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This invention relates to the recovery of sus-
pencded materials from gases and particularly a
method and apparatus for the recovery in dry
form of water-soluble materials in suspension in
gases. The invention is particularly useful in
preventing noxious water-soluble materials sus-
pended in gases from escaping in waste water
from processes for removing suspended materials
from the gases, for example, by electrical precipi-
tation wherein the gases are treated with water
to condition them for the electrical precipita-
tion.

The invention will be particularly described
with reference to the cleaning of gases from fer~
ro~-manganese blast furnaces. Such gases typi-
cally contain water-soluble cyanides in suspen-
sion. An effective method of treating such gases
is to humidify and partially cool the hot gases by
the addition of water, pass the humidified gases
through a dry electrical precipitator, further
saturate the gases with water, for example, in a
spray tower, and thereafter pass the gases
through a wet type electrical precipitator in
which the collecting electrodes are flushed with
water. Water contaminated with soluble cya~-
nides may come from drip from the humidifying
tower ahead of the dry precipitator, from the
saturating tower between the dry and the wet
precipitator and from the flushing water from
the wet precipifator. It has been found that by
returning water from these points to the hot
gases ahead of the dry precipitator, the soluble
materials derived from the gases may be re-
covered in dry form. In this way noxiocus sub-
stances are prevented from polluting adjacent
springs, wells or streams and in some cases sub-
stances of value may be recovered in useful form.

The accompanying drawing shows in semi-
diagrammatic form a system of apparatus em-
bodying the principles of the invention particu-
larly adapted for the cleaning of ferro-man-
ganese furnace gases.

In the drawing 0 is a blast furnace having s
gas offi-take pipe {{. The gas is passed through a
dry dust catcher (2, which may be a centrifugal
type dust separator, then to a conditioning tower
{3 in which the gas is humidified and partially
cooled by water sprays, and from the tower 13 to
a dry type electrical precipitator 14. As shown
in the drawing, such portion of the gas as is
needed for the hot blast stoves is passed suc-
cessively through a saturating tower 5 and a
wet type electrical precipitator 8, wherein it is
further purified and issues in condition for use
in heating the stoves.

The portion of the gases not needed for the
stoves is passed through stack §7 to be burned
under steam boilers or for other uses not requir-
ing finely cleaned gas.

The wet precipitator 16 is supplied with fresh
watber for flushing the electrodes. The drainage
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from the sump of precipitator 16 is pumped by
pump {8 to the saturating tower, additional fresh
weater from the water supply being added as re-
quired. The aqueous solution from the saturator,
containing in solution soluble material washed
oub in the saturator as well as that collected in
the wet precipitator, is pumped by pump i9 to
the hurmidifier I8 and to the top of the furnace
or hot gas pipe {i, wherein it is evaporated in
cooling the hot gases to a temperature at which
damage to the furnace top is eliminated. In this
manner any soluble matter picked up by the
water in the saturator and the wet precipitator is
eventually recovered in dry solid form in the dust
catcher 12 or the dry precipitator i4. If con-
ditions warrant, any drip which may collect in
the bottom of humidifier 13 may be returned to
the top of the humidifier or to the hot gas vipe
{{ by means of a pump and pipe line, not shown
in the drawing.

In a typical illustrative embodiment of the
method of the inveniion the normal gas flow at
the top of the ferro-manganese furnace is 50,000
it. 3/min. of dry gas at standard conditions to
which 3180 gal./hr. of water from saturator (5
are added at the furnace top to reduce the tem-
perature to 700° F. A further 2850 gal./hr. of
water are added to the gas in humidifier 12 to
bring the gas temperature down to 250° F. aj
the inlet to the dry precipitator. 30% of the zas
coming from the dry precipitator is needed for
the stoves and must be further cleaned. There-
fore, 15,000 ft./min. (standard conditions) of gas
from the dry precipitator are passed through the
saturating tower {5 and wet precipitator (8 for
this purpose. 4275 gal./hr. of fresh water are
supplied 1o the wet precipitator for flushing the
electrodes and the drainage from the precipi-
tator is supplied to the saturator. The temper-
ature of the gas enterinz the wet precipitator
is about 120° F. saturated, when water at about
70° ¥. is available, which is reduced to about 80°
F. saturated in passing through the wet precipi-
tator. The effective heat content of the gas is
inereased in the saturator and the wet precipi-
tator by the condensation of a substantisl por-
tion of the water content of the gas coming from
the dry precipitator. Typieally, under the con-
ditions indicated above, about 1005 gal./hr. of
water will be condensed out of the gases provid-
ing about 6030 gal./hr. of drainage from the
saturator to be evaporaied in the hot gases prior
to passing to the dry precipitator.

It will be apparent that the principles of the
invention are applicable to the recovery in dry
form of any water-soluble noxious or valuable
substance suspended in hot gases and that gen-
erally the invention comprises subjecting a hot
gas containing water-soluble suspended ma-
terial successively to partial separation of sus-
pended material, saturation by direct contact
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with excess water and further separation of
suspended material, the liquid from at least one
of the last two operations being evaporated into
the hot gas in the partial humidification opera-
tion.

Tt will further be evident that numerous modi-
fications may be made in the method and ap-
paratus described by way of exsmple without
departing from the principles of the invention.
The use of a dry dust catcher as shown at {2 of
the drawing is not essential. The water from
the final separation operation, illustrated in the
drawing by wet precipitator 1§ may be supplied
directly to the hot gases ahead of the dry sep-
aration, and the saturation and final separation
operation may be combined in a single operation.

The term “dry precipitation” empioyed in the
specification and claims refers to the collection
of fume or dry psrticles from gas sireams in a
dry state. Precipitators in which the precipitate
is collected in this dry state are referred to as
dry precipitators.

Similarly the term “wet precipitation” refers
+o the collection of liquids, semi-liguids, pastes,
and sludges. These free-flowing materials may
originate from the precipitation of liquid mist
particles such as tars and acids or from dry
fume or dry particles which have been precipi-
tated into flms or liquids running down the
electrodes. 'The films or liquids may be supplied
by auxiliary means such as sprays or by weir
means from pools of liguids adjacent the icps
of the collecting electrodes. Precipitators in
which the precipitate exists in the liguid or serni-~
liquid state are termed “wet precipitators.”

I claim:

1. A method of recovering water-soluble ma-
terials suspended in hot gases which comprises
subjecting the gas to partial humidification, sep-
arating a portion of the suspended material irom
the gas in a dry state, subjecting the gases to
direct contact with water to remove residual
suspended water-scluble particles in the form
of an aqueous solution thereof and supplying the
aqueous solution thereby obtained to said hot
gases to effect at least a part of the humidifica-
tion thereof.

2. A method of recovering water-soluble ma-
terials suspended in hot gases which comprises
subjecting the gas to partial humidification, sep-
arating a portion of the suspended material from
the gas in a dry state, subjecting the gas to di-
rect contact with water in the presence of an
electrical precipitating field fo remove residual
suspended water-soluble particles in the form of
an aqueous solution thereof and supplying the
aquecus solution thereby obtained to sald hot
gasss to effect at least a part of the humidifica-
tion thereof.

3. A method of recovering water-soluble ma-
terials suspended in hot gases which comprises
subjecting the gas to partial humidification,
electrically precipitating a portion of the sus-
pended material from the gas in a dry state, sub-
jeeting the gases to direct contact with water
to remove residual suspended water-soluble par-
ticles in the form of an agueous solution thereof
angd supplying the agueous solution thereby ob-
tained to said hot gases to effect at least a part
of the humidification thereof.

4. A method of recovering water-soluble ma-
terials suspended in hot gases which comprises
subjecting the gas to partial humidification,
electrically precipitating a portion of the sus-
pended material from the gas in a dry state,
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subjecting the gases to direct contact with water
in the presence of an electrical precipitating
field to remove residual suspended water-soluble
particles in the form of an agqueous solution
thereof and supplying the agueous solution there-
by obtained to said hot gases to effect at least
a part of the humidification thereoif.

5. Apparatus for recovering in a dry state
water~soluble materials suspended in hot gases
from metallurgical furnaces, comprising a dry
slectrical precipitator for separating suspended
material from the gases in a dry state and a wet
slectrical precipitator for separating residual
suspended material from the gases in an agueous
solution, flue means for passing the gases suc-
cessively through the dry electrical precipitator
and the wet elecirical precipitator and conduit
means for conveying aqueous solution from the
wet precipitator to said hot gases upstream of the
dry precipitator to humidify the gases and con-
vert the dissclved material into dry form.

6. Apparatus for recovering in a dry staic
waber-soluble materials suspended in hot gases
from metallurgical furnaces comprising a humid-
ifier for reducing the temperature and increasing
the moisture content of the gas, a dry electriecal
precipitator for separating suspended material
in a dry state, a gas washer for saturating the
gases, a water-flushed wet electrical precipitator,
fue means for passing the gases successively
through said humidifier, dry electrical precipi-
tator, gas washer and water-flushed wet elec-
trical precipitator, conduit means for supplying
water to said wet electrical precipitator and said
gas washer, conduit means for conveying aque-
ous solution of said water-soluble suspended ma-
terials from said wet precipitator to said gas
washer and conduit means for conveying agqueous
solution of said water-soluble suspended material
from said gas washer to said humidifier.

7. Apparatus for recovering in a dry state
water-soluble materials suspended in hot gases
from metallurgical furnaces comprising a humid-
ifier for reducing the temperature and increasing
the moisture content of the gas, a dry electrical
precipitator for separating suspended material in
a dry state, a gas washer for saturating the gases,
a waterfiushed wet electrical precipitator, flue
means for passing the gases successively through
said humidifier, dry electrical precipitator, gas
washer and water-flushed wet electrical precipi-
tator, conduit means for supplying water to said
wet electrical precipitator and said gas washer,
conduit means for conveying aqueous solution of

5 said water-soluble suspended materials from said

wet precipitator to said gas washer and conduit
means for conveying agqueous solution of said
water~-soluble suspended material from said gas
washer to said flue means between said furnace
and said humidifier.
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