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A NEW FLUDRINE RECOVERY PROCESS

By M.D, Sanders, (Swift & Co., U.5.A.)
and W.C, Weber, {Dorr-DLliver, Inc., U.S.A.)

In the manufacture of phosphoric acid by the wei process,
fluprine compounds are evolved st various stages. In general
they have been largely regarded ag g nuisance and scrubbing
and neutralisstion have heen reguired to prevent stream and
atmpepheric pollution. The fluorine represents a potential
valuable byproduct, but the methods of recovering it from the
gases or solutigns have not been very atlractive sconomically.
This paper describes a new process which permits the economical
recovery of a very substantial part of the evolved fluarine
in the form of commercial strength hydrofluesilicic acid.

All commercislly-used phosphate rocks contain large
quantities of fluorine. With the exception of certain ocean
island deposits, fluorine content is approximately 3.5 to 4.0%.
In the manufacture of 54% F'2EI5 phospharic acid by the BDnventinnal
gypsum pracess, the fluprine distribution and evolution from

a2 typical Florida pebble rock are sboul as shown in Table 1.

TABLE 1

FLUDRINE DISTRIBUTION

Source % of F in Rock Average lhs, F
per ton P205

Reactor Vapors 4 to 6 | 1z

In Gypsum 18 teo 30 1 58

Evaporator Vapors 35 to 5D 101

Evaporated Acid 23 to 35 | _I12

Total nn 243

It e#zn he secen from these figures that a very substantial

portion of the fluorine is evolved during the concentration of
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the acid.

The process to be described recovers 85-95% of this fluorine
a5 a 1h-28% hydro-fluosilicic acid, This process depends on
seriubbing the vapors leaving the evaporator under Qacuum with a
recirculated snlﬁfion of fluo=ilicic =cid whose temperature is
approximately that of the vapors, so that little or no water is con-
densed, while the S:i_F4 and HF are ahsorhed in the fluosilicic acid
cplution. The vapors from the recovery scrubbex are then totslly
condensed in the usual barometric condenser ahead of the vecuum
gystem,

Figure No. 1 is a schematic flowsheet of the process, Two
plants utilizing this process are in operation in the United
States and plants Aare under construction in Belgium and Germany,
The process has created a great deasl of interest and several
othex plants are seriously considering installing this process.

At the two existing plants foreed circulation vacuum evap-
orators are in two and three stages, respectively. Figure No, II
is a flowsheet of a three-stage evaporator with fluorine recovery
on all three stages. The operating data which fellows wag pbtained
ot the plant having the three-stage evapworator but before the third
stage had been installed, This particular plant is designed to
produce 180 short tons per day of PO as G4% PEDS phosphoric acid.
The evaporater flash chambers are provided with fluorine recovery
spray chambers 8.5 feet in diameter. Pilot plant work indicated
that vapor velocity in the spray chamber gf 12 +to 15 feet per
second would give satisfactory recovery with three tiers of spray.
The figures in Tahle 2 illustrake how this criteria is wmet in this
particular plant. |

Recirculating pumping rate is 500 gpm with 50 psig &t the nozzles,
A1l equipment is rubber-lined except the nozzles which are Manel.
Table 3 gives some operating data from a series of runs, cach of
8 hourse' duration. In these zuns, continuous samples were taken
of the acids, and periodic samples wers taken of the vapors by
connecting a highly evacuated train to probes in the vapor ducts.

Percent recovery is overall, through both stages of evaporation.
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TABLE 2.

DPERATING DATA

 lst Stage 2nd Stage
Feed 600 TPD-30% PEUS 422 TPD-42.6% PO
Product 422 "™ -A2.6% v 333 " -sd% ¢
Abs, Pressure - 4" Hg.’ 1.92 ™ Hg,
Boiling Temp. 70°¢C . 757
Evaporation 178 TED g9 TPD
Specific Volume-vapor 175 c.f./1b. 352 c.f./Lh,
C.F.5. 70 ¢ 725

Velocity in Scrubber

SWIFT & CO. FLUDRINE RECOVERY

TABLE 3

12.6 ft/laen.

PROCE

12.7 ft/sec.

85 TEST RESULTS

1
%
Phos., rock usel in
making acid. P2D5 33.30
F 4 .06
) HBPD,4 Feed to 1st
Evap. ' PEDS 32,19
F 2.58
H.PO,6 Feed to 2nd
Ievip. PO
i 275 46.8%
F 2.40
HSPD Prod.
2nd Stage. PO, 57.85
E 2,09
Vapor from lst '
Serubber F 0.39
Vapor to l=t
Scrubber Fo 2.54
Vapor from Znd
Scrubber F .08
Vapor to 2nd
Serubber F 4,54
Flupsilicic Acid Pro- o
duct % HRSlFE‘. 37.01
Efficiency of Rec- ‘
OVETY HESJ.F6 BE.5
HEPU Feed Hate

td lst Stage GPM

3
%
32,70

3.80

29.27
2.98

44,37
2.43

54,33
1.69
0.54
2.58
0.26

2.9a

128,32

83.0

28

4 5 & 7
% % % %
32,20
3.B0

32,20 32,20 32,20
3.80 3.80 3.89

33.09
2.21

26,72
2,13

24,34
2.27

25.74
2,36

42.74
2,27

44,17
2.40

45,27 43,20
2.52 2.28

54.91
1.58

54.10
1.96

53.78
2.02

5d,45
1.87

0.10 0,48 D.31 .98

0D.83 2.03 2.34 "1.84

0.z20 22 .09 1,85

4.78 3.B86 3,26 5.49

.17.95 25.77 22.69 33.20

92.5 B4.5 90.5 68,0

o B3 91 70
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lst Stage Evaporator operated at o
3.8 to 4.9 in =bsplute Hg., 73" {o Bl C
2nd Stage Evaporator Operated étb o
1.3 to 2.4 in absolute Hg, 797 to 82°C

Table 4 gives the fluorine recovery gxpressEd 8= pounds of
flugrine per ton of P2D5 through the evaporabers,

TABLE 4

FLUDRINE RECOVERED PER TON PO IN FCLT
. . oJ
Ruh I P S1F % F ths, F
o Feed 'Prndﬁcg Recov, T P2D5
1 2.58 27.01 88.5. . T8
"2 2.8 25,80 53,0 C .34
3 2,98 28.32 830 118
-4 2.36  -17.95-  92.5 100
5 2.13 29.77 84.5° 76
6 . 2.27 22.69 . 90.% 104
Avg. lbs, F recovered per
ton PEDE ta Evap. 95

There has been ne difficulty with silica scaling or dchsifipn;
The final composite scid is substantially free of any suspended
silica, Aﬁparently since tﬁalfluurine is present in the phosphoric
acid as hydrnfluﬁsilicic acid or meta) flupsilicates, these decompose
and are Evnlvéd as follows:

| H,SiF y  SiF, 4 2HF. |
and in the scrubber the gases are hydrated and the fluorine com-
pounds refcumbinéd:‘ B |

51F4 + 2HF + HED — H251l'6 + HED

Im the first stages there is apparently a preferemtial evo-
lation of SiFﬁ and there may be some free silicae in tﬁa recovered
acid, but in the final stages, there is a preponderant evolutiaon
of H zo that the combined acide do not contain excess oz fres
silica, ' | " ‘ )

The recavery EFFicién:y;waaﬂa function of hydrnflunsilicic
acid. strength, has been plotted in Figure No. IIT..

The pracess described herein has been in successful.anratinn
for two years in one planf ang for tan‘munfhs in anather,

25% hydrofluesilicic acid is finding increasing acceptance
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s a3 flunrldatlng agent for publlc water supplies in the Unltsd
Statss. and much af the prnductlnn from thase two plants fmnds
its way into that market, The remainder, n'F the pruduc‘tlnn is
prnceésed with sgdium :hluride into 5qd1um'slllcuflunr1de of
99, 5% pufity, which finds a réédﬁ market alsa for water fluori-
datiaon, as well as in the'ceraﬁic and glass industriaﬁ;

This process is E:DVE‘.I‘E.d by U.5. pa‘hel‘.'ltE issued and.
pending, and applications for patents have been 'F:L.'I.Ed in the
major 'induatrial c:quntrie.s in the world, The plants have hBEﬁ

designed and supplied by the Dorr-Dliver Companies.
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DISLHSSIDN o T % S TP L
' Mp, h.L, WtBER {U S A ) Thim pdpar durln wlth & procéss

for re:mvarlng tha Flunrinﬂ avnlvad in tha manufacture of wut procoas
phuaphnriq ucid Fhu Fluurinn cnmpnundu nvplvad in tho various.
stages of thiﬁ mﬂnufnctura huva in thu paat baan nagardad £n. 8
nuissnce, ruqulring innDEuﬂuﬂ dinDHHl The recovery mathqd dLnrr{br
- the puper IbEFUjrﬂ " grﬂﬂt dLJl af thlw Flgprﬂﬂ.uR gﬂnommgrulgl
atrsngth hydenflyosilicic acid, | | o ,

Gnlﬁnga } of the papef, At gLV d diuﬁributiun af the
tluarine avalution in'ﬁ typical plmnt‘uaing Flﬁrida rock, Thia die-
tribution verimo uéry conaidorably with different typos of rack.

With Flurida rock, Dvar-ﬂu% of the fluarino: cantant i syolved in the
vapour from the avaporators whan concentrating to 4% P 5 ThE‘
svolution is, of courss, leas with = lower cmncuntrntinn.

Tha process demcribsd racoveors pbmutlES—QE% af the
fluorine in the vapours from the aveparators. The raﬁnvary‘ip‘in-
veraely proportional to the strength of the ecid produced, .Onu can
obtain rocoveries in this range whan making a 15-28% unlutiuh of hydro=-
fluosilicic acid.  The procews is vary saimple : the vapours leaving
the flash chamber af the vecoum ﬂvﬂpnratuf are mcrubbsd under vacuum
with a solution of fluorilicic Hcid} thes tempmraturs Df.whi:h is
nppruximntuly fhnt-nf the vapours, Thus, little or no water ls-con-
dannﬁd, whilmt fha 51F4 and the hydrofluoric mcid ara mbmgrbed in
the fluomilicic acld aoluatian, The lean vepoura from tha fluorlne
scrubbar ara than paspad to the vaual bnruhntric candeneser for total
condensstion and dispossl, =nd thﬁxa‘i-; of course, @ vacuum pump.

A spocific gravity controller mctuatee a valve which diacharges the
hydrofluosilicic scid to storage whuh‘up to the desired etrangth.
Makeé-up wster flows into the hot wall through a flomt-control -valv .
In this way, we obtaip & quite uniform asolution. | |

Thﬂ‘procaau is in operation at thran phnephmrlc acld
plants, Figures ara gluun in tha papsr, and thore is o rnfnrnncn
to two of theae plants; but we rucently put one into oparation in .
Balgium. Tha two described in the paper ore in the U.S5.A. - Dn- of
them is a two-stege evaporator, and the other is = thrme ntigé-

evapurator,
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It the twu-ﬁtﬂgﬁ'mpanatinﬁ,-thé.phmmphnrid acid im concentrrted
from obout -30% FQDStD 42% ih thavfirpt'ﬂtuga;‘nnd from 42% to 54%
in the gecond stAge. It 1s intorosting that the silits trtrafluaride
in‘apparuntly volatiliswd mgre rapidly then its stoicheiometoic
cequijvalent of hydruflunriﬁ_m:ldif'THB:E‘lu,‘thurafmra, sheoexons 4 of
51D2 in the firet astage ocrubber; ‘and an mxgees of HF in the sacond
mtuge. Silica pracipitntion la prevented in the firet astage by
using overflow from tha awscond atage scrubber hot well ms make-up
for the firet and by adding all mekes-up water to the ascond atagw
lcircuit. The product - hydru?luuuili:ié macid - 1m pverflowmd from
the firatlntagn. When producing a final product of 25% hydrofluo-
atlicic ncid, the recirculeting liquicd ie hold =t epproximately 12%
- 15% In the aecond atage scrubber,
| The rmfficiency ecurve is of intaresst : it shows that we have
made up to 33% - 34% hydrofluosilicic acid at a lomm in LECOVETY |
but that we can get B85% rﬂcpuary‘with 30% acdd or lues. Most of the
plante in tha U.S5.A. run‘at about 25% - the strength used for the
flupridation of water. The twp plants in the U.5.A, using‘thiﬂ
procaea aell their hydrnflunﬂilicic ecid as such for the fluori-

dation of water and for the production of =modium milicefluoride,

Thims process waa developed by Swift & Co., and I am eorrcy Dr,
bunders could not be herm, He did the pilot plant work, and tha two
installations ares in Swift plents, from which we obtalnsd the data,

Me, F,P, MENDES (Portugel) : This pdper s an Intsresting
cortribution on the subject of the recovery of an important fraction
of a byaprodudt with an in:faaaing-cnmmar:ial value, Although r
certain guAntity of Flunrina ramaina in the scid, erven after
concentration, this ia not importanmt, us the mein purpoos is the
praduction of phnﬂphurir acid.

At thm lapt ISMA Toohnical Conferance in Wicnbudun Mr. Breuzm,
of fisgna, preesnted- @ paper on- the' tecovery of fluorine as a by-
product of supsrphomphate manufacture, 1 should like to krow Mr,
Weber's opinion ma to the'most suiltable way to racover fluorine -
duririg thu acid manufacturey or dutling subpsguent concentration?

- Becondly, I mhould iikd‘Mrj-Wﬂhhr~tD aay whethar tha

temperoture comtral of the circulated =olutich of fluoweilicic scid
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iz ghtained by tha addition of make-up water or hy any nther‘dévice.

Thirdly, from an Examihatian of the results of Test 4,
there seems to be a direct relationship betwéan the cancentration
of the phospharic acid feed to the first evaporator and the concen-
tration of the fluesilicic acid obtained., Could Mr, Weber comment?

Mz, WEBER : The guestion as td which is the better method
af fluorine recovery, Eitﬁsr‘by mixing the sulphuric and phuaphurin
aclids and thus obtaining a rather strong fluorine evolution, as put
forward by My, Breeze in ﬁis-previnus paper, qr‘by adopting the
method deseribed in my paper, may dapahd en the type of phuéphaﬁe‘
rock used znd the extant fu which the pﬁusphbric acid is being con-
centrated, and sevesral gther cnnsideratluns. If you have a market
for the fluorlne - and ‘this, of cuurse, is the Dig problem - you can
recaver the fluorine gvolved in the phuaphurlc acld‘rea:t;un, BS
well as that evelved during evaporation. Whilst you will by the
mixing, or stripper, method, increase the amount of Tluorxine liberated
during fhs raactinn, there will still be a considarabie quantity
remaining in the strong acid which will gvolve during evaporation.

In this respect, I have some figuraé relating to the
fluorine distribution. Table 1, in our papafg gave this distrihuy-
tian for a typical Florida rock, and even then we have to give a
rather considerable range, There seems to be 2 great number of
varipus factors affecting this distributiun. We racﬂnfly'CQmpilsd
some data from thres plants ueing Morocco phosphats rock, and. in
this case the fluorine distribution is very different, We had 17% -
3% of the Fluurlns being evolved in the reactlan, whereas with
Florida rock we obtain enly 5% - L0% at most. Also with the Morocco
rock, there is much less flupgrins im the strong acid, - HDWBUEI,‘thiE
is partly offset by the fact that we get a much more complete
evolution of the fluorine during evaporation with the Mprocco rock.
Az a result; whersas with Florida rncg, contentrating fu 54%, wWEe
have about 1.5% to 2% fluorine in the 54% acid, with Morocco rock
the corresponding figure i= only 0.3% to (1.5%, Conéaquently‘
we find that with the latter 20% to 40% of the fluorine in the rock
is evolved in the evaporator whenlcnncentrafing to %4% acid, with
only 4% - 8% of the fluorine remaining in the acid, 26 compared to
25% - 35% in Florida acid,
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What this would appear to ihdicaté in relation to
Mr. Mendes' question is that thers would be a great deal more
incentive in the case .of Morocco rock to recover the fluorine
during the reaction, becauss there is so much more of it, With
Florida roeck, there is so little evolved during the reaction that
it is hardly worth recovering it,‘althpﬁgh it has to be scrubbed
out to meet stmospheric pnliutiun restrictions. But we can very
nicely caombine the scrubbing of the gases from the reactor with
the fluorine scrubber on the Evapuiatur, because we can produce
a weak splution from acrubbing the reactor gases and use it as
make=-up in the evaporator circuit, l

The second guestion relsted to temperature control. There
is no temperature control required, because the reecireulated hydro-
flupsilicic acid sutomatically attains the same temperature as the
vapours rising from the avépmratnr. The latter are, of course,
controlled by & vacuum control in the evaporator. '

With regard to the fact that Test 4 =eemed to show that the
concantration of fluosilicic agid produced was & function bf the
phosphoric seid feed concentratiopn, I think this is just an experi-
‘mental error, We have not found any‘cnrralatian of. this sort, and
I wauld npot expect theoretically that there would be.

Mr, N.D. GDPINATH (India) : Would Mr, Weber indicate the
impurities pressnt in the hydrofluosilicic ‘acid which is used in
the flupridetion of water, espmcially impurities such as PEDS and
gilica?

Secondly, the paper stétms-that the methods of recovering
fluoarine from the geses or =olutinns have not heen very akiractive
economically. Doms this mean only in respect of hydrofluosilicic
acid in the U.5.A., or does it apply generally, In India, we import
large amounts of synthetic cryglite and are considering manufacturing
it oursslves in wrder to restrictthe imports, The recovery of |
Fluorine from the stack gases of the superphosphate process and from
the Dbnuxinus‘uapuur condensers in the phosphoric acid plant is to
be combined, and a plan has bheen pﬁt forward for the recovery of
1 tnn/déy of synthetic cryolite. One plant is already working in
India, prndﬁcing 15% hydrofluosilicic acid. We have estimated that,

bearing in mind our expansion plans, we shall be in a position to
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manufacture roughly -5 tons/day ol synthetic cryolite from the super-
phosphate amd phosphoric acid plant gases alone. The cost af
installation works out =t about 360,000, The present price of
synthetic sryolite in India is about %200 per taen, and our cost

of productiom comes to about $150 per ton. The proposition is

thus ecanomical.

Mr. WEBER : With regard to the impurities in the hydro-
fluasilircic scid, I cannpt give the exact figures, but in these
eveparators the entrainment loss is about 0.2% -- 0.3% of the P205
fed in, and this would be removed in Ehe hydrofluosilicic aecid.
But we hawve not found it abjectionzbly high for either water
fluoridstion or sadium silienfluarids productian, but we have na
experience with other compgunds,

With a 54% phospharic acid, the fluorine-silica ratio

seems to be almost exactly that correspanding to H25iF We end

up with a clear splution of hydroflugsilicic acid, altgaugh there
might be a slight excess of HF at times. However, if you concen-
tratc to some intermediate level, you would have an excess of silica.
As I pointed out, im A two- or threes-stage evaporator, the first
stage may be quite cloudy with precipitated silica. The second
stage will be only slightly affected and the third stage will
wsually be clear, if you concentrate to as much as 54%; but if you
svaporate to only 40% - 45% you would probably have some silica in
suspension. [If you want to remove it, you would have to filter it
off, and, im this case, it would be bettér to do 1t in the scrubber
cirocuit. '

The puint I made reyarding recovery of the fluorine
from the reaction vapours was that, in the case of plants operating
on Florida rocks, the amount evolved was hardly enough to kbother
about, when you can obtain =o much in the way described inm the
paper, But with Morocco rock, and also certain other rocks, giving
heavy eveolutiogn, it would chviously be guite economical to recover

the flugrine in the reaction fumos.



