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to cause breakage of the glass envelope preventing contact 
of the reactant, by means of a steel ball previously in 
serted in the autoclave and contents were then immedi 
ately reinserted in a bath maintained at 85° C. and end 
over-end a gitation started. The reaction was continued 
for a period of 30 minutes, and the autoclave removed 
and immediately inserted in a chilling bath and cooled 
to a temperature of 0° C. at which temperature it has 
been established that no reaction occurs. 
The autoclave was then opened and the contents ffushed 

out with dry benzene for analysis and determination of 
the tetraethyllead found. A large series of ethylations 
in this manner provided an average yield of 80 to 82 
percent, for the 30 minute reaction period employed. 

in a further series of ethylations, in which the ethyla 
tion time was controlled as above described, the full yield 
time relationship was developed and is shown as curve 
A in Figure 1. An ultimate yield of 87 percent is thus 
seen as being developed in approximately 60 minutes' 
ethylation time. 

In this example better results were provided than 
hitherto obtained commercially. However, it is of course, 
impractical to operate a large scale process involving end 
over end tumbling of a massive autoclawe. An approach 
to the above results was obtained, as already described, 
by providing continuous a gitation in horizontal cylindri 
cal autoclaves, as for example, those described in Stecher 
et al. Patent 2,170,353. However, it was desirable here 
tofore to utilize a much lower ethyl chloride: alloy ratio, 
of the order of 1:2 by weight. As a result, the com 
mercial practice necessitated an appreciably more ex 
tended time to obtain a yield of 80 percent. 

Example III \ 

The following example illustrates results obtained when 
employing a large excess of ethyl chloride and ethylating 
in a batch-wise manner, but employing monideall a gita 
tion. 
A charge of ethyl chloride was introduced into a cylim 

drical steel reactor fitted with an efficient agitator. Solid 
comminuted monosodium lead alloy was introduced by a 
double valve i lock chamber after the ethyl i chloride was 
raised to an operating temperature of 85° C. 
The ethylation was continued for an extended period, . 

and the distribution of solid components within the reac 
tor was followed. Samples were periodically withdrawn 
from the charge : into a steel samplling bomb precooled 
at a temperature of about -78 ° C. - These samples were 
used to determine both the amount of tetraethyllead 
formed and the distribution of solids. It was found that 
the average yield of tetraethyllead, with a reaction time 
of 30 minutes, was 85 to 87 percent, with ethyll chloride: 
alloy charge ratios of 6.6:1 and 25:1. During the forma 
tion of a major fraction—of about two-thirds-of the 
tetraethyllead - so produced, the a gitation applied was only 
adequate to provide a nonuniform distribution of the 
solids present. In other words, there was both a chemical 
and weight disproportionation of the solids. Thus, the 
solidis present - were less reacted toward the lower por 
tion of the reaction mixture and also there was a higher 
proportion of solids by , weight. The liquid phase Was, 
however, homogeneous throughout. 
A series of ethylations were carried out in this manner 

and the time-yield curve B of Figure 1 was so established. 
As will be apparent from curve B, the rate of reaction 
when employing the above described procedure was ap 
preciably higher in the initial phases of the process. How 
ever, it was found that no appreciable change in the 
ultimate yield level was provided. Rather, the ultimate 
yield of about 87 percent was obtained in the relatively 
short period of about 30 minutes. 
The results of ethylations carried out as above, and 

represented graphically by curve B of Figure 1 confirmed 
the expected invariant nature of the ultimate yield of the 
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6 
process. The following examples illustrate the results 
obtained when continuous operation is provided. 

Example III 
The apparatus used in Example II was also operated in 

a continuous manner as i follows. Comminuted mono 
sodium lead alloy was continuously fed through a gas 
pressurized screw conveyor to the reaction space. Liquid 
ethyl chloride was also fed, in a ratio maintained well 
above 2:1, usually over 4:1. A product Stream was con 
tinuously withdrawn at a point remote from the bottom 
of the reaction, specifically, somewhat above the mid 
point of the depth of the reacting mixture. Samples 
were immediately cooled on withdrawal from the dis 
charge of Stream to a temperature of 0° C. or below, prior 
to analysis. 
A series of ethylations were made in the foregoing man 

ner, with the residence or reaction time being varied by 
means of variation in the feed rates. The results i ob 
tained in this series, carried out at 85° i C. is shown by 
curve C of Figure 1. This series of ethylations showed 
that a high initial reaction rate was obtained and in addi 
tion the ultimate yield was raised to an average of 91 
percent. 
The benefits of multi-stage operation are shown by 

Example IV below. 
Example IW 

Two cylindrical ethylation wessels connected in series 
were employed, the reaction space employed in the sec 
ond vessell was approximately one-fourth the space pro 
vided in the first stage vessel. Each Wessell was fitted 
with a plurality of a gitators mounted on a common drive 
shaft and positioned at several levels in the mixture. A 
transfer line was provided, taking off at a point in the 
top 10 percent zone of the first stage. The discharge 
from the second stage was from a point about one-third 
of the vertical distance from the bottom. 

In operation, alloy in several different forms was fed 
continuously or semi-continuously to the first stage. 
Liquid ethyl chloride was also continuously fed, in the 
proportions of as low as 2:1 and as high as 6:1, ethyll 
chloride to alloy. 
The residence time in the system was varied by ap 

propriate changes in the feed rates, the yields obtained 
in Such a Series thereby supporting the time yield curve 
ID of Figure 1. it will be seen that not only is the rate 
of reaction provided higher than in the time tested ethylia 
tion method (represented by curve A), but, in addition 
a substantial increase-of the order of 7 to 9 percent 
is obtained over the prior batch method (curve A) and 
also over batch operations. 

it will be understood that the process can assume 
a wide variety of forms for given situations. A descrip 
tion of a working example of a preferred embodiment 
follows, employing apparatus Schematically illustrated in 
Figure 2. Referring to Figure 2, three equal size reac 
tion wessels 41, 2, 13 are employed. Each vessel is 
fitted with a jacket i 4, 5, 6 for conducting a heat trans 
fer medium about the lower portions of the vessels 11, 
12, 53. Each vessel is fitted with an externally driven 
agiliator assembly, i 7, 18, 19. It is preferred that the . 
drive motors be variable speed so that the agitation power 
input I can be varied. 

In operation, comminuted solid monosodium lead alloy 
is fed to the initial stage {1 from a supply hopper 20. 
The supply hopper 26 feeds through a stand pipe 21 
which is pressurized by an inert gas supply applied 
through line 22. From the stand pipe 21 the comminuted 
alloy is dropped into a screw conveyor 23 which con 
tinuously feeds the alloy above the level of the reaction 
liquid in the first Zone 11. Liquid ethyl chloride is forced 
into the first zone through a line | 24, the flow rate being 
controlled by valve 25. 

Typical operating conditions I employed are 80 - to i 85° 
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C. at a pressure of 95 pounds per square inch. The 
ethyl chloride supply is obtained from a tank 26 through 
a feed line 25. The supply of this ethylating liquid in 
cludes both fresh ethyll chloride and ethyd chloride which 
has been recovered from final product mixture. 

During operation, considerable amounts of ethyl chlo 
ride are vaporized from the three reaction Zones and are 
bled i off through vent lines 27, 28, and 29. These lines 
conduct the vapors to a common condenser 30 which 
condenses the ethyl chloride component and deliverS it to 
line 31 to a condensate hold up tank 32. This recovered 
ethyl chloride and fresh ethyl chloride are all fed to the 
first zone 11 and in the proportion preferably of 3: 1 
to 4:1. 
The reaction product mixture is transferred from the 

first stage 1 to the second stage by an inclined transfer 
line 33 and from the second stage 12 to the third stage 
13 by an equivalent line 34. A take off valve 35 in the 
discharge line 36 from the final stage 3 is employed to 
control the discharge of the fully reacted Solids liquid 
mixture to subsequent recovery operations. 

In a typical operation, monosodium lead alloy in the 
form of comminuted highly reactive flakes is introduced 
into the unit at a rate of one pound per hour per cubic 
foot of reaction space in the first stage 418. Concur 
rently, liquid ethyl chloride is fed in the proportions of 
3.8:1. Agitation mechanical power input is applied to 
each of the three Stages at the rate of 0.1 horSepower 
per cubic foot or less. These reaction conditions pro 
vide a residence time total of about thirty-five minutes. 
The discharge stream from the finai stage 13 has the 
following approximate composition: 

Weight percent 
Tetraethyllead ------------------------------------ 7 
Ethyl chloride ----------------------------------- 75 
Sodium chloride ------------------------------- 5 
Lead -------------------------------------------- 13 

this stream therefore representing a yield of over 90 
percent. 
The foregoing embodiment is particularly Suited for 

large operations in that separate vessels are employed 
for the several stages. An additional advantage of such 
an embodiment is that provisions can be made for ad 
justment of the total proportion of the ethylation car 
ried out in each discreet stage accompanied by the pos 
sibility of return of individual feed of liquid to a specific 
stage. Thus, if it is desired to provide for apportionment 
of the actual reaction, and hence of the heat evolution 
uniformly within the several stages, then a more vigorous 
agitation can be applied in the first stage so that a larger 
proportion of less reacted material is forwarded to the 
following stage for further reaction. Alternative means 
of accomplishing this desirable flexibility in distribution 
of the reaction involves the variance of the point of with 
drawal of the discharge Stream to the succeeding stage. 
Thus, although we frequently prefer to discharge at the 
top of the reacting mixture or near the top, it is quite 
feasible to take off at a point closer to the mid point 
when desired. Such variation in the take off point allows 
control of the average composition of the !iquid-solid 
System within the reaction stage, and hence of the over 
all degree of completion of reaction provided therein. 
A Still further mode of accomplishing such adjustment 
would involve the return . of condensed ethyl chloride 
to a Single stage. Thus, it is usually preferred, as in 
the foregoing working example, to incorporate all the 
ethyl chloride condensed in with the liquid feed to the 
first Stage. When desired, however, and particularly in 
.combinations wherein the first stage is smaller than suc 
ceeding Stages, it is also expedient to have a direct reflux 
to each Zone. It is thus apparent that the system com 
position in each of the several stages can be varied by 
Several means as above described. 
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3 
such as illustrated by Figure 2, is that the streams of 
reacted mixture between the several stages should flow 
at a relatively steep angle. It has been found that if 
partially reacted sodium lead alloy particles are allowed 
to remain in a quiescent state while at reacting tempera 
taires, and in contact with an ethylating liquid, that they 
tend to adhere together and form masses which plug 
transfer lines. This difficulty is, however, avoided by 
providing for passage of the Streams at relatively Steep 
angles. It is found that providing a transfer angle of at 
least 45° will assure steady flow. It is believed that this 
angle is a function of the roughness of commercially 
available piping, and that specially finished conduit will 
permit lower transfer angles where desired. 

Apparatus for an additional embodiment having partic 
ular features of merit is illustrated in Figure 3. Refer 
ring to Figure 3, a common envelope or drum 51 is com 
partmentalized into three separate zones 52, 53, 54 of ap 
proximately equal size by dams 55, 56. Multiple agitator 
assemblies 57, 58, 59 are provided in each of the zones, 
being driven by externally mounted motors 60, 61, 62. 
A feed system is provided for comminuted solid alloy, 

including a feed screw conveyor: 63, a stand pipe 64, and 
block valves 65, 66. The alloy Supply is maintained in a 
hopper 67. The stand pipe 664 is intermittently charged 
with alloy by opening and then closing the top valve 66. 
The alloy in the stand pipe is then pressurized by an inert 
gas Supplied through an auxiliary line : 68. The bottom 
valve is then opened to allow alloy to be fed by the screw 
conveyor 63 into the initial reaction zone , 52. Ethyl 
chloride liquid, or other ethylating liquid, is also concur 
rently fed to the initial stage 52 through a feed line . 69. 

In operation, the reacting mixture flows by gravity 
through the several Zones in Series. An important feature 
of this embodiment is that special devices are supplied to 
provide for control or Wariation of the level of withdrawal 
from the first two Stages to the succeeding stage. It has 
been found that this feature provides highly desirable 
flexibility in that it makes possible alteration and control 
of the Solids and liquid distribution within one of the in 
dividual Zones Substantially independently of the propor 
tions in the feed stream. Therefore, variation of the de 
gree of a gitation employed is not essential for this 
purpose. 
To further illustrate the mechanism provided for the 

above-mentioned feature, reference is made to Figure 4, 
this figure being a view of the transverse section 4--------4 of 
the apparatus shown in Figure 3. - The elements of this 
device include a slide plate 70, having a horizontally posi 
tioned slot '71, therein. The slide plate is snugly held 
against the dam 55 by slide angles 76 which has a square 
or rectangular hole 73 therein, the vertical dimensions 
being appreciably greater than the slot 71 in the slide 
plate. A rod 72 is affixed to the slide plate and passed 
through a gland 74 to allow vertical adjustment. The ad 
justment is provided as desired by the hand wheel, 75 
which engages the upper, threaded portion of the slide 
plate 70. In operation, the discharge of slurry from the 
initial Zone 52 to the succeeding zone 53 (or similarly, 
from the Second Zone 53 to the final zone 54) can 
be readily varied from a lever near the top of the first 
Zone to a point at or near the midpoint of the vertical 
depth. 

Generally, the operation of the process in the above 
described apparatus is similar to the process as described 
in connection with Figure 2. Vapors from each Stage are 
collected and liquified by the condensers 77,78, 79. The 
finally reacted slurry is discharged from the last stage 54 
through a line 80 to Subsequent recovery operations. 

It will be evident from the foregoing description and 
examples that the process is capable of numerous varia 
tions. Among the factors which can be varied without 
fundamental alteration of the process characteristics are 
the degree of a gitation, the ratio of liquid ethylating agent 

One factor to be carefully observed in embodiment 7.5 to alloy, throughput time, and the number of StageS en 
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5. A continuous noncatalyzed process for manufac 
ture of tetraethyllead comprising ethylating monosodium 
lead alloy with an excess of liquid ethyl chloride in 
three separate ethylation Zones of substantially equal vol 
ume arranged in Series, Said ethylation Zones being here 
after referred to as the first, second and third Zones, the 
first and second Zones having a common boundary, and 
the second and third Zones having a common boundary, 
said boundaries being provided with communication ports 
between the said Zones at a point remote from the bot 
tom of the Zones, the ethylation mixture in each of said 
Zones being a gitated at the rate of from about 0.1 to 
0.5 shaft horse power per cubic foot of reaction mixture, 
thereby providing monuniform distribution of the react 
ing and reactant solids in a liquid solution of tetraethyl 
lead in ethyl chloride, withdrawing a slurry of solids in 
the liquid from each Zone at a point remote from the 
bottom of the Zone, Said Solids being more ethylated than 
the Solids in the said Zone, the feed to the initial zone 
being from 3.5 to 4.5 parts by weight of ethyl chloride, 
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2 
the heat of reaction in each of the zones being removed 
at least in part by vaporizing a portion of the ethyll 
chloride therein, the vaporized lethyl chloride from each 
of the first, Second and third Zones being condensed and 
returned to the zone from which it is vaporized, the 
slurry withdrawn from the final Zone being discharged 
to recovery operations and the slurry from each other 
Zone being fed to the next following Zone, the total 
ethylation time being maintained from about 30 to about 
60 minutes. 

6. The process of claim 3 further defined in that the 
slurry streams withdrawn from the Zones and transferred 
to subsequent Zones are withdrawn and passed through 
a straight path downwardly inclined at least 45° to the 
horizontal. 
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