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FLUDRIDE OF ALUMINIUM AS A BY-FRODUCT
Of SUPERPHOSFHATE MANLIFACTLIRE

By F. Weinrotter.
{Oesterreichiache Stickstoffwerke
A.G,, Austrisz)

Introduction

Fluorine is the most electro-negative of all elements
and the most reactive of them, Therefeore it is natural that
the manufacture of fluorine compounds and their applicatinﬁ
is steadily increasing, This fact is promoted by the ad-
vanced trchnigques of hydrofluoric acid preparation since
the thirties and the commercisl manufacture of elementary
fluorine since World War 11, as well as by the particular
features of many fluorine compounds, =.g. the extreme re-
sistence of many compounds of fluorine chemical reactions
and to elevated temperature. | B R

lThDugh a flyorine content is indicated in the formulas
of 115 pr =0 natural minersels, 3 minerals containing
fluorine only reach ' practical importance for the. recovery

Df‘FLunrinE products, namely natural cryolite (Na AlFE),

3
fluorspar (EEFE} and fluorospatite Cad[PU V..CaF with

average contents of fluorine of 54, 48,5 :ng 3.5 per cent

- F respectively, |
The deposits of natural cryolite are practically

exhausted, therefnre'that source Dflflunriné.ia ayailable

in a limited amount only. The world production of fluarspax

ranges over 2 pmillion taons, and that af'fluurmaﬁatite in the

form of phosphate rock over 40 million tons, About-the half

of tHa mined fluorspar, that of high quality, goes into. the

chemical industry to be transformed practicélly in its

total to hydrofluoric acid, which iz the basic chemical

for sll fluerine chemicals. The rest of the fluorspar is

consumed in the iron and steel and ceramic industry.
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Thxee quarters of the world's nroduction of hydrofluoric
acid are consumed by two productions only, namely the manufacture
of aluminium fluoride and of chlnru-Flunrp-:arbﬁn compounds,  The
remeining quarter of the.Hydrbflqgriﬁ acid production is sufficient
to cover the need of the indﬁsfriea of urarium ﬁetal; cryuliﬁé;‘
plastics ar lubricants, l

' THE‘Heavy ihcresse of cooling agents cnnéumptinnwat present,
the use of fluor-gontaining driving agents for spray packages,
and the cantinuously increasing demand for aluminium fluoride
by the aluminium industry influenced decisively the consumption
of hydrofluoric - acid and the need for high guality fluorspar
respectively,

The anWHlfluanpar deposits in the world {(with a cortent of
more than 395 a.c, EEFE} of about 7O to 80 million tons are
considerable but not ipexhaustible.

0f a completely different order of magnitude are‘thE‘reserVés
of fluorine contained in the fluoroapatite in the rock phusphatas.
At present the phosphate ore depesits in the world, worthy of
being worked (half of them are in Noxrth ' Africe) are ectimated
up to 40 thausand million tuns.. This cnfrespnnas to an equi=-
valent of fluarine of about 1,400 million tans.

The recovery of fluorine products from apatites is
passible, for the present, from by-product maﬁufacture only -
with processes of phosphate treatment., The sctuslly récuuered
quantities of fluorine products - mainly silico fluerides -
correspond only to a fraction of the equivalent of fluorine
contained in the rock phosphates,

" The main gquantity of the fluorine remains in the phosphate
fertilizer, and only that fluorine is used, Ufﬂcnqrse, whichl‘ ﬁ
is freed with the tail gas purification;: ‘ ‘ . | :

Nevertheless it will be necessary to deal thoraughly-with
the racupﬁratinn of fluorine products from the apafite deposits,
within the next -decades, . +taking inta Eunsideré{inﬁ the
actual tendencies of the fluerine demand. |

This paper deals with a process of prEparétiun of Eluﬁinium
fluoride from agueous 5ﬁlutinns of hydroflupsilicic. acid, |

obtained in the gas purification of 5uperph05phate plants.
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Properties and uses of aluminium fluoride

Aluminium fluoride i5 a white substance of the com—
position Alﬁj. Under normal pressure the alumindum
fluoride does not melt but sublimates at approximately
1270°C,

Aluminium Flunride is produced nearly exclusively
up to now by dissolving aluminiumhydroxyde in agueous
hydrofluoric acid, crystallizatiaor of a hydrate out of
these solutions, and czleination of a crystallisate at
temperatures of above 600°C to obtain a practically
water free product. .

Five defined aluminium Flﬁuride hydrates are known.
The most stable of them is the trihydrate - ALF .3 H_0.
It exists in a solubleed and in a difficultly solubleg
form, | ' | :

This fact, and the possibility of formatien of metastable

‘highly saturated solutions of aluminium fluoride, is the

basis:qf_the présent'prndu:fiqn method.

Aluminium fluoride is used nearly exclusively in the
aluminium industry, With the manufacture of aluminium
by melt electrolysis s solution of aluminiumnxyde‘in nyﬂlitﬂ
(2 NaF.ALf,) ss =n electrolyte is used. With the high
temperaturEQ of the Electruly515 cell Df abput 950°¢C alraady

appreciable quantities.of fluorine are lost with the cell”

‘taillgas by reason of the vapbu; pressure of the Fluuride

mé;t. A portion of the fluorine contaimed in the tail
gés‘;an‘be recovered by an alkaline washing nrocess in the

form of sodium fluoride., The aluminium plaﬁts pﬁrchaEE‘

_therefore principally aluminium fluoride,

‘Corresponding to the high requirement for purity
in the aluminium metal demand for the aluminium fluoride
too is cnhsiderable. The te:hnlcal product should correspond

to the followifg analysls-
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f-\lF3 92.0 per cent minimum
SiEI2 0,20 per cent maximum
FEEEI3 0.05 per cent maximum
Ean 0.20 per cent maximum
503 ‘ . 0.20 per cent maximum -
NeF + ALD, - 6.50 per ﬁent‘maximum‘
HED . BT D0.50 per cent maximum

Fluosilicic Acid and Hydrated Alumina as Raw Materials for the
Manufacture of Aluminium Flueride '

1} Fluosilicic Acid

Aince more than three quarters of all phosphate fertilizérs‘
are manufactured in the farm of superphosphate, the present
paper refers principally to that process,

Along the general reaction:

CElB(FD4}6F + 7 H :n _9 3 Ca(H PD ) + 7 55504 + 2 NF

hydrofluorie acid is formed slso in the treatment of apatite

of fluorine with sulphuric acid heside monocaleiumphosphate and

caleium sulphate, Hydrofluoric acid, according to the gquatinn:—

+ 5a10 o 51 ' ' 0
4 MF + 5i 5 i J.F4 + 2 H2

+

is converted into the volatile siliciumtetrafluporide, This
fluorine compound contained in the tail gases of superphosphate
plants is removed from the tail gases by serubbing with water,
In series arrangement of such "spray” scrubheré, flupsilicic acid
of approximately 15 to 23 per éent can be obtained according to
the mguation:- )

3 SiF, + 2 H0 s 2 K,5iF, + 8i0

Depending on tho condition of attack and the origin of the

‘ rn:k phnsphata a fraction Dnly af the Fluorlne EDntElnEd in the

raw phnsphata is VDlatLllZEd On an avnrage one- can count on a
rcLUVEry nf fluorine in the form of flupsilicic: acid of abmut-
12 p?r cent of the Flunrlne CDntBnt of the raw phosphate, The
resl of the flunrlne remains in the Superphosphate.

The fluorine dbtaipéd witH‘the superphosphate mahu{a;ﬁdrg
it considered mostly as an inevitable cansequence of the tail

gas purifiecation and the fLHDEiliciD acid is prncésséd in &’
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gimple way to products of low gommergisl wvalue, mostly to
sodium silico fluoride. Up to now no economic intersst
existed to increase the yield of these products.

With the possihility of processing the fluosilicic
acid into aluminium fluoride which is worth about four
times as much as sodium silico flueride, more favourahle
conditions exist and an increase in the recovery of
fluprine becomes interesting,.

After consulting many references dealing with
increases in the yield of fluorine we were ahle.to find
that e.g. & Sméll imcreasc in the conrcentration of the
sulphuric acid or in the temperature of attack, and in
the guantity of acid too, of course, increases the
yizld of fluosilicic acid. Particularly effective when
processing rock phosphate poor in silicic acid, is an
sddition of rock phosphates rich in silicic acid or of
hydratic silicic acid, as it is obtained in the manufacture
of aluminium fluoride. The addition of about 1 per cent
hydratic silicic acid (in relation to the rock phosphate
employed) is sufficient to reach eptimum yields of fluo-
rine. Graund guartz sand, in this conﬁectinn, is of no
effect.

With certain roek phosphates (e.g. "SAFI" rock phos-
phatel), and using all poscibilities, we were able to
increase the yield of fluorine two or three times without
influencing significantly the superphosphate process,

The most =uitable :nﬁcentratinn af the flupsilicic
acid for the manufacture of aluminium fluoride is 17
to 18 per cent by weight. The content of PEUE of the
acid must never exceed 200 to 300 mg. per litre, There-
fore it is necesssry either to ensure that too much
phosphate dust does not Enfer the gas washers of the
superphnsﬁhate plant, or to remove the dust of the tail
gas in a cyclone befnre‘itlentera the sgrubbers. There
areg no other reguirements for fhe guality of the acid,

Though here the use of by-product fluosilicic acid
from the manufacture of superphosphate, hes besn dis- '

cussed, fluosilicic acid derived from other phosphate



11 - &

procesges can bhe used for the production of aluminium. fluorida.
I mentioned only the sttack of rock phosphate by sulphuric acid
to give phosphoric acid:-

CESF(de}3'+ 3 H2504 + 10 HED ‘ } al EaSDd.E H,O + 3 HSPD + HF

2 4
and hy”phusphnfi: acid to give triple superphosphate:-
EElD{FDAJGFE + 14 H3P04 Y 10 Ea(H2F04)2 + 2 HF,

Here too it is possible to obtain fluosilicic acid from hydro-
flupric acid via silicium tetrafluoride,

Fluosilicic acid frem plants of phosphate prﬁceasing contains
always apprnximétely 17 per cept more silicic acid in a stahle
solution as it would correspond to the formula HESiFE’
stoichiometrically., Using SAFI rock phosphate for instance
for superphosphate manufacture, the fluesilicic acid eontains
among other =ubstances also =bout 0.004 grs, iodine per litre
of acid, and this in the form of hydriodic acid, With a sub-
sequent reaction with hydrate of alumina this indiﬁs is
liberated and escapss in the tail gases.

2, Alumina .

fe a second raw materizl for this aluminium fluoride process
an alumina component is needed. Best suited is an aluminium
hydroxide (alumina hydrate) which is obteined e.g. with the
well-known ™Bayer" process, before calcination, with a content
of 99 tao lDU'per cént Al(DH)B. This alumima gives a very good
filtreble silicic acid, '
| Detailed EiperimehtS‘haVE shown that ordinary clay can

also be used in the manufacture of aluminium fluoride, given

suitsble conditions., A raw clay heving an analysis of:

SiDE L Y 1= P PET cent
Al_B e - - b
lE 50 42.2
8] I R . n "
FE2 5 ‘ 1.8
Till, svuieiivaiassenea., 1,0 " o1
id, 1.0

loss on heating .,..eeveen.. 4,0 O n

rest ........................1.8‘ " "

after calcination at 800 °c gave a very good reactivity with

g8 15 p,c. fluosilicic acid.
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The reaction giving s metestable oversaturated aluminium

fluoride solution

The hasis of the present process is the interesting
capacity of the aluminium fluoride to form supersaturated
metastable solutions, The ¥, modification of AlF3.3 H2D’
at the beginning soluble, passes then irreversibly and
slowly into the difficultly SDlublelﬁ modification af the
trihydrate, as the most stable hydréte of alumina fluoride
between O to 10D °C,

.The preparation of the supersaturated solutisn of
sluminium fluoride is effected by the reactibn of the fluo-
5ilicic acid with the alumina hydrate sccording to the

schematic equationi-
sziFﬁ + 2 Al{DH)3 > 2 AlF3 + a;Dz + 4 HED

The difficulties in effecting this reaction are:
a) The reaction must proceed as far as possible in order
-to obtain later on, at the crystallisation of the
trihydrate of the aluminium flupride, a product low in

vsilicic acid,

‘b))  The separated hydratice eilicie acid must be obtained in

a good filtrahle form since the duration of stability
of the aluminium fluaride solution is limited.
cy The solution of aluminium flunrids must have a duration
offstability, which just allows a separation of the
silicic acid but which- does not delay ﬁﬁﬁe:easafiiy
: the'subaEqUEHt crystallisation. l

These conditions are completely realicsable and without

any difficulties, if the reaction proceeds in the appropriate

manner, JThe dosage of the components of reaction is such
that after reaction about 2 per cent by weight aluminium
silicofluoride is still prasent in the aluminium fluoride
solutien, and the reaction temperature at the end of the
reactian is . 55 ta 100 "C, Under these conditions the
whole reactiom is terminated after ahout 15 minutes., The
filtrability of the pre:iﬁitatad gilicic acid is excellent.

The time for separation, which ie effected in a centrifugel
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hydta extractor amounts pervuﬁﬁratiUn,WEah time inclusive; to

0 to 10 minutes. The water content af the prbdu&t from the
extractor 1s about 40 per cent, and the aluminium fluoride con-
tent, which is not removable by washing, is about 5 per cent

by weight, If no better use is found for this pure white
silicic acid, it cam be recycled ifto the vessel in which the
superphosphate is mixed: to increase the yield of fluorine,

As mentivned before it is also possible to react suitable
calecined clays (inste=d of hydrete of alumina) with fluesilicic
acid to get solutions of aluminium fluoride., The reaction is
effected as described before, The earth and alkaline metals
gz well as the iron and titanium cantent af the clays, are
sopsrated at a pH value of 3,9 at 100 “C with the siliecic
acid, and are practically eliminated from the slumimium fluoride
solution., It is & pre-condition for this separation that the
iron is present within the caleinated clay in a trivalent form,
which is f{he case with an oxidizing calcination of the raw
materials.

The crystallisation of the trihydrate of aluminium fluoride

The solution of alUmini?m flupride is metastable., I it
is 1left to itself, then theﬁé -a2luminium fluoride trihydrate,
which is with difficulty soiuhle, crystallises within 3 to &
days in the form of hard incrustation. In order to get a
technically usable crystallisatien rate =ome measures are
nRecessary, such as an addition of sesding crystsls, stirring,
sntt maintenance of a temperature of 95 "t during the crystall-
isation. If the solution's content of approximately 2 per cent
sluminium siliceofluoride,. originating from the reaction, is
maintained, the crystallization time is from 3 to 5§ hours.

The initial concentration of the solution is of no direct
influence to the crystallisation rate.

The :rystallizedﬁ% - aluminium fluoride trihydrate (lea.
3 HED) iz Finelyvcrysfallisedﬁ The product of the extractor has
a moisture content of 5 per cent and a water of crystallisation
content of 39.1 per cent according to the formula., Impurities

present in the crystzls amount Lo less than D.l per cent 10,
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and less than 0.01 pEruCEht P2D5 and FEEDH” A 503 rontent
is no longer detectable (lesz than 0.03 per cent). Thus the
product can meet the highest purity requirsments.

7 to 10 per cent of the total aluminium flooride
remain in soclution in the mother ligquor. It can be used
agein by feeding it into the %tail gas ﬁashers of the super-
phosphate plant. The‘aluminium fluoride heing in solutien,
is transformed into aluminium silicofluoride, thus coming
back again with the fluosilicic scig to be reacted and
crystallized. If the content of phosphate and of iren

becomes excessively high in this cycle, the mother liguer

must be rejected occasianally.

" Ihe calcination of the slumindum fluoride trihbvdrate

fhe crystallized trihydrate of aluminium fluoride
which hag passed through the extractor contains approximately
45 per cent of chemically bonded and free watex., It is
known that there are several definite hydrates of aluminium
fluoride, &.g,:~

ALF_. 9 H2D {65.38 per cent H_D)
ALF_, 3.57H_D (42,86 per cent H_0O)
ALFZ. 3. H,0 (39.13 per cent H,B)
ALF.., H_ O “{17.66 per cant-H_ﬂf

aLFl. 172 H.0{2.6% per cent 2D3

so that it is possible to plan o dehydration in stages.

L% I 0P RS- T Y R 1

 Heating up the trihydrate to 180°C there remain about
17 per cent water in the product (corresponding to AlFB‘HED}’
at 2207 9 per cent water (corresponding te AlFa. 1/2 HED)
and at 240°C about 6 per cent water. Furbher dehydration
becomes very hard, and only at 600°C dors the water content
of the aluminium fluoride fall below 0.5 per cent.,

From the thermic data the heat requiremcnts of each

stage of dehydration can be calculated:i-
ALF,.3 H,D 5 AP, 172 HoD + 2 1/2 H

s H o= 4+ A7.2 kcal/mol.

0 gasepus

A1F3' 1/2 HZD 'TAlFE + 1/2 HED gasequs; <% H = +17.5 kcal/mol,

thus for:-
AlFa.B HED 3 F\lF3 + 13 H2D gaseuus;ﬁ%H = + 64.7 kca%/mol.

"
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A considerable amount of heat is required for the caleination
to produce one metric ton of sluminium fluoride; it zums as high
@s about 1,15 million kcal, Beside the supply of the neceaéary
heat, another difficulty with the dehydratiorn of =luminium
fiuuride trihydrate is the decomposition connectad with it, with
separation of hydroflueric acid, according to the equationi-

2 A1F3‘+ 3 HEG ; AlEDH‘ + 6 HF,

The technically prepared aluminium flun:idea, which are
practically all e¢alcinated in kilns, show ther=fore an A1F

3
content of 8B to 95 per cent only., The rest is mainly A1_D

beside the usual impurities., Thorough studies nf‘the-dehidiatinn
process with the trihydrate of aluminium fluoride revealed |
that the decomposition and the lmss of the hydrnflunric acid
can be practically avoided, if the hydrate is brought, preferably
within one second or less, to the final temperature of the
calcination, On the basis of this experience a two-level
fluidised bed furnace was desighed and built for the calcination
of the tribhydrate for t5chniﬁal production. On the first lavel
the trihydrate is hrought to a water content of shout & per cent
at the relatively low temperature of 2AD°E which is advantageous
from an economic point of view, Three quartexs of the whole
amount of heat needed are supplisd at this level by indirect
heating., 0On the second level the product is completely dehydrated
st a temperature of about 600°C to a water contsnt of below 0.3
per cent, The product fTlows thrnﬁgh both levels of the furnace
with a fluidised bed by natursl overflow., The finished preduct
ig finely cxystalline, and can be bagged immediately after =
simple air coeling. ‘ ‘

The average analysis of the calecinated aluminium fluoride
after manufacture is apprnxihately as follows:-

AlF3 R PR 97 to 98 pErlEEHt

[

510 reassausinnsrressssse, .1 to 0.2 pET cent

2z
P L R R I I R I e I A 1 -

EDS 0.1 per c?ht‘.
FE2D3 LR R R R L N I R R D.UE pET cent
5U3 --...................J{D.GS‘per cent:
HED }ll}-----o---......... D,d per cent

A1203 tesassrrrsearaiias,s TESE tD lDD‘her cent
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ALl Eurrnsiqn'pfﬁblgﬁs F§iétihg i@.ppnné:fiuﬁ.ﬁith3i
the process cuuld.be SDiVEd\hy the use of alloyed steels,
rubber linings,and graphite (for the heat excharger).

The process fur‘producing aluminium fluoride fraom
fluosilicic acid is therefore a further comtribution
for better exploiltation of the fiusorine conmtent of rock
phosphate,

The advantages of the new process, which was developed
by the Austrian Nitrugén Works Ltd., (Dsterreichische
S5tickstoffwerke Aktiéngeaellﬁchaft}lin Limz on the Danube,
and which has been running on a commercial scale for
about one year with a capacity of 1200 metric tans a
yegar of aluminium Flunfide, consist in the follawing
peintss -

1 - In the simplicity of the process (no hydrefluaoric acid
as an intermediate prnduct)f

2 = In the purity of the finished ﬁrndu:t%

3 -« In the profitahility of relatively small units,
from 800 metriec tons production per year upwards,

In conclusion I wish to thank my cellaborators, in
particular Dr. Alfred Schmidt and llr. Walter Midller,
who have made an importart contribution to the success

of this devalmpément.

P LR

FIGURE 1
++1+.. heat exchanger 6a.bb,bc ,... crystallizers
veaa.. tentrifugal pump 7 +ee.. centrifuge
HEEiF measuring . 8 +++++ calcination furnace
Trente vesgel Ba ..... let stage
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Yield on AlF3
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EIGUBE 1 Aluminium flupride prodyction process diagram
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DISCUSSIDN.

MR.. F. WEINROTTER (A ustria} : This paper reports a

new, simple progess for the production of aluminium fluoride.
Fluosilicic acid and alumina hydrate are used as raw materials.,
The. flugsilicie acid is obtained from processes using phosphate
rnck,nsuuh:as.the superphasphate process, when the evolving
gaaasfara wadhed with water. ‘The usual congentration of the
flupsilicic. agid for aluminium flugride production is 17% -
18%.. Alumina hydrate is produced by the well-knpwn Bayer
.prumess,. Under suitable conditions of reaction between
flugsilicic acid and alumina hydrate, hydrated silicic acid
is precipitated and separated. Good filterahility of the
silicic acid is essential for the process. Fram the remaining
unstable supersaturated aluminium fluoride solution, 2 gtable,
relatively insoluble aluminium fluoride trihydrate is crys—
tallisad. The crystalline product is very pure and easily
separated: fram. the mother liguor. The wet product contains
ldD%‘water‘uf'hydratinn and 5% moisture, which asre removed at
temperatures of 240°C and 600°C with due regard to hsat economy.
A newly designed, two-stage, indirectly heated furnace, using
fluidised. solids, is used for the czlcination. The aluminium
fluoride abtained is 98% pure and especially suitable for
aluminium: production., The new process hag been operated by
the ODeaterreichische Stickstoffwerks A.G. at Linz for more than
a.year now, with good success. The present production capacity
iz 1200 tons/year. The direct productien of aluminium fluoride
from fluosilicic acid without using hydroflucric acid offers
many sdvantages. The ﬁrn:ass iz thus sconomically advantageous
even at production capacities of less than 1000 tons/year.

MR. P. ROUX (France) : M. Weinrotter has given @ very
clear accaunt af a process recovering hydrofluoric acid as a
by~product in superphosphate manufacture and converting it into
a pruduct-wifh\an.as;Jred market, namely aluminium fluoride,
the most spught-after of all fluoride compounds. The Oester-
reichische Stickstoffwerke seems to have solved the problem

of oconomic profitability, which can be expected to be
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schieved at a minimum production level of 800 tons _per year of
sluminium fluoride, In view of fluorine recovery ylalds, this

minimum production level presupposes a Tactory which processes
at least 125,000 tons of phosphate rﬁckwpér;yga;. Obviously,

this factory would need to be of a considerable:size, -

1 should like to put the following questigns to the
author: firstly, has Mr. Weinrotter stud;ad the eFFect .of the
finemess of the phosphate rock on thE amnunt nf flunrlna remain-
ing in the superphosphate? - ;h_‘_‘

We should elso like to know whsther‘thé éilica ubtained
during manufacture can be marketed, perhaps after a fairly simple
purificetion process; for, in this case, the profitability of
the process would be improved.

Since the p205 content of the fluosilicic acid must be
gsbout 200 to 300 mg per litre, one must necessarily de-dust the
gases before their eniry into the scrubber. Could the author
give details concerning the apparatus uésd qu fhis pUrpose, par-
ticularly with ragara to the cohatructiqn material used - the
epecification of the stainless stesl, for example 7.

The idea of a twa-stage fluidised-bed fH;naca for the
calcinatidn of the aluminium fluoride trihydrate ls extremely
interesting for it minimises the dEEDmpﬁsitipn,and loss of hydro-
fluoric acid which accompanies the calcinatinnmnf‘tha‘product.
The low percentage of fluorine losses inithe‘dust,islvary rnotable,
Can the suthor give information as tnlthEJdE—duéting plant which
muet be used in conjunction with the fluidised-bed furnace, par-
ticularly with regard to its size 7

MR. WEINROTTER : With regard to the first question,

relating to the fineness of the phosphate rock uaaﬂ,.this factor
is not very important, What is important is the amount and
cencentration of the acid and the amount mf‘acid‘racycled.

As far as marketing the silica 15 cnn:erned this doeg not
happan because it is returned into the superphusphate manufacturing
process in Qrder to imcrease the fluurlne yleld ‘

With regard to the de- dUStlﬂg uf tha ‘gases Entarlng the

scrubber, we use a cyEanE made of urd;na;y.stael coated with
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rubbex. Similarly, with regard to the last guestion, we also

use a cyclone.

Mz, N. LAGERHOLM (Sweden) : In recycling the silica which

is produced and precipitated in the reaction between the
hydrofluosilicic acid and the alumina hydrate, do you mix it
with the rock phosphate or with the sulphurie acid in the
superphosphats plant ?

Secandly, I am not gquite clear regarding the water halance
in your process. Water is tzksn into the process at several
stages : you introduce washing water and at the end of tﬁe
process you recycle the mother liguor to the superphosphate
plant. The diagram seems .to indicate a build-up of water
through the whole process. Could you say at what point it is
taken out 7

Mr. WEINRODTTER : With regard to the first question, the

silica is recycled during the superphosphate manufaecturing
process itself, and is thus put back into the mixture of
sulphurie acid and phosphate IGEk;

'me answer to the second guestion is that the water 1is
remgved with the silicic acid.

Dr, X, G, SCHEEL (Germany) : The hydrpflucsilicic acid

produced in the superphosphate plant usually has a small
content of phosphoric acid. Dges this phasphorie acid do
any harm in this procsss?

Mr. WEINRDOTTER : This phosphoric acid rewains during

the courss of the crystallisation of the mother liguor.

Mr. N, D, GOPINATH (India) : Will Mr., Weinroiter indicate

the type of filter and filter cloth, and the life of the
cloth, which has been used to filter this aluminium fluoride?
Smcondly, what type of crystalliser is used to crystallise
the aluminium fluoride?

Mr, WEINRGTTER : The filter l= acentrifuge. The crys-

talliser is a den with a mixer.

Mr. NOUYRIGAT : In view of certain incalculable factors,

particularly from the point of view of the filtration of the
silica precipitated during the first phase of the pfu:ess,

could the author indicate what is the order of magnitude of
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the investment required by this pracess for a throughput of
100 kg/hour of fluorine 7
M. WEINROTTER : The cost of a plarmt producing 1,200 tons

of aluminium fluoride per year is 4 million Austrian Schillings.

Mr, UUSITALD :. You show in your paper, that, depending
on the reaction conditions and the origin of the rock phosphafe,
only 12% of the fluorine content of the rock phosphate can be
obtained in tail gas, the remainder staying in the superphosphate,
After that you state that, using all possibilities, you are able
to increase the yield of fluorine by two to thres times. What
are these possibilities you use, and do you really think the
maximum fluorine yisld is as small as 24% — 36% 7

Secondly, are you using the same centrifugal hydroex-
tractor for filtering silicic acid and aluminium flueride ?

Mr. WEIVICTTER : With regsrd to the first point, the

pussibilities I am referring to invelve a esmall increase in

the sulphuric acid concentration and the reaction temperature,

and also the amount of =cid used, All these factors incresse

the yield of fluocsilicic acid. Particularly effective when

working with a roek phosphate poor in siliecic scid is am addition

of rock phosphate rich in silicic acid or of hydrated silicic

gcid, as it is gbtaimed in the manufacture of aluminium fluoride.
Loncerning the second guestion, we use two extractors -

one for the silicic acid and one fer the aluminium fluoride.

Mc. A. C. VAN ES (Netherlands) : Ygu say you remove the

silica by means of a centrifuge. Do you mean a separator or 3
real centrifuge 7

Sgeondly, you say that your aluminium fluoride is finely
crystallised, As far as I understand, this product is used in
the =luminium industry, which is, I think, interested in having
& fairly coarse aluminium fluoride in order to prevent losses in
the electrolysis.,. Have you considered crystallising in farms
other than at present, or introducing mare aluminium fluoride
into your crystalliser 7

Mz, WEINROTTER : We use a real, closed centrifuge. The
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crystals are used in the form they assume at the outlet of
the crystalliser, with a sire range: of 30 - 50 m/& This is
a normal size range for the sluminium inmdustry. Other

products on the market have the same dimensions,




