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RECOVERY OF FLUORINE A3 4 BY-PRODUCT OF
T PHOSPHORIC ACID MAWUFAOTURE

by D.J. BREEZE
' . : Figons PFertilizers Limited

1. INTRODUCTION

Potasglum fluogllicate hae been menufactured by Flsons Fertilizers
Linlted for wany years, uslng as a raw material fluorire bearing gases
evolved frowm superphosphate dens. In 1959 a new plant was commissloned
at Fisone' Inmingham factory to recover the salt as a by-product of
phosphoric acid manufacture. The plant 15 described in thils paper.

2. THEQRETICAL BACKGROUND

Phoaphorio mold (32% P,0.) ie produced at Imminghsm by reactlng
Moroooo phosphete rock with & mixture of sulphuric acid (94 ~ 96%) and
recycled phosphoric acid (approx. 22% P,0.). Fluorlne in the rock,
whioch may be conaidered Lo be present ag aloium fluoride re=ote with
the mixed aclds, forming in the firset inatance hydrogen fluoride.

CaF, + 2H,PO, --————--- - Ca(HEP + P2HF eens (1)

3F9 0470

CaF2 + H2304 A EHQO + ZHF cees (2)

Silica in the phosphate rock is converted by the hydrogen
fluordde to fluoslliclc acid.

4 2,0 - + CasSO

840, + 6HF  =—mweme 4 H,8iF, + 2H,0 ceve (3)

Weak phoaphoric acid recyoled from the gypsum flltration BtBE of
the phosphoric¢ acid procese therefore contains fluceilleio acld 1in
solution. This acid mixture ie hested to drive off fluorine as slllcon
tetrafluoride, poagibly mixed with a little hydrogen fluoride.

+ 2HF veeen (4)

HyS1Pp  wemmmmemmmee 3 S1iF
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The ga3ep are absorbed in water to produce fluosilicie acld, with
simultansous deposition of sillica in a hydrated Iform.

38iF, + 2Hg0 e 3 2H, SiFg + 510, ceen (5)

The silica is filtered leaving an aqueous solutlon of fluesiliclc
acid. Recovery of this acid 1e the first stege in the menufmoture of
potassium fluosilicate. The final stage 1z to react the acid with
an aqueous solution of potassium chloride, when the potassium salt 1is
precipltated.

SiF6 + 2HC1 e (6)

HESiF 5

6 * O > K
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. AB previously mentioned it is neocessary at one point of the
phosphorio acid process to mix week reoyeled phosphoric acid with
concentrated. sulphuric aoid. The heat of dilution of the sulphurio
ecid can be usesd to atrip fluorine bearing gassee from the recyclad
phoﬂghoric acld as 1in equation 4., Phosphorioc meld ia mdded to the
sulpauric ecld in two eteges, the proportion used for the Ffiret stage
being adjusted to give condiltions for optimum evolutlon of silicon
totrafluoride.

Graph 1 is a typical curve showing how the temperature of the
mixed aolds varies with the acid ratic. For a fixed throughput of
sulphurdc acld, aaxizum fluorine recovery does not, of goursa,
necasgarlly ocour at the acid ratio which gives naximum mixture
temperatursa.

3, DESCRIPTION OF PLANT

3.1 Manufaeoture of Tluosilicic aold

Lesential equipment im shown in the proocess flowsheet and
aquipnant detalls are given in the appendlix, Items 1 and 2
are stripplng tanks operating in parallel. Tach recelves
wetered otreamsg of sulphuric acid and recycled phoaphoric ac
The swiphuric acid flow is governed entirely by the phospho
acld plant operation, since all tho sulphuric acid neaded f
rock digestlon ig fed through the atripping tanks. The
phoaphoric acid feed 18 a proporiion only of the total recyocle
acld availabls. About 0.6 lbs. of recycled pheoephoric amold
era uzad per lb. of sulphuric acld, Higher proportions of
ﬁhosphoric ecid cause the wixture to foam, with consequent

osaea of acld to the ecrubber syatem.

The wixed acids attein a temperaturs of sbout 135°C, and
return by ovorflow pipes to the phosphoric acid plent.s Stean
and S51iF, ovolved from the tanks pase into a Venturi scrubber
Ttem 3 éoﬁcurrantly with a alurry of silioca 1in fluwosilicic
acid, which removes the SiF,. Slurry and scrubbed gas asepar-
ate in & dipengagouent tank"Item 4, from which the alurry is
roclrculated by pump Item 7 over the scrubber. TFormation of
flucelliclic acld by absorption of SiF, in water 1s exothermiao.
To ensure deposltilon of Bglica in a £l which is readily
filterab%n et & later stage, the glurry temparature 1= kepil'
below 50°C by controlled admicsion of coollng air into the
acrubber through adjustable dempers Items 5 and 6.

Lir and ateam containing treces of SiF, are vented from *
the dloangagement tonk to the phosphoric &cid plant wash-
towsrs by fan Item 8. The slurry of ellica 1n agqueous fluo-
gilicic acid, (strength 16 - 18%) is pumped continuously or
batchwlse to an cgitoted storage tank Ttem 9. Make-up water

.- 1 added me required to lho disengagoment tenk. Aftor filltra-

- tion in a vacuum filter nutsche Item 11, acid of about 16%
atrength ig stored in tank Item 13,

3.2 Manufacture of potaselum fluosllicate

A4 20% agquecus solution of potassium chloride 1s prepared

Tron fertilizer grade material in an egltated dissolving tank
Iten 15, The golution 13 heated to 257°C, and impuritles are
allowed to settle. The sgupcrnatant asoluticn 1l pumped to a
head tenk Item 17, from which it 18 metored to an agltated

: reactor Item 18. Thils reactor also receives a controlled

' flow of fluosiliocic acld from wmetering pump Item 14, and s
metered flow of water. TPotessium chloride and fluosililcic

~aecld are used in gtoichiometrle proportions.
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Potassium fluosllicate 1= formed continuoualy as flncly
divided white crystels. The resulting slurry of the anlt in
hydrochloric acld solution 1s filtered continuousliy on a
rotary vacnunm Tiltor ltom 19 and washed fros of chlorldes.
Tltrate is discarded to sewsr. The product is charged batch-
wigs to cither of two drisrs Itoms 23 and 24, and finally
dtacharged to 112 1u paper secks through automatic weighling
rachine Itom 25,

PLANT CAPACITY AND ETIICIENCY

(1)

(11)

(ii1)

(v)

(vi)

Kocovery of fluorine frow the gtripning and scrubbing
UFGT&tiOnE 18 avout 140 1lhe/hr. ueing 0.¢ parts of regyoled
phosphoriec acid pcr part of sulphurie ecid (by woight).

The capaclity of tho reactor section (shown in the lower half of
the flowshweet) i@ about 5.7 tons per 24 hour dey of potassium
Plucailicate. Supplies of fluosiliolc acid for thia pection

of the plent are mveilable Irom superphosphete manufacturing
oporations as well as from the phosphoric acid plent.

The fluorine content of the reeyeled phoaphoric acld is about
1.5%. 3etween 50% and 65% of thoe fluorlne ig recovered in tho
stripping oporation. It has beon found that residence tinme
veriations within a otripper in the range 6 - 15 minutes do
not gignificantly affett fluorina racovery.

The efflcicney of fluorine absorption in the Venturi gerubbar
18 difficult To determine, bub 1z believed to bs better than
97%. The efficiency is independent of the flucsilicio acid
strcngth over the range O - 16% HyBiFc.

Usupre of fluorine (ag HESiF ) te 0,61 lb. per pound of potassium
fluosillicatea produced, Thi8 la equivelent t¢ a fluorlne
afficiency of B85%.

Usaga of murimte of potash (60% KQO) is 0.8 1b. per pound of
potassium tluosilicate produced. “This 1a equivalent to a
potesepiun efficiency of 85%.
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APPENDIX

Egquipnent detalls

items 1, 2.

Item

Ttom

3.
4.

Ttem 7

Itan

Itam 9.

item

Itewm

Iten

Ttanm

Iten

Itom

Itan

9

11.

13.

14,
15.

19.

23, 24,

Stripping tank, verticel, cylindrioel.

Mild stesl lincd wiith lead =znd ocarbton bricke.
Oover lend 1lined willd steesl. TFlttoed with
intaernal briock baffla.

Venturl type scrubbcr. Rubber linsd mild atoel.

Discngogenent tonk, recitanguler sscetion.
Rubber linsd mild atoeel.

Serubbar circuletion pump. BStainlega steel,
Exheunt fian. 3tainless atecl.

Storage tonk for H.31iF. slurry. 16' dlam. x
161-8" docp. Kubbfr 1Tned mild steel. Fitted
with agltetor {2 tanke installed).

Wooden filter nuteohe, B' diam. x 5'-5" deep. .;l
(2 nuteches ineballed).

Storage tank for HaﬂiF aolution,
10 dimm. x 10'-10 d@gp. Rubber lined mild
etesl., Pitted with agitetor. (2 tonks installed).

Metoring punp for H281F6 solution. Ebonlte,

Potash dlssolving tank. 7'-6" diam. x 8'-6"
daap, M1ld mteel. Filtted with agitator and
gtean coil (2 tenko provided).

Reactor. 3'-6" dian. x 7' deep. Rubber 1lned
mild atesl. Titted with agitntor.

Continuous rotary vacuun filter 20 sq,ft.
Monel,

Y4gan jacketed batch drier with worm type .
agltator. Mild ateal or etainless ateel.
Capacity 1200 1bs. filter cake.
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TEMP
°c

150 W

140 -

SULPHURIC ACID 28 o

PHOSPHORIC ACID 20 %c PpOyg
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RATIO LBSIHH RECYCLED PHOSPHORIC ACID PER LB/HR SULPHURIC ACID




