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METHOD FOR ENHANCING THE REACTION OF A 
SPECIES OF A LIQUID WITH A FLUID 

' SUBSTANCE 

This invention relates to a method of causing a liquid 
to disintegrate into a spray of ?ne droplets, whereby an 
impurity or other species within the liquid may be re 
acted to form a useful product or one which is easily 
separated. 
Reactions of gaseous substances with a component of 

a liquid generally require vigorous stirring of the bath, 
since only the portion of such component at the surface 
of the liquid is available for reaction. Such stirring 
keeps the surface from being saturated with reaction 
product and from being depleted of the reactant spe 
cies. This is especially true in molten metals, since the 
hydrostatic pressure of the liquid a short distance 
below the surface is generally greater than the partial 
pressure of the reaction product. Thus, a method for 
atomizing the liquid and thereby markedly increasing 
the surface to volume ratio would be highly desirable. 
The instant invention is directed to a relatively simple 
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and inexpensive method for effecting such a desirable , 
disintegration and atomization of a liquid. This inven 
tion is based on the utilization of a relatively small 
amount of gas, in the form of ?ne bubbles, which is dis 
persed in the liquid prior to its being discharged into a 
region of lower pressure. Gas injected in this manner 
will break the discharged liquid stream into a spray of 
fine droplets, even when there is no evolution of dis 
solved gas from the liquid. The ?ne droplets are then 
reacted with the injected gas and/or with a bleed gas 
maintained within the lower pressure region. The pro 
cess having diverse utility, thus it may be employed for 
the production of high surface area particles (e.g., alu 
mina catalysts, in which the liquid is molten aluminum 
and the bleed gas is oxygen) as well as in the puri?ca 
tion of liquids wherein only the impurity ‘reacts with the 
bleed gas and is thereby removed (e.g., puri?cationof 
molten iron wherein the impurities are reacted with an 
oxygen bleed gas). 
The objects and advantages of the invention will be 
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better understood by referring to ‘the appended claims ‘ 
and the following description and Figures, in which: 
FIG. I is a schematic diagram of the apparatus em 

ployed in the experiments; ' 
FIGS. 2A and 2B show the effect of gas injection on 

a mercury stream; ' - 

7 FIG. 3 is a graph depicting the fractional removal of 
sodium as a function of initial sodium concentration 
and gas injection rate; 
FIG._I4 compares the effectof 0; vs. Ar injection on 

removal of sodium; and ' " ' " 

FIG. 5 shows the increased effect provided by gas in 
jection, on fractional removal of sodium. 
Experiments were performed on the puri?cation of 

sodium amalgams‘. A schematic diagram of the appara 
tus employed is shown in FIG. 1. The mercury ?owed ' 
in a single pass from a reservoir 1 through a nozzle and 
into the vacuum tank 2. The upper portion of this tank 
was'an 18 in. X IS in. diameter glass cylinder 3 through 
which the sprays could be observed and photographed. 
Gas was injected 4 through an 0.5 mm id hypodermic 
needle, at a metered rate. The vacuum was maintained 
by a two-stage vacuum pump 5; the desired pressure 
being obtained by augmenting the gas ?ow through the 
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needle with a metered gas bleed 6 directly into the vac 
uum chamber. 
The initial amalgams were prepared by adding so 

dium chips to the mercury under an inert atmosphere. 
The sodium oxide formed during an experiment, rap 
idly separated from the mercury and was deposited in 
the interior of the vacuum tank or could be skimmed 
from the surface of th : mercury after it was withdrawn 
from the system. Experiments were conducted within 
the following range of variables: ' 

Tank pressure PFFIO torr 
(ins injection rate Gall-2 l/min(S'I'P) 
Total gas rate (injection and l-l() l/min (S'I'P) 
bleed) ‘ 

Liquid flow rate 3.54.85 l/min 
Initial liquid composition C,=l [-540 ppm Na 

In some experiments, both the‘ injected and the bleed 
gases were oxygen; in others, argon was introduced at 
one of these positions. 
Sprays formed by the manner of this invention are 

discontinuous with a very de?nite structure. High 
speed still and motion pictures were taken of many of 
the sprays; the exposure time for the still photographs 
being about 3 X 10'6 sec. Droplet velocities and sizes, 
and‘ rates of bubble formation were measured from 
these pictures. The effect of bubble injection is shown 
in FIGS. 2A and 2B (facsimile tracings of these photo 
graphs), wherein 2A shows the mercury with no gas in 
jection. In 2B, gas was injected at a pressure of 1,280 
torr. The stream of mercury is disintergrated by the 
very rapid expansion of the gas bubble as the liquid 
entersthe vacuum chamber. This, creates discrete, 
uneven sheets of droplets, with the spread and ex 
pansion of the spray increasing as the gas injection 
rateis igcreased. ' _ ' . 

FIG. 3 shows the fractional removal of sodium (for 
gas injection rates, G, of 0, l, and 2 l/min) as a func 
tion of initial sodium concentration for experiments in 
which oxygen was used both as the injected and bleed 
gas. The fractional removal (F) is de?ned as 

F = c, — cg/c, 

where Cl and C2 are the initial and ?nal sodium con 
centrations respectively. It may be seen that the frac 
tional removal of sodium increases with increasing gas 
injection rate and decreasing sodium concentration, 
but is not affected to any great extent by vacuum tank 
pressure, P2. Later experiments, have however shown 
that signi?cant increases inthe ratio of pressure of the 
reservoir to that of the .“vacuum’l chamber (i.e., PllPz), 
will effect an increase in the removal rate by decreasing 
the mean droplet size of the spray. 

In FIG. 4, F vs. Cl is shown for experiments in which 
either the injected or the bleed gas was argon with G 
= 1 l/min. The solid line represents the correlation 
from FIG. ‘3B, i.e., in which oxygen was used for both 
purposes. There is good agreement between all the ex 
periments for CI < 100 ppm. At greater values of initial 
sodium concentration. the data for argon injection fall 
above the line. while those for oxygen injection (argon 
bleed) fall below. indicating that for these latter data.. 
the rate of oxidation of sodium is being restricted by a 
shortage of oxygen. In the other experiments, there was ' 
always a surplus of oxygen. On the other hand, the 
argon injection data would be expected to be somewhat 
higher than the “all-oxygen" line'of FIG. 38, since 



3 
argon does not react with the sodium prior to its emer 
gence from the nozzle, and is therefore totally available 
for stream breakup. At high gas injection rates, this ef 
fect decreases because the formation of spray is less 
sensitive to the rate of injection. 
As seen from FIG. 3A, there is considerable sodium 

removal even with no gas injection. The removal being 
low and relatively constant for sodium values greater 
than 50 ppm. It is believed that the oxidation occurred 
when the pool was formed and stirred during each ex 
periment (about 1.5 min.) and during the time for re 
lease of the vacuum and draining of the mercury (about 
2-3 min.) prior to sampling. If it is assumed that the 
fractional removal with no gas injection is equal to that 
occurring in the pool when there is spray formation, 
one may determine the degree of enhanced removal by 
subtracting the values in 3A from 38 and 3C. These 
values are given in FIGS. 5A and 58 respectively, ex 
cept that for the region where C|> 100 ppm, the data 
for spray formation with argon injection (i.e., no oxy 
gen starvation) were used in place of-those with oxygen 
injection. It is seen that the fractional removal in the 
spray region also increases as the initial sodium con 
centration decreases. This is attributed to coverage of 
the available surface by clumps of solid reaction prod 
uct, NaZO; i. e., limited by diffusion of sodium to the 
droplet surfacefBymfufther' in‘c'ie‘é‘s‘i?‘g'EE§§75§¢665 
rate and decreasing the radius of injected bubbles, the 
mean radius of the droplets in the spray could be fur-‘ 
ther decreased, thereby increasing thefraction of ox 
ide-free surface available for reaction. In the above ex 
periments, the average distance from the nozzle ori?ce 
to the pool surface was 79 cm, providing a contact time 
for flight of droplets of about 0.15 sec. By providing 
longer spray'fall heights, the contact time would in 
crease and even greater removal could be achieved. 
The enhanced disintegration of the liquid, by utiliza 

tion of the instant process, is effected by causing the 
liquid (with its entrained bubbles) in the vessel in 
which it is contained to be suddenly accelerated, ‘as it 
passes through a nozzle ori?ce of substantially reduced 
cross-sectional area and into the zone of reduced pres 
sure. Referring again to to FIG. 1, where A, represents 
the cross-sectional area of vessel 1, and A2 the area of 
the ori?ce, it is preferred that the ratio of Al/A2 be at 
least 2:1. With this acceleration of the liquid_, there is 
a‘corre§i>o5di?§§uddéh drop “in pressure-“from that at 
the base of the vessel to that of the reduced pressure 
zone. Entrained gas bubbles are rapidly taken from the 
high pressure region to the low pressure region where ‘ 
bubble expansion results in the radial spread of the liq 
uid stream and an ensuing spray of ?ne, large surface 
area droplets. 
To achieve an ef?cient utilization of gas bubbles for 

such expansion, the gas should be injected at a point 
wherein the liquid is at a pressure considerably higher 
than that of the reduced pressure zone. Thus, the gas 
may be injected at any point within the containment 
vessel above the nozzle, where the pressure within the 
bubble will be approximately that of the surrounding 
liquid. However, it is most efficiently injected at a point 
sufficiently proximate to the ori?ce (as depicted) so as 
to cause a substantial portion of the bubbles to be en 
trained within the increment of liquid entering the re 
duced pressure zone. 
The length of the nozzle should be short (for pur 

poses of this invention, the term “nozzle" is considered 
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to be a device for converting the pressure and potential 
energy of a ?uid into kinetic energy and will therefore 
also include a knife edgeori?ce) so that the passage of 
liquid with its entrained bubbles will be suf?ciently 
rapid, thereby preventing the bubbles from expanding 
to a substantial extent prior to the time the liquid has 
left the nozzle. Consequently, substantially all the gase 
ous expansion will be available for spray formation. 
The maximum nozzle length will depend on a number 
of factors. Thus, the diminished expansion caused by a 
relatively long nozzle could be overcome to some ex-' 
tent by increasing the ambient pressure of the liquid 
and/or by increasing the force by which the liquid is 
forced through the nozzle. These latter expedients 
serve to increase the velocity of liquid through the noz 
zle and to increase the initial stored energy in the bub 
bles. Thus, to prevent such substantial expansion of the 
bubbles within the nozzle, with its consequent loss of 
available energy, it is considered desirable to limit the 
residence time of the incremental portion of liquid 
within the nozzle. This time limit is basically a function 
of the pressure of the liquid at the point of gas injection 
(and hence the pressure inside the bubbles prior to any 
expansion). It is, therefore, preferred that the liquid be 
urged through the nozzle with sufficient force so that 
the resistance time of the liquid within the nozzle is de 
?ned by the equation: ' 

where t= residence time in seconds, and 
P,= pressure in atmospheres, of the liquid, at the 

point of gas injection. 
To achieve such desirable short residence times, the 

liquid is preferably accelerated through the nozzle ori 
?ce by the application of a force in addition to, and act 
ing in concert with the atmospheric force. Thus, in FIG. 
1, the head of liquid (gravity) and the atmosphere both 
aid in forcing the liquid through the nozzle. However, 
the instant method need not rely on gravitational (i.e., 
downward ?ow) or atmospheric forces. Thus, for ex~ 
ample, a piston device may be employed to force the 
liquid into a region of reduced pressure. 
The choice of ?uid employed'will be dependent on 

the desired reaction. Thus, in the puri?cation of molten 
steel by oxidation of the impurities, it will, of course, be 
necessary to employ an oxygen-containing gas as the 
reactive ?uid, whereas in the removal of Zn from mol 
ten lead, a gas such as chlorine would be employed as 
the reactive gas. The reactive ?uid need not, of course, 
be a gas, thus a liquid may be employed in the reduced 
pressure region to react with the separated species. _ 
Since the disintegration of the liquid stream is not de 

pendent on saturating'or dissolving a gas within the liq 
uid, any “non-deleterious” gas may be injected for pur 
poses of spray formation. Thus, in addition to argon or 
other gases classi?ed as “inert," any gas may be em-' 
ployed which does not react detrimentally with the liq 
uid being treated. Thus, in‘many instances, inexpensive 
air injection may be employed. 
We claim: » 

l. A method for controlling and enhancing the reac 
tion of a component of a liquid with a ?uid reactant ca 
pable of reacting with said component to form a prod 
uct which is easily separable from said liquid, which 
comprises; > 

passing the liquid from the vessel in which it is con 
tained, through a nozzle opening, the cross 
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sectional area of which is less than 0.5 the cross 
sectional area of said containment vessel, and into 
a zone maintained at a pressure substantially lower 
than the pressure of the liquid within said vessel, 
said zone containing said ?uid reactant; 

injecting a gas into said liquid at a rate by which 
spaced apart bubbles are formed, said bubbles 
being of a diameter substantially smaller than the 
effective diameter of the nozzle opening, the point 
of said gas injection being in a region of the liquid, 
prior to its passage through said nozzle, where the 
pressure of the liquid is substantially higher than 
that of said low pressure zone; 

urging said liquid through said nozzle by theapplica 
tion of a force acting in addition to and in concert 
with the force exerted by the atmosphere ambient 
to said containment vessel so that the passage of 
the liquid with its entrained bubbles will be suffi 
ciently rapid to prevent the bubbles from expand 
ing to a substantial extent prior to the time the liq 
uid has left the nozzle whereby the resultant expan 
sion of said bubbles enhances the disintegration of 
said liquid, thereby materially increasing the sur 
face available for reaction, reacting said compo 
nent with said- reactant ?uid to form said easily sep 
arable product, removing said product and collect 
ing the resultant re?ned liquid. 

2. The method of claim 1, wherein said point of injec 
tion is sufficiently proximate said nozzle, so as to cause 
a major portion of said bubbles to be entrained within 
the increment of liquid entering said nozzle. 

3. The method of claim 2, in which said reactant ?uid 
is a gas. ‘ 
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4. The method of claim 3, in which the surface of liq 

uid available for reaction is increased, by increasing the 
?ow rate of injected gas. 

5. The method of claim 4, in which the surface of liq 
uid available for reaction is increased, by decreasing 
the radius of injected bubbles. ' 

6. The method of claim 5, in which the surface of liq 
uid available for reaction is increased, by increasing the 
pressure in said containment vessel, in relation to the 
pressure in said low pressure zone. 

7. The method of claim 6, in which said additional 
force is supplied by. a mechanical pistonf 

8. The method of claim 6, in which said additional 
force is that of gravity. 

9. The method of claim 8, in which said injected gas 
is other than said reactant gas. 

10. The method of claim 9,‘ in which the concentra 
tion of reactant gas is maintained by a bleed of said gas 
into said zone. 

11. The method of claim 8, in which said injected gas 
contains said reactant gas. . 

12. The method of claim 11, in which the concentra 
tion of reactant gas is augmented'by an additional bleed 
of said gas in said zone. 

13. The method of claim 8, in which said liquid is 
molten iron and said gaseous reactant is an oxygen con 
taining gas. ' 

14. The method of claim 13, in which said compo 
nents are impurities which are removed by, reaction 
with said oxygen containing gas. ' 


