethyl alcohol, 6 wt. 
% water and 85 wt.% activated carbon. Ten grams of 
this impregnated activated carbon were then used to 
treat two liters of gasoline containing 0.25 g Pb/gallon 
in the same manner and at the same conditions as used 
in Example 1. Following the contacting, the gasoline 
was analyzed for lead content and the lead content 
found to be 0.13 g Pb/gallon. 
As will be readily apparent from a comparison of this 

example and the results obtained in Example 1, the use 
of anhydrous ferric chloride is not equivalent to the use 
of hydrous ferric chloride. In fact, anhydrous ferric 



3,915,849 

chloride is considered inoperative for purposes of sepa 
ration via the techniques of this invention. 

EXAMPLE 8 

An activated carbon impregnated with an aqueous 
hydrous ferric chloride solution was prepared by first 
dissolving 6.8 g. FeCla'6HO in 45.4 g of water and 
thereafter combining this solution with 30.1 g activated 
carbon. The activated carbon contained 0.5 wt.% wa 
ter, had a total pore volume of 0.8 ml/g, an oxygen con 
tent of 4.2 wt.% and a surface area of 1034 m/g. The 
activated carbon also exhibited a slight degree of crys 
tallinity; i.e., it contained a small amount of graphitic 
type carbon. The preparation was done in a manner 
substantially identical to that set forth in Example 1 ex 
cept that the drying was accomplished at 75°F. with ni 
trogen gas for a period of 20 hours. The resulting im 
pregnated activated carbon contained 10 wt.%. FeCla, 
on a water-free basis, 13 wt.% water and 77 wt.% acti 
vated carbon. Ten grams of this material were used to 
treat two liters of a gasoline containing 0.2 g Pb/gallon 
in the same manner and at the same conditions as de 
scribed in Example 1. Following the contacting, the 
treated gasoline was analyzed for lead content and the 
iead content was O.09 g Pb/gallon. 
As will be readily apparent, this particular activated 

carbon, while not as effective as that used in Example 
1, was effective in removing about 58% of the dissolved 
lead contained in the gasoline. This activated carbon is, 
then, marginally effective for purposes of this inven 
tion. Moreover, the results could be improved by ex 
tending the holding or contacting time as well as by 
pretreating the gasoline in a manner heretofore de 
scribed. 

EXAMPLE 9 

An activated carbon was impregnated with an aque 
ous solution of hydrous ferric chloride by first combin 
ing 4.0 grams FeCla'6HO in 30.0 g. H2O and thereafter 
combining this solution with 23.7 g of activated car 
bon. The activated carbon used in this example had a 
moisture content of about 1 wt.%, a total pore volume 
of about 0.1 ml/g, an oxygen content of 2.3 and a sur 
face area of 93.5 m/g. The activated carbon was also 
highly crystalline, i.e. it contained a high concentration 
of graphitic type carbon. Again, the preparation was 
substantially in the same manner as that used in Exam 
ple 1 and the impregnated activated carbon thus ob 
tained contained 9 wt.%. FeCls, on a water-free basis, 
10 wt.% water and 81 wt.% activated carbon. Ten 
grams of this material was then used to treat two liters 
of the gasoline containing 0.25 g Pb/gallon in the same 
manner and at the same conditions as described in Ex 
ample 1. Following the contacting, the treated gasoline 
was analyzed for lead content and the lead content was 
0.21 g Pb/gallon. 
As will be readily apparent, this particular activated 

10 

5 

30 

35 

40 

45 

50 

55 

65 

12 
carbon removed only 16% of the initial lead concentra 
tion and the same is not, generally, considered opera 
tive within the scope of this invention. The reason for 
the ineffectiveness is believed to be a primary result of 
the low total pore volume and the highly crystalline 
Structure. 

While the present invention has been described and 
illustrated by reference to particularly preferred em 
bodiments thereof, it will be appreciated that the same 
lends itself to several variations which would be obvi 
ous to those of ordinary skill in the art. Reference 
should, therefore, be made solely to the appended 
claims to determine the scope of the present invention. 
Having thus described and illustrated the present in 

vention what is claimed is: 
1. A method for separating an organo lead compound 

from liquid hydrocarbons comprising the steps of: 
a. contacting a liquid hydrocarbon having an organo 

lead compound dissolved therein with an activated 
carbon impregnated with a hydrous ferric chloride, 
said activated carbon impregnated with a hydrous 
ferric chloride comprising between about 5 and 
about 20 wt.%. FeCl, on a water-free basis, be 
tween about 2 and about 30 wt.% water and be 
tween about 50 and about 93 wt.% activated car 
bon, and 

b. recovering a liquid hydrocarbon having a reduced 
dissolved lead content therein. 

2. The method of claim 1 wherein said activated car 
bon is impregnated with an aqueous solution of hy 
drous ferric chloride. 

3. The method of claim wherein the activated car 
bon is substantially amorphous and has an oxygen con 
tent within the range of about 3 to about 25 wt.%. 

4. The method of claim 1 wherein the activated car 
bon impregnated with an aqueous solution of ferric 
chloride comprises between about 8 and about 15 wt. 
%. FeCls, on a water-free basis, between about 5 and 
about 20 wt.% water and between about 65 and about 
87 wt.% activated carbon. 

5. The method of claim 4 wherein said activated car 
bon contains less than about 5.0 wt.% graphitic type 
carbon; has an oxygen content within the range of 
about 10 to about 20 wt.%; has a total pore volume 
within the range of about 0.8 to about 1.2 ml/g; and ex 
hibits a surface area within the range of about 500 to 
about 1000 m/g. 

6. The method of claim 1 wherein the contacting is 
accomplished at a temperature between about 30 and 
about 120F. 

7. The method of claim 6 wherein the contacting is 
continued for a period of time between about 1 and 
about 5 minutes. 

8. The method of claim 7 wherein the liquid hydro 
carbon contains less than about 0.5 g Pb/gallon. 
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