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THE PRODUCTIGCN OF ALUMINIUM FLUQRIDE FROM
WASTE GASES 0OF PHOSPHORIC ACID PLANTS

by R, RICHTER (V#est-Alpine - Austria)

The waste gases containming Tluorine sre an importanmt factor of the modexrn phos-
phate industzy.

Depending on their origin, rock phosphates cantain 2.5 - 4.4 % fluorine in the
form of fluor apatite.

Considering that in the year, 80 millicn fons of rock phoaphate have been nau-
led, this representz a total of approximately 2.5 millien tons of fluorine.
For campzrigan, in 1973, only 1.6 million tons af fluorins were hauled in the
form of fluorite, containing approximately 47 % fluorine.

Therefore, rock phosphate is not only the raw meterial reqguired for the phogs-
phate industry, but could alsc represent an essential raw materisl source for
the fluorime chemistry.

During the hydroclizstion of rock phesphate to phosphoric acid and further
treatment to superphosphate/triple superphosphate, & more or less great por-
tion of fluorime contained in rock phosphate is collected in the wasgte gases
in the form of silicium tetrafluoride (5if )} as by-product.

The remainder of fluorine is present in the final product.

Figurm 1 shows the distribution of fluorine over the different kinds of pro-
ducts of verious processes. Here, we note that waste gases only contain rela-
tively asmall amounts of fluorine ; approximately 25 % during the production
of supsrphosphate ang 12 % during the production of triple superphosphate. A
large proportion, spproximately 40 %, accrues during the production of phos-
phoric acid, especislly if the phosphoric acid is concentrated up to S5 - S7 %,
as it ia usual.

The proportion is also guite considerable during the production of tripls super-
phasphate , up to 60 %, when superphosphoric acid is used ag raw material, The
fluorine content in the weste gases ir increased by adding silicic scid during
the hydrolirstion of rock phosphate. Due to tachnical reasons of process, the
addition of silicic acid is often very advantageous,

Thorough tests have shown that, during the production of asuperphosphete, an
incresse from 25 to 40 % and ,during the production of phosphoric acid, an in-
crease from 40 to 70 % may be expected.

In all cases however, the major portion of silicon tetrafluoride (5iF )
mulates in the waete gases of the phosphoric scid plants and especialiy im
the waste gases of the concentraticn atage of phosphoric acid.

accu=-

Silicon tetrafluoride (5iF,} is a very toxic compound and should definitely
be removed from tha waste gasas, particularly in view of the environmental pol-



17 - 2

lution problemes. For this type of waste gas cleaning, therse is alsoc an essen-
tizl economical incentive, sirce it is possible to recover part of the fluorine
from the rock phosphatea. Heras, rock phosphate may partially be used as fluo-
rine rew maeterial, Eventually, a reduction of the phogphorie acid price and/or
of phosphate fertilizers will be possible, when both products P2D5 and F are a
cambined factor of calculation.

The purificatien of waste gases from phosphete plants is aone of the very rare
cases when the solution of an environmental problem may st the same time bring
about an improvement of the economy of the process and, above all, a new sour-
ce of raw materials.

The technical recovery of silicon tetrafluoride from waste gases is relatively
gimple, as gsf scrubbers are used. Various types of problem, accor-

ding ta different processes, are involved, It is of grest importance that
gilicon tetrafluoride (SiF ) contained in the weste gages generates hexa-fluo-
silicic scid {H_SiF.) and Qilicic acid (5i0.) during the absorptiocn with water.
The silicic a:ié prgducad tends to incrusta%a and clog the scrubbezs, Therefore,
generally Venturi-scrubberg are used. The recovery aof fluorine from the phos.
phoric acid concentretion is slightly more difficult, since the evaporation isg
carried out under vacuum and the waste gases contain phosphoric scid mists.
Here, wash towers are used, into which wash ligquor is injected through ssversl
nozzles.

In any case, a solution of approximately 25 % of hexa-fluogilicic =scid is
obtainmed for further treatment. Howsver, this solution hes the great disadvan-
tage of being very corrosive. furthermors, the flumrine content iz vary low,

sa thet long distance transportation is not advisable, Thersfore, this solution
must ba treated in situ., The plants for further procesm=ing must be technically
simple and =hould cperate at low mainternance costs, so that an economicel ope-
ration is possible for smsller cepecities as well,

Dirmct use of aqueous acid sclution is not possible, sxcept for swmall ranges
of application, such as for building preservation and drinking water fluori-
dation.

The followimg possibilities of use for hexa-fluosilicic acid are well known.

The production of caleium fluoride from hexa-fluosilicic acid waes worked out
egpecially by the US-Bugeau of Mines, About 15 years ago, 2 process was devees
loped which could not be implemented ao far, since the costs of the synthetic
calecium fluaride ars higher tham tha market-price of the natural product.

Procesges for the production of hydrogen fluoride from hexs-fluosilieic acid

have bmen developed in theoretically. The processes themaslvea ars very inte-
resting, but, they show deficiencims which jmopardize their economy. Nomm of

these procesees have been implemented =so far. New developments on this field

may be expected in the future,

The production of aluminium fluoride or cryolite presently rapresants the anly
temsted processes for utilizing hexa-fluosilicic acid. Alumimium fluoride snd

cryolite are products of grest importesnce for the indusirisl production of alu-
minium and possess market-value therefrom, The production processes named ahova
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are very interesting from the economical point of view as well.

A procesa for the production of sluminium fluoride is offared by VﬁESTaALPINE,
bssed an the process developed by the {JSTERREICHISCHE STICKSTOFFWERKE in Linz.

Figure 2 shows the process flowsheet of the plant :

the 25 % hexa-fluosilicic acid coming from the scrubber is pumped out (2)

from the storage tank {1), pre-heated up to 65 - 75° C in the hmat exchangar (3)
and conveyed into the reaction tank (5} via the meaguring tank {4).

Dus to the reaction rate, the reguired rmection temperature must be at lsast

60° . The reaction is exothermic, so that the temperature rises guickly up

to 100° £ after aluminium hydroxide has been added. After 10 - 15 minutes, the
reaction has practically reached its fipal stage. The pracipitated ailicic

acid which is readily filterable, is separated on the pesling centrifuge {8)

and then washed with hot water,

Depending on the reaction temperature, the precipitated silicic acid show &
complately different filtration behaviour. For resction temperatures below

60° C, it is jelly-like and practically not filterahle, Between £0° and 909, it
ie easier to filter but does not separate quickly enough. Only when the sili-
cic acid is heated to the boiling peint of the solution (nemely, up to 100 -
102° ), it adopts a solid structure, which is well filterable and may be sespa-
rated without difficulty in = peeling centrifuge, just like a cryetalline pro-
duct.

The eluminium fluoride solution and wash watars coming from the pesling centri-
fuge are directed to the heated crystallizers (7). One crystallizer ig filled
at a time and provided with seed crystals, Crystallization is achieved after

4 - 5 hours ; the solution temperature must be maintained at 90 - 95° € during
this time. The separation of aluminium fluoride from its solutions iz a very
complicated procedure, since this is not a standard crystallization, but an
internal rearrangement with subsequent crystallization of the resulting AlF_.
iH_0. The rate of crystallization is affected by saed crystals and by the tem-
parature and pH-value of the solutien, Highar temparatures and lower pH-values
act accelerating.

The aluminium-fluotrihydrate shows a grain size of 50 - 90 microns; it is sepa-
rated on the peeling centrifuge (8) and conveyed into an intermediate tank (9).
Mother ligquor from the crystallization stage may partially be recycled into

the scrubber, for the productieon of fluosilicic acid, -whereby fluorines and alu-
minium still present are recovered, Part of the mother liquor must be abando-
med to keep the pollution level constant.

First of all, the adhesive humidity is removed from the aluminium-fluotrihye
drate in the drier (10) at approximately 100° C, then,ths crystallizstion water
is expelled in & two-stage fluidized bed furnace (1), The fluidized bed furnace
is heasted up with combustion gases, heated in the sir pre-heater (12) and in
the heating muffle {(13).

The major guantity of water is separated in the primary fluidized bed furnsce
batween 135 - 2059 . The residusl water is very strongly combined and the
product is heated up to 570 - &00° C in the secondary fluidized bed furnace,
in order to achieve a desired residual water content of less than 0.5 % by
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weight. There is a great danger of hydrolytical fluorine splitting at theae
high temperatures end large syrface of fine-grain aluminium fluoride :

—_— a0
EAlF3 + EHED A12 3 + 6 HF

The fluorine loss may be kept low, howsver, when the calcination vapours are
quickly removed through the supporting gas of the fluidized bed. Since the
trihydrate contains approximately 40 % by weight, the heat consumption of cal.
cination ig very high : approximately 1,000 kcal sre fed for eech kg of fini-
shed product.

The flue gass cof the fluidized bed furnzces is cooled in an injection coolar
and blown over the roof, Likewiss, all dust particles, wasts gases, sisams

and vapours are collected in s common waste gas line and neutralized in a

wash tower filled with limestone. To simplify these metters, apparatus and the
pertaining lines are not shown in the flowsheet. The finished product im cooled
in the cooler (14) and hagged.

The characteristic data of the finished product and the congsumption figures
for the auxiliary and operating materials sre shown in table 3.

The process described has been in operation for 10 years at the OSTERREICHISCHE
STICKSTOFFWERKE in Linz to the full satisfaction of everyone.

Several plenmts, all of which operate according to the same process have slrmady
been put into operation in different countries.

There are ne corresion probleme in the plant. The eguipment in the liquid part
consigts of rubberlined stesl, the heat exchangers (3) of gresphite, the cal-
ciner of special steel and the coaler (4) and bagging bin are of aluminium.
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Consumption Fiaures for 1,000t AlF,

H,[SiFg], 100 %
AL{OH)3 , 100 %

Steam, 3 atm
Electric Power
Water

Fuel Gas

VOEST-ALPINE AG.
1973

t 1,10
t 1,17
t 1,5
kWh 212
m 100
Gcal 115

Typical Analysis

of the Final Product

AlF,
Si0,
Fez 03

Al; (SO, )3
Humidity

% 97..98
% < 0,1
% < 0,01
% < 0,05
% < 0,5

Particle-Size Distribution Lm 40 ...100

Characteristics of the OSW AlFR, -Process

DK 661.48
Ri 103




Discussion.
Dr. Richter (Voest Alpine, Austrisz)

Shusphate rocks presently used contain from 2 to 5% F in the form of
flusapatite. When phosphate is reacted t¢ produce phosphoric acid,
single ang triple superphosphate, part of the fluorine evolwyse as

Eu'Ll-"l in ths exhaust gaces of the plant. This part can be recovered.
The remairder goes into the finished product and is lost as a Tluorine
raw material.

Siide 1 shows the distribution of fluorine according to the stsages

of production in the varicus products. In the case of single supexr-
phosphate 25% F is evolved in the gases, 13% in the case of friple
s.perphaosphata. In the manufacture of superphosphoric acid this

figure is increased to 60%. In phosphoric acid plants it amaunts

to 6% before concentration and averages 3T% after acid concentraticn.
This morning we heard that in the new Fisong process, it can increzsn

tn 70%, which can be very important when F is recovered. Assuming

~hat, as an average for all processes, it is possible to recover L%
thig means a total anmuzl tonnage of recoverable F oof about ane

million 4. Cansidering that (.4 million tons is produced annually

from fluarapar, rock phosphate can be a substantial source of fluorine.
Unfourtumately at presemt this fluorine source can only be partlyuscd for
lack of a convenient SifFy treatment process., The process for producing
alumimium fluoride is the only one which can be regarded as technically
sound. It was developed a few years ago at Chemie Linz and is cpersted
in several plants al)l over the world. VoestAlpine builds these plants ==
Chemie Linz licaencee,

The first stage of the process is the technical recovery of 5iF, with
scrubbers ; there are now scrubbers, such as the Swifi scrubber,

which dao a good job. The rate of recovery is about 90 -P5% according to
the concentration of hexaflucsilicic acid, which must be around 2% in
view of the overall plant afficiency.

The solution itself is very unpleasant, because it is corroeive,

Since the F cantent is rather low, long distance transport is nol
gconomical and the treatment must be done Dn‘pdeuctiun sites,

The plants must be simple since they are a madest acditional facility
for phosphoric acid producers and the plants should operate at Low cost.
‘hege requirements are completely met im the process described here.
The plant operates batchwise and is reloaded every 30 min. Fluosilicie
acid contained in a surge tank is pumped into the reaction tank afiar
passing through = heat exchanger and a measuring tank. Al{UH)H

fed in the reaction tank. The reaction is exothermic. The temprrature
increases rapidly to 1009 C, and that temperature must he maintained

as closely ag possible to promote the formation of filtersable 2i0,

Hard crystals are then formed which can be separated in the :Entrlfuun.
The solution is then fed in three or four crystallizers where attex
crystal seeding, aluminium fluoride is produced in the trihydrele form.
This stage of the process must also be operated very carefully fram

tha temperature viewpoint, 90 - 95°C, so the rate of reaclion i5 s1tig-
factary. The resction lastg five to six hours and the product may o
distributmd in as many as Tour crystallisers,




All chemists know that ALF_ separation is a very difficult process.

I slready stated that the reaction takes plece only with seed cryszals.
When the reaction is achieved completely the suspension is fed inlo s
peeling certrifuge where it is separated from the mother-liquor.

The trihydrate has a 5.8% moisture, which is removed, afier passing
through = surge-tank, in a pan dryer. The following pieces of equipment
are furnaces to remove crystallization w ater. In view of tha high
atability of erystsllization water calcination takes place in a two
stage furnace, the first at Z00°C, the second at 600°L. Tt must be
pointed out that, ir the second stage, the high temperatures may
result in the disspociation of F hy hydralysis, which is aveided by
expelling quickly the water with the supporiing gas of the fluidized
bed.

Calcination uses a lot of ensrgy, about 1000 Keal/kg product.
Anyway 40% by weight of crystallization water must he separsted.

Slide 3 shows the raw materizl consumption and the guality of the

product abtained. I would like to say that im the last plants bulls,

the efficiency was improved in so far as the mcther liguor of the

second centrifuge follows a circuit via the scrubber., Thus 50 - C0%

of the mother liquer is left in cireulation so that the amount of
impurities is reduced, inm particular chlorides and, possibly, sulpnices.
The remainder of the mother liquor, 20 to 50%, must be disposed of, Without
neutralization, it cannot be thrown away with waste waters. The consumpticr
figures guoted in the pages 1.1, and 1.17, can be improved to 0.9F

for fluosilicic geid and 1 for Al(DH)B expressed in tons of raw material
per ton of finished product.

Finelly, regarding rew materials, I should stress that these substances

are very corrosive but the initial corrosion diffizuliies can bhe cansidern:
2z sorted out. They related to mild steel eguipmert which showld be lined
with rubber. The linimg should be very hard in the case of the autoclave.
In the same way, pipes, pumpsand centrifuge casings are made of rubber
lined mild steel, pump roters preferably im hastelley, centrifuge rotors

in 44,77 steel, a atabilized acid resistant titamium steel. With ihis
gelection of materials, maintenance problems are solved and the plari

can operate for reasonable periods.
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Mr, Husitalo {Kemira Oy, Finland)

Tt is wvery well known to many of us here, that very much work has been
done in Austria in the lasi ten years for the recovery of fluarine from
waste geses, and also that the aluminium flueride process developed by
05SW has been implemented with success. Many other processes have been
developed for the same purpose to utilize the fluorine from waste gases.
Ferhaps the 05w process has proved to be one of the mogt reliable.

We have no doubt about the process and its importance when we have to
solve the environmental problema caused by fluorine. Therefore 1 would
like {0 ask some more detailed technical questions to Mr. Richter.

1. You told that you have used Swift type scrubbers for weshing the
gaaes to get fluosilicic acid. How much fluorine is there still
in the waste gases, and have you experienced some other type of
scrubbers 7 Whet is ihe phosphorus content of fluosilicic acid 7

In Fimland we have today an dkalisilicoflucride-production, but we
have plans to go forwerd to some more profitable fluorine produgtion.
Do you think that AlF3 production could be one more economical :
poggibility 7

Therefore, I em asking if you cen give some velues for investments
and production costs to produce AlFa.

Z. You have not mentioned the phoaphorus content of waste liquid
coming fzom the separation of AlF, crystals and also you have
not made cleasr, whet you are deing with waste liguid which you
cannot use in your process. oo high phosphorus content raises
environmental problems.

3. As a by-product you are getting silica. What has been the importance
thereof and have you used silica in some way 7

Or. Richter

Qur only experience is with the Swift scrubber anmd I cannot say
anything about the others.l would only like to state that the
efficiency of the scrubber depends on the concentration of the
acid produced : a 35% efficiency corresponds to 1%% concantration,
90% to 25% and B5% to 33%,
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Scrubbing efficiency thus strongly decreases when the concentration
increases. I alresady indicated that the optimum concentration for
operating the plant is about 25%. As a rssult the efficiency of the
scrubber ranges from 90 $o 95%,

On the problem of the phosphoric acid pUrity, the following can be

said. The maximum acceptable P-0g content of the hexe-fluosilicic

acid to be processed is 150 ppm. Certainly water imsoluible phosphate

and aluminium salts do farm and end in the finished product where they
are not wanted. The steel industry sets a limit of 30 ppm.

The second question also relates to the FP20g content. I think I have
already partly answered in the first question. I would alsc like o
recall thet the mother liqunra-aré ‘reused in the scrubber anmd, hence,
very little is mixed in the waste waters.

The third question relates to silica. We have to say that we make

8 wide uge of that product. Active silice is employed in chemistry

s a filler. There is alse another potential use which makes this procesas
g0 attractive that silica is measured when phosphate is reacted +c

make phosphoric acid. The advantage is that the proportion of F removed
from wasie gases can increase from 40% im the conventional hemihydrate
process to 70% resulting in s substantial increase in the rpate af fiuorine
TECOVETY.

The last economic guestion is more difficult to answer. The investments,

the cost of raw materials and of energy are variable local factors.

I would however like to quote tha follewing estimates. The economic

plant capacitiss are within the renge 5-10-15,000 t/y aluminium fluoride.
The corresponding inveatment. for s turn key plant are in Austrian
Sehillings 53, 75 and 95 million, The present sales value of aluminium
fluoride is 10 sch/kg and the production cest for a 3,000 t/y plant is sbout
7 sch/kg. You then realize that, even for such low capacities, the profi-
tability justifies the erection of such & plant.

Mz, Jemaa (SIAPE, Tunimia)

I would like to ask iwo questions : the firat concerns the recycling

of wmother liguors in general. When the plant is designed for manufacturing
flussilicic acid, is it possible to recyele sll the liquor ? I mean, is it
pogsible not to use make-up water at the level of the fluosilicic acid
recovery and, hence, only to use recycled mother liguars 7 This applies
mainly to those countries where process weter is too saline.

The second guestion concerns the use of by-product silics. In the case

of some phosphates this silica may be wixed with the phosphate to

improve fluorine recovery, but some phosphstes contain too much silica.

Is it then possible to use that silica for instance just before phosphoric
acid concentration in order to increase fluorire recovery to that level

or are there also other uses of the gilics produced ?



Dr. Richtez

For the first question, the total suhsiitutiern af ~he mother liquoar

is not possible. Psrt must always bte recycled, belweern 20 and 50% sccaording
to the emounts of impurities introduced in tle process. In the recvecling

of the mother liquer s given level of impur.ties should not be exceeded.

As already mentioned, this refers ta chlorides, sulphates and other

soluble galis. Inspluble salis end unforuunetely in the finished product.

The second question concerning silica obtained after phogphnate reaction,
the affect depends on the rate of activity of ailica. The zilica produced
here is vexy active and, in consegquence, very effective.

Mr. Mmjdell (Norsk Hydro, Norway)

When producing fluesilicic acid from the waste gases from phosphoric

acid plants, there will be more ar less impurities in the acid, for
instance phosphorus and sulfur compounds. What happens to these impurities
in your process and how do you awveid getting them in your product 7

Can you give any figures on the emission of hydroflugric acid and aluminium
fluoride particles from this process 7

Dr. Richter

I can give you figures of a complete balance on the assumption thsat

0% of the mother liquor is recycled. 2.5% AL is lost with 3ils,

2.8%with the mother liquer and 3.2% in the dust of the fluidized bed of the
calciner., It results in = totsl lose of 8.5% for the whuole proceas.

For fluorine I can give you the following figures : 7.5% with 5il,,

4.2% with the mother liguor and 3.2% with the dust, totsl 9.9%.

If the calculation is caorrect, we should find the figures given in

the last disgramme.

Dr. H, Schuhmann (V,E,B,, Chemiewerk Coswig, G.0.R.}

Dr. Richter, from Voest Alpine, states that the rate of fluorine absorption
from waste gases in a superphosphate plant is 90 - 95%. We tried to
improve this efficiency.

By ugsing & new fluidired bed absorber, tested many years in commercizl
plants, we heve obtained efficiencies of up to 98 - 49%. In this way

wg improved the environment pogition and, at the same time, increasged
the production of fluorine salts from the fluosilicic acid obtained.

The fluosilicic acid concentration reaches 15% by a simple stage rrocess,
5% in a two stage process. The rTemaining F content in the waste rases

ia lowar than 100 mg/m3 and even lower thar 50 mg/m3.

For silica obtained in the AlF, process, a filtration system wes found
capable of fixing the level of activity by an appropriate treatment,
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Mr. Schifer (Lurgi, G.F.R.)

I would like to give additional informetion on this paper which might

be of general interest. We are licencees of the process and, for that
reason, we studied fluosilicic scid recovery very closely. The main

factor is the P DS content af the fluosilicic acid which implies the use
of phosphate containing less than 500 ppm Cl. At 150 ppm, P50z in the
fluosilicic acid the mother liquor cannot be recycled. For 100 ppm,

50% can be recycled and for 5C ppm, 50 -90%. Some plants already manage
to get such low Pall; figures. Dr. Richter knows that very well.

If I may add something, we have built F recovery plants in superphosphate
worke with & 3%,5% efficiency. It is, however, more difficult to reduce

the Pyl content. 200 ppm are easily reached, 50 ppm less easily.

Mr, Moraillon {(Générale des Engrais S5.A., France)

Or. Richter gave us a F balance in which the f recovery excesds 90%.
But I feel that, sccording to the figure given for fluosilicic acid consumptian,
this recovery is below 70%. Is it possible to clarify this point ?

Ir. Richter
The figures I gave at the end relate to a plant which recycles 80% of the

mother liquer. Those on the last slide are without recycling. This
explaing this discrepancy,



