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correspond to a very good Joad for sonic processing. As expected collection
efficiency went up with increasing particles concentration and humidity (15
to 120 g/m3) The best contact time averaged 3-4 seconds as expected from
literature data.

3. Direct experimentation conducted with the exhaust geses of a superphosphate
granulator demonstrated that with a three second contact time the precipitation
yield reaches 87 percent when dealing with an inlet fluorine content as low as
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requirements of the sound sources (which are not mentioned). Feasibility
of the technique has been clearly established, but the bottleneck for future
extrapolation will be the development of & high power economical sound source.
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Acoustic Coagulaticn of Vapor
3%
Containing Fluorine Compounds
By

Me L. Variamov, Ye. L. Xrichevskaya,
A. A, Ennan, L. M. Kozakova and

G’o Ao Man&l:in
Chair of Technology and Automation of
Chemical Processes of the Odessa Poly-

technical Institute

In the production of simple and granulated super=-
phosphate there is a precipitation of fluorine compounds
which are not completely trapped by the usual absorption
devices. The exhaust gases of these processes contain O.1
to 2,0 g/m° of fluorine /i-3/ , which is comsiderably inm
excess of the permissible health safety norms. Therefore,
a need arises to devise new methods of fine purification
of gases from fluorijne conmpounds.

During the producticn of simple superphosphate, fiu-
orine precitpitates from the reaction chambers and mixers,
mostly in the form of S5iF,; further interaction with water

causes the formation of HySiFg end silica gel /4/. The for-

]

Lf} Pirst Report.
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. fiaétion of a £1lm of silica gél on the surface of dropleég—]
of the absorbing liquid inpedes the further absorptioh oz
fluorine compounds /5/.

In simole superphosyhate the fluorine is in the fornm
0f fluosilicic acid and salis containing fluorine. The equi=-
librium of bressure or veapors on fluorine compounds depends
not only oun the temperature and conrcenbtration of HQSiFS,
but also on the content of free phosphorous acid in the li-
quid phase of supervhosvhate /6/.

During granulation of superphosphate precipitation
of fluorine takes place mainly in the drying process, with
10 to 20 percent of the flucrine iantroduced with the simple
superphosphate being transformed into the gaseous phase /1/.

According to the data of cune of the investigations
conducted at a superphosphate plant by usg, no more than
1/3 of the fluorine is trapped in the absoprtion turret
and gas pilpes out of this amount; the discharge of f£luo-
rine into the atmosphere constitutes tens of kilograms per
hour.

In the drying® drums precipitation of fluorine takes
piace at increased temperatures. Subsequeant decrease of
tenperature causes water vapor %o coundense, accompanied
by the formation of a2 stable and slowly settling vapor.
According to bibliographical data /2, 5, 6/, and our own

Lj?servations, 1t contains the major portion of fluorine “J

‘
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. r”; mpounds which are preseat in exheust geses. The pressuref
of vapor of fiuorine compounds cn diluted solutions of
H SiF6 1s insignificant, therefore on reaching a state of
equiiibrium, most of the fluoriue is itransformed into -the
liquid phase of the zeroscl. Thus, at temperatures between
50 and 70°C, gas in a state of equilibriun contains only
0.02 to 0.04 g/m? fluorine . /7/. The remaining quantity
should be in the form of vapor. The transition into the 1li-
quid phase takes place fairly rapldly oa account of the
large specific surface of the aerosol.

Thus, the task of removal of fluorine 1s reduced to

devising methods of fine purificaitioa Lrom exhaust gases

ar.d vapor containing H281F6 and other fluorine compounds.

B

A number of investigations were dedicated %o prob=-
lems of absozption of fluorine compounds by water or by
weak fluosilicic acid in nozzle azd bubbling apparatus
/=137, The use of Venturi tubes and other high-intensity “
apparatus makes possible 2 considerable increase of the |
rate of zbsorption of fluorine compounds; however, 1t is
difficult to solve tile problem of complete purification
of gases by these methods, because fluorine is mostly pre-
sent in the form of vapor which is poorly retained in ab-
sorption apparatus.
Pine purification of gases from vapor containing

Lf}uorine compounds can be accomplished either by electro-__}

v
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i filters /1, 14/, or by the method of zcoustic coagulation. |

rticles of the acro-
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nic field. The vapor rapidly consclidates, and can then be
easily removed by regular dust exvractors or other mecha-
nical precipit’ators /15=-21/. Acoustic coagulation succcss-
fully occurs at frequencles of 1 to 25 cps aand an intensity
of 0.1 to 1.0 W/cm?,
Powerful sonic fields in gazeous media are produced
by gas=-Jet generators: static and dynamic sirens. The me- ¢
thod of acoustic coagulation is »particulearly important in
these instances, where it is necessary to accoumplish a fine
purification of gases from finely-dispersed aerosols.
The purpose of this work is to investigate the acou-
stic coagulation of vapor containing fluorine compouids,
and to study the possibility of using this method of puri-
fying the exhaust gases of superphosphate'production from <
fluorine.

Ezperimental Pari

Method of investigaticn. The First stage of this
work wos to investigate acoustic coazulation under labo-
ratory conditions. The initial aesrosol was obitained by
mixing water vapor with tetrafluoride of hydrogen, wnlch
precipitates ulder the acﬁion of concentrated sulfuric

Lgpid into a mixture of equal volume of silica sand and ,_J

U
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: fjgbmmercial fluosilicate of nétrium. Sefore the experimeat |
the gas was diluted with air in & gos meter %o a coacentr-
ation of the order of 0.1 %o 1.0 g/n2, vhick is close to
nanufacturing conditions, IHineral oil of low viscosity was

d a

us > sealing liquid. Water vapor ues obitained by nixing

1)

(@)

hot air saturated with steam with cooler aiz. Temperature
stability in the gas mixture at the input of the sounic
tube was provided by a thermoregulator. For a sonic gene-
rator we used an improved gas-jet gererator GS-2 of the
Hartmwan whistle type, employed by us in ianvestigating the

¢ acid vapor /227.

I

acoustlic coagulation of sulfur
The second stage was the investigatitn of acoustic
coagulation of fluorine-containing vepor directly from the
exhaust gases of the granulated superphosphate department.
4 dlagram of the apparatus is shown in Fig. 1. The
investigated gas was pumped from the exhaust pipe 1 by
vacuum pump 2 and transferred to sonic treatment tube 3
which has a diameter of 45 nm and a length of 960 mm. The
front erd of the tube, tightened with a rublber Gdiaphregn,
Joilned the sleeve of.Tthe gas~jet generator 4. The amount
ol gas passing through the soaic treatment tube was mea-
sured by rheometer 5. Part of the gas was removed for ana=-
lysis by means of suction appearatus & and T, both before,
and after sonic treatment. The fiuorine was absorted with

tifstilled water in a system of four Drexel jars 8 and 9.__j

.
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. (1§ért of the gzas wasz witn lf&u. intc a coatiguous ultramiéij
roscone 10, be means of waich we caleculated the number of
particics in a unitv of volune belore and after acoustic
coagulation, The condensaie walich accumulated in the sonic
treatneant tube in droplets was rcumoved through tap 11. The

temperature was measured by thernmometers 2. Alr was pumped

into the sounlc gererator under pressure of 2 “«/cm by con-
pressor 13 through oil separator 14 and receptacle 15. The

frequency of sound was measgsurcd by mcans of oscillograph

D

E0=7 to which tension was traunsferred Ifrom a titanate-ha- ¢
rium probe, which sexrved asg receiver of sound, and gene-
raivor of electric oscillations ZG~i0. The parity of fre-
guencics was derived from Lissajcus figures observed on
the screen of the oscillograph. Sound intencslty was deter-
mined with the help of a titanate-barium probe, connected
to the amplifier and cathode voltamebter.
The selection of method of analysis of gases for S
fluorine content is of esseace /23~25/. Ia the control of

procduction of superphospahte and in scientific research

J

the most widespread m=2thod is to absorb fliuorine in water

with subseguent titration of the absorbing liquid with al-
kall accordinz to two'indica‘corso The aciizalinetric method

was used by us in the first series of laboratory tests

in workling with pure gases. This method is not suitable for

| enalysis of plant exhaust gases, since along ..th fluorine}

‘
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| compounds, water absorbs suparphoznhate dust containing -
nhogpaorus acid and 802 and COp Zron combustion gases.
Thnerefore, analysis by

ults which are several tices cverstated.

)]

In our investigadtion we uzcld the colorimetric me-
thod based on the alizarin-zirconium reaction /26-23/.
is based on a weak pink coloring of the alizarin-zirconium
conplex in the presence of small ¢uantities of fluorine.
Colorimetric analyslis was conducted with chemically pure
solution of Mal’ by the standard scale method. Control -ana-
lyses were conducted in the ceniral laboratory of the 0d-
essa Superphogphate Flant and in the analytical labora-
tory of the NIUIF by the method of low-tecmperature remo-
val of fluorine with subsequent *titration by a solution
of thorium nitrate.

The humidity content of the gas was determined by
means of absorpilon with calcium chloride and vhosphorous
anhydride. During the laboratory experiments splashes and
large particles of vapor were deposited inm traps., Uander
manufacturing conditions the zouteant of splashes and va=
por was determined by trapping them with absorbent cotton.

The control of the process of acoustic coagulation

was also conducted by means of microphotozgraphy.

L . _
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Fige 1. Diagram of a device Lfor the investi-
gation of acoustic coagulation oI vapor cone )
taining f£luorine counpouands ILron exhaust gases )
of the superphosphate granulation department.

- exhaust pipe; 2
nent tube; sonic gens cometer; 6, 7 - suc-
wLon epparatus; 8, 9 - Droxel j g ; 10 = continuous
ultramicroscope; {1 = condensate tap; 12 - thermometers;
13 = compressor; 14 - oil separator; 15 -« receptacle;
16 - wires %o titanate-berium probe.

- gsonic trest=-
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l‘ ' i

Fig. 2. Sounic pressure along the axis
of the sonic treatment tube.

Fige 3. Effect of duration of sounic
treatnent on degree of purification
of gases from fluorine.

Pig. 4., Effect of initial concenitration
of fluorine on degree of purification.
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S - moenine -

Results of Dxperiment

0]

In order %o determine the nature of the sonic field

e took a number of measuremeats ¢f the intensity of sound

o

alcag the axis of the sonilc treatment ftube. The resulis are

ar end -part of

o
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shown in Fig. 2. Due to
the tube, a system of vertical waves is esiablished in the
tube. In the froat part (up to 60 mm) the sonic field is

distorted by conditions at the intake and by the presence
7

(o]

0f a nozzle for removal of the gas. The maximum soric pres- t

sure 1s observed at a digtance of 190 to 255 mnm Lrom She
diaphragn; further damping of oscillations along the tube

is insignificant. The mean sonic pressure along the axis
of the tube corresponds to the level of intensity of 155
decibels.

Ve determined the effeet on acoustic coagulation
under laboratory conditions of the following: duration of -
sonic treatment, humidity conternt and initial concenira-
tion of fluorine at temperatures of 50, 55 aund 60°C. The
hunidity content wasgcoatrolled by changing the ratio bet-
ween the expenditure of hot and cold humidified air.

In Pig. 3, we cite data of the relation beiveen
the degree of purification of gases from fluorine and the
duration of sonic treatment, with humidity being constant
(at a “coperature of 559C and the ratio between cold andn_J

L ‘ .

—_10
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Ve : l
hot air "Vy = 10. The initicld concentration of Ffluorine

was 0,6 = 1.7 g/ﬁ3. As caxm be scen Zron Pig. 3, the dura-
tloa of the order of 4-5 sezconds is sufficient for acoustic
coazulation of vapor, ensuring 2 degree of purification
from fluorine between 75 and 78 ncuiceat without additional
mecharical precipitators. Further exvosure of vapor to the
sonic field provides an insigunificent increase of the de=-
gree of purification. inalogous curves were obitained by us
earlier for vapor of sulfuric acid /217,

Shown in Filg. 4 are data on the relation betwecn
the degree of purification and the initial conrcentration
of Zluorine. Experiments were made without somic treatment
and with scuic treatment of 3 to 4 seconds duration. In
the area under investigation (0.6 %o 4.5 g/w’) purification
ig more conplete with an increase of the coaceatration of
fliuorine. Without sonic treziment the precipiiation of
fluorine is 42 to 69 percent; with sonic treatment the v
degree of purification increased to 80-95 percent, depen=-
dizz on the humidity of the gas.

The degree of-Hurification substantially changes
with an increase of the weight coucentration of vavor and
steam. Iz Flg. 5 data are showm ou the relation betweern the
degree of purification and general humidity coantent of the
gas. An increase of the latter from 15 to 120 ;/m3 causes
;an increase of the concentration of vapor and an increase__J

SO ‘

I
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! of the sevaration of flucrine from 73 to 95 percent.

1

-

or the general humidity

Fig. 5. BEffect
giree of purification from

e
content on the 4
fluoriane.

A - degree of purificatiocn (%), B - humidity
content (g/m3).

Tige 6. Effect o
treatneat on ths
—om fluorine ol n :
superphosphate granulatiocn . .paritment.

A - degree of purification (%), B = duration
of sonic treatment (se

e

Thus, laboratory experinents have shown that it
o3
is possible %o use the method of accustic coagulation

to purify industrial gases from fiuorine compounds.
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of gas (1/min) 0f sonic i rification
treatnent : (72)
i (sec) :

Without Sonic Treatnment

0.040 0.036 10.00

Following sounic trecatment at a frequeuncy
of 16.5 cps
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T l The results of the second steze of investigations 1
of acoustic coagulatlon of fiucrire coxpounds, conducted

with exheust gases of thae supervhosphate granuliation dc-

3

partment are shown in the Table., It follows from the data

ck
b.:
(O]
o
&
H
)
ch
(N
O
13
O
(=

o the Table that for praciical nurposes
sonlc treatment of the order of 3 seconds is su
this causes a precipitation of 87 neilcent of the fluorine
contained in the gas. At a mean conceunitration of fliuorine
of 0.18 g/m3 following sonic treatument of 3 seconds shows
a remainder of 0,023 g/m3 which 1s below the recommended
health norm (0.03 g/mB). The relation tetween the degree
of purification of cases and duration of sonic treatment
is shown in Fig. S,

It should be noted that at the industrial depart-
ment of superphosphate branulg on acocustic coagulation
occurred more completely than with gases of laboratory
equipment. This can apparently be explained by the higher
humidity coantent of the gas, &g well as by the presence
of center of condensation (specks of dust) which facili-
tate the formation oif vapor.

In some experiments, along with Tthe determination
of degree of purification, we also made analyses of the
cendensate from the sonic treatment tube. The fluorine
content in the condensate varied from 0.7 to 8.5 g/1,

L_? ending on the initial concentration o

v

£ flvorine in 1
—_

_— 14—
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I l the gas. o
Determination of the nuxber of particles in & univ
of volunme and their distribvuilon according ©o size was
made by means of a coxntinuous uvitranicroscope and micro=-

photography.

1. In laboratory investigation of acoustic coagu-
lation of vapor containing fiuorine compounds (at the

level of the intensity of sound of the order of 153 o '

155 decibels and frequeuncy of 16.5 cps) 1t was found that
the action of sound'inc“aﬂoes the degree of purification

from between 42 and 69 percent (without sound treatment)
to between 80 and 95 pexrcent.
2. The comvpleteness of purification depends 1in
large measure on the concexntration of vapor in the gas.
An increase of the total humidity countent from 15 to 120 o
g/m3 causes an increase of thne degree of purification from

-

73 to 95 percent. uLth a cocagtvant humidity coatent the

degree of purification increages with the increase of The
initial concentration of flucrine in the gas and duration
of sonic treatnment.
3. Investigatlons were conducted of acoustic coagu-
lation of vapor containing fiuocrinze compounds from exhaust
[ﬂfases of the superphosphate granulavion deparitment. It __J

‘

— 15
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. l 7as found that with sonic trcatzznt of 3 scconds durasion |

o <

there i1s a precipltation o¢f 87 wnorcent of fluorine contal-

ned in exhaust gases. Tith cn initial councentration oI

coagulation, is reduced To a nagrnitude of the oxder ¢
0.025 g/ﬁB, ie.€e, below the recommended health norme.
4, The cited resulis were ob
treatment tube alone, without z2dditicnal nechanical pre-
cipitators. If the latter are used, the degree of yreci-

pitation of fluorine compounds will be even higher.
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