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_-:.-_UNITED STATVES PATENT OFFICE

Walter G. Seé, Hammond, Ind., assignor to Sub-

merged Combustion Company of America, Inc.,

-+ Hammond, Ind.;'a corporation of Indiana

z_'Cla,ims.

. This ‘invention’ relates in general t0" ah 1m-
proved apparatus and method for concentratmg
liquids, for example, ‘dilute acids, or for ‘recov-
ering concentrated acids containing ‘contami=
nants. More specifically, the' invention relates to
‘the concentration of dllute acrds by means of sub—
merged combustion. -

It has been found that the use of submerged
combustion burners to heat the dilute acid in a
tank is ‘much more efficient than former methods
used for accomplishing the same’ result. Sub-
merged combust1on Dburners have been used pri-
manly for other purposes ‘such as in heatmg
tanks, for example, hot water tanks, or, for heat-
ing pickling baths. Burners for such uses have
been disclosed in Patent Number 2,118,479 to
Theodore ‘S. See ‘et " al; However, when* sub-
merged combustion’ burners ‘are used for pur=
poses of recovering or concentratmg acrds it has
been’ determmed to be advisable to use modified
forms of burners and a plurahty of chambéers con-
taining progresswely concentrated acid, with a
Dburner in each chamber.” The operation of such
burners as-are disclosed “herein is conventronal
"~ One of the prmc1pa1 objects of the presentin-
ventmn is to providé an apparatus in which a
‘diluté or less concentrated liquid can be passed
into one portlon thereof and a more concentrated
“liquid can be Wlthdrawn at another portlon
eof:

An‘ther ob_]ect of the 1nvent1on is to provide
A tank havmg a plurality of connecting cham-
‘bers thérein, each of which chamber contains an
‘deid of progressively increasing concentration
a'nd’ in'which' the dilute acid can be-added to the
first eHamber and the concentrated acid Wlth-
drawn fromthe last chamber.

A further ‘object of the 1nvent10n i§ the pro-
“vision of & tank'.divided into a plurality ' of
chambers wherein each chamber is provided with
‘a’-submerged combustion burner for heating the
‘acid ‘contained in each chamber by passing the
combustion gases through the acid. and vapor-
izing someof the water or driving off ‘the con-
taminants contained therein, thus leavmg a more
coneentrated acid.:

+A gtill further object of the invention i 1s to pro-
vide a.new and. 1mproved niethod for concen-
trating:acids.

.- Still another obJect is to prov1de an 1mproved
:method of concentrating dilute acids by utilizing
~the combustion gases of a submerged combust1on
'burner :

*Other objects and advantages of the invention
W111 be ‘apparént by reference to the following
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descnption in conJunction w1th the accompany-
1ng drawing in which:

* Pig. 1 is a longitudinal seetion through the con-
centrator or tank used in concentratmg the d1lute
acid; :

‘Fig: 2 is a somewhat enlarged fragmentary vert
tical section through a-concentrator -having -a
modified form of submerged combustion means;

Fig. 3 is a vertical transverse section through
the apparatus of Fig.: 2, and

‘Fig. 4°is a further mod1ﬁcat10n of the sub-
merged combustion -burner.

“In all forms of the invention I provide a tank
wh1ch is’ divided into a plurality of conneeting
chambers to enable the acid to pass progressively
from one chamber to the next.. In each cham-
‘ber I providea submerged -combustion” burner

-adapted to- be ignited whereby-the ‘combustion

gases ‘will pass through the acid to provide an
efficient heat exchange, thus: heating the acid
and vaporizing some of the water or volatilizing
the contaminants herem to produce a more con-
centrated acid.

In one form of burner I provide an: inturned
ﬁange at the lower end thereof which has certain
advantages which will be more fully described

“hereinafter. Another form of the invention uti-
lizes two such burners so. arranged as to’ dis-
tribute the combustion gases below a perforated

plate, and a still further form contemplates ‘the
usage of a serrated lower edge on the outer casmg
of the burner. . -

While the invention described herem has par-
ticular reference to merely concentratmg 4 dilute
acid, it will be understood that the apparatus and
process are equally applicable for use in recover-
ing concentrated acids containing: oontaminants

Referring now more particularly to the drawing,
1t will be seen that in Fig. 1 an elongated tank
i§ provided having an outer steel covering 2 w1th-

in which a lining 4 is located which may prefer-
-ably be formed of lead.  As an additional pro-

tection, a lining of acid resistant brlck 6 may
also.be provided within the lead lining. =

The tank, as shown, is divided into chambers
8,10, 12, 14, 16, and 18, by means of the parti-
tlons 20, 22, 24, 26 and 28. An inlet conduit 30

-extends through one end of the tank-into the

first chamber 8 and permits dilute acid or 'other

liquid to pass therein. At the opposite end of the

tank a conduit 32 is provided for drawing off the
concentrated liquid. “When the apparatus i§ in
use each of the chambers 8 through I8 has a
body of acid located therein, each body being of a
progressively higher concentration so that when
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the apparatus is in continuous operation, the di-
lute acid passes into chamber 8 and the concen-
trated acid is drawn off from the last chamber 18.

In each chamber a submerged combustion
burner 34 is located which comprises an outer
casing 36 and an inner tubular member 38. The
The combustible mixture of gas and air may be
either pre-mixed and passed downwardly’ through
the inner member 38 or-only the gas may be passed
therethrough, with additional means therein for
supplying. air. This type of submerged com=
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bustion burner is conventional, as disclosed in the -

above referred to See patent, and, for the pur-
‘poses of this invention, it makes no difference

whether or not the gas and air are pre-mixed: In
either event, combustion takes place at the-lower: -
end of the inner tubular member. 38, where a

suitable burner plate is located.

In the form of the invention shown.in:Fig. 1 .

it will be noted that the lower end of each of the
outer casmgs 36 has an 1nturned flange 406. The
purpose of this is to build up.a certain amount
of back pressure which wilt aid .the combustmn
and: insure the contmulty thereof. . Each.of the
partltlons 20 through 28 extend upwardly and
terminate at substantially the level of the aeid
S0 that there willbe a contintous ﬂow of a.md from
one chamber to the next. -

Durmu operatxon of the apparatus as shown in
Fig. 1 the combustion . gases: from each of the
submerged - combustion burners will. pass..out-
wardly through the acid thus agitating the acid
and; raising the temperature thereof to .a. point
Whrch will either vaporize any water in the acid
or- volatlhze the contamlnants therein . or both.
Thus, as. the ‘dilute zcid passes.info the. first
chamber 8 it will be subjected to the. ‘action of
a: stream of combustlon gases produced by, the
actlon of the..submerged combustion burner
therein.. After a- certain amount of vaporization
and: volat1hzat10n has taken place, the resultmg

acid will have:- a highér concentration  as it

passes-into the next succeeding chamber {0. The.

same action takes place simultaneously in each

of the. chambers so that each succeeding cham-E
ber- will- contain_ acid of progressively increasing

concentratlon The last chamber i8.is provided
with an upwardly extending flue 42 through the
roof. of the tank, which carries the vapors away
. from the tank to be. disposed. of 1n any de51red

. manner.

In the modrﬁcatlon shown in Fig. 2 ‘the same
form of. tank is used and is similarly divided into
a Dlurality of chambers, each containing acid of
progressivély increasing- concentration.  .The
main difference.is.in the constructlon of the
submerged. combustion means..
© . Again, ‘the function and opera,tlon of the sub~-
'merged combustron burner is conventional, as
explamed above, except that a perforated plate
is used in conJunctlon with one or more burners.
In the form: shown, two of such ‘burners are
located in each chamber and the outer casing’ 44
of each burner extenchng beyond theinner-casing
38a is turned inwardly toward the other ‘at-the
'lower end thereof as at 46. 'The inner tubular
Imember 38¢ i§.similar to the member. 38. " Sub-
_stanmally .centrally located in each chamber is a
'honzonta,lly ‘extending . plate 48, made of acid
re51sta.nt materlal such as.graphite, and has-a
plurahty of openings. 50.therein. As the combus-
tionr gases-leave the outer casing ‘they will. be
directed: mwardly and beneath the plate 48 im-
mediately - thereabove, -and will pass upwardly
through the openings:5%. . This: form -of -the-in-
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vention is designed to increase agitation of the
acid and provides excellent heat exchange quali-
ties. If desired, however, only one such burner
need be used in the center of the plate to direct
the gases outwardly therebelow. The function
of the burners, however, is the same as ex-
plained above with respect to the form of the
invention, shown ‘in Fig: 1,and provides an im-
proved . apparatis and method. for concentrating
dilute acids.

Fig. 4 shows a still further modified form of

jthe submerged combustion burner wherein the

inner ‘member-38b is-also similar to the member
38, but the lower end of the outer tubular mem-

- her 52.is-serrated as at 54. This serrated lower

edge is.so designed as to break up and permit
even distribution of the combustion gases as
they leave the lower end of the outer casing to
be passed through and agitate the acid within
the chamber.

If desired, the space within the burner and
between the inner. tubular. member 38, and the
outer casing 36 can be utilized.for. the. addﬂnon
of” chemicals. for specific purposes:.

While .1 have. described my. invention herein
for the most part, as. relating to the. concentrat-
ing of acids, it is to be understood that.the
apparatus and method.can be. used: for the con-
centration of- any suitable Mauid. ~

From. the. foregoing , it. will be: evident . that I
have provided new and novel apparatus . and
method . for the. use. of  submerged. combustion
purners in the congentration of dilute acids. It
will alio. be clear. that.certain changes. may. be
made in.the form and construction of the.appa-
ratus. disclosed. herein by those skilled: in.the
art without in. any way departing- from {he. spirit
of the. invention .or sacrificing. any, of the at-
tendant advantages. thereof.

Having thus déscribed my mventmn What I
claim’ as new and: désire to. secure. by Letters
Patent of. the. United States is:

1. An apparatus for concentrating, dllute acids
comprising . a.plurality  of~ mtercommumcatmg

‘chambers . connected . in. series. and. adapted to

contain.acid to be concentrated, means for-con-
tinuously passing. diliite acid info.the: first, of sadd
chambers, means for contmuously withdrawing
concentrated acid:from. the-last of . said cham~
pers, a plurality of tubular submerged combus-
tion :burners spaced in.each of. said- chambers,

the mscharge ends of said.burners. bemg directed ) ‘

inwardly-of their respective chamber and toward
each other, and a- submerged perforated pla.te i

extending -horizontally. above the bottom of: each

chamber- and - immediately- ahove and- overlying
the discharge ends-of -the burners therein, where-
by to. distribute the: combustion gases:through
said ‘acid- and vaporlze a portron of the: water’
therefrom.

2. An: apparatus for: concentratmg dllute acxds
comprrsmg a plurality, of - intercommunieating
chambers: connected in-series: and .adapted: to
contairi ‘aeid to ‘be :concentrated, means:for-con=
tinuously passing dilute. acid -into-the- first:of
said chambers, means for continueusly with-

drawihg.concentrated acid from:the:ldst of said
chambers, a plurality of tubular:submerged com=-

bustion burners depending in spaced:relation:in
each chamber, each:of. said’ burners: including

‘spaced-inner and outer tubular:members adapted

to:mix-and- pass a.combustible mixture:there-
through and having the outer tubular member
extending - beyond -the-inner member and -turned
inwardly of:the respective chamber, and.a sub-
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merged perforated plate extending eentrally and
horizontally of each chamber above the bottom
thereof, the inturned ends of said burners being
located immediately- below and -adjacent the
marginal portion of said submerged plate, where-
by to distribute the combustion gases through
said acid and vaporize g portion of the water
therefrom. :
WALTER G. SEE.
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