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" ‘This ihvention relates to reactioh processes in-
volving a reactant in the form of a porous, fran-
gible solid and 3 rewetant in the form of a lig-
uid, more particularly to such processes wherein
both the solid reactant and the liquid reactant
are brought togéether continuously, and it specifi-
cally relatés to such processes wherein a solid
reactant is saturated with & fluid reactant or
propellatit undeér elevated pressure and intro-
dueed into the reaction zoneé with abrupt or sud-
den pressure reduction which produces an ap-
preciable disruptive effect on the solid particles;
the reaction is conductéd continuously under
high speed agitation induced by fluid propulsmn
aeting upon the solid. reactant particles to im-
part high speed theretdé while the movement of
the reactant particles is regulated so that the
high speed solid particles undergo h1gh energy
collisions.

Many usual processes of reacting & solid with 2
fluid reactant involve large reaction vessels, rela-
tively slow and difficultly regulated reaction pro-
cedure, and relatively largé reaction mixtures.
In some cases, health hazaids such 4s explosions
or the escape of toxic fumeés aré present.

In accordance with the invention, it ha§ been

found that such processes can be conducted in a
rapid and relatively safe, réadily regulated man-
ner, with improved y1elds Small reaction mix-
tures are suitable. Thé néw processes may be
econdueted in a fully ¢ontinuous manner and give
a highly desirable product.
" The objects achieved in accordance with the
invention include the provision of a process
whereby the reaction of & porous, frangible, solid
reactant and 2 fAuld resetant may be conducted
in & continuous manner in 3 relatively small
réaction zone; provision 6f 4 process fo¥ the prep-
aration of alkylated lead by the reaction of a
lead=alkali alloy with alkyl halidé in % continu-
ous mannier wherein relatively small proportions
of both reactants are involved at any one time;
the provision of a procéss for the preparation of
tetraethyl lead by thié reaction of coarsely divided
lead-sodium. alloy with ethyl chloride in a con-
tinuous manner wherein relatively small propor-
tions of the reactants are involved at any one
time and wherein the particle size of the alloy
is reduced as the reaction proceeds; and other
objects which will be apparent as details and
embodiments of the invention are set forth here-
inafter.

In accordance with the invention, g reactant
in the form of a coarsely divided, porous, fran-
gible solid is mixed with another réactant or &
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propéellant which is in the form of a fluid under
elevated pressure, then the pressure is reduced
abruptly and the feactants are mixed under high
speed agitation induced by fluid propulsion, and
the movement of the reactants is regulated so
that the solid particles undergo high energy ¢ol=
lisions; all ‘under reaction témperature and
pressure conditions.

In #n embodiment of the invention, the reac-
tion mags i shock expanded and. directly sub-
jected to rapid movement through a curved path;
and the influence of the centrifugal force will
cause the larger solid partiéles to travel near the
outer periphery of the curved path, and the
smaller or lighter particles to remain near the
inner periphery of the curved path. This fa-
cilitates the chémical reactioh, and there will
also be a reduction in siZe of the largeér particles
associated with the high energy collisions in the
system. The reaction process takes place rapid-
1y and the final reaction products and residue
will be in a finely divided state near-the inner
periphery of the curved path.

A substantially completely reacted and more
finely divided portion of the reaction mixture is
removed from the inner periphery and then proc¢-
essed to recover reaction products, unconsumed
reactants and by-products or residues.

The process may be conducted in g fully con=-
tinuous manner, in a partially continuous or in-
termittent manner, or in a batch type process.
The fully ¢ontinuous process is preferred for
commercial operation.

In order to facilitate a clea,r understanding of
the invention, reference may be had fo the ac-
companying drawings in which;

Figure 1 illustiates an. arrangement of an ap-
paratus, partially diagrammatical and partially
in section, which may be employed for eonduct-

ing tha process of the invention, e. g., in the
manufacture of tetraethyl lead.

Figure 2 represents a sketch of the process
steps.

Figure 3 illustrates an alternative reaction
chamber which may be employed in connéction
with an arrangement of apparatus similar to
that in Figure 1.

Figures 4 and 5 illustrate details of injectors
which may be used.

In Figure 1, a fluid propulsion reaction cham-.
ber is represented by 5. This is in the form of
a somewhat oval or ellintical loop, having a 180°
upper return bend 5A, a similar 180° lower re=
turn bend 5B, and straight vertical connecting
pipes 5C and 5D. This chamber iy in the form
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of an endless conduit of uniform circular cross
section.

A vertically disposed conical feed hopper |,
which is closed at the top by the removable cover
2, communicates at its lower end with the con-
stant volume feed mechanism 3, which in turn
communicates with the throat portion of the
downwardly inclined injector (Venturi) feed tube
8. This feed tube is arranged to saturate the
solid reactant with liquid reactant or propellant
under elevated pressure and to abruptly reduce
the pressure on the saturated solid reactant and
discharge it substantially tangentially into the
lower curved portion of the chamber 5.

The chamber 5 is provided with a plurality of
substantially tangentially disposed high velocity
fluid jets 7, which are in communication with
the fluid reactant supply tank (4 through pump
{6, heater i1, and chamber 18. Tank {4 is
equipped with a feed line 15.

An exhaust line 8 communicates with the
chamber 5 at the inner periphery and near the
point where the upper semi-circular member 5A
joins with the vertical descending member 5D,
thereof. The other end of the exhaust pipe 8
communicates substantially tangentially with the
side of the low velocity cyclone separator 8. This
separator is provided with an annular arrange-
ment of downwardly directed spray nozzles 10,
positioned above the point of communication of
the exhaust line 8. 'The top of the cyclone sep-
arator is equipped with & partial condenser i2,
and also communicates serially with the final
condenser 13, which final condenser communi-
cates with the fluid reactant feed tank (4.

The lower end of the cyclone separator 9 com-
municates with a closed chamber {i which is
equipped with a strainer {9. The strainer (9
communicates with the stripping column 20
(which may be of the multiple tray, or packed
tower type). The column 20 communicates at
its lower end with the reboiler 21. The reboiler
21 is equipped with a product removal seal
pipe 22.

The chamber i{ communicates with an up-
wardly inclined helical ribbon-type conveyor 2§,
which conveyor in turn communicates with a
storage vessel 26. The conveyor 25 is equipped
with an annular heating jacket 27 at the upper
end thereof.
with a vapor line 28, at a point below the heating
jacket 21, and it also ecommunicates with a back-
wash line 39, at a point below the vapor line 28.

A solvent supply tank 24, which is equipped
with a feed inlet (not shown), communicates
through pump 29 with line 30. Line 28 alsc com-
municates with the annular spray nozzles (0
through line 23i. Tank 24 also communicates
with the upper part of the stripping column 29
through line 32. The upper part of stripping
column 20 communicates with condenser 23
through line 28, and this condenser in turn com-
municates with tank 24.

Figure 2 schematically illustrates the process.
A fluid reactant and a solid reactant are brought

Conveyor 25 also communicates .
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together in the reactor, under reaction tempera-

ture and pressure conditions, with high speed
fluid propulsion agitation. The solid reactant is
saturated with fiuid reactant or propellant under
pressure and injected into the reactor with abrupt
reduction in pressure, with accompanying dis-
ruption of solid reactant particles. Reaction, at-
trition of solid particles and classification of solid
particles occur in the reactor. A substantially
completely reacted and finely divided part of

4
the reaction mixture is passed from the reactor
to a separator wherein the desired product is
separated. In addition, unconsumed fluid re-
actant may be separately recovered, and uncon-
sumed solid reactant collected as or in a residue.

Figure 3 illustrates an alternative type cof re-
action chamber. A substantially cylindrical
chamber 43 communicates with solid reactant
feed hopper 49 (which is equipped with a cover,
not shown)  through the Venturi feed line 4t
(arranged as discussed above for Figure 1). The
Venturi line also communicates with fluid line
42. Fluid jets 44 communicate with chamber 43
at the outer circumference thereof, and are di-
rected tangentially to a circle of somewhat smaller
radius than the outer radius of the chamber 43.
The jets 44 and line 42 communicate with fluid
jet lines €5 and 46. The central portion of cham-
ber 43 communicates with chamber 48 and line
§50. Chamber 48 is provided with a flange 471
which protrudes above the lower surface of cham-
ber 43. Line 50 is of smaller diameter than cham-
ber 48, and the lower end of line 58 is set some-
what below the flange 41. Line 59 may be con-
nected with a series of condensers at the upper
end thereof, 5. Chamber 48 may be connected
with chamber {{ of Figure 1 through throat 49.

Figure 4 illustrates. certain details of the in-
jector 4; 104 is a high-velocity nozzle for in-
troducing fiuid at elevated pressure, 102 is a
plenum chamber wherein a negative or reduced
pressure is produced, 103 is an inlet port for the
introduction of a coarsely divided, porous, solid
reactant, for instance by gravity feed from a sup-
ply source, 184 is a convergent nozzle and throat
portion, {85 is a saturating tube portion, and
168 is an expansion tube portion.

Figure 5 shows an alternative form of an in-
Jector 4A, provided with valve means for varying
the degree of back-pressure maintained within
the saturating tube portion. In this injector, 101
is & valve stem sef in a stuffing box 108, 109 is an
axial-flow type valve closure, and {18 is a curved
expansion tube portion. The distance of the valve
closure from the seat or tube may be adjusted
by means of screw threads or the like (not
shown).

If ethyl chloride vapor, applied at a pressure
of 1020 pounds per square inch gauge, is passed
through the injector, any pressure within the
range of 0 up to 57 pounds per square inch gauge
(at which point there is a sharp change to “back-
flow””) may be maintained in the saturating tube
portion. The saturating tube portion may be con-
structed so that its cross-sectional area is uni-
form throughout its length, or it may be varied,
e. g, sli~htly divergent toward the exit end ; how-
ever, the cross-sectional area at any point there-
of should not exceed the maximum cross-sectional
area of the throat section. The throat portion
is preferably constructed with a 30° taper. It
is preferred to maintain a vaecuum of at least
about 10" Hg in the plenum chamber; however,
this may be varied depending upon the material
handled.

Other types of curved path reaction chambers
in which turbulent flow or agitation and classi-
fication may occur sre suitable. The cross section
need not be tubular or cylindrical. Spiral, helical,
reversed curve, annular, multistage, and the like
shaped reaction vessels may be employed. Com-
binations of tubular and vortex type chambers
may be used. :

If desirved, fiuid propulsion jets may be posi-
tioned at the outer part or nearer the inner part
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of:the reaction chamber (cross section) se as to
increase, decrease or atherwise modify turbylent
flow-in. the chamker, e. g., to favor or modify
double inverse helical flow, spiral flow, transverse
eddy currents; or thelike therein.

In one embadiment,. the process of the inven-
tion. may be applied to the. manufacture of tetra-
ethyl lead by the reaction of lead-sodium alloy
and. ethyl chloride. Tetraethyl lead is of great
commercial importance and it.is consumed in
large quantities. as an ingredient. in gasoline and
the Iike internal combustion: engine fuels.

Various. methods have. been proposed. hereto-
fare for the manufacture of tetraethyl lead; e. g,
from lead-sodium. alloy and ethyl chloride. One
type involves charging a batch of the (about 90%
lead-109% sodium) allay into a reaction vessel
and treating this with a batch .or a continuous
or intermittent stream of ethyl chloride. The
regetion vessel may be: in the form of an auto-
clave equipped with a rotary stirrer, or a rotat-
ing: ball-mill, or. similar batch type apparatus.
‘These prior processes. are subject to many draw-
backs. They involve long reaction periods and
leave much: to he desired as to yields. The alloy
particles and the sodium chloride by-products of
the reaction tend to agglomerate into larger
Iumps, and thus.a substantial amount of the alloy
is:shielded from contact with the. ethyl chloride
reactants. In addition, the agglomerated mass
retains a substantial amount of the tetraethyl
lead product, and the recovery of the product
therefrom is tedious and wasteful.

There is considerable hazard invelved in large

batch operations containing a large charge of the 3:
alloy. The reaction may occur with explosive -

violence. If moisture should happen to eome in
contact with the alloy, an explosion may occur.
Where the process is conducted under pressure,
there is considerable health hazard from any of
the highly toxie tetraethyl lead vapors which
might- escape from the various valves, stuffing
boxes :and mechanical closures involved in bateh
fype reaction vessels:

In accerdance with the invention, it has been
found that the above drawbacks may be overcome
and the tetraethyl lead produced in a commer-
clally more advantageous manner.

A preparation of tetraethyl lead is given as an

illustrative’ example of an application of the 5

invention. The reactant in solid form is po-
rous, frangible alloy consisting of about 12.5%
by weight of sodium and about 87.5% by weight
of lead: This alloy may be conveniently pre-
formed into substantially spherical shape, i. e,
shot, in a conventional shot tower. Albternatively
it may be crushed or otherwise brought toa coarse
grained size, preferably to pass through &4 mesh
(U. 8. Sieve Series) test sieve. It is desirable
to-coat the alloy with kerosene or like oily mate-
rial so that it may be handled and transported
more safely.

The hopper | is charged with the 4 mesh alloy,
and the cover 2-is-put in place. The fuid supply
tank- 14 is filled with ethyl chloride. Ethyl chlo-
. ride is maintained in the chamber {8 at a pressure
of about 100 pounds per square inch gauge and a
temperature of about 180° . 'The alloy is fed-into
the reaction chamber 5 by means of the feeder
mechanism 3 and the injector 4 (including the
ethyl chloride jet from line §). Ethyl chloride is
also injected through jets 7.

Both the amount of the ethyl chloride and that
of the lead used are in excess of the stoichiometric
requirements. Preferably, the amount of ethyl
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chloride is: chosen so.as: to. impart:; an: average
linear. velocity of akout 10 to 100.feet per second
within: the reaction chamber, i. e., turbulent flow
with transverse eddy currents. This. causes vige
orous agitation therein, and associated :with the
high: energy collisions of the solid particles, rapid
chemical erosion or attrition, or both, of the solid
particles; and also a: classification or separation
of the substantially completely reacted and finely
divided material from the coarser and less com=
pletely reacted material. The pressure at the jets
in the reaction chamber is high, relative to the
pressure in the cyclone separator 9.

The reaction temperature is preferably main-
tained at about 120° to 140° F. Reaction-of the
ethyl chloride and the alloy occurs rapidly.at the
effective contact surface. The propellant fluid is
introduced through jets 7 tangentially in the
region where the reactants are subjected to the
highest compression, which compression is asso-
ciated with the centrifugal force resulting from
the curved path movement of the rapidly travel-
ing particles. The high compression is believed
to intensify the reaction, and the turbulent flow
movement imparted to the particles of the fluid
propellant which is tangentially introduced from
the outer periphery of this region insures that
the reacting surface is maintained in most reac-
tive form by removal of any shielding coating-and
by the mechanical stresses of the alloy particles
associated with the high energy collisions-in the
reaction chamber and chemical erosion. The. by-
product sodium chloride- does nofr lump up or
occlude unreacted alloy or finished reaction prod=
uct, and it is maintained in a finely divided state.
The alloy particles may travel around the reac-
tion chamber one or more times in being reduced
to a substantially completely reacted and finely
divided form.

A substantially completed reacted and finely
divided portion of the reaction mixture travels
near the inner periphery of the chamber 5, and
is withdrawn through exhaust line 8. This with-
drawn portion is then processed to recover tetra-
ethyl lead, unconsumed ethyl chioride, and a
residue which may contain recoverable lead. In
one embhodiment, the withdrawn reaction mixtyre
is passed to the low pressure cyclone separator
9 and sprayed with acetone (from tank 24
through the spray nozzles 18), The ethyl chlo-
ride vapor undergoes a scrubbmg due to the effect
of the partial condenser 12, and then passes
upward to the condenser !3 where it is con-
densed and returned to the ethyl chloride tank
4. Additional make-up ethyl chloride may be

* introduced through line 15, if necessary.

60
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The acetone solution of tetraethyl lead plus
the solid- residue passes to chamber [i. The
acetone solution, removed therefrom through
strainer 18, passes to the stripping column 20.
The acetone is vaporized, and the vapor passes
to condenser 23, is condensed, and then passes
to acetone solvent tank 28. Pinished tetraethyl
lead is removed through line 22.

The solid residue passes from chamber I to
the conveyor 25 wherein it is back-washed with
acetone, supplied through line 20. Ii is then
heated at a temperature of about 200° F. to ex-
pel acetone vapors and impart a final drying
effect to the spent alloy. 'The acetone vapor
passes up to the condenser 23, is liquefied, and
then passes to tank 24, The spent alloy passes
to chamber 26: I may be removed and processed
to recover any lead therein, in accordance with
known procedures.
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The reaction chamber 5 may be supplied with
a temperature regulating jacket, or set in a tem-
‘perature regulating bath, in order to regulate the
temperature thereof. Where the ethyl chloride
is present as a vapor in the reaction chamber,
the expansion of the ethyl chloride leaving the
jets is accompanied by a refrigerating effect.
This may be adjusted so as to control the tem-
perature of the reaction system, i. e., absorb the
heat evolved by the exothermic chemical reaction
in the formation of the tetraethyl lead.

The acetone spray in the separator serves to
strip tetraethyl lead from the vapors as well as
to help settle the spent alloy particles and by-
product, sodium chloride. The effect of the
partial condenser {2 is to further strip tetraethyl
lead from the vapors of ethyl chloride.

It has been found that the recovered and re-
circulated ethyl chloride tends to give a higher

vield of tetraethyl lead, than does fresh ethyl o

chloride. I is thought that some material car-
ried over in the recovered ethyl chloride has a
beneficial effect on the reaction.

The process may be carried out in apparatus

which includes heat exchange devices; e. g., to 2

use  the heat contained in the ethyl chloride

vapor to preheat fresh ethyl chloride liquid.
The reactant in fluid form may contain a di-

luent or solven!t and should be readily flowable

in order that sufficient propulsion may ke ob- 5

tained without giving unduly high pressures. If
the reactant is in the form of a liquid, it is pref-
.erable that the viscosity thereof should not be
higher than that of an about S. A. E. 50 motor
lubricating oil at ordinary room temperatures.

. The reaction may he conducted with the fluid
reactant in either the vapor phase or the liquid
phase.

In an illustrative vapor phase operation, a
Figure 1 type of apparatus is used with a re-
action chamber of 1.45 sq. inch inner ecross-
sectional area, the top and bottom turns of a
radius of curvature of 6 inches, and the vertical
connectors 26 inches in length; the saturating
tube portion of the injector is of the same inner
cross-sectional area as the reaction chamber, and
five 13 inch jets are used. In an illustrative
liquid phase operation, a Figure 1 type of ap-
paratus is used, having 0.30 sq. inch ecross-

=
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sectional area, 3 inch radius of curvature upper _

and lower bends, and 18 inch vertical connectors; °

the saturating tube portion of the injector is of
the same inner cross-sectional area as the re-
action chamber, and three ¥; inch jets are used.
The following are representative operation con-
ditions:

Vapor Phase Liquid Phase
Duration of Run lhour._.____.__. 30 minutes.
Weight of Alloy Charge 1451bs.._ .. _.__| 24

Composition of Alloy...
Reactor Temperature. . __.....
Pressure at Injector Inlets ...
Pressure at Reactor Outlet____
Total Ethyl Chloride Charged.
Rate-Ethyl Chloride Feed____
Tetraethyl Lead Produced..._

Yield Based on Sodium Con- | T

sumed.,

- S,
10% Na, 80% Pb.
125° ¥.

_} 148 p.s.i. g.

{d4p.s.i g

.| 2,180 1bs.

_{ 73 1bs./min.

6.3 1bs. .

76%.

Ethyl Chloride Consumed._..| 33 Ibs.._........ 5.5 1bs.

Yield Efficiency Based on | 94%..._.._..___. 01%,.
Ethyl Chloride,

Average Size of Alloy Feed..._| 4 mesh__ _{ 10 mesh.

Average Size of Lead Residue_.| 5 miecrons. --} 25 microns.

Veloeity at Reactor Outlet_.__| 70 F. P.S2_____| 10F. P. 8.

! Pounds per square inch gauge. .
2 Feet per second average linear mass velocity.

It is indeed surprising that this reaction can
be earried out so readily in accordance with the
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above-deseribed procedure, and in such unex-
pectedly high yields. In the case of a process of
preparing tetraethyl lead from the lead-sodium
alloy and ethyl chloride in a ball-mill, the alloy
tends to clinker up into lumps which contain
unreacted alloy particles and by-product so-
dium chloride and also occlude some tetra-
ethyl lead. There is also a tendency for a caking
or coating of the balls (fo form lumps) in the
mill, and this will similarly isolate the two re-
actants from each other and occlude the reaction
product so as to make recovery thereof difficult.

In the normal operation of the above-described
process, there will be no appreciable health haz-
ards from the escape of tetraethyl lead vapors.
The high pressure part of the reaction system,
wherein tetraethyl lead occurs, is completely
closed. If desired, the pumping units may be
completely submerged within the corresponding
tanks, in order to aveoid possible leakage of liguid
from any stuffing boxes or rotary shaft seals.
If desired, the condensing units and tanks may
be set at a suitable height relative to the re-
mainder of the apparatus, so that the static
pressure of the liquid will be sufficient for move-
ment of the liquid without the use of pumps.

Other proportions of lead to alkali may be used
in the alloy, e. g., containing more than about
12.5% sodium. The alloy may be made up from
one or more alkali metals, e. g., mixtures of alkali
metals may be used. Other organic halides may
be used, e. g., ethyl bromide, and other solvents
than acetone may be used; as the art will readily
appreciate in view of the above descriptions. A
higher boiling fraction of gasoline may be used
as a solvent; and the solvent solution of the
tetraethyl lead could ke directly blended with
gasoline to give a desired motcr fuel.

If desired, known promoters or catalysts may
be included in the reaction mixture. Ferric chlo-
ride or anhydrous aluminum chloride may be sus~
pended in an inert vehicle, such as a petroleum
distillate, and infroduced in controlled amounts
into the reaction chamber at a convenient point.

If desired, the ethyl chiloride vaporizing and
condensing apparatus may be replaced by a
mechanical apparatus for developing the re-
quired pressure. Alternatively, an inert gas such

-as nitrogen may be employed as the fluid pro-

pulsion agent. In this case, the amount of the
organic halide would be about sufficient to com-
plete the chemical reaction. The fluid reactant
could be introduced in one set of one or more jets;
and the fluid propulsion agent, e. g., nitrogen in
another set of one or more jets.

If desired, the above-described product sepa-
ration and recovery system may be replaced by
conventional quenching and steam distillation
methods. For instance, the mixture of tefra-
ethyl lead and spent alloy can be discharged from
the lower end of the cyclone separator 9 into a
chamber confaining a plurality of steam jets and
then to a second cyclone separator, wherein the
spent alloy particles are separated by a gravity
effect, while the steam and tetraethyl lead vapor
are removed, condensed, and the two immiscible
liquids separately removed from the condensate.

Where the alternative reaction chamber of
Figure 3 is employed, it is preferred that the fluid
reactant be present in the form of a vapor, with
or without additional or diluent gas.

In another application of the process of the
invention, porous, solid, coarse grained calcium
carbide is reacted with nitrogen gas at a tem-
perature of about 400° C., to prepare solid cal-
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cium cyanam)de -‘The -reaction ‘chamber may
be made of a special alloy, e. £.,18% ‘nickel, 8%
chromium; %% ‘molybdenum, and the rest-iron.
The reaction-is readily controlled, and. gives a
good -yield of -a -uniform ‘product. The require-
ment of a water treatment to remove unreacted
calcium carbide is substannally eliminated or
reduced.

Another apphcatlon of the invention is in the
reaction of solid, porous, coarse grained calcium
cyanamide with wet steam containing about 12 %
sulphuric acid (based on weight: of steam) at
about 100° -C. to prepare .solid-ures -and a by-
product calcium compound. The reaction is rel-
atively smooth and readily controlled, and gives a
desirably uniform product. The urea may be re-
covered ‘by leaching -with ‘water -and separating
from the residue mud in accordance with: known
procedures.

‘Another application of -the-process of -the in-
vention is -in the reaction of -solid, porous alu-
mina.with solid carbon and nitrogen gas to pre-
pare solid aluminum nitride and carbon monox-
ide. The nitride may be separated from the
gas, by e. g., by gravity method, and then hy-
drolyzed with water to give ammonia and alumi-
num hydroxide, both of which are desirable prod-
ucts. The process gives an even mixture of the
alumina and the carbon, and avoids the coating

of the alumina particles by a layer of the nitride. 4

Goods yields are obtained.

Another application of the process of the in-
vention is in the treatment of solid, porous coke
with steam containing about 2% of phosphoric
acid (based on the weight of steam) at about
1100° P. to produce active carbon. The product
may be used as a gas adsorbent carbon or as a
liquid treatment carbon. The process avoids the
very undesirable clinker formation, and also
avoids the necessily of pelletizing the coke.

Ancther application of the invention is in the
treatment of solid, porous phosphate rock with
sulphuric acid in the preparation of phosphoric
acid and a calcium sulphate by-product. The
acid may be separated from the mud in accord-
ance with known procedures.

Another application of the invention is in the
treatment of conecentrated, porous ilmanite (or
rutile) with concentrated sulphuric acid to pre-
pare titanium sulphate. The latter may be
separated from the by-products, diluted with wa-
ter and boiled to precipitate titanium dioxide, in
accordance with known methods. The reaction is
smooth and readily controlled, and the tendency
of the sludge to slow up the reaction is substan-
tially removed.

Another application of the invention is in the
reaction of solid, porous, coarse grained sulphur
with chlorine gas at about 35-50° C. and atmos-
pheric pressure to prepare sulphur monochloride.
The reaction is very rapid and smooth, and gives
good yields of a better product than prior art
processes. The product is relatively free from
unreacted sulphur.

Another application of the invention is in the
reaction of coarse grained, porous magnesium
metal with liquid ethyl chloride to prepare the
QGrignard reagent. The reaction is relatively
rapid and smooth and readily controlled. If de-
sired, ethyl ether could be used to wash the
Grignard from the unreacted magnesium metal.

Another application of the invention is in the
treatment of a porous solid carbohydrate with
mixed acid (e. g., nitric and sulphuric acid) to
prepare oxalic acid. The oxalic acid may be
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separated-from the residue by filtration or -gray-
ity separation,in- accordance w1th known meth-
ods. Suitable carbohydrates are’ =awdust ‘cot-
ton -linters, starch or grain. -

Another application of the mventmn 4s in the
treatment of milo maize with- dilute: aqueous hy—
drochlonc -acid at about atmospherlc tempera-
ture and pressure to divest the seed coat and to
hydrolyze the starch to give invert sugar. ‘The
sugar may ‘be separated from the res1due by
gravity, -in accordance with known methods
This eliminates the dlfﬁculty encountered in
treating such seeds in 2 ‘Fuss mill (lumpmg and
caking, etc ) and- the ﬁnal product is obfained in
one operatlon w1thout the need of large dlgest-
ing tanks.

Another application of the 1nvent10n is in the
reaction of solid, porous calcmm carblde with
water vapor contammg an acid, such as hydro-~
chloric or acetic, to g1ve the vinyl ester of the
acid. The ester may be separated from the by-
product by gravity means. The reaction proceeds
at about 50° C. and is readily controlled. A good
quality product is obtained.

Another application of the invention is in the
treatment of solid, porous sodium phenate with
carbon dioxide fo produce sodium salicylate,
at 150° C. and at elevated pressure. 'The reac-
tion is fast and gives a desirable product in good
yields.

In view of the foregoing disclosures, the art
will appreciate that other methods may be used
to bring together the reactant in porous solid
form with the reactant in fluid form, with or
without an added propellant, so as to achieve the
benefits of initial “flash” disruption and high
speed fluid propulsion, while the reaction is in
progress, together with maintaining the solid
reactant in active contact with the fluid reactant;
e. g., by a shearing or cleaning action to remove
any shielding coating, or by mechanical stress of
the solid particles to present highly reactive solid
reactant surface; and classifying or separating
substantially competely reacted and finely di-
vided material from the reaction zone. In view
of the foregoing disclosures, variations and modi-
fications of applications of the invention will be
apparent to those skilled in the art; and the in-
vention contemplates all such other methods,
variations and modifications except as do not
come within the appended claims.

I claim:

1. A process for the preparation of alkylated
lead comprising mixing coarsely divided lead
alkali metal alloy and alkyl chloride under elevat-
ed pressure and then abruptly reducing the
pressure and mixing said reactants under high
speed agitation induced by fluid propulsion while
the movement of the mixture is confined to a
closed substantially vertical elliptical path under
reaction temperature and pressure conditions,
said path having a region of highest compres-
sion at the lower end thereof, said reactants be-
ing subjected to the greatest. centrifugal com-
pression in the region of highest compression
resulting from the tangential introduction of a
fluid propellant from the outer periphery of said
path whereby the chemical reaction is intensified
and fresh reactant surfaces are maintained, and
separating alkylated lead product from unreacted
alkyl chloride and from residue.

2. A process of claim 1 which is carried out
in a continuous manner and wherein the alloy
is in the form of about 4 mesh particles.
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3. A process of claim 2 wherein the reaction
mixture contains a catalyst and the alkyl chlo-
ride reactant is in the form of a liquid.

4. A process of claim 3 wherein the alkyl chlo-
ride is ethyl chloride.

5. A process of claim 4 wherein the high speed
agitation is induced by an inert gas propellant.

6. A process of claim 4 wherein the removed
more finely divided portion of the reaction mix-
ture is contacted with a solvent for tetraethyl
lead, and a solution of tetraethyl lead in said
solvent is separated from unreacted ethyl chlo-
ride and from the residue.

7. A process of claim 2 wherein the alkyl chlo-
ride reactant is in the form of a vapor.

8. A process of claim 7 wherein the alkyl chlo-
ride is ethyl chloride.

9. A process of claim 8 wherein the removed
more finely divided portion of the reaction mix-
ture is contacted with a solvent for tetraethyl
lead, and a solution of tetraethyl lead in said
solvent is separated from unreacted ethyl chlo-
ride and from the residue.

o
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10. A process of claim 8 wherein the reaction
mixture contains a catalyst and the high speed
agitation is induced by an inert gas propellant.
11. A process of claim 10 wherein the reactant
mixture moves with an average linear velocity in
the range of 10 to 100 feet per second.

ROBERT STANTON.
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