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Hydrofluoric acid manufactyre

A special premixer

gives this process important

advantages‘ over conventional HF processes,

ANHYDROUS HYDROFLUORIC AcD or
hydrogen fluoride was only a laborato-
Iy curiosity 30 years ago. Since 1931,
however, when' it was produced for
the first time industri.zlly, it has become
an important chemijcal product, The
liain uses for HE ure in the manu-
Ficture  of fuorinated hydrocarbons
(tvpe Freon), in the manufacture of
luorcarbons and their polymers (type
Ceflon or Kel-F}, as catalyst and re-
ction medium for alkylation of olefins
nd isoparaffins, as fluorinating agent
o organie and inorpanjc fivorides, as
cagent in the extraction of uranium
nd berylliom, as chewmical agent in
‘¢ Separation of zirconjum from haf-
ium, of tantalum from columbium
il many others,

HE is a colorless, fuming, extremely
1osive chemical compound. It is one
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of the few chemicals which react with
glass. It has the same specific gravity
a5 water and a boiling point of about
G7°F,

Hydrofluoric acid was prepared for
the first time almost 200 years ago, by
treating  fluorspar (calcium fluoride)
with concentrated sulfuric acid, ac-
cording to the endothermic reaction:

CaF, + H,S0, — 2 HF -+ CaS0,

The reaction is believed to take place
in a scquence of steps:
CaF,4-H,50,~Ca (HSO,*F+IIF)->
Ca (HSO,F)4+-HF—CaS0,-.2 | 7
(2)
The byproduct caleium sulfate or an-
hydrite is recoverable,
The modern type of HF gencrator is
cither a Jong rotary or stationary re-
actor in which the HF ap( Ca50), are

produced and removed continuously,
The process to be described was

originally developed by the Swiss
Engincering Company Buss and is

presently used at the Paulsboro, N, J.
plant of Dixon Chemical industries.
The reaction takes place in an extern-
ally heated rotary kiln, 35-ft. long and
8 ft, in diameter. )

The HF formed in the reaction s
passed t.hrough a series of condensers,
absorption towers, and distillation col-
umus for the removal of impurities,
while the calcium sulfate or anhydrite
obtained as by-product js processed in
a subscquent operation into a market-
able material of construction,

As distinguished from most conven.
tion i " design
lﬁé"'()'[kiér:i‘tihg conditions of the plant
are such that alinost the entire amount
of HF is produced as anhydrous acid,
rather han various concentrations of
aqueous acid,

Raw materials

The raw materials used in the Hr
process — particularly the fluorspar —
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1 must meet rigid specifications with
i regard to cliemical composition and
’ physical structure, to make the reaction @
S as efficient as possible and to keep the
Co i}’f side rcactions at a minimum. The most
CEp undesirable impurities are silica, sulfur WET ,
SORL compounds, moisture, and ealcium car- (10D«

bonate. They lcod to side reactions
resulting in lower yields and process
complications such ‘as:

Si0-+HHF-SIF 21,0 (8)
SiF+4-2HF —H,SiF,; (4)
CaCO,-}-H,50,—~CaS0,+-
H,0--CO, (5)
CaS+-H,S0,-1,S--CaSO, (6)
2H,84-80,—2H,0--3S (7)

It is casy to calculate from reactions
3 and 4 that for cach % of SiO, present
in the spar morc than 4% of HF is lost
as HL,SiF .. Moisturc formed in reachion
3, 5, and 7 contributes heavily to cor-
rosion; which in any HF precess is a
problem anyhow, sulfur formed in
reactions 6 and 7 plugs up lines and
equipment, and CO, formed in reaction
5, acting as a non-condensable gas,
makes the condensation of IF more
difficult. It also consumes additional
amounts of H,SO, thus lowering the
over-all yields,

Crude fluorspar, as it comes from
the mine, varies in calcium fluoride
content from about 50 to 90%. To be
suitable for HF production the mineral
must be upgraded. This is usually done
by flotation processes and results in so
called “acid—grude” fluorspar, contain-
ing about 98% CaF,,, maximum 1%
8i0,, maximun 0.03% sulfur, maximum
1% CaCO, and maximum 0.1% moisture.
Ninety-seven pereent or more should
pass a 170 mesh scrcen. This acid
grade spar 1s the raw material used in
the IIF manufactiring process.

The spar arrives at the plant having
the desired chemical purity but being
in form of a cake containing about 10%
H,O. It also has a larger particle size
than desired.

The first opcration at the plant site is
the milling and drying of spar, Figure
1. The cake of spar is fed into a flash
dryer (1), where the spar is dried to
a moisture content of 0.03% by mcans
of dircct combustion ¢ases generated
in an oil burner unit (2). The drird
© sparis taken to a ball mill (3) and to
a centrilugal classifier (4), and finally
to a storage silo (5},
ollecting system. xemoves
v fine_particles from all
Tic Tf_;éw recovery of spar _is
Sl D e

The sceond raw material in the pro-
cess s sulloric acid, The concentration
of sulfuric acid as well as the ralio
sulluric acid ‘sparare a funcetion of
ceonomic and technieal considerations
that may vy [rom case to case, Sul-

©

DRY FLUORSPAR
TO HF PLANT

Figure 1. Flowsheet for the milling and drying of spar.

furic acid as low as 93% or as high as
99% can be employed, The more dilute
the acid, the more fluid is the reacting
mass and the greater the ease with
which the liberation of HF takes place;
but at the same time the corrosion rate
is much higher and an additional
amount of water must be disposed of.
On the other hand sulfuric acid stronger
than 99% has a higher vapor pressure
and large amounts of SO, will leave
the reactor without reacting with spar
and contaminate the HF with fluo-
sulfonic acid, the formation of which

is more appreciable at higher concen-

trations. In this process 99% sulfuric
acid is used,
The ratio M,SO,-spar is usualls

determined by the relative cost of ihe
two raw materials (spar is more cx-
pensive than sulluric aci) but al
by the chemical composition recuired
to assure the quality of the by-produc:
anhydrite, .

Due to the fact that the mixture ¢
sulfuric acid and spar has a tenden s
to form lumps and therefore it 1s ver
diflicult to obtain homogencous mux-
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Figure 2. Cross section of the Ko-kneader premixer.
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ing of the two materials, most commer-

. cial processes use an excess of sulfuric

acid up to 10 to 15% over the amount

- theoretically required. This excess of

sulturic acid is dis;l(l\'numgcous from
a corrosion point of view and it also
contaminates the HF formad in the
reaction. 1t further miakes almost im-
possible the recovery of anhydrite,

- Special premixer

One of the special features of this
process is the use of a premixer called
Ko-kneader in which tie initial reac-
tion butween fluorspar and sulfuric
acid takes place, Figure 2.

The Ko-kneader was developed by
the Buss Co. of Basle, Switzerland, It
consists of an interrupted screw con-
veyor (1) which performs both a
rotating and reciprocating movement.
There are a number of stationary
kueading teeth corresponding to the
gaps cut in the screw blade,

The spar and the preheated sulfuric
acid fed into the Ko-kneader through
inlets (8 and 9) respectively are ad-
vanced by the screw and steadily
moved forward until the mixture comes
2gainst a kneading tooth. The mixture
is returned to the previous flicht of
the screw and moved in form of loops.
In this manner, a positive exchange
of materiuls occurs in every direction

of the entire length of the casing as
shown in the upper portion of Vigire
2. This results in an intimate nixiug
and kneading of the individual parti-
cles. Each kncu(ling tooth is thercfore,
in combination with the relative screw
flicht, a small ‘mixer, and becauso
there are a large number of these tceth,
it is possible to achieve a high degree
of mixing even with a relatively short
retention time,

The incorporation of the Ko-kncader
provides a series of important advan-
tages over conventional HF processcs,
namely:

1. By conducting the first, most cor-
rosive portion of the reaction in a
relativeﬁr small piece of equipment
(about 6-ft, long by 1 ft. in diameter
as compared with the 55 by § ft.
reaction kiln), the initial investment
and replacement cost of corrosion-re.
sistant-alloy parts is kept low and the
parts are physically easy to replace.

2. The thorough miking of sulfuric
acid and spar accelerates the subse-
quent reaction in the kiln, increasing
plant capacity as much as 30% for a
given kiln size,

3. A much smaller excess (or even
stoichiometric amounts) of sulfurie
acid can be used, since separation of
the two components is no longer pos-
sible after leaving the Ko-kueader and
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Figure 3. Process flowsheet for the manufacture ofAhydroﬂuoric acid.

Table 1. Hydrotiuoric acid analyses,

Before After
Impurities  distillation distillation
H.O 0.47%, 0.02%
H.S0, 0.02%, 0.003%
SO, 0.4% 0.005%
Sil 0.01% 0.005%%
Table 2. Anhydrite quality specifications.
pH min. 7
CaS0, min. 92%
R.0, max. 2%

Tineness, 20% retained on 170 mesh
H.0 requirement max. 30%
Setting time, min,

start 120
end 160
Compressive strength, 1b./sq. in.
3-day 3,500
7-day 4,500

a local shortage of sulfuric acid is
avoided. This results in better quality
HF and in an anhyrite quality suit-
able for further processing.

4. Due to the perfectly homogen-
eous mixture of sulfuric acid and spar
subsl'antiully lower temperaturcs can
be employed in the kiln,‘\vhercby:
(a) the sulluric acid has a lower vapor
pressure and contaminates the HF
stream to a lesser extent and (b) the
kil is subjected to much less chemical
attack.

Process flowsheet

A flowshecet of the entire process is
shown in Figwe 3. From the Ko-
kncader (1) the mixture passes to an
externally heated rotary kiln, (2). The
calcium sullate leaves the opposite
end of the kiln through a seal screw
and enters the anhydrite section of the
plant, which will be deseribed later,

The HIF gases containing all the by-
products formed in the side reactions,
ic. HO, 50, SiI',, S, CO, as well as
small amounts of unreacted spar and
sulfuric acid, and caleium sulfate,
leave the feed end of the kiln and
enter the lower part of a tube and shell
precondenser (3) where the gases are
freed from solids (spar, anhydrite,
sulfur) Ly cyclone action plus washing
with liquid condensing from the upper
tube-and-shell section, The washing
eflect js supplemented by liquid con-
tinuously circuluted to the scrubbing
section of the precondenser from an
mternicdiate tank (1),

The upper section of the preconden-
ser (3) is a water cooled tube-and-shell
heat exchanger, the function of which
is to coudense water and sulfuric acid
out of the HI strcain., A certain por-
centage of HFEF is condensed together
with the liquid impuritics and this is
the solution used tor the reoval of
bL!]idS.

The condensed stream from the pre-
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Figure 4. Anhydrite recovery flowsheet.
condenser enters the intermediate tank
(4) to which a measured amount of
20% olcum is added to combine the
water in the system,

The HF vapors, from which most of
the H,O and 1{,SO, has been removed
are subsequently condensed in two
tube-and-shell condensers (5 and 6)
installed in scries. The crude con-
densed hydrofluoric acid represents
almost 98% of the production. It flows
by gravity into intermediate storage
tanks (7) and is later distilled.
Absorption and distillation

The uncondensed gases from con-
densers (5 and G) euter an absorption
tower (8) where they are washed with
fresh sulfuric acid. The absorption acid
is circulated by means of submerged
pumps and enriched up to an HF con-
tent of about 237, The I is subse-
quently desorbed and recovered  as
anhiydrous acid while the sulfurie acid
is used for absorption of additional
amounts of HF,

The gas stream leaving the sulfuric
acid absorption tower (8) contains
small amounts of HF, and practically
the entire amount of SiF, present in
the process, as well as the rest of non-
condensable gases including SO, and
CO,. It-enters the first of two packed
absorption towers installed in serics
(9 and 10). Merasured amounts of
water are fed to the second of the two
towers and after circulating throngh
the two towers by means of submerged
pumps, the “weak” acid leaves the
first tower and Hows by gravity into a
Tined storage tauk (11), 1t coniaing 30
to 3750 fluosilicie  acidd and  small
amonnts of T, and s subscquent]
used og raw materinl for other ]\rnr(
ucts, FThe limited amount of 1P s

of SiO, and plugging of lines, accord-
ing to the reaction: v
3Si Iy~ (x-F2)H,0—»2H, Si F+
Si0,xH,0 (8)
The gases leavin g the top.of tha last
absorption tower contain CO,, as well

_as traces of HF, SO, and SiF,. They

arc vented through a stack, after pass-
ing an exhaust fan (12) which creates
a'slight vacuum throughout the system.

The crude HF obtained from the
two condensers is distilled in two dis-
tillation columns to a purity of 99.98%
or better.

The Jow boiling impurities, i.e., SO,
and SiF, are removed in a packed de-
sorption culumn (13). These overhead
gases {also containing small amounts
of HF} are rcturned to the HI absorp-
tion tower (8) where the HF is
recovered. The sump product of the
first column is sent to the second dis-
tillation column (14) which is a recti-
fying packed tower working under
purtial reflux. The condensed boil off
is the pure HF, The uncondensed vent
gases are returned to the HIF absorp-
tion towers for recovery ol HF, and
the H,SO,, H,O and HI-containing-
sump is pumped to the intermediate
receiver tank () for recovery of UF
and the use of the ILSO, in the proce-
ess. Thus, the process operates in
closed cirenit, with {ull recovery of all
materials, with the exception of insig-
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nificant amounts of HF leaving ‘the
process stack.

Table 1 shows the typical analyses
of HF prior to distillation and after
distillation. .

The amount of impurities can be
lowered appreciably just by slightly
varying some of the operating condi-
tions, ¢.g. the temperatures in the kit
precondenser, condensers, distillation
columns, the reflux ratio in the distil'a-
tion column, the ratio sulfuric acid/
oleum, ete.

Anhydrite by-product

As mentioncd before there is an
important by-product obtained in this
hydrofluoric acid process, namely cal-
cium sulfate or anhydrite. This ma-
terial, which in most HF plants is a
waste product prcsenting nany prc‘.\-
lems comected with its disposal. willeits
very favorably the economic balince of
the plant, because it commands a grow-
ing market as a bigh strength building
material. It constitutes another attraz-
tive feature of the process. Its contin:-
ous production is made possible, amorz
other possible variables, by the use ot
the Ko-kneader.

As shown in Figure 4, the anhydiite
leaves the kiln through a scal screw, It
contains a small, well established, per-
centage of unreacted sulfuric acid
After proper amounts of lime f:
neutralization and an accelerator has.
been added, the anhydrite is conves
to a ball mill, where it is gronnd O
the standard commercial fmeness,
classifier separates the fines fram.t!
coarsc material. the latter being r-
turned to the 11:ill, The fincs arc
to a storage silo and from there to e
bagging section,

The physical and chemical char».-
teristics of the final anhydrite e
shown in the Table 2.

Materials of construction

The various picces of equipment ™.
the entire spar miling and diying <=~
tion, as well as in the anhvdrite sec!is
are made of carbon steel, Also mia
carbon steel are the rotary Liln, ¢
HF condensers, and parts of tho 0+
lation column. The scrubbing st
of the precondenser, the intermc A
recciving tank, the sulfuric acid 7 -
heater, and the bottom of the so.
distillation colunin, in cther words
nnits where corrosive mixtures of 13_‘ .
11,50, and I1.0 are handi-d and ¢
temperatures are around SO0-F
higher, are made of Hastelloy, N
or eqriivalent alloys. The Kobveoo
is made of Movatinox XD, a (o
Ni-Cr-Mo  Allov, Lead, carbomn
plastics such as VO Saran and 1+
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